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Obstructive sleep apnea (OSA) is associated with excessive daytime sleepiness in about 50% of cases, and with increased risk of driving accidents. Treatment with continuous positive airway pressure (CPAP) effectively reduces such risk, but compliance to CPAP treatment is often suboptimal.  According  to the European Union Directive on driving risk, release of a driving license in patients with OSA requires assessment of sleepiness and adherence to CPAP treatment, but there is still uncertainty on the optimal methods to assess sleepiness on a large scale.
Obstructive sleep apnea
Obstructive sleep apnea (OSA) is highly prevalent in the general population, especially in obese subjects (1). OSA occurs at all ages, is more frequent in males, and is often associated with hypertension and other comorbidities (2).
OSA is characterized by partial or complete collapse of upper airways during sleep. During airway obstruction, increasing respiratory efforts occur until an increase in airway dilator muscle tone re-establishes upper airway patency. The cycle can occur hundreds of times during the night.  The most common clinical symptoms of OSA are intermittent loud snoring, excessive daytime sleepiness (EDS), and unrefreshing sleep (2). 
Diagnosis of OSA requires polysomnography or cardiorespiratory monitoring during sleep (3,4).  Pre-test probability of OSA can be assessed by questionnaires (5,6), but a sleep recording is necessary to diagnose OSA and assess its severity. The apnea hypopnea index (AHI), i.e. the frequency of respiratory events, is used to define OSA severity. OSA is classified as mild, moderate or severe according to AHI of 5-<15/h, between 15 and 30/h, and >30/h, respectively (2).  AHI does not discriminate OSA physiological or clinical phenotypes (7), and other metrics are considered in daily clinical practice, such as hypoxemia during sleep (8).
Intermittent hypoxia and sleep fragmentation are the main pathophysiological features of OSA. OSA exerts detrimental effects on health, including cardiometabolic diseases, and accidents while driving or at work (2).  Cognitive dysfunction, investigated in recent years by highly sophisticated methodologies (9, 10), could contribute to driving risk, but studies are still lacking.
Continuous positive airway pressure (CPAP)  is the standard treatment of OSA in the (11, 12).  By splinting the upper airway open, CPAP prevents obstructive events during sleep, and their acute and long-term negative consequences (13). CPAP needs to be manually or automatically titrated in each patient, in order to establish its therapeutic level (12).  Patients should use CPAP every time they sleep, but adherence to treatment is often suboptimal, especially in patients without EDS (14).  CPAP devices allow to download data regarding daily use,  and good compliance is considered ≥ 4 hours for at least 70% of the nights. Other treatments for OSA, such as positional therapies, mandibular advancement devices (MAD) or upper airway surgery, will not be discussed because their effect on driving risk remains unknown.

Sleepiness in OSA
Prevalence of subjective EDS in OSA patients is less than 50%. In the ESADA study, only 44.4% of subjects with suspected OSA reported EDS (15).  Similarly, in the Icelandic Sleep Cohort, prevalence of EDS was 42.6% (16).  EDS prevalence is low in patients with heart failure and OSA (17), while it is relatively high in asthmatic OSA patients (18), indicating that EDS varies with occurrence of comorbidities.  
Predictors of EDS in OSA patients may help to identify patients at high risk of driving accidents.  The studies (19-49) show variability in characteristics and size of the samples, methodology used for OSA diagnosis, and sleepiness assessment tools (Table 1).  Subjective sleepiness was assessed in the majority of studies by using the Epworth Sleepiness Scale (ESS) questionnaire (50).  Other simpler questionnaires, based on positive response to 2 out of 3 questions (feeling sleepy sitting quietly; feeling tired/fatigued/sleepy; having trouble staying awake) have also been used (21).  Other studies indicate that a positive response to the simple question: “Are you sleepy while driving?” is highly predictive of car accidents.  However, reliability of questionnaires is limited.
Objective tests, such as the multiple sleep latency test (MSLT) and the maintenance of wakefulness test (MWT) have been used less extensively, and their clinical utility has been challenged (51). MWT is considered more appropriate than MSLT in reflecting the ability to remain awake during monotonous driving in OSA patients, especially when its duration is prolonged to 40 min (52). 
Results of studies assessing predictors of subjective and objective sleepiness in OSA are reported in Table 2 and Table 3, respectively. Positive relationships resulting mostly from multiple regression are reported. A role of AHI or oxygen desaturation during sleep in predicting sleepiness was reported by some but not all studies. Sleepiness was associated with prolonged sleep times in some studies, possibly reflecting the increased sleep pressure associated with poor sleep quality.  However, sleep fragmentation predicted sleepiness in a minority of studies.  Conversely, obesity or metabolic variables were often associated with sleepiness (53, 54), and depression may exert an independent role  in EDS pathogenesis.  Overall, sleepiness in OSA patients appears multifactorial, and no single clinical or polysomnographic variable, or a combination of different factors, can be used to predict sleepiness at the wheel and risk of car accidents.

OSA and driving risk
Fatigue or sleep-related accidents represent a common cause of traffic accidents (55-57), with a variable proportion of accidents attributable to sleepiness (55, 58, 59). Ten to 30 percent of fatal accidents have been attributed to sleepiness at wheel (60, 61) and car crashes related to falling asleep often cause death and severe injury (62). Death of the driver occurred in 11.4% of sleepiness-related accidents, in contrast with 5.6% of accidents unrelated to sleep (63). Sleepiness-related motor vehicle accidents (MVA) may result from falling asleep while driving and behaviour impairment attributable to sleepiness (64).
The 3rd Edition of International Classification of Sleep Disorders defines daytime sleepiness as the inability to stay awake and alert during the major waking episodes of the day, resulting in periods of irrepressible need for sleep or unintended lapses into drowsiness or sleep (65). Sleepiness may vary in severity and is more likely to occur in sedentary, boring, and monotonous situations that require little active participation. Some patients are aware of increasing sleepiness before falling asleep, whereas others can fall asleep with little or no prodromal symptoms (66). Drivers may be unaware of having lapses, but are aware of loss of vehicle control during out-of-lane excursion (67).
Behavioural sleepiness is defined as difficulty in remaining awake even while subjects are performing activities (68). Sleepiness at wheel is defined as difficulty in remaining awake or episodes of drowsiness interfering with driving skills (60); alternatively, a driver was defined as being habitually sleepy if he became so sleepy while driving that he feared falling asleep, and if this severe sleepiness while driving occurred at least 1 every 3 times he drove on a highway (69). 
Sleepiness at the wheel is frequent in the general population. Episodes of sleepiness at the wheel in the previous 2 years were reported by 17% of European drivers (70). It can be caused by sleep disorders including sleep apnea, but also by sleep deprivation, shift work or non-restorative sleep (60). Two studies reported a prevalence of 3.6% of habitually sleepy drivers in the general population (69, 71). In other studies, prevalence of sleepiness at wheel ranged from 1.1% to 58% (60). 
Insufficient sleep is a major factor in MVA (72-75).  Subjects with very short (≤ 5 hours) or short (6 hours) sleep duration were at risk for drowsy driving (71). A population-based questionnaire survey found that male gender, office or manual labor, presence of EDS, depression, habitual snoring, and perceived insufficient sleep were independent risk factors for drowsy driving (76). The score of the Epworth Sleepiness scale (ESS) was higher in habitually sleepy drivers, but only 50% of them reported overall EDS, defined an ESS >9 (69). Subjects are able to perceive sleepiness under conditions of acute sleep deprivation, but this ability, and the ability to perceive performance deficits, reach a plateau in presence of chronic sleep insufficiency (77). 
On the other hand, other physiological or individual factors should be taken into account, such as circadian or homeostatic effects, time on task duration, or fatigue. Recently, the effect of light conditions had an independent effects on driver sleepiness with worse performance during darkness (78).
Association between self-reported sleepiness at wheel and risk of MVA has been investigated in a recent meta-analysis (60), with a pooled odd ratio (OR) of 2.51 (95% CI 1.87-3.39). However, larger studies reported a lower increase in risk that was not related to methodological issues.  Recently, a dose-response relationship was shown between driver’s sleep in the past 24 hours and risk of causing a MVA (79). Drivers who reported having slept for 6, 5, 4 hours or less in the 24 hours before crashing had OR of 1.3, 1.9, 2.9 and 15.1, respectively, of having been culpable for their crashes, compared with drivers who reported 7-9 hours of sleep (79). 
OSA contributes to occurrence of EDS and MVA (Table 4). In the meta-analysis by Ellen et al., drivers with OSA were at risk of involvement in MVAs (80). However, an association between crash risk and daytime sleepiness or OSA severity was found in a minority of studies, leading the Authors to state “clinicians should be cautious in using the presence or absence of this symptom as the sole factor in determining the fitness to drive of patients with sleep apnea” (80). Subsequent meta-analyses (81, 82) reported similar results. Commercial drivers may be at particularly high risk of MVA because of increased exposure, but the risk could not be precisely assessed based on OSA severity, or subjective and objective sleepiness (81). More recently, Garbarino et al. analysed risk of occupational accidents including MVAs in commercial drivers, and the effect size was found to be larger in them compared to other workers with OSA  (82).
A cohort study assessed the risk on MVA in North American police officers according to risk for different sleep disorders (83). Screening was positive in 33.6% of police officers for OSA, in 6.5% for insomnia, and in 5.4% for shift work disorder. Participants who screened positive for at least one sleep disorder, however, reported similar rates of episodes of falling asleep while driving as control subjects (17.9% vs 12.7%). Such low sensitivity may be explained by the screening strategy used, as opposed to actual diagnosis of sleep disorders. 
In a large Swedish study, only severe EDS (ESS ≥16), but not OSA severity, was associated with increased risk of MVA (84); driving distance (exposure to risk), short habitual sleep time (≤ 5 hours/night) and use of hypnotics also predicted risk. Analysis of European Sleep Apnea Database (ESADA) showed that at least one risk factor was present in 68.7% and 51.3% of male and female drivers, respectively (85). Predictors of MVA were: severe EDS (ESS ≥16), age, female gender, body mass index, AHI, and driving distance>15000 km/year. Of interest, the mean sum of MVA risk factors increased with OSA severity and was higher in males than in females. 
While the role of OSA in increasing the risk for MVA can be considered evidence-based, several problems remain. For example, the large majority of individuals studied were men, while risk in women is insufficiently  studied to date. Similarly, elderly OSA patients may show a higher risk, compensated by a low driving distance/year and/or preventive behaviors such as avoiding driving at night. On the other hand, commercial drivers often drive heavy trucks, besides driving long distances. On the other hand, it was recently estimated that OSA could be held responsible for only about 7% of total MVAs (86).

The effects of CPAP treatment on driving risk in OSA
Studies agree on the positive effect of OSA treatment in reducing the risk of MVA (Table 4). The first meta-analysis on the effects of CPAP also calculated that costs of OSA-associated MVAs were far higher than cost of OSA treatment (87). Tregear et al. confirmed a significant risk reduction following OSA treatment (risk ratio 0.28, 95% CI 0.22-0.35; p<0.001) (88).  EDS improved significantly following a single night, while simulated driving performance improved significantly within 2-7 days of CPAP treatment (88). Not only MVA, but also near-miss accidents decreased with CPAP, and performance at simulated driving improved in treated patients (89). Finally, the meta-analysis recently published by Patil et al. confirmed that CPAP treatment effectively decreased both EDS and MVAs (13). 
Compliance to CPAP treatment remains a major problem.  In a cohort of truck drivers, subjects with OSA non adherent to CPAP had a five-fold crash rate compared to controls without OSA; the crash rate was similar in full-adherent drivers and controls (99).  Non-adherent drivers remained highly dangerous, since information on their health status could not be communicated to other employers due to privacy regulations.  Moreover,  sleep deprivation is frequent in commercial drivers and worsens the risk of accidents, but can be prevented by naps (91), underlining the importance of preventive measures.  The American Academy of Sleep Medicine has recently issued a document specifically regarding the management of OSA in commercial motor vehicle operators (92). 

Conclusions
	Evaluation of fitness to drive in OSA patients is a current problem worldwide. The European Union (EU) has updated the rules on driving license regulations (93), and OSA was included among disorders for which evaluation of fitness to drive is mandatory. Application of the EU Directive, however,  would require reliable tools to evaluate the risk of MVA (94), which are currently missing.  Lack of consensus in clinicians’ judgement of fitness to drive is common for both untreated and CPAP-treated patients with OSA (95).
[bookmark: _GoBack]Adherence to CPAP is poor in many OSA patients, but the effect on driving risk of alternative treatments for OSA, such as MAD or positional treatment, has been little investigated. One short-term randomized controlled study reported similar positive effects of CPAP and MAD on sleepiness and driving performance (96), but data on actual MVAs after long-term treatment are needed (97). Driving regulations should be updated to insure safety on the road and counteract irresponsible behaviours, especially by commercial drivers.  



Table 1. Characteristics of studies on sleepiness in obstructive sleep apnea 


	Population
	General population

Sleep clinics 
	3 studies 19-21

28 studies 22-49

	Sample size
	<400 (range 40-355)


>500 (range 518-16583, not all used PSG)
	19 studies 23-28, 31, 33, 35-38, 40-43, 46, 47, 49

12 studies 19-22, 29, 30, 32, 34, 39, 44, 45, 48

	Diagnostic method
	full PSG

oximetry from PSG

polygraphy
	28 studies 19-22, 24-46

2 studies 47-48

1 study 49

	Subjects
	OSA (no AHI range restriction)


OSA (AHI ≥15 or ≥30 required)
	24 studies 19, 21-27, 29-31, 33-37, 39-42, 44-46, 48, 49

6 studies 20, 28, 32, 38, 43, 47

	Sleepiness assessment tool
	ESS

MSLT 

EDS by combined ESS and MSLT 

Other subjective tests

Other objective tests
	19 studies 24, 27, 29-34, 37-39, 41, 43-49
2 studies 22, 26

6 studies 25, 28, 35, 36, 40, 42

4 studies 19-21, 41

2 studies 23, 24


Abbreviations: PSG, polysomnography; OSA: obstructive sleep apnea; AHI: apnea-hypopnea index; ESS: Epworth Sleepiness Scale; MSLT: multiple sleep latency test; EDS: excessive daytime sleepiness




Table 2. Summary of results of studies on predictors of subjective sleepiness in obstructive sleep apnea 

	Sleep duration/ structure
	Long TST/high sleep efficiency
	4 studies 28, 29, 36, 43

	
	Arousals/sleep fragmentation

	
5 studies 24, 29, 31, 32, 36

	Nocturnal
hypoxemia
	SaO2 levels and/or
SaO2 dips
	
9 studies 28, 32, 34, 36, 38,45, 47-49 


	Apnea Hypopnea 
Index
	
	10 studies 20, 25, 27, 29, 30, 32, 34, 36, 44, 49

	Metabolism
	Insulin resistance, diabetes, adipokynes
	4 studies 19 ,30, 42, 43

	Obesity or body mass index (BMI)
	
	
7 studies 19, 22, 30, 32, 34, 44, 46

	Depression
	
	7 studies  19, 21,30, 33, 38, 39, 44

	Age

	
	4 studies 27, 29, 45, 19

	Miscellanea

	Habitual sleep duration
	2 studies 19, 20

	
	Smoking
	1 study 19

	
	Insomnia symptoms
	1 study 20

	
	Nocturia
	1 study 21

	
	Respiratory effort
	1 study 23

	
	PLM
	1 study 46

	
	Hypertension
	1 study 46





Table 3. Summary of results of studies on predictors of objective sleepiness OSA

	Sleep duration/  structure
	Long TST/high sleep efficiency
	3 studies 26, 28, 36

	
	Arousals/sleep fragmentation
	4 studies 24, 26, 35, 36

	Nocturnal hypoxemia
	SaO2 levels and/or SaO2 dips

	5 studies 22, 23, 28, 35, 36

	Apnea Hypopnea Index
	
	1 study 25

	Humoral factors
	Cytokines, hormones, metabolism
	2 studies 40, 42

	Miscellanea
	Daytime PaCO2
	1 study 23

	
	ESS
	1 study 25

	
	Snoring
	1 study 26




































Table 4. Summary of results of meta-analyses on risk of motor vehicle accidents (MVA) in obstructive sleep apnea (OSA) patients, and effects of CPAP treatment

	Author, year ref
	Study type 
	Studies 
	Results 

	Ellen et al. 2006 80
	Systematic review of literature until 2006
	30 studies, 27 in non-commercial drivers, 3 in commercial drivers
	Increased risk of MVA in OSA. Studies did not consistently find that sleepiness and OSA severity were correlated with crash risk

	Tregear et al. 2009
	Systematic review and meta-analysis (until May 2009)
	18 retrospective studies, 2 in commercial drivers
	Crash rate associated with OSA between 1.21 and 4.89.  Predictors of risk: body mass index, AHI, oxygen saturation. ESS not significant. No control for exposure in most studies, and significant heterogeneity

	Garbarino et al. 2016
	Systematic review and meta-analysis (until Sept 2015)
	10 studies (7 in the meta-analysis) on occupational accidents including professional driving 
	Increased risk in OSA patients (OR = 2.18; 95% CI = 1.53–3.10). Risk associated with driving higher compared to other occupational activities.

	Tregear et al. 2010
	Systematic review and meta-analysis (until May 2009)
	9 observational studies on effects of CPAP
	CPAP reduced the risk for accidents in OSA patients (RR: 0.28, 95% CI 0.22-0.35). ESS decreased after one night of CPAP and driving performance improved after 2-7 days of treatment.

	Antonopoulos et al. 2011
	Meta-analysis (until July 2011) 
	10 studies on MVA, 5 studies on near miss accidents, 6 studies on performance at driving simulator 
	CPAP reduced the risk of real (OR 0.21, 95% CI 0.12-0.35) and near-miss (0.09, 95% CI 0.04-0.21) accidents in OSA patients, and improved performance at simulated driving (OR 0.09, 95% CI 0.04-0.21).

	Patil et al. 2019
	Meta-analysis on effects of CPAP in several domains including driving risk (until April 2015)
	4 RCTs on driving simulator performance, 10 studies on MVA in non-commercial drivers
	No improvement in performance at driving simulators in RCTs. Significant reduction in car accident risk after CPAP (OR 0.09, 95% CI 0.04-0.21)
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