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Drivers with obstructive sleep apnoea and sleepiness are at risk of driving accidents; this is removed
by effective therapy, and recent European regulations have been implemented on this topic
https://bit.ly/3mXDhV1
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on sleep apnoea, sleepiness and driving risk. Eur Respir J 2021; 57: 2001272 [https://doi.org/10.1183/
13993003.01272-2020].
ABSTRACT Obstructive sleep apnoea (OSA) is highly prevalent and is a recognised risk factor for motor
vehicle accidents (MVA). Effective treatment with continuous positive airway pressure has been associated
with a normalisation of this increased accident risk. Thus, many jurisdictions have introduced regulations
restricting the ability of OSA patients from driving until effectively treated. However, uncertainty prevails
regarding the relative importance of OSA severity determined by the apnoea–hypopnoea frequency per hour
and the degree of sleepiness in determining accident risk. Furthermore, the identification of subjects at risk
of OSA and/or accident risk remains elusive. The introduction of official European regulations regarding
fitness to drive prompted the European Respiratory Society to establish a task force to address the topic of
sleep apnoea, sleepiness and driving with a view to providing an overview to clinicians involved in treating
patients with the disorder. The present report evaluates the epidemiology of MVA in patients with OSA; the
mechanisms involved in this association; the role of screening questionnaires, driving simulators and other
techniques to evaluate sleepiness and/or impaired vigilance; the impact of treatment on MVA risk in affected
drivers; and highlights the evidence gaps regarding the identification of OSA patients at risk of MVA.
Copyright ©ERS 2021
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Introduction
Obstructive sleep apnoea (OSA) is highly prevalent, with recent general population studies indicating that
almost 50% of adult males have moderate or severe sleep disordered breathing (SDB) as measured by an
apnoea–hypopnoea index (AHI) of ⩾15 events·h−1 [1]. The clinical syndrome of OSA, based on an AHI of
⩾5 events·h−1 along with appropriate daytime symptoms, especially excessive daytime sleepiness (EDS), is
reported in up to 10% of the adult male population with approximately half that prevalence in females [2].
EDS while driving is an important factor in motor vehicle accidents (MVA) or work-related accidents.
Disorders associated with sleep disturbance and sleepiness are established factors in increased accident risk
[3, 4], and OSA is the most prevalent medical disorder associated with EDS. The medicolegal
consequences of OSA principally relate to accident risk from OSA with its associated economic
implications and legal consequences.
Several jurisdictions have implemented regulations that restrict the ability of patients with OSA to drive
until effective treatment is demonstrated [5]. These regulations usually include both objective severity of
OSA, demonstrated by measuring the extent of SDB in a diagnostic sleep test, and the level of sleepiness,
which is usually assessed in clinical practice using the Epworth Sleepiness Scale (ESS) [6]. The importance
of including both variables is underlined by the poor association between AHI in a sleep test and the
subjective sleepiness measured by the ESS [7, 8], in addition to the continuing uncertainty regarding the
relative importance of SDB severity and level of sleepiness in predicting accident risk [9].
In 2014, the European Union (EU) implemented a directive that introduced regulations regulating fitness to
drive in patients with OSA. This directive specifies that patients with AHI >15 events·h−1 and associated
sleepiness should not drive until effectively treated, and physician certification is required to confirm suitability
to continue driving [10]. However, considerable uncertainty prevails among clinicians about this evaluation
[11], which probably reflects current uncertainties regarding the evaluation of disease severity, particularly the
evaluation of sleepiness. The overarching objective of this directive is to prevent patients with untreated OSA
who report sleepiness while driving from continuing to drive until the disorder is effectively treated.
As a result of the EU directive and associated uncertainties regarding implementation, the European
Respiratory Society (ERS) established a task force to address the topic of sleep apnoea, sleepiness and
driving with a view to providing an overview to clinicians involved in treating patients with the disorder.

Methods
The task force members represent experts with established interest/expertise in the topic of driving and OSA,
predominantly from respiratory-sleep medicine, but also from neurology, psychiatry and public health. A
patient representative was also included. Members were assigned to working groups within the task force
covering the relevant topics of epidemiology, mechanisms, screening, diagnosis and treatment. The work of
each working group was predominantly by email and teleconference interactions, and physical meetings of
the full task force were held during the annual ERS Congress. Each working group prepared a report, which
was integrated into a final report by the task force chairs together with a writing committee.
A systematic database search of medical literature (PubMed) was performed by the members of each
working group for the years from January 1988 to November 2019, and the respective publications were
retrieved. Thereafter, reference lists were systematically examined for relevant articles. Additional relevant
references identified from the selected articles were included. Keywords were selected that were appropriate
for the relevant working group such as “CPAP” and “drivers”. Then, appropriate search words such as
“accidents”, “collisions”, “cognitive impairment”, “vigilance”, “fatigue”, “drowsiness” and “depression” were
added. The detailed search criteria and the flow charts of report selection for individual working groups
are provided in the supplementary material.
The main inclusion and exclusion criteria were articles published in English; data on human subjects; and
no reviews, guidelines or case reports. All studies were identified that were relevant to the respective
working group, e.g. the evaluation of the effect of nasal continuous positive airway pressure (CPAP) on
OSA patients with respect to real and/or near-miss road traffic accidents or performance in the driving
simulator, sleepiness, quality of life, cognitive function, vigilance, fatigue, drowsiness and depression. Data
were independently extracted and analysed by each working group, and individual study quality was
assessed according to the Oxford Centre for Evidence-based Medicine levels of evidence (May 2001)
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(supplementary table E1). All search criteria and tables containing evaluation of individual studies are
reported in the supplementary material.
The present ERS statement combines an evidence-based approach with the clinical expertise of the task
force members, based on a two-step discussion process: first within subgroups focusing on different
sections, and second in the whole group. This statement aims to provide an overview of the literature and
current practice and does not make recommendations for clinical practice. All task force members reached
a consensus and approved the statements illustrating their common practice regarding the evaluation of
sleepy drivers and the evaluation of fitness to drive in OSA patients.

Epidemiology of MVA in patients with OSA
Current knowledge and limitations of existing practice
For several decades, OSA has been reported to be associated with an increased risk of MVA [12], and this
risk has been quantified in various studies to range between two and seven times the risk of control
populations [13]. The risk is mainly associated with occurrence of EDS, usually assessed as subjective
sleepiness by an ESS score ⩾11 out of 24. However, the comparison of reports regarding accident risk in
OSA is complicated by methodological differences, with some studies comparing OSA drivers to a control
group, while other reports compare with the general population. Some studies also adjusted for possible
confounding factors such as driving frequency and distances, visual difficulties, alcohol consumption and
obesity. In addition, the methodology of accident recording differs between reports, with some providing a
prospective assessment of a population sample, whereas others evaluate specific driving accidents
presenting to the emergency department.
The results of questionnaire-based studies in drivers were analysed separately for noncommercial and
commercial drivers (supplementary table E2). Most studies were cross-sectional association studies based
on self-administered questionnaires such as Epworth [6] or Berlin [14] and a history of previous MVA, in
addition to anthropometric measurements. In noncommercial drivers, sleepiness and OSA risk were
associated with increased risk of MVA in some reports [4, 15, 16], but not in others [17–19]. MVA were
self-reported, with no objective verification. In elderly subjects, the risk of OSA was not associated with
MVA [19]. In commercial drivers, the response rates were low, but self-reported sleepiness was associated
with increased risk of MVA [20–22]. The estimated OSA risk was associated with sleepiness in some [23,
24], but not all studies [22, 25, 26]. Only some studies reported an association of OSA risk or sleep
disorders and MVA rate [24, 26–28], whereas other studies were negative [29, 30].
In addition, there were three systematic reviews and meta-analyses, as well as 25 sleep study based
investigations in the general population, commercial drivers and patients with OSA (supplementary table
E3). An increased risk of MVA was reported in untreated OSA (AHI >5 events·h−1), with a median OR
2.83 (95% CI 2.72–3.08) [17]. Dose–effect relationships were reported between OSA severity and risk of
MVA in the general population [31–34], but short sleep duration and/or self-reported sleepiness also
played a role [31, 35]. According to other studies, sleepiness, but not measures obtained by
polysomnography (PSG), was associated with occurrence of MVA [35, 36]. In these studies, documented
OSA was associated with a high odds ratio for MVA (range 3.0–8.5). In professional drivers, the same
trend was observed [28, 37–39], with some studies underlining a major role for sleep deprivation [40], or
sleepiness [41] or nocturnal hypoxaemia [37]. Conversely, STEVENSON et al. [42] found no difference in
MVA occurrence between heavy-vehicle drivers with and without moderate or severe OSA. In sleep clinic
samples, the association between OSA and MVA was confirmed, but some studies found no dose–effect
relationship between OSA severity and MVA risk [43–47]. Finally, some studies reported that severe OSA
patients were especially at risk [44, 48–50] and young male OSA patients showed a high risk of MVA [48].
The variability in results is partly accounted for by the difficulty in obtaining reliable information on MVA
and sleepiness, especially in commercial drivers, the retrospective nature of investigations and possibly the
different phenotypes of OSA, since approximately half of OSA patients do not report EDS. Moreover,
most data describe male drivers, while few studies assessed MVA risk in female or elderly drivers.
Summary of literature review and current practice
• OSA increases the risk of MVA.
• Studies on professional drivers reported a high prevalence of OSA risk in this population.
• In professional drivers, sleep deprivation is a major risk factor for MVA.
Recommendation for research
There is a strong need for good-quality epidemiological studies, possibly based on large databases and
registries, to clarify the relative importance of EDS, SDB severity and other OSA-related variables in
quantifying MVA risk.
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Pathophysiology and predictors of EDS in OSA
Current knowledge and limitations of existing practice
Sleepiness is a major factor contributing to the occurrence of MVAs. Some studies (supplementary table
E4) examined EDS in OSA by PSG plus multiple sleep latency test (MSLT) [51–60] in order to identify
variables potentially predictive of objective EDS. Results were variable, but a high sleep efficiency and long
sleep duration in sleepy patients were found in three studies [54, 55, 58]. A role for nocturnal hypoxaemia
in predicting EDS was suggested by six studies [51, 52, 55–58]. Recently, LI et al. [60] reported that mean
sleep latency was positively associated with interleukin-6 level, and negatively associated with cortisol
levels. In the same series of patients, results of psychomotor vigilance testing (PVT) correlated with the
ESS score, but not with the results of MSLT [59].
Studies using the ESS questionnaire to assess subjective EDS were more consistent with regard to the
severity of nocturnal hypoxaemia as a predictor of EDS [51, 52, 55–58, 61–70] or poor performance at
cognitive tests [71]. ZAMAGNI et al. [52] reported that subjective EDS was associated with markers of
respiratory effort during apnoeas. Sleep fragmentation was associated with ESS scores in some [54, 57, 58,
61, 62, 72], but not in other studies [4, 55, 64]. Large cross-sectional population studies using more liberal
definitions of EDS reported no association between EDS and sleep variables, but an association with
several comorbidities [73–75], similar to the study by KOUTSOURELAKIS et al. [76] in OSA patients. A strong
association between subjective EDS and depression in OSA has been reported in several studies [67, 75–
79]; EDS did not appear to differ between males and females with OSA [80]. One study comparing
normotensive and hypertensive subjects reported higher AHI and oxygen desaturation index in
hypertensive patients, but less EDS in hypertensive compared to normotensive patients with moderate–
severe OSA [81]. EDS was associated with insulin resistance or metabolic syndrome in some [56, 82], but
not in other studies [66]. Other metabolic changes in OSA, i.e. higher hypocretin-1 and lower ghrelin,
were reported in patients with EDS compared to patients without EDS [83]. A genetic marker of EDS in
OSA has been recently identified in the AMOT gene and the related P130 protein, but these findings need
confirmation in larger datasets [84].
Depression and obesity predicted EDS better than AHI in a large cohort of OSA patients at diagnosis,
whereas no relationship was found between EDS and AHI in rapid eye movement (REM) or non-REM
sleep [85]. In subjects with mild OSA from the general Korean population, slight differences were reported
between OSA and non-OSA subjects, but no predictor of EDS could be identified [86].
Two studies reported combined analysis of subjective and objective EDS [57, 87]. SUN et al. [57] confirmed
the role of both hypoxaemia and sleep fragmentation as determinants of EDS. The study by PRASAD et al. [87]
in OSA patients reported an independent association of EDS and African-American race, inflammatory
markers and short sleep duration.
Other studies analysed the association of obesity and EDS (supplementary table E5). A meta-analysis
found that EDS decreased after weight loss with no evident relationship with changes in AHI [88].
In patients undergoing bariatric surgery, EDS was related more to metabolic variables and depression than
to AHI [89, 90], or showed no relationship with AHI [91]. Nonsurgical weight loss in obese patients was
associated with decreased ESS scores and improved insulin sensitivity [92].
Case–control studies reported 35–57% prevalence of EDS in obese patients without OSA [93, 94], but
no relationship between ESS scores and anthropometric or sleep variables [94], confirming previous
findings from the same group [95]. A longitudinal study in the general population reported changes in
EDS associated with weight gain or loss, and a significant influence of comorbidities and depression
over a follow-up of 7.5 years [96]. Analysis of 5-year follow-up data from the Sleep Heart Health Study
confirmed the role of weight gain in increasing EDS, but only in females, with OSA severity explaining
∼20% of the relationship [88]. In obese OSA patients, nocturnal hypoxaemia predicted EDS [97] or
level of alertness at the Maintenance of Wakefulness Test (MWT) [98]. In a sample with
heterogeneous sleep disorders, the presence of obesity, but not absolute body mass index values
predicted EDS [99].
Summary of literature review and current practice
• No major differences are evident between predictors of subjective and objective sleepiness, although
most data relate to subjective sleepiness.
• AHI is not useful to predict EDS in OSA, whereas most studies suggest an association of nocturnal
hypoxaemia with EDS.
• Obesity is a risk factor for EDS that is only partly mediated by associated OSA.
• Depression, metabolic variables, comorbidities and genetic background all play a role in EDS
pathogenesis.
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Suggestions for design of future studies/recommendations for research
The variables obesity, severity of nocturnal hypoxaemia, comorbidities and depression should be
considered in future studies on the determinants of sleepiness in OSA patients.

Role of questionnaires as screening tools for OSA in drivers
Current knowledge and limitations of existing practice
Risk stratification in high-risk populations and triage of patients in the context of driving is highly
desirable, as the diagnostic capacity of sleep centres is limited and waiting lists are growing [100]. Relevant
clinical information should be obtained by a detailed medical history and careful clinical examination of
subjects with suspected SDB. However, it may be hard to produce objective, reproducible findings, due to
observer and reporter bias. Therefore, several screening questionnaires which incorporate risk factors,
clinical symptoms and physical examination parameters have been developed to facilitate the diagnosis of
OSA [14, 101–104]. ESS [6], Berlin Questionnaire [14], STOP (snoring, tiredness during daytime, observed
apnoea, high blood pressure) [103] and STOP-Bang (STOP-BMI, age, neck circumference, male gender)
[105] are most studied in this context. These tools can be considered as an inexpensive approach that is
easy to administer with minimal discomfort. However, the discriminant ability of the test for OSA is a
concern and is of utmost importance.
In the general population, extreme variation can be found in the sensitivities and specificities for all
established questionnaires (ESS sensitivity 18–85%, specificity 22–98% [106–108]; Berlin Questionnaire
sensitivity 40–97%, specificity 6–100% [104, 109–114]; STOP sensitivity 33–98%, specificity 10–95% [115];
STOP-Bang sensitivity 0–100%, specificity 0–100% [105, 109, 115, 116]), even taking into account the
cut-off thresholds for OSA (AHI ⩾5 events·h−1, AHI ⩾15 events·h−1, AHI ⩾30 events·h−1)
(supplementary table E6). A similar pattern can be appreciated visually in figure 1, reporting the results of
single studies in different populations. Sensitivity was highest in sleep clinic samples for all questionnaires,
while the ESS showed an overall poor predictive value. In clinical population samples (i.e. patients
admitted or followed for disease other than OSA), on average the Berlin Questionnaire showed a higher
sensitivity compared to the STOP-Bang. Clearly, the data indicate that questionnaires do not reliably rule
in or rule out the presence of OSA.
Summary of literature review and current practice
• Most studies on screening tools are observational (large cohorts or case series), and show a poor
sensitivity or specificity, resulting in an unacceptably high number of missed cases (false negative) and
false positive ones.
• The range in reported sensitivities and specificities, even in the same high-risk population and for
similar thresholds of AHI, is huge.
• The simplest questionnaire for sleepiness, the ESS, is not able to discriminate patients at risk for OSA.
• In a setting of professional drivers and high-risk populations, in addition to a skilled history and
examination, it is the authors’ current practice to proceed straight to an appropriate sleep study and
perform objective physiological monitoring.
Future research priorities
• Evaluation and validation of new questionnaires in the complete range of OSA severity, and in
different target groups (general population, drivers, high-risk groups).
• Combination of screening questionnaires with nocturnal pulse oximetry.
• Development of new questionnaires, with higher sensitivities and specificities, and assessment at which
AHI threshold and questionnaire score these questionnaires perform best.

Evaluation of sleepiness
Current knowledge and limitations of existing practice
The objective assessment to identify subjects at high risk of driving accidents, in order to comply with
current EU regulations, represents a major problem. While most research on OSA concentrates on
sleepiness, driving fitness may relate more to vigilance, i.e. the ability of an individual to maintain focus of
attention and to remain alert to stimuli over prolonged periods of time [117]. Vigilance decrement is not
simply the result of being exposed to repetitive or boring tasks; recent research has shown that vigilance
tasks are capacity-draining, resource-demanding and associated with considerable workload and stress
[117]. The entire spectrum of sleepiness from complete wakefulness to overt sleep is one of the factors
affecting vigilance.
However, vigilance is a complex phenomenon; sleep deprivation and vigilance decrement are unlikely to
be functionally equivalent. Over the past three decades, attempts have been made to develop objective and
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FIGURE 1 Sensitivity and specificity of studies evaluating various questionnaires as screening tools for obstructive sleep apnoea. a) Berlin
Questionnaire; b) STOP-Bang (snoring, tiredness during daytime, observed apnoea, high blood pressure; body mass index, age, neck
circumference, male gender) questionnaire; c) Epworth Sleepiness Scale; d) STOP questionnaire; e) NoSAS questionnaire (all studies in general
population). References cited are TAN et al. [219], MARTI-SOLER et al. [110], WESTLAKE et al. [109], AVINCSAL et al. [220], GANTNER et al. [116], SERT
KUNIYOSHI et al. [221], DANZI-SOARES et al. [222], NERBASS et al. [223], NICHOLL et al. [224], MARGALLO et al. [225], FARIA et al. [226], PATAKA et al. [227],
PRASAD et al. [228], MCMAHON et al. [229], COWAN et al. [230], KICIŃSKI et al. [231], POPEVIĆ et al. [232].

subjective tests for assessing the effects of sleep deprivation on vigilant attention, then extrapolating the
results to driving ability [118]. A description of the most frequently studied tests reported in the literature
in relation to sleep disorders is available in the supplementary material.
Studies on tests of vigilance for driving published prior to 2006 are limited by poor methodology, variable
patient populations, insufficient information about sleep debt, caffeine/nicotine/drug intake and circadian
fluctuation in vigilance/attention, which might affect performance on the day. Furthermore, they are
generally not controlled for factors such as age, sex and degree of driving experience. From epidemiological
as well as larger-scale surveys in a variety of populations, it remains reasonably clear that MVA rates are
likely to be higher in those who drive further after occurrence of sleepiness, have more sleep debt and who
also have a sleep disorder (most commonly OSA) disrupting sleep quality [13, 119, 120].
Which type of tests are usually used?
Several tests are available to assess objective vigilance and sleepiness (see the supplementary material for
details):
• Psychomotor Vigilance Test (PVT): vigilance [121]
• Divided Attention Driving Task (DADT): vigilance [122]
• Sustained Attention to Response Task (SART): vigilance [123]
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• Oxford Sleep Resistance Test (OSLER): vigilance [124]
• Multiple Sleep Latency Test (MSLT): sleepiness [125]
• Maintenance of Wakefulness Test (MWT): vigilance [126]
Most of the available studies involve the effects of sleep deprivation or other diseases with hypersomnia,
without a specific focus on driving. For the purpose of this report, MWT is often used in the evaluation of
fitness to drive, and many studies regard the interrelationships between different tests and/or sleepiness
questionnaires. Several studies analysed the results of MSLT and MWT relative to results of driving
simulation, as described in the following section. Similarly, divided attention is usually tested during
driving simulation (DADT) and is also reported in the following section.
PVT
PVT is a 10-min test that is easy to perform in the clinical setting. SUNWOO et al. [121] compared single
administration of several tests at different times of the day, and reported that results of PVT showed good
agreement between tests for both reaction time and number of lapses. CORI et al. [127] reported that
reaction times at PVT were similar in OSA patients and controls, but OSA patients experienced a higher
number of lapses, and performed poorly in neurocognitive tests. Importantly, PVT could be used in the
occupational assessment of professional drivers [128]. Despite being used extensively in numerous studies
over the past three decades in assessing vigilance as related to sleep deprivation in OSA, no absolute
parameters have been derived that can be utilised in a predictive manner to assess ability to drive safely.
SART
Only one study on 12 patients with untreated OSA has used the SART and no correlation was found
between SART performance and the results of MSLT [123]. To date, there is a lack of normative data and
there are large variations in testing depending on circadian influence, age and other variables [123].
OSLER
As with the MWT, the original test comprised four 40-min sessions [124], but other investigators have
developed shorter versions with one, two [127] or three sessions [127], or with 20-min sessions, or
combined the test with additional testing protocols such as the Multiple Unprepared Reaction Time Tests
[118, 129]. A modified version of OSLER revealed associations between poor performance at the test and
previous occurrence of MVA [130]. OSLER appears to be a sensitive test for identifying sleepiness in OSA
patients and fluctuations in vigilance throughout the day. However, normative data are not available.
Tests assessing sleepiness
MSLT
The MSLT is considered as the “gold standard” for assessing sleep propensity and is used most notably in
the diagnosis of disorders of central hypersomnolence, such as narcolepsy and idiopathic hypersomnolence
[125]. The test is not designed to measure sleepiness routinely, as it is time-consuming and extremely
labour-intensive, relying on a standardised approach and scoring sleep in real time, undertaken by highly
trained technical staff [125]. Additionally, it is not available in all centres that care for patients with OSA.
However, any patient with a mean sleep latency of <8 min is considered to be pathologically sleepy and
this correlates with increased risk of driving accidents [118].
MWT
Several studies have shown that mean sleep latency on the MWT correlates with ability to perform using a
driving simulator in patients with untreated OSA [126, 131, 132]. Patients with pathological MWT sleep
latency scores (0–19 min) displayed significantly more interline crossings and standard deviation from the
centre of the road [126, 133]. Subjects and controls least likely to incur errors had a mean sleep latency of
>34 min [126, 133].
Questionnaires and driving
As discussed earlier, a number of sleep questionnaires have been designed and used to assess excessive
daytime sleepiness in a clinical setting, including the ESS [6], the pictorial ESS [134] and the Karolinska
Sleepiness Scale [135]. However, these tools are subjective and do not correlate consistently with objective
measures of sleepiness [136]. Additionally, they were not designed to specifically assess the risk of driving
impairment in OSA. One study has shown that an ESS score ⩾13 out of 24 appears to predict objective
sleepiness, which is higher than that which has typically been used in clinical practice (⩾11 out of 24)
[137]. However, there is no correlation with driving safety.
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Is there a relationship between real-life driving performance and performance on tests of
vigilance and tests measuring sleepiness?
Driving is a complex task, requiring the integration of psychomotor, cognitive, motor and decision-making
skills, visual–spatial abilities, divided attention and behavioural and emotional control. Sleepiness will
affect a number of these factors to varying degrees, which in turn are determined by individual levels of
resilience and resistance to impairment as well as age, sex and baseline neurocognitive function. Many of
the tests used to assess driving ability in the context of OSA are unidimensional, do not have established
normative data in the overall population with respect to sleepiness and are unable to control for the
factors noted earlier. Although many are relatively easy to deploy in clinical practice, they are likely to have
value only for intra-individual changes, e.g. before and after treatment. Furthermore, testing fitness to
drive in terms of sleepiness and vigilance may not be necessary in all patients diagnosed with OSA
syndrome, and possibly only a small subset [137, 138]. Taking these caveats into consideration, the
following statements can be made.

Summary of literature review and current practice
• The DADT, PVT and OSLER are currently used in research as objective screening tools for impaired
vigilance due to excessive daytime sleepiness in OSA before and after treatment. Results would be
specific to the individual only.
• There are reasonable data to correlate performance on the MWT (in respect of mean sleep latency) to
driving impairment in a variety of sleep disorders, including OSA.
• A mean sleep latency of 34–40 min using the MWT 40-min protocol reflects good alertness across a
day. However, results of MWT do not consider other determinants of driving ability.
Recommendations for future research
• The MWT should be correlated with driving outcomes in real-life situations and in larger groups of
patients with OSA as well as controls.
• There is a need to identify cost-effective and reliable ways of objectively assessing driving ability. Sleep
debt, circadian influences, driving proficiency, neurocognitive function, drug intake, emotional
stability, age and sex should be incorporated into algorithms to establish normative data across a
diverse range of populations.

Driving simulators in the evaluation of fitness to drive
Current status and limitations of existing clinical practice
There is significant heterogeneity among driving simulators, ranging from those based on a personal
computer (PC), with very simple graphics, using a gaming steering wheel and vehicle controls, through to
fully immersive simulators, involving full-size real cars with full visual, motion and audible feedback,
which closely replicate the real driving experience. Some studies have evaluated different components of
driving in separate neuropsychiatric tests rather than integrated into a simulator or in addition to a
simulator [29, 46, 139].
A hierarchy can be considered, from the “steer-clear” test, to divided-attention driving simulators (DASS),
to PC-based simulators with realistic graphics and vehicle controls, to highly sophisticated simulators or
real-life driving (more details on each of these simulators are available in the supplementary material).
Less realistic simulators are associated with more events, both in patients and normal subjects. For
example, in one study using a DASS [131], while patients had more off-road events than general subjects,
both still had unacceptably high instances (90±71 versus 40±36 events·h−1), which is not reflective of
real-world normal driving. By contrast, the number of events during longer drives on more realistic
simulators is much more consistent with real-life driving. GHOSH et al. [140] showed that >50% of patients
with a moderate–severe OSA syndrome could complete ∼1 h of motorway driving without deviating out of
the assigned lane, crashing, etc. When driving performance is evaluated through quantitative performance
measures, simulated driving is generally worse, with higher absolute values compared to real-road test
driving [141]. However, the more realistic the driving experience, the greater the cost, which is not realistic
for an everyday clinical test. Real-life road driving is not practical nor ethical (it would not be appropriate
to test someone in whom there was a high likelihood of an accident).
The most commonly evaluated end-points on the simulator include crashes, near misses, drifting out of
lane (inappropriate line crossings), how well the individual maintains their position on the road (tracking
error, standard deviation of lane position (SDLP), lane position in centimetres) reaction time and speed
adjustment. SDLP most consistently correlates with sleepiness and performance on the simulator [140,
142, 143].
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Patients with OSA perform differently to normal subjects on a driving simulator
That patients with OSA perform worse than normal subjects on driving simulators is a consistent finding
[29, 46, 131, 133, 144–159] (supplementary table E7). This is true for crashes and drifting out of lane/line
crossings, but also for continuously measured variables, such as SDLP, or equivalent. Furthermore,
performance on simulators is worse in situations in which real driving performance would be expected to
deteriorate, e.g. after alcohol or sleep deprivation [152, 156, 160, 161]. However, performance improves
following treatment of SDB, as demonstrated in 12 reports that consisted of a mixture of observational,
randomised control and case–control studies [36, 139, 146, 153, 156, 161–165] (supplementary table E8).
Simulated driving is worse in sleepy patients [126, 132, 133, 166–168] consistently across the whole range
of simulator types. Several studies have shown that females perform worse than males on simulators [140,
142, 164].
Relationship between real-life driving performance and performance on a driving simulator
Most of the studies reviewed either used a driving simulator to help understand mechanisms by which
OSA might compromise safe driving, as a comparator with sleepiness as measured by MSLT or MWT, or
as an end-point to indicate effective treatment. Few studies compared simulated with real-life driving.
Relationships, albeit weak, were found with self-reported sleepiness in general (ESS), accidents and
episodes of drowsing or sleepiness at the wheel [141, 142, 169–171]. These relationships were seen with
steer-clear [142, 169], DASS [170] and more sophisticated PC-based simulators [141, 171], but some
studies were negative [46]. Studies involving the most realistic simulators involved too few subjects for
meaningful comparison with real-life events.
Can driving simulators be used to help in advising patients with OSA/OSA syndrome as to
whether they are safe to drive or not?
The driving performance of sleepy individuals in a driving simulator is partially related to their real-road
test driving performance. However, based on the current evidence, simulated driving performance is not
able to reliably predict real-life near-misses or accidents on an individual level. When comparing
simulated and real driving, the strongest association was found for driving simulation near-misses or
accidents with real-life rates of near-misses or accidents, followed by the number of inappropriate line
crossings and the SDLP. It is not surprising that the simulator does not accurately predict accident risk;
the individual who has a crash in a real car due to sleepiness will very likely have been driving that same
car on many previous occasions without incident. Accidents are also caused by other drivers, and due to
factors other than driver sleepiness, such as mechanical failure.
Summary of literature review and current practice
• Driving simulators, depending on their degree of sophistication, replicate some aspects of real driving.
• Poor performance on a simulator, across the whole range of simulator types, is associated with
subjective and objective sleepiness, due to a variety of causes.
• Poor performance on a driving simulator does not predict accidents or performance during real
driving, but may set an alert about whether that individual is safe to drive.
• It remains an open question whether a more realistic driving simulator has more reliable prognostic
power compared to the less realistic varieties.
• Females perform less well than males on driving simulators.
• Simulators do have a role in the assessment of whether a patient with OSA syndrome is safe to drive,
but this determination requires a multifaceted approach by an experienced clinician.
Priorities for future research
• Standardisation of simulator outcomes: determining which of the many outputs available from a
simulator are the best predictors of real-life events; and optimal length of test.
• A consistent definition of accidents and near-misses and whether attributable to driver fatigue
(although less subject to recall bias and dishonesty, official records are not widely available and will
not pick up near-misses, etc).
• Role of simulators in evaluating fitness to drive in females.

Effectiveness of CPAP treatment in OSA among commercial and noncommercial
motor vehicle drivers
Current status and limitations of existing clinical practice
Impact of CPAP treatment on MVA risk among drivers with OSA
CPAP is the treatment of choice for OSA. However, the question arises of whether it influences the
increased risk of motor vehicle crashes in OSA sufficiently [13, 32, 34, 35, 45, 50, 172–174].
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Overview of the evidence
There is a lack of randomised controlled trials (RCTs). However, most observational studies indicate that
CPAP reduces crash risk [49, 165, 175–177]. Although in an early study, individuals who experienced
noninjurious crashes appeared to gain no benefit [178], a more recent study with a longer follow-up
reported that the risk of near-miss accidents decreased to normal after treatment for 2 years [177]. In
addition, a meta-analysis found a significant reduction in accidents [165]. Furthermore, a meta-analysis
showed that CPAP can annually reduce collision costs by USD 11.1 billion, prevent >500 000 collisions and
save nearly 1000 lives in the United States [179], suggesting that CPAP is a highly efficient use of
healthcare resources [180]. A large number of positive airway pressure-adherent patients studied had crash
risks similar to controls, whereas nonadherent patients had a five-fold greater crash risk, 6 years after
treatment [181]. Moreover, in the study by KARIMI et al. [130], the incidence of MVA in OSA patients
recorded over 5 years in the Swedish Traffic Accident Registry was reduced by 70% compared to
pre-treatment values among those with good adherence to CPAP, whereas it increased by 54% among
patients nonadherent to CPAP treatment.
Summary of literature review and current practice
• Evidence from multiple observational studies suggests that CPAP markedly reduces MVA risk among
individuals with moderate–severe OSA.
• CPAP treatment prevents most OSA-related motor-vehicle collisions, costs and deaths.
• The minimum acceptable level of adherence to CPAP is considered >4 h per day.
Effect of CPAP treatment on driving simulator performance in drivers with OSA
Driving simulators enable researchers to conduct driving tests that would be too dangerous to perform in
the real world or that require specific driving conditions.
Overview of the evidence
CPAP seems to improve performance in simulated driving [153, 155, 157, 163, 165, 182, 183]. Two
studies, a nonrandomised controlled study [164] and a prospective case series [139] indicated significant
improvements following only 2 days of CPAP use. Furthermore, CPAP normalised driving simulator
performance to the level of controls [155, 175]. Simulator performance remained impaired after treatment
in another small study [153], suggesting that some optimally treated patients may have residual deficits
that could impair driving. A single night without CPAP significantly worsened driving performance [184].
However, in most of the aforementioned studies the number of patients was limited.
Summary of literature review and current practice
• Simulated driving performance improves significantly within 2–7 days of CPAP treatment.
• The benefits of CPAP on driving performance depend on treatment compliance.
Effect of CPAP treatment on daytime sleepiness among drivers with OSA
Overview of the evidence
A number of studies indicate that CPAP improves sleepiness after as little as 1 night of treatment [129,
139, 157, 164, 165, 49, 178, 179, 185–192]. However, few of them had a randomised design [157, 183, 190,
191]. A self-rating instrument (Sleepiness Wakefulness Inability and Fatigue Test (SWIFT)) was developed
[187]; scores were improved after positive airway pressure.
Sleepiness, assessed by MSLT [163, 178, 189, 190], and alertness, assessed by MWT [191, 192] both
improved after CPAP.
Summary of literature review and current practice
• Subjective daytime sleepiness improves significantly after as little as 1 night of CPAP treatment.
• Evidence suggests that objective daytime sleepiness improves with CPAP treatment.
Effect of CPAP treatment on cognitive function among drivers with OSA
Overview of the evidence
A limited number of studies [182, 186, 190], including only one RCT [190], evaluated cognitive function
with a battery of neuropsychological tests. These tests provided subjective and objective evidence for
significant improvement of cognitive function among drivers after CPAP.
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Summary of literature review and current practice
• Evidence suggests that cognitive function improves with CPAP treatment.
Effect of CPAP treatment on vigilance among drivers with OSA
Overview of the evidence
Although only five studies were included, improvements were found in the 80-min vigilance test after
[189] 1 year and in the “driving simulator” attention test, after 1 night of CPAP [193]. More recently,
CPAP resulted in objectively improved reaction times and sustained attention in OSA drivers [129].
Likewise, in two RCT studies, CPAP resulted in significant improvements in three [182] or all domains of
the Functional Outcomes of Sleep Questionnaire [183].

Summary of literature review and current practice
• Evidence suggests that vigilance improves with CPAP treatment.
Priorities for future research
• Assessment of causes of residual driving simulator impairment after CPAP treatment and
determination whether this is associated with persistent elevated real-life accident risk in OSA patients.
• Identification of acceptable compliance to CPAP treatment regarding driving risk.
• Evaluation of other treatment methods or combinations (surgery, oral appliances, drugs, behaviour
modification) in reducing crash risk for drivers with OSA.

Discussion and conclusions
OSA is a widely accepted risk factor for MVA and effective treatment with nasal CPAP substantially
reduces this increased accident risk, with several reports indicating that the risk may be reduced to a level
similar to the general population [176, 194]. This recognition has resulted in many jurisdictions
introducing regulations about fitness to drive in patients with OSA [5], most notably those introduced by
the European Commission in 2014 that are now mandatory throughout the EU [10]. While the EU
regulations do not distinguish between professional and nonprofessional drivers in the OSA criteria that
determine driving restriction (an AHI threshold >15 events·h−1 associated with sleepiness), the
requirements for monitoring of professional drivers are more stringent [10]. These regulations can be
regarded as a baseline and some European countries have introduced more stringent regulations than
those specified in the EU regulations. The risk of MVA has long been recognised as having extra
implications for long-haul truck drivers, where drowsiness while driving is common [195], and the MVA
risk is enhanced by other factors such as alcohol consumption [172] and short sleep duration [35, 196].
The average increased risk of MVA has been quantified in meta-analyses and several original reports as
being ~2.5 times the accident risk of control populations [13, 45, 49, 197] and a recent case–control study
of truck drivers reported an even higher MVA risk (OR 3.42) [38]. However, not all reports indicate an
increased MVA risk relating to OSA [42]. It is common for OSA patients having an accident to report a
preceding history of near-miss events, although the relationship with near-miss MVA differs between
reports, with one large cohort study indicating a three-fold increase in MVA risk in OSA patients, but no
relationship to near-miss events [198], whereas another report among truck drivers found a two-fold
increase in near-miss events, but no relationship to MVA [21]. Furthermore, OSA is associated with a
greater than two-fold increased risk of work accidents in general [199].
Many potential contributing factors can be considered in the increased MVA risk among OSA patients,
including the severity of SDB as measured by the AHI, the level of EDS typically measured by the ESS, poor
sleep quality and related lifestyle factors [200] and comorbidity [17]. Reports differ on the relative importance
of AHI and sleepiness as major factors in determining accident risk, which is at least partly a consequence of
the poor association between subjective sleepiness and AHI [7, 8]. This discrepancy probably reflects a
combination of factors including the fact that many additional factors relating to lifestyle and comorbidity
may influence the subjective sense of sleepiness and the relative simplicity of the ESS score itself.
The role of EDS in driving accidents has been the subject of many reports, both in OSA populations and
in the context of general driving accident risk. Excessive sleepiness is reported as a contributing factor in
5–7% of MVA, and in up to 17% of accidents involving fatalities [201]. A recent meta-analysis reported
that sleepiness at the wheel was associated with an increased risk of MVA with an OR 2.51 [202]. Another
questionnaire survey of >35 000 drivers in France found a strong predictive value of EDS for MVA (OR 5.0
for ESS >15), and the strongest predictor of all was sleepiness at the wheel needing to stop (OR 9.48) [17].
Studies using driving simulators demonstrate that the level of impaired performance in OSA drivers is
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similar to that seen in drivers with blood alcohol levels above the legal limit or following sleep deprivation
[203]. The task force members consider the history of previous MVA to be an important part of current
clinical practice in the process of releasing or renewing driving licences (figure 2).
The comparison of AHI and EDS as risk factors for MVA has produced differing results in several studies.
EDS has been reported as the principal factor contributing to MVA risk in several reports. ARITA et al. [44]
found that EDS was the major factor in MVA in OSA patients when compared to snorers. KARIMI et al.
[39] reported that ESS >15 was significantly related to MVA rate, whereas AHI was not. However, the
earlier report of TERÁN-SANTOS et al. [172] indicated that AHI was more closely related to MVA risk than
ESS in 102 patients presenting to the emergency department following MVA when compared to matched
control subjects. Furthermore, the European Sleep Apnoea Database cohort study (ESADA) reported that
OSA severity based on AHI was superior to the ESS in predicting MVA risk [119], a finding also
supported by an earlier Canadian study [45]. Thus, further research is needed to define the factors relating
more clearly to OSA that predict MVA risk.
The problem of fitness to drive has been much investigated in the past 30 years, but the results are far from
satisfactory. Since the level of evidence regarding fitness to drive is currently insufficient, the task force chose
to summarise the literature, and reports the current practice of the members of the task force. Unfortunately,
there is also a large variation in legislation between different countries, in addition to a lack of normative
data regarding most tests of vigilance or results of driving simulators. Despite the large number of studies,
we still lack simple instruments applicable on a large scale that could reliably indicate that a subject with
OSA is fit to drive. OSA is often unrecognised and screening the population of drivers for the presence of
OSA is a difficult task. Although several questionnaires have been used, their sensitivity and specificity vary
according to the subjects assessed. Thus, documentation of SDB by a recording obtained during sleep
remains the only reliable way to diagnose OSA. The panel of experts agreed that it should be the
responsibility of the physician to suspect OSA and request diagnostic examination in the case of subjects
renewing their driving licence, and the primary responsibility for issuing the driving licence remains with the
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relevant licensing authority. Figure 2 shows the agreed pathway of the task force experts regarding candidates
for renewal or issuing of driving licences according to previous history of car accidents. Since European
countries have their own national regulations and licensing authorities, more specific guidance cannot be
provided. Attention should be paid to potentially important risk factors, such as a history of previous MVAs,
especially where sleepiness was a likely contributing factor, the presence of obesity, or a history of snoring.
Unfortunately, this is often not the case, as shown by recent surveys of physicians [11, 204, 205]. Stricter
criteria for the issuing or renewal of driving licences have been adopted in several countries for commercial
drivers, who have a higher exposure to the risk of accidents compared to noncommercial drivers, since
long-haul journeys and driving on divided highways are associated with greater risk than short urban
journeys. A “fast-track” for sleepy drivers in order to establish CPAP treatment has been tested [206].
Although the 2014 EU directive for the first time considered OSA as a disease associated with driving risk,
it is still unclear how OSA patients should be assessed, and which factors may predict an increased driving
risk. A reduced sleep latency during the MWT is used in some European countries to document increased
sleepiness in OSA patients, but MWT requires a polysomnographic recording the night before the test and
repeated recordings during daytime, making it unsuitable to test large numbers of subjects. Conversely,
only about half of OSA patients report EDS, and clinical markers that may help identify patients at risk
are lacking. Even in patients with OSA and EDS, predicting MVA risk is difficult, since the sense of
responsibility of the driver plays a major role in avoiding accidents, i.e. very sleepy patients avoid driving,
or stop for a nap while driving [168].
In the case of CPAP-treated OSA, the situation is somewhat simpler, since daily use of CPAP can be
documented by data download from the device, and studies have shown that CPAP treatment with good
adherence effectively decreases MVA risk [176]. Accordingly, the panel of experts agreed that documented
use of CPAP for ⩾4 h for ⩾70% of nights is considered as enough evidence to consider a treated CPAP
patient fit to drive. A flow chart that indicates an agreed pathway of the panel of experts in the evaluation
of treatment efficacy in applicants with OSA for release or renewal of driving licence is given in figure 3.
However, residual EDS is found in ∼6–13% of effectively CPAP-treated patients [207, 208] and its
pathogenesis remains uncertain [209]. Stimulating drugs such as modafinil or armodafinil to counteract
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TABLE 1 The task force members’ summary statement regarding the assessment of driving
risk in obstructive sleep apnoea (OSA) patients
Statement for clinicians advising on fitness to drive in OSA patients
OSA severity assessed as AHI alone does not predict fitness to drive in OSA patients
Excessive sleepiness is a major risk factor in determining accident risk in OSA, but does not relate to AHI
and may be partly due to other non-OSA factors
Where doubt exists regarding the validity of self-reported sleepiness, further investigation, such as MWT, is
warranted, especially in professional drivers
Effective and compliant treatment of OSA with CPAP largely reverses the increased accident risk and
driving can resume once demonstrated
AHI: apnoea–hypopnoea index; MWT: Maintenance of Wakefulness Test; CPAP: continuous positive airway
pressure.

EDS, and possibly MVA risk, are effective on residual sleepiness, but were withdrawn from the market due
to side-effects [210], while new drugs such as solriamfetol [211, 212], or pitolisant [213] may be useful in
patients reporting residual EDS. Whether such drugs could be useful in OSA patients refusing CPAP
treatment remains to be further studied [214].
Tests used to date have shown many difficulties in terms of their practical application. Driving simulation,
for example, could appear to be an easy test to perform, and experience with driving tests has accumulated
over the years. However, it is not yet demonstrated that driving performance on a simulator is predictive
of accidents during real driving. Nevertheless, deviations from lane, which are used as indicator of
sleepiness during driving simulation, have been used to develop algorithms active in the car to improve
safety on the road [215]. Similarly, in-car or driver-worn real-time monitoring for drowsiness may offer
some advantage in the real-time detection of subtle changes suggestive of prior sleep loss or circadian
effects on alertness. However, such systems could provide a false sense of security in the sleepy or drowsy
driver, who may rely on the expectation that the monitoring system would avert a crash.
Despite the abundance of research on the topic, the present report indicates that significant knowledge
gaps persist regarding the association of OSA with MVA. Furthermore, the great majority of research in
this topic is observational, which diminishes the level of evidence, and thus limits the ability to form firm
conclusions. Nonetheless, several statements can be made with reasonable conviction and are indicated in
table 1. Current research is moving in an additional direction, with identification of microsleep episodes
associated with drowsiness, i.e. the intermediate state between wakefulness and established sleep. Indeed,
the drowsiness preceding sleep is associated with lack of control and may be a crucial determinant of
MVAs [216–218]. Identification of drowsiness may be the new frontier to develop new and more
applicable tests to identify risky drivers.
A major limitation of this work relates to the difficulty in defining vigilance, which is a complex
psychological construct, including sustained attention, divided attention, focused attention, wakefulness,
etc. The ESS does not measure vigilance or ability to drive, but only subjective sleepiness, which might be
relevant, but reflects only a part of a complex phenomenon, and is open to manipulation by a driver
wishing to minimise symptoms, especially where retention of the driving licence is essential for continuing
employment. Moreover, sleepiness at the wheel is the result of several factors, which may be unrelated to
OSA. In addition, cognitive problems associated with OSA may affect the risk of MVA. The pragmatic
approach chosen by the task force members could not address the theoretical assessment of vigilance and
cognitive function, which were outside the scope of this work.

General recommendations for future research
• There is a strong need for good quality studies on how to best diagnose OSA and detect sleepiness in
drivers.
• Research should focus on biomarkers of sleepiness (including metabolic and genetic markers) that are
easily measurable and respond with detectable changes to OSA treatment.
• Sex differences should be better explored regarding variables that affect fitness to drive and assessment
methods.
• Results of tests measuring vigilance and sleepiness should be correlated with driving outcomes in
real-life situations.
• Further research is needed on how driving simulators can be used on a large scale, and which
variables should be used to define MVA risk.
• Whether OSA-associated crash is associated with increased risk of death or injury should be evaluated.
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• A clear model applicable in a standardised way in screening for OSA and identifying patients
potentially at high risk of MVA is still missing.
• New technologies to prevent accidents and research on new markers, especially focusing on
drowsiness-related risk, appear promising.
Conflict of interest: M.R. Bonsignore has nothing to disclose. W. Randerath reports grants and personal fees for lectures
from Philipps Respironics, Heinen & Löwenstein and Resmed, outside the submitted work. S. Schiza has nothing to
disclose. J. Verbraecken reports grants and personal fees for advisory board work from ResMed and Bioprojet, personal
fees for consultancy from Philips, personal fees for lectures from Sanofi, Agfa-Gevaert, Springer and AstraZeneca, grants
and personal fees for study participation from Jazz Pharmaceutics, grants and personal fees for lectures from
SomnoMed, grants from AirLiquide, Westfalen Medical, Vivisol, Total Care, Medidis, Fisher & Paykel, Wave Medical,
OSG, Mediq Tefa, NightBalance, Heinen & Löwenstein, Accuramed, Bekaert Deslee Academy and UCB Pharma, outside
the submitted work. M.W. Elliott has nothing to disclose. R. Riha has nothing to disclose. F. Barbe has nothing to
disclose. I. Bouloukaki has nothing to disclose. A. Castrogiovanni has nothing to disclose. O. Deleanu has nothing to
disclose. M. Goncalves has nothing to disclose. D. Leger reports grants from grants from Philips (Netherlands), Vanda
(USA), Sanofi, Vitalaire International, Merck, Jannsen, Jazz and RYTHM outside the submitted work. O. Marrone has
nothing to disclose. T. Penzel reports grants from Cidelec and Philips, personal fees for consultancy from Heel
Pharmaceuticals, personal fees for advisory board work from Bayer, outside the submitted work; and is a shareholder of
Advanced Sleep Research, Somnico, Nukute, and The Siestagroup GmbH. S. Ryan has nothing to disclose. D. Smyth has
nothing to disclose. C. Turino has nothing to disclose. W.T. McNicholas has nothing to disclose.

References
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Heinzer R, Vat S, Marques-Vidal P, et al. Prevalence of sleep-disordered breathing in the general population: the
HypnoLaus study. Lancet Respir Med 2015; 3: 310–318.
Lévy P, Kohler M, McNicholas WT, et al. Obstructive sleep apnoea syndrome. Nat Rev Dis Primers 2015; 1:
15015.
Smolensky MH, Di Milia L, Ohayon MM, et al. Sleep disorders, medical conditions, and road accident risk.
Accid Anal Prev 2011; 43: 533–548.
Gonçalves M, Amici R, Lucas R, et al. Sleepiness at the wheel across Europe: a survey of 19 countries. J Sleep Res
2015; 24: 242–253.
McNicholas WT. Sleepiness and driving: the role of official regulation. Sleep Med Clin 2019; 14: 491–498.
Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep 1991; 14:
540–545.
Deegan PC, McNicholas WT. Predictive value of clinical features for the obstructive sleep apnoea syndrome. Eur
Respir J 1996; 9: 117–124.
Kingshott RN, Sime PJ, Engleman HM, et al. Self assessment of daytime sleepiness: patient versus partner.
Thorax 1995; 50: 994–995.
McNicholas WT, Rodenstein D. Sleep apnoea and driving risk: the need for regulation. Eur Respir Rev 2015; 24:
602–606.
Bonsignore MR, Randerath W, Riha R, et al. New rules on driver licensing for patients with obstructive sleep
apnea: European Union Directive 2014/85/EU. J Sleep Res 2016; 25: 3–4.
Dwarakanath A, Twiddy M, Ghosh D, et al. Variability in clinicians’ opinions regarding fitness to drive in
patients with obstructive sleep apnoea syndrome (OSAS). Thorax 2015; 70: 495–497.
Findley LJ, Unverzagt ME, Suratt PM. Automobile accidents involving patients with obstructive sleep apnea. Am
Rev Respir Dis 1988; 138: 337–340.
Tregear S, Reston J, Schoelles K, et al. Obstructive sleep apnea and risk of motor vehicle crash: systematic review
and meta-analysis. J Clin Sleep Med 2009; 5: 573–581.
Netzer NC, Stoohs RA, Netzer CM, et al. Using the Berlin Questionnaire to identify patients at risk for the sleep
apnea syndrome. Ann Intern Med 1999; 131: 485–491.
Al-Abri MA, Al-Adawi S, Al-Abri I, et al. Daytime sleepiness among young adult Omani car drivers. Sultan
Qaboos Univ Med J 2018; 18: e143–e148.
Quera Salva MA, Barbot F, Hartley S, et al. Sleep disorders, sleepiness, and near-miss accidents among
long-distance highway drivers in the summertime. Sleep Med 2014; 15: 23–26.
Philip P, Sagaspe P, Lagarde E, et al. Sleep disorders and accidental risk in a large group of regular registered
highway drivers. Sleep Med 2010; 11: 973–979.
Vaz Fragoso CA, Araujo KL, Van Ness PH, et al. Prevalence of sleep disturbances in a cohort of older drivers.
J Gerontol A Biol Sci Med Sci 2008; 63: 715–723.
Vaz Fragoso CA, Araujo KL, Van Ness PH, et al. Sleep disturbances and adverse driving events in a
predominantly male cohort of active older drivers. J Am Geriatr Soc 2010; 58: 1878–1884.
Vennelle M, Engleman HM, Douglas NJ. Sleepiness and sleep-related accidents in commercial bus drivers. Sleep
Breath 2010; 14: 39–42.
Catarino R, Spratley J, Catarino I, et al. Sleepiness and sleep-disordered breathing in truck drivers: risk analysis
of road accidents. Sleep Breath 2014; 18: 59–68.
Zwahlen D, Jackowski C, Pfäffli M. Sleepiness, driving, and motor vehicle accidents: a questionnaire-based
survey. J Forensic Leg Med 2016; 44: 183–187.
Braeckman L, Verpraet R, Van Risseghem M, et al. Prevalence and correlates of poor sleep quality and daytime
sleepiness in Belgian truck drivers. Chronobiol Int 2011; 28: 126–134.
Ebrahimi MH, Sadeghi M, Dehghani M, et al. Sleep habits and road traffic accident risk for Iranian occupational
drivers. Int J Occup Med Environ Health 2015; 28: 305–312.
Razmpa E, Sadegh Niat K, Saedi B. Urban bus drivers’ sleep problems and crash accidents. Indian J Otolaryngol
Head Neck Surg 2011; 63: 269–273.

https://doi.org/10.1183/13993003.01272-2020

15

ERS STATEMENT | M.R. BONSIGNORE ET AL.

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Amra B, Dorali R, Mortazavi S, et al. Sleep apnea symptoms and accident risk factors in Persian commercial
vehicle drivers. Sleep Breath 2012; 16: 187–191.
Barger LK, Rajaratnam SM, Wang W, et al. Common sleep disorders increase risk of motor vehicle crashes and
adverse health outcomes in firefighters. J Clin Sleep Med 2015; 11: 233–240.
Garbarino S, Durando P, Guglielmi O, et al. Sleep apnea, sleep debt and daytime sleepiness are independently
associated with road accidents. a cross-sectional study on truck drivers. PLoS One 2016; 11: e0166262.
Demirdöğen Çetinoğlu E, Görek Dilektaşlı A, Demir NA, et al. The relationship between driving simulation
performance and obstructive sleep apnoea risk, daytime sleepiness, obesity and road traffic accident history of
commercial drivers in Turkey. Sleep Breath 2015; 19: 865–872.
Guglielmi O, Magnavita N, Garbarino S. Sleep quality, obstructive sleep apnea, and psychological distress in
truck drivers: a cross-sectional study. Soc Psychiatry Psychiatr Epidemiol 2018; 53: 531–536.
Gottlieb DJ, Ellenbogen JM, Bianchi MT, et al. Sleep deficiency and motor vehicle crash risk in the general
population: a prospective cohort study. BMC Med 2018; 16: 44.
Shiomi T, Arita AT, Sasanabe R, et al. Falling asleep while driving and automobile accidents among patients with
obstructive sleep apnea-hypopnea syndrome. Psychiatry Clin Neurosci 2002; 56: 333–334.
Masa JF, Rubio M, Findley LJ. Habitually sleepy drivers have a high frequency of automobile crashes associated
with respiratory disorders during sleep. Am J Respir Crit Care Med 2000; 162: 1407–1412.
Young T, Blustein J, Finn L, et al. Sleep-disordered breathing and motor vehicle accidents in a population-based
sample of employed adults. Sleep 1997; 20: 608–613.
Howard ME, Desai AV, Grunstein RR, et al. Sleepiness, sleep-disordered breathing, and accident risk factors in
commercial vehicle drivers. Am J Respir Crit Care Med 2004; 170: 1014–1021.
Kingshott RN, Cowan JO, Jones DR, et al. The role of sleep-disordered breathing, daytime sleepiness, and
impaired performance in motor vehicle crashes – a case control study. Sleep Breath 2004; 8: 61–72.
Wu WT, Tsai SS, Liao HY, et al. Usefulness of overnight pulse oximeter as the sleep assessment tool to assess the
6-year risk of road traffic collision: evidence from the Taiwan Bus Driver Cohort Study. Int J Epidemiol 2017; 46:
266–277.
Meuleners L, Fraser ML, Govorko MH, et al. Obstructive sleep apnea, health-related factors, and long distance
heavy vehicle crashes in Western Australia: a case control study. J Clin Sleep Med 2015; 11: 413–418.
Karimi M, Hedner J, Häbel H, et al. Sleep apnea-related risk of motor vehicle accidents is reduced by continuous
positive airway pressure: Swedish Traffic Accident Registry data. Sleep 2015; 38: 341–349.
Carter N, Ulfberg J, Nyström B, et al. Sleep debt, sleepiness and accidents among males in the general population
and male professional drivers. Accid Anal Prev 2003; 35: 613–617.
Karimi M, Eder DN, Eskandari D, et al. Impaired vigilance and increased accident rate in public transport
operators is associated with sleep disorders. Accid Anal Prev 2013; 51: 208–214.
Stevenson MR, Elkington J, Sharwood L, et al. The role of sleepiness, sleep disorders, and the work environment
on heavy-vehicle crashes in 2 Australian states. Am J Epidemiol 2014; 179: 594–601.
Matsui K, Sasai-Sakuma T, Ishigooka J, et al. Insufficient sleep rather than the apnea-hypopnea index can be
associated with sleepiness-related driving problems of Japanese obstructive sleep apnea syndrome patients
residing in metropolitan areas. Sleep Med 2017; 33: 19–22.
Arita A, Sasanabe R, Hasegawa R, et al. Risk factors for automobile accidents caused by falling asleep while
driving in obstructive sleep apnea syndrome. Sleep Breath 2015; 19: 1229–1234.
Mulgrew AT, Nasvadi G, Butt A, et al. Risk and severity of motor vehicle crashes in patients with obstructive
sleep apnoea/hypopnoea. Thorax 2008; 63: 536–541.
Barbé F, Pericás J, Muñoz A, et al. Automobile accidents in patients with sleep apnea syndrome. An
epidemiological and mechanistic study. Am J Respir Crit Care Med 1998; 158: 18–22.
Lloberes P, Levy G, Descals C, et al. Self-reported sleepiness while driving as a risk factor for traffic accidents in
patients with obstructive sleep apnoea syndrome and in non-apnoeic snorers. Respir Med 2000; 94: 971–976.
Basoglu OK, Tasbakan MS. Elevated risk of sleepiness-related motor vehicle accidents in patients with obstructive
sleep apnea syndrome: a case-control study. Traffic Inj Prev 2014; 15: 470–476.
Komada Y, Nishida Y, Namba K, et al. Elevated risk of motor vehicle accident for male drivers with obstructive
sleep apnea syndrome in the Tokyo metropolitan area. Tohoku J Exp Med 2009; 219: 11–16.
Horstmann S, Hess CW, Bassetti C, et al. Sleepiness-related accidents in sleep apnea patients. Sleep 2000; 23:
383–389.
Mendelson WB. The relationship of sleepiness and blood pressure to respiratory variables in obstructive sleep
apnea. Chest 1995; 108: 966–972.
Zamagni M, Sforza E, Boudewijns A, et al. Respiratory effort. A factor contributing to sleep propensity in
patients with obstructive sleep apnea. Chest 1996; 109: 651–658.
Leng PH, Low SY, Hsu A, et al. The clinical predictors of sleepiness correlated with the multiple sleep latency
test in an Asian Singapore population. Sleep 2003; 26: 878–881.
Seneviratne U, Puvanendran K. Excessive daytime sleepiness in obstructive sleep apnea: prevalence, severity, and
predictors. Sleep Med 2004; 5: 339–343.
Mediano O, Barceló A, de la Peña M, et al. Daytime sleepiness and polysomnographic variables in sleep apnoea
patients. Eur Respir J 2007; 30: 110–113.
Barceló A, Barbé F, de la Peña M, et al. Insulin resistance and daytime sleepiness in patients with sleep apnoea.
Thorax 2008; 63: 946–950.
Sun Y, Ning Y, Huang L, et al. Polysomnographic characteristics of daytime sleepiness in obstructive sleep apnea
syndrome. Sleep Breath 2012; 16: 375–381.
Cai SJ, Chen R, Zhang YL, et al. Correlation of Epworth Sleepiness Scale with multiple sleep latency test and its
diagnostic accuracy in assessing excessive daytime sleepiness in patients with obstructive sleep apnea hypopnea
syndrome. Chin Med J 2013; 126: 3245–3250.
Li Y, Vgontzas A, Kritikou I, et al. Psychomotor vigilance test and its association with daytime sleepiness and
inflammation in sleep apnea: clinical implications. J Clin Sleep Med 2017; 13: 1049–1056.
Li Y, Vgontzas AN, Fernandez-Mendoza J, et al. Objective, but not subjective, sleepiness is associated with
inflammation in sleep apnea. Sleep 2017; 40: zsw033.

https://doi.org/10.1183/13993003.01272-2020

16

ERS STATEMENT | M.R. BONSIGNORE ET AL.

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

Bennett LS, Langford BA, Stradling JR, et al. Sleep fragmentation indices as predictors of daytime sleepiness and
nCPAP response in obstructive sleep apnea. Am J Respir Crit Care Med 1998; 158: 778–786.
Roure N, Gomez S, Mediano O, et al. Daytime sleepiness and polysomnography in obstructive sleep apnea
patients. Sleep Med 2008; 9: 727–731.
Oksenberg A, Arons E, Nasser K, et al. Severe obstructive sleep apnea: sleepy versus nonsleepy patients.
Laryngoscope 2010; 120: 643–648.
Chen R, Xiong KP, Lian YX, et al. Daytime sleepiness and its determining factors in Chinese obstructive sleep
apnea patients. Sleep Breath 2011; 15: 129–135.
Rey de Castro J, Rosales-Mayor E. Clinical and polysomnographic differences between OSAH patients with/
without excessive daytime sleepiness. Sleep Breath 2013; 17: 1079–1086.
Bonsignore MR, Esquinas C, Barcelo A, et al. Metabolic syndrome, insulin resistance and sleepiness in real-life
obstructive sleep apnoea. Eur Respir J 2012; 39: 1136–1143.
Jacobsen JH, Shi L, Mokhlesi B. Factors associated with excessive daytime sleepiness in patients with severe
obstructive sleep apnea. Sleep Breath 2013; 17: 629–635.
Uysal A, Liendo C, McCarty DE, et al. Nocturnal hypoxemia biomarker predicts sleepiness in patients with
severe obstructive sleep apnea. Sleep Breath 2014; 18: 77–84.
Huamani C, Rey de Castro J, Mezones-Holguin E. Sleepiness and nocturnal hypoxemia in Peruvian men with
obstructive sleep apnea. Sleep Breath 2014; 18: 467–473.
Corlateanu A, Pylchenko S, Sircu V, et al. Predictors of daytime sleepiness in patients with obstructive sleep
apnea. Pneumologia 2015; 64: 21–25.
D’Rozario AL, Field CJ, Hoyos CM, et al. Impaired neurobehavioural performance in untreated obstructive sleep
apnea patients using a novel standardised test battery. Front Surg 2018; 5: 35.
Bausmer U, Gouveris H, Selivanova O, et al. Correlation of the Epworth Sleepiness Scale with respiratory sleep
parameters in patients with sleep-related breathing disorders and upper airway pathology. Eur Arch
Otorhinolaryngol 2010; 267: 1645–1648.
Bixler EO, Vgontzas AN, Lin HM, et al. Excessive daytime sleepiness in a general population sample: the role of
sleep apnea, age, obesity, diabetes, and depression. J Clin Endocrinol Metab 2005; 90: 4510–4515.
Kapur VK, Baldwin CM, Resnick HE, et al. Sleepiness in patients with moderate to severe sleep-disordered
breathing. Sleep 2005; 28: 472–477.
Adams RJ, Appleton SL, Vakulin A, et al. Association of daytime sleepiness with obstructive sleep apnoea and
comorbidities varies by sleepiness definition in a population cohort of men. Respirology 2016; 21: 1314–1321.
Koutsourelakis I, Perraki E, Bonakis A, et al. Determinants of subjective sleepiness in suspected obstructive sleep
apnoea. J Sleep Res 2008; 17: 437–443.
Ishman SL, Cavey RM, Mettel TL, et al. Depression, sleepiness, and disease severity in patients with obstructive
sleep apnea. Laryngoscope 2010; 120: 2331–2335.
Ryu HS, Lee SA, Lee GH, et al. Subjective apnoea symptoms are associated with daytime sleepiness in patients
with moderate and severe obstructive sleep apnoea: a retrospective study. Clin Otolaryngol 2016; 41: 395–401.
Lang CJ, Appleton SL, Vakulin A, et al. Associations of undiagnosed obstructive sleep apnea and excessive
daytime sleepiness with depression: an Australian population study. J Clin Sleep Med 2017; 13: 575–582.
Nigro CA, Dibur E, Borsini E, et al. The influence of gender on symptoms associated with obstructive sleep
apnea. Sleep Breath 2018; 22: 683–693.
Martynowicz H, Skomro R, Gać P, et al. The influence of hypertension on daytime sleepiness in obstructive sleep
apnea. J Am Soc Hypertens 2017; 11: 295–302.
Fu Y, Xu H, Xia Y, et al. Excessive daytime sleepiness and metabolic syndrome in men with obstructive sleep
apnea: a large cross-sectional study. Oncotarget 2017; 8: 79693–79702.
Sánchez-de-la-Torre M, Barceló A, Piérola J, et al. Plasma levels of neuropeptides and metabolic hormones, and
sleepiness in obstructive sleep apnea. Respir Med 2011; 105: 1954–1960.
Chen YC, Chen KD, Su MC, et al. Genome-wide gene expression array identifies novel genes related to
disease severity and excessive daytime sleepiness in patients with obstructive sleep apnea. PLoS One 2017; 12:
e0176575.
Pamidi S, Knutson KL, Ghods F, et al. Depressive symptoms and obesity as predictors of sleepiness and quality
of life in patients with REM-related obstructive sleep apnea: cross-sectional analysis of a large clinical population.
Sleep Med 2011; 12: 827–831.
Kim H, Thomas RJ, Yun CH, et al. Association of mild obstructive sleep apnea with cognitive performance,
excessive daytime sleepiness, and quality of life in the general population: the Korean Genome and Epidemiology
Study (KoGES). Sleep 2017; 40: zsx012.
Prasad B, Steffen AD, Van Dongen HPA, et al. Determinants of sleepiness in obstructive sleep apnea. Sleep 2018;
41: zsx199.
Ng WL, Stevenson CE, Wong E, et al. Does intentional weight loss improve daytime sleepiness? A systematic
review and meta-analysis. Obes Rev 2017; 18: 460–475.
Dixon JB, Schachter LM, O’Brien PE. Polysomnography before and after weight loss in obese patients with severe
sleep apnea. Int J Obes 2005; 29: 1048–1054.
Dixon JB, Dixon ME, Anderson ML, et al. Daytime sleepiness in the obese: not as simple as obstructive sleep
apnea. Obesity 2007; 15: 2504–2511.
Sharkey KM, Orff HJ, Tosi C, et al. Subjective sleepiness and daytime functioning in bariatric patients with
obstructive sleep apnea. Sleep Breath 2013; 17: 267–274.
Nerfeldt P, Nilsson BY, Mayor L, et al. A two-year weight reduction program in obese sleep apnea patients.
J Clin Sleep Med 2010; 6: 479–486.
Vgontzas AN, Bixler EO, Tan TL, et al. Obesity without sleep apnea is associated with daytime sleepiness.
Arch Intern Med 1998; 158: 1333–1337.
Resta O, Foschino Barbaro MP, Bonfitto P, et al. Low sleep quality and daytime sleepiness in obese patients
without obstructive sleep apnoea syndrome. J Intern Med 2003; 253: 536–543.
Resta O, Foschino-Barbaro MP, Legari G, et al. Sleep-related breathing disorders, loud snoring and excessive
daytime sleepiness in obese subjects. Int J Obes Relat Metab Disord 2001; 25: 669–675.

https://doi.org/10.1183/13993003.01272-2020

17

ERS STATEMENT | M.R. BONSIGNORE ET AL.

96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

Fernandez-Mendoza J, Vgontzas AN, Kritikou I, et al. Natural history of excessive daytime sleepiness: role of
obesity, weight loss, depression, and sleep propensity. Sleep 2015; 38: 351–360.
Koehler U, Buchholz C, Cassel W, et al. Daytime sleepiness in patients with obstructive sleep apnea and severe
obesity: prevalence, predictors, and therapy. Wien Klin Wochenschr 2014; 126: 619–625.
Valencia-Flores M, Mokhlesi B, Santiago-Ayala V, et al. Intermittent hypoxemia and sleep fragmentation:
associations with daytime alertness in obese sleep apnea patients living at moderate altitude. Sleep Med 2016; 20:
103–109.
Slater G, Pengo MF, Kosky C, et al. Obesity as an independent predictor of subjective excessive daytime
sleepiness. Respir Med 2013; 107: 305–309.
Flemons WW, Douglas NJ, Kuna ST, et al. Access to diagnosis and treatment of patients with suspected sleep
apnea. Am J Respir Crit Care Med 2004; 169: 668–672.
Chung F, Yegneswaran B, Liao P, et al. Validation of the Berlin questionnaire and American Society of
Anesthesiologists checklist as screening tools for obstructive sleep apnea in surgical patients. Anesthesiology 2008;
108: 822–830.
Chung F, Ward B, Ho J, et al. Preoperative identification of sleep apnea risk in elective surgical patients, using
the Berlin questionnaire. J Clin Anesth 2007; 19: 130–134.
Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a tool to screen patients for obstructive sleep apnea.
Anesthesiology 2008; 108: 812–821.
Ramachandran SK, Josephs LA. A meta-analysis of clinical screening tests for obstructive sleep apnea.
Anesthesiology 2009; 110: 928–939.
Nagappa M, Liao P, Wong J, et al. Validation of the STOP-Bang questionnaire as a screening tool for obstructive
sleep apnea among different populations: a systematic review and meta-analysis. PLoS One 2015; 10: e0143697.
Sil A, Barr G. Assessment of predictive ability of Epworth scoring in screening of patients with sleep apnoea.
J Laryngol Otol 2012; 126: 372–379.
Bhat S, Upadhyay H, DeBari VA, et al. The utility of patient-completed and partner-completed Epworth
Sleepiness Scale scores in the evaluation of obstructive sleep apnea. Sleep Breath 2016; 20: 1347–1354.
Nishiyama T, Mizuno T, Kojima M, et al. Criterion validity of the Pittsburgh Sleep Quality Index and Epworth
Sleepiness Scale for the diagnosis of sleep disorders. Sleep Med 2014; 15: 422–429.
Westlake K, Plihalova A, Pretl M, et al. Screening for obstructive sleep apnea syndrome in patients with type 2
diabetes mellitus: a prospective study on sensitivity of Berlin and STOP-Bang questionnaires. Sleep Med 2016; 26:
71–76.
Marti-Soler H, Hirotsu C, Marques-Vidal P, et al. The NoSAS score for screening of sleep-disordered breathing:
a derivation and validation study. Lancet Respir Med 2016; 4: 742–748.
Singh A, Prasad R, Garg R, et al. A study to estimate prevalence and risk factors of obstructive sleep apnoea
syndrome in a semi-urban Indian population. Monaldi Arch Chest Dis 2017; 87: 773.
Migacz E, Wichniak A, Kukwa W. Are questionnaires reliable in diagnosing sleep-disordered breathing in
university students? J Laryngol Otol 2017; 131: 965–971.
Abrishami A, Khajehdehi A, Chung F. A systematic review of screening questionnaires for obstructive sleep
apnea. Can J Anaesth 2010; 57: 423–438.
Senaratna CV, Perret JL, Matheson MC, et al. Validity of the Berlin questionnaire in detecting obstructive sleep
apnea: a systematic review and meta-analysis. Sleep Med Rev 2017; 36: 116–124.
Chiu H-Y, Chen P-Y, Chuang L-P, et al. Diagnostic accuracy of the Berlin questionnaire, STOP-BANG, STOP,
and Epworth sleepiness scale in detecting obstructive sleep apnea: a bivariate meta-analysis. Sleep Med Rev 2017;
36: 57–70.
Gantner D, Ge J-Y, Li L-H, et al. Diagnostic accuracy of a questionnaire and simple home monitoring device in
detecting obstructive sleep apnoea in a Chinese population at high cardiovascular risk. Respirology 2010; 15:
952–960.
Warm JS, Parasuraman R, Matthews G. Vigilance requires hard mental work and is stressful. Hum Factors 2008;
50: 433–441.
Gupta R, Pandi-Perumal SR, Almeneessier AS, et al. Hypersomnolence and traffic safety. Sleep Med Clin 2017;
12: 489–499.
Karimi M, Hedner J, Lombardi C, et al. Driving habits and risk factors for traffic accidents among sleep apnea
patients – a European multi-centre cohort study. J Sleep Res 2014; 23: 689–699.
Watling CN, Armstrong KA, Obst PL, et al. Continuing to drive while sleepy: the influence of sleepiness
countermeasures, motivation for driving sleepy, and risk perception. Accid Anal Prev 2014; 73: 262–268.
Sunwoo BY, Jackson N, Maislin G, et al. Reliability of a single objective measure in assessing sleepiness. Sleep
2012; 35: 149–158.
Svetina M. The reaction times of drivers aged 20 to 80 during a divided attention driving. Traff Inj Prev 2016; 17:
810–814.
Van Schie MK, Thijs RD, Fronczek R, et al. Sustained attention to response task (SART) shows impaired
vigilance in a spectrum of disorders of excessive daytime sleepiness. J Sleep Res 2012; 21: 390–395.
Bennett LS, Stradling JR, Davies RJ. A behavioural test to assess daytime sleepiness in obstructive sleep apnoea.
J Sleep Res 1997; 6: 142–145.
Littner MR, Kushida C, Wise M, et al. Practice parameters for clinical use of the multiple sleep latency test and
the maintenance of wakefulness test. Sleep 2005; 28: 113–121.
Sagaspe P, Taillard J, Chaumet G, et al. Maintenance of wakefulness test as a predictor of driving performance in
patients with untreated obstructive sleep apnea. Sleep 2007; 30: 327–330.
Cori JM, Jackson ML, Barnes M, et al. The differential effects of regular shift work and obstructive sleep apnea
on sleepiness, mood and neurocognitive function. J Clin Sleep Med 2018; 14: 941–951.
Zhang C, Varvarigou V, Parks PD, et al. Psychomotor vigilance testing of professional drivers in the occupational
health clinic: a potential objective screen for daytime sleepiness. J Occup Environ Med 2012; 54: 296–302.
Alakuijala A, Maasilta P, Bachour A. The Oxford Sleep Resistance test (OSLER) and the Multiple Unprepared
Reaction Time Test (MURT) detect vigilance modifications in sleep apnea patients. J Clin Sleep Med 2014; 10:
1075–1082.

https://doi.org/10.1183/13993003.01272-2020

18

ERS STATEMENT | M.R. BONSIGNORE ET AL.

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

Karimi M, Hedner J, Häbel H, et al. Sleep apnea-related risk of motor vehicle accidents is reduced by continuous
positive airway pressure: Swedish Traffic Accident Registry data. Sleep 2015; 38: 341–349.
Mazza S, Pépin JL, Naegele B, et al. Most obstructive sleep apnoea patients exhibit vigilance and attention
deficits on an extended battery of tests. Eur Respir J 2005; 25: 75–80.
Pizza F, Contardi S, Mondini S, et al. Daytime sleepiness and driving performance in patients with obstructive
sleep apnea: comparison of the MSLT, the MWT, and a simulated driving task. Sleep 2009; 32: 382–391.
Philip P, Chaufton C, Taillard J, et al. Maintenance of Wakefulness Test scores and driving performance in sleep
disorder patients and controls. Int J Psychophysiol 2013; 89: 195–202.
Ghiassi R, Murphy K, Cummin AR, et al. Developing a pictorial Epworth Sleepiness Scale. Thorax 2011; 66:
97–100.
Åkerstedt Miley A, Kecklund G, Åkerstedt T. Comparing two versions of the Karolinska Sleepiness Scale (KSS).
Sleep Biol Rhythms 2016; 14: 257–260.
Johns MW. Sensitivity and specificity of the multiple sleep latency test (MSLT), the maintenance of wakefulness
test and the Epworth sleepiness scale: failure of the MSLT as a gold standard. J Sleep Res 2000; 9: 5–11.
Aurora RN, Caffo B, Crainiceanu C, et al. Correlating subjective and objective sleepiness: revisiting the
association using survival analysis. Sleep 2011; 34: 1707–1714.
Philip P, Sagaspe P, Taillard J, et al. Maintenance of Wakefulness Test, obstructive sleep apnea syndrome, and
driving risk. Ann Neurol 2008; 64: 410–416.
Orth M, Duchna HW, Leidag M, et al. Driving simulator and neuropsychological testing in OSAS before and
under CPAP therapy. Eur Respir J 2005; 26: 898–903.
Ghosh D, Jamson SL, Baxter PD, et al. Continuous measures of driving performance on an advanced
office-based driving simulator can be used to predict simulator task failure in patients with obstructive sleep
apnoea syndrome. Thorax 2012; 67: 815–821.
Hallvig D, Anund A, Fors C, et al. Sleepy driving on the real road and in the simulator – a comparison. Accid
Anal Prev 2013; 50: 44–50.
Pichel F, Zamarrón C, Magán F, et al. Sustained attention measurements in obstructive sleep apnea and risk of
traffic accidents. Respir Med 2006; 100: 1020–1027.
Contardi S, Pizza F, Sancisi E, et al. Reliability of a driving simulation task for evaluation of sleepiness. Brain Res
Bull 2004; 63: 427–431.
Findley LJ, Fabrizio MJ, Knight H, et al. Driving simulator performance in patients with sleep apnea. Am Rev
Respir Dis 1989; 140: 529–530.
Findley LJ, Suratt PM, Dinges DF. Time-on-task decrements in ‘steer clear’ performance of patients with sleep
apnea and narcolepsy. Sleep 1999; 22: 804–809.
Muñoz A, Mayoralas LR, Barbé F, et al. Long-term effects of CPAP on daytime functioning in patients with sleep
apnoea syndrome. Eur Respir J 2000; 15: 676–681.
George CF, Boudreau AC, Smiley A. Simulated driving performance in patients with obstructive sleep apnea.
Am J Respir Crit Care Med 1996; 154: 175–181.
George CF, Boudreau AC, Smiley A. Comparison of simulated driving performance in narcolepsy and sleep
apnea patients. Sleep 1996; 19: 711–717.
Juniper M, Hack MA, George CF, et al. Steering simulation performance in patients with obstructive sleep
apnoea and matched control subjects. Eur Respir J 2000; 15: 590–595.
Risser MR, Ware JC, Freeman FG. Driving simulation with EEG monitoring in normal and obstructive sleep
apnea patients. Sleep 2000; 23: 393–398.
Tassi P, Grenèche J, Pebayle T, et al. Are OSAS patients impaired in their driving ability on a circuit with
medium traffic density? Accid Anal Prev 2008; 40: 1365–1370.
Vakulin A, Baulk SD, Catcheside PG, et al. Effects of alcohol and sleep restriction on simulated driving
performance in untreated patients with obstructive sleep apnea. Ann Intern Med 2009; 151: 447–455.
Vakulin A, Baulk SD, Catcheside PG, et al. Driving simulator performance remains impaired in patients with
severe OSA after CPAP treatment. J Clin Sleep Med 2011; 7: 246–253.
May JF, Porter BE, Ware JC. The deterioration of driving performance over time in drivers with untreated sleep
apnea. Accid Anal Prev 2016; 89: 95–102.
Mazza S, Pépin JL, Naëgelé B, et al. Driving ability in sleep apnoea patients before and after CPAP treatment:
evaluation on a road safety platform. Eur Respir J 2006; 28: 1020–1028.
Hack MA, Choi SJ, Vijayapalan P, et al. Comparison of the effects of sleep deprivation, alcohol and obstructive
sleep apnoea (OSA) on simulated steering performance. Respir Med 2001; 95: 594–601.
Hoekema A, Stegenga B, Bakker M, et al. Simulated driving in obstructive sleep apnoea-hypopnoea; effects of
oral appliances and continuous positive airway pressure. Sleep Breath 2007; 11: 129–138.
Tippin J, Sparks J, Rizzo M. Visual vigilance in drivers with obstructive sleep apnea. J Psychosom Res 2009; 67:
143–151.
Gieteling EW, Bakker MS, Hoekema A, et al. Impaired driving simulation in patients with periodic limb
movement disorder and patients with obstructive sleep apnea syndrome. Sleep Med 2012; 13: 517–523.
Desai AV, Marks GB, Jankelson D, et al. Do sleep deprivation and time of day interact with mild obstructive
sleep apnea to worsen performance and neurobehavioral function? J Clin Sleep Med 2006; 2: 63–70.
Filtness AJ, Reyner LA, Horne JA. Moderate sleep restriction in treated older male OSA participants: greater
impairment during monotonous driving compared with controls. Sleep Med 2011; 12: 838–843.
Kingshott RN, Vennelle M, Hoy CJ, et al. Predictors of improvements in daytime function outcomes with CPAP
therapy. Am J Respir Crit Care Med 2000; 161: 866–871.
George CF, Boudreau AC, Smiley A. Effects of nasal CPAP on simulated driving performance in patients with
obstructive sleep apnoea. Thorax 1997; 52: 648–653.
Turkington PM, Sircar M, Saralaya D, et al. Time course of changes in driving simulator performance with and
without treatment in patients with sleep apnoea hypopnoea syndrome. Thorax 2004; 59: 56–59.
Antonopoulos CN, Sergentanis TN, Daskalopoulou SS, et al. Nasal continuous positive airway pressure (nCPAP)
treatment for obstructive sleep apnea, road traffic accidents and driving simulator performance: a meta-analysis.
Sleep Med Rev 2011; 15: 301–310.

https://doi.org/10.1183/13993003.01272-2020

19

ERS STATEMENT | M.R. BONSIGNORE ET AL.

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

Pizza F, Contardi S, Ferlisi M, et al. Daytime driving simulation performance and sleepiness in obstructive sleep
apnoea patients. Accid Anal Prev 2008; 40: 602–609.
Boyle LN, Tippin J, Paul A, et al. Driver performance in the moments surrounding a microsleep. Transp Res Part
F Traffic Psychol Behav 2008; 11: 126–136.
Pizza F, Contardi S, Mondini S, et al. Simulated driving performance coupled with driver behaviour can predict
the risk of sleepiness-related car accidents. Thorax 2011; 66: 725–726.
Findley L, Unverzagt M, Guchu R, et al. Vigilance and automobile accidents in patients with sleep apnea or
narcolepsy. Chest 1995; 108: 619–624.
Turkington PM, Sircar M, Allgar V, et al. Relationship between obstructive sleep apnoea, driving simulator
performance, and risk of road traffic accidents. Thorax 2001; 56: 800–805.
Ghosh D, Jamson SL, Baxter PD, et al. Factors that affect simulated driving in patients with obstructive sleep
apnoea. ERJ Open Res 2015; 1: 00074-2015.
Terán-Santos J, Jiménez-Gómez A, Cordero-Guevara J. The association between sleep apnea and the risk of
traffic accidents. Cooperative Group Burgos-Santander. N Engl J Med 1999; 340: 847–851.
Ellen RL, Marshall SC, Palayew M, et al. Systematic review of motor vehicle crash risk in persons with sleep
apnea. J Clin Sleep Med 2006; 2: 193–200.
Lal C, Strange C, Bachman D. Neurocognitive impairment in obstructive sleep apnea. Chest 2012; 141:
1601–1610.
Scharf MB, Stover R, McDannold MD, et al. Outcome evaluation of long-term nasal continuous positive airway
pressure therapy in obstructive sleep apnea. Am J Ther 1999; 6: 293–297.
Tregear S, Reston J, Schoelles K, et al. Continuous positive airway pressure reduces risk of motor vehicle
crash among drivers with obstructive sleep apnea: systematic review and meta-analysis. Sleep 2010; 33:
1373–1380.
Garbarino S, Guglielmi O, Campus C, et al. Screening, diagnosis, and management of obstructive sleep apnea in
dangerous-goods truck drivers: to be aware or not? Sleep Med 2016; 25: 98–104.
Engleman HM, Asgari-Jirhandeh N, McLeod AL, et al. Self-reported use of CPAP and benefits of CPAP therapy:
a patient survey. Chest 1996; 109: 1470–1476.
Sassani A, Findley LJ, Kryger M, et al. Reducing motor-vehicle collisions, costs, and fatalities by treating
obstructive sleep apnea syndrome. Sleep 2004; 27: 453–458.
Tan MC, Ayas NT, Mulgrew A, et al. Cost-effectiveness of continuous positive airway pressure therapy in
patients with obstructive sleep apnea-hypopnea in British Columbia. Can Respir J 2008; 15: 159–165.
Burks SV, Anderson JE, Bombyk M, et al. Nonadherence with employer-mandated sleep apnea treatment and
increased risk of serious truck crashes. Sleep 2016; 39: 967–975.
Kay GG, Feldman N. Effects of armodafinil on simulated driving and self-report measures in obstructive sleep
apnea patients prior to treatment with continuous positive airway pressure. J Clin Sleep Med 2013; 9: 445–454.
Phillips CL, Grunstein RR, Darendeliler MA, et al. Health outcomes of continuous positive airway pressure
versus oral appliance treatment for obstructive sleep apnea: a randomized controlled trial. Am J Respir Crit Care
Med 2013; 187: 879–887.
Filtness AJ, Reyner LA, Horne JA. One night’s CPAP withdrawal in otherwise compliant OSA patients: marked
driving impairment but good awareness of increased sleepiness. Sleep Breath 2012; 16: 865–871.
Bajaj JS, Thacker LR, Leszczyszyn D, et al. Effects of obstructive sleep apnea on sleep quality, cognition, and
driving performance in patients with cirrhosis. Clin Gastroenterol Hepatol 2015; 13: 390–397.
Hui DS, Ko FW, Chan JK, et al. Sleep-disordered breathing and continuous positive airway pressure compliance
in a group of commercial bus drivers in Hong Kong. Respirology 2006; 11: 723–730.
Sangal RB. Evaluating sleepiness-related daytime function by querying wakefulness inability and fatigue:
Sleepiness-Wakefulness Inability and Fatigue Test (SWIFT). J Clin Sleep Med 2012; 8: 701–711.
Avlonitou E, Kapsimalis F, Varouchakis G, et al. Adherence to CPAP therapy improves quality of life and
reduces symptoms among obstructive sleep apnea syndrome patients. Sleep Breath 2012; 16: 563–569.
Cassel W, Ploch T, Becker C, et al. Risk of traffic accidents in patients with sleep-disordered breathing: reduction
with nasal CPAP. Eur Respir J 1996; 9: 2606–2611.
Engleman HM, Martin SE, Deary IJ, et al. Effect of continuous positive airway pressure treatment on daytime
function in sleep apnoea/hypopnoea syndrome. Lancet 1994; 343: 572–575.
Hack M, Davies RJ, Mullins R, et al. Randomised prospective parallel trial of therapeutic versus subtherapeutic
nasal continuous positive airway pressure on simulated steering performance in patients with obstructive sleep
apnoea. Thorax 2000; 55: 224–231.
Häkkänen H, Summala H, Partinen M, et al. Blink duration as an indicator of driver sleepiness in professional
bus drivers. Sleep 1999; 22: 798–802.
Randerath WJ, Gerdesmeyer C, Siller K, et al. A test for the determination of sustained attention in patients with
obstructive sleep apnea syndrome. Respiration 2000; 67: 526–532.
George CF. Reduction in motor vehicle collisions following treatment of sleep apnoea with nasal CPAP. Thorax
2001; 56: 508–512.
Mitler MM, Miller JC, Lipsitz JJ, et al. The sleep of long-haul truck drivers. N Engl J Med 1997; 337: 755–761.
Pack AI, Maislin G, Staley B, et al. Impaired performance in commercial drivers: role of sleep apnea and short
sleep duration. Am J Respir Crit Care Med 2006; 174: 446–454.
Garbarino S, Pitidis A, Giustini M, et al. Motor vehicle accidents and obstructive sleep apnea syndrome: a
methodology to calculate the related burden of injuries. Chron Respir Dis 2015; 12: 320–328.
Ward KL, Hillman DR, James A, et al. Excessive daytime sleepiness increases the risk of motor vehicle crash in
obstructive sleep apnea. J Clin Sleep Med 2013; 9: 1013–1021.
Garbarino S, Guglielmi O, Sanna A, et al. Risk of occupational accidents in workers with obstructive sleep apnea:
systematic review and meta-analysis. Sleep 2016; 39: 1211–1218.
Philip P, Chaufton C, Orriols L, et al. Complaints of poor sleep and risk of traffic accidents: a population-based
case-control study. PLoS One 2014; 9: e114102.
Tefft BC. Prevalence of motor vehicle crashes involving drowsy drivers, United States, 1999–2008. Accid Anal
Prev 2012; 45: 180–186.

https://doi.org/10.1183/13993003.01272-2020

20

ERS STATEMENT | M.R. BONSIGNORE ET AL.

202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

Bioulac S, Micoulaud-Franchi JA, Arnaud M, et al. Risk of motor vehicle accidents related to sleepiness at the
wheel: a systematic review and meta-analysis. Sleep 2017; 40: zsx134.
Tippin J. Driving impairment in patients with obstructive sleep apnea syndrome. Am J Electroneurodiagnostic
Technol 2007; 47: 114–126.
Mets MAJ, Alford C, Verster JC. Sleep specialists’ opinion on sleep disorders and fitness to drive a car: the
necessity of continued education. Ind Health 2012; 50: 499–508.
Alkharboush GA, Al Rashed FA, Saleem AH, et al. Assessment of patients’ medical fitness to drive by primary
care physicians: a cross-sectional study. Traffic Inj Prev 2017; 18: 488–492.
West SD, Downie B, Olds G, et al. A 4-week wait ‘fast-track’ sleep service is effective at establishing vocational
drivers on continuous positive airway pressure. Clin Med 2017; 17: 401–402.
Pépin J-L, Viot-Blanc V, Escourrou P, et al. Prevalence of residual excessive sleepiness in CPAP-treated sleep
apnoea patients: the French multicentre study. Eur Respir J 2009; 33: 1062–1067.
Gasa M, Tamisier R, Launois SH, et al. Residual sleepiness in sleep apnea patients treated by continuous positive
airway pressure. J Sleep Res 2013; 22: 389–397.
Vernet C, Redolfi S, Attali V, et al. Residual sleepiness in obstructive sleep apnoea: phenotype and related
symptoms. Eur Respir J 2011; 38: 98–105.
Chapman JL, Vakulin A, Hedner J, et al. Modafinil/armodafinil in obstructive sleep apnoea: a systematic review
and meta-analysis. Eur Respir J 2016; 47: 1420–1428.
Malhotra A, Shapiro C, Pepin J-L, et al. Long-term study of the safety and maintenance of efficacy of
solriamfetol ( JZP-110) in the treatment of excessive sleepiness in participants with narcolepsy or obstructive
sleep apnea. Sleep 2020; 43: zsz220.
Schweitzer PK, Rosenberg R, Zammit GK, et al. Solriamfetol for excessive sleepiness in obstructive sleep apnea
(TONES 3). A randomized controlled trial. Am J Respir Crit Care Med 2019; 199: 1421–1431.
Dauvilliers Y, Verbraecken J, Partinen M, et al. Pitolisant for daytime sleepiness in patients with obstructive sleep
apnea who refuse continuous positive airway pressure treatment. A randomized trial. Am J Respir Crit Care Med
2020; 201: 1135–1145.
Trotti LM. Treat the symptom, not the cause? Pitolisant for sleepiness in obstructive sleep apnea. Am J Respir
Crit Care Med 2020; 201: 1033–1035.
McDonald AD, Lee JD, Schwarz C, et al. A contextual and temporal algorithm for driver drowsiness detection.
Accid Anal Prev 2018; 113: 25–37.
Morrone E, D’Artavilla Lupo N, Trentin R, et al. Microsleep as a marker of sleepiness in obstructive sleep apnea
patients. J Sleep Res 2020; 29: e12882.
Putilov AA, Donskaya OG, Verevkin EG. Can we feel like being neither alert nor sleepy? The electroencephalographic
signature of this subjective sub-state of wake state yields an accurate measure of objective sleepiness level. Int J
Psychophysiol 2019; 135: 33–43.
Hertig-Godeschalk A, Skorucak J, Malafeev A, et al. Microsleep episodes in the borderland between wakefulness
and sleep. Sleep 2020; 43: zsz163.
Tan A, Hong Y, Tan LWL, et al. Validation of NoSAS score for screening of sleep-disordered breathing in a
multiethnic Asian population. Sleep Breath 2017; 21: 1033–1038.
Avincsal MO, Dinc ME, Ulusoy S, et al. Modified Mallampati score improves specificity of STOP-BANG
questionnaire for obstructive sleep apnea. J Craniofac Surg 2017; 28: 904–908.
Sert Kuniyoshi FH, Zellmer MR, Calvin AD, et al. Diagnostic accuracy of the Berlin questionnaire in detecting
sleep-disordered breathing in patients with a recent myocardial infarction. Chest 2011; 140: 1192–1197.
Danzi-Soares NJ, Genta PR, Nerbass FB, et al. Obstructive sleep apnea is common among patients referred for
coronary artery bypass grafting and can be diagnosed by portable monitoring. Coron Artery Dis 2012; 23: 31–38.
Nerbass FB, Pedrosa RP, Genta PR, et al. Lack of reliable clinical predictors to identify obstructive sleep apnea in
patients with hypertrophic cardiomyopathy. Clinics 2013; 68: 992–996.
Nicholl DDM, Ahmed SB, Loewen AHS, et al. Diagnostic value of screening instruments for identifying
obstructive sleep apnea in kidney failure. J Clin Sleep Med 2013; 9: 31–38.
Margallo VS, Muxfeldt ES, Guimarães GM, et al. Diagnostic accuracy of the Berlin questionnaire in detecting
obstructive sleep apnea in patients with resistant hypertension. J Hypertens 2014; 32: 2030–2037.
Faria AC, Henrique da Costa C, Rufino R. Sleep Apnea Clinical Score, Berlin Questionnaire, or Epworth Sleepiness
Scale: which is the best obstructive sleep apnea predictor in patients with COPD? Int J Gen Med 2015; 8: 275–281.
Pataka A, Zarogoulidis P, Hohenforst-Schmidt W, et al. During economic crisis can sleep questionnaires improve
the value of oximetry for assessing sleep apnea? Ann Transl Med 2016; 4: 443.
Prasad KT, Sehgal IS, Agarwal R, et al. Assessing the likelihood of obstructive sleep apnea: a comparison of nine
screening questionnaires. Sleep Breath 2017; 21: 909–917.
McMahon MJ, Sheikh KL, Andrada TF, et al. Using the STOPBANG questionnaire and other pre-test probability
tools to predict OSA in younger, thinner patients referred to a sleep medicine clinic. Sleep Breath 2017; 21:
869–876.
Cowan DC, Allardice G, Macfarlane D, et al. Predicting sleep disordered breathing in outpatients with suspected
OSA. BMJ Open 2014; 4: e004519.
Kiciński P, Przybylska-Kuć SM, Tatara K, et al. Reliability of the Epworth Sleepiness Scale and the Berlin
Questionnaire for screening obstructive sleep apnea syndrome in the context of the examination of candidates for
drivers. Med Pr 2016; 67: 721–728.
Popević MB, Milovanović A, Nagorni-Obradović L, et al. Screening commercial drivers for obstructive sleep
apnea: validation of STOP-Bang questionnaire. Int J Occup Med Environ Health 2017; 30: 751–761.

https://doi.org/10.1183/13993003.01272-2020

21

