Functional and Economic Impact of
Sleep Loss and Sleep-Related Disorders

CHAPTER SUMMARY Sleep loss and sleep disorders affect an
individual’s performance, safety, and quality of life. Almost 20 per-
cent of all serious car crash injuries in the general population are
associated with driver sleepiness, independent of alcohol effects.
Further, sleep loss and sleep disorders have a significant economic
impact. The bigh estimated costs to society of leaving the most
prevalent sleep disorders untreated are far more than the costs that
would be incurred by delivering adequate treatment. Hundreds of
billions of dollars a year are spent on direct medical costs associ-
ated with doctor visits, hospital services, prescriptions, and over-
the-counter drugs. Compared to bealthy individuals, individuals
suffering from sleep loss, sleep disorders, or both are less produc-
tive, have an increased health care utilization, and an increased
likelihood of accidents.
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138 SLEEP DISORDERS AND SLEEP DEPRIVATION

The public health consequences of sleep loss, night work, and sleep
disorders are far from benign. Some of the most devastating human and
environmental health disasters have been partially attributed to sleep loss
and night shift work-related performance failures, including the tragedy at
the Bhopal, India, chemical plant; the nuclear reactor meltdowns at Three
Mile Island and Chernobyl; as well as the grounding of the Star Princess
cruise ship and the Exxon Valdez oil tanker (NCSDS, 1994; NTSB, 1997;
Moss and Sills, 1981; United States Senate Committee on Energy and Na-
tional Resources, 1986; USNRC, 1987; Dinges et al., 1989). Each of these
incidents not only cost millions of dollars to clean up, but also had a signifi-
cant impact on the environment and the health of local communities.

Less visible consequences of sleep conditions take a toll on nearly every
key indicator of public health: mortality, morbidity, performance, accidents
and injuries, functioning and quality of life, family well-being, and health
care utilization. This chapter begins with an overview of the consequences
of sleep loss and sleep disorders on an individual’s performance, safety, and
quality of life. Drawing on the available body of evidence, the chapter then
describes the economic impact of sleep loss and sleep disorders.

PERFORMANCE AND COGNITION DEFICITS

Nearly all types of sleep problems are associated with performance defi-
cits in occupational, educational, and other settings. The deficits include
attention, vigilance, and other measures of cognition, including memory
and complex decision making. This section addresses sleep loss and then
turns to sleep-disordered breathing and other sleep disorders.

Sleep Loss Affects Cognitive Performance

Sleep loss had been largely dismissed as the cause of poor cognitive per-
formance by early, yet poorly designed, research. The prevailing view until
the 1990s was that people adapted to chronic sleep loss without adverse
cognitive effects (Dinges et al., 2005). More recent research has revealed sleep
loss-induced neurobehavioral effects, which often go unrecognized by the
affected individuals. The neurobehavioral impact extends from simple mea-
sures of cognition (i.e., attention and reaction time) to far more complex
errors in judgment and decision making, such as medical errors, discussed
below and in Box 4-1. Performance effects of sleep loss include the following:

¢ Involuntary microsleeps occur.
e Attention to intensive performance is unstable, with increased errors
of omission and commission.
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IMPACT OF SLEEP LOSS AND SLEEP-RELATED DISORDERS 139

BOX 4-1
Reducing Interns’ Work Hours in Intensive Care Units
Lowers Medical Errors

The longstanding debate over medical residents’ lengthy work hours
pits patient safety advocates against those who view the practice as nec-
essary for continuity of care, preparation for medical practice, and cost
containment (Steinbrook, 2002). After years of debate, and the threat of
federal regulations, the Accreditation Council for Graduate Medical Edu-
cation changed its requirements in 2003 to restrict residents’ work hours
to about 80 hours per week (ACGME, 2003). The policy permits no more
than a maximum shift duration of 24 hours and overnight call no more than
every third night.

Does this revised policy protect patients? The Harvard Work Hours,
Health and Safety Study compared a schedule of about 80 hours per
week (termed the traditional schedule) with a reduced schedule that elimi-
nated shifts of 24 hours or more and kept work hours under 63 per week.
The trial was conducted in intensive care units because they typically
have the longest hours and the highest rates of errors.

The intervention schedule not only enhanced interns’ sleep duration
and lowered their rate of attentional failures, but also reduced the rate of
serious medical errors, according to two articles published in 2004 in the
New England Journal of Medicine. In the first article, the investigators
used a within-subjects design (n = 20 interns) and validated sleep dura-
tion by polysomnography and attentional failures by slow-rolling eye
movements recorded during continuous electro-oculography. Under the
intervention schedule, the article reported that residents slept nearly 6
more hours per week, and they experienced half the rate of attentional
failures during on-call nights than under the traditional schedule (Lockley
et al., 2004).

The second article on medical errors reported results after randomiz-
ing interns to either the traditional or reduced schedule (Landrigan et al.,
2004). Two physicians who directly observed the interns without aware-
ness of their schedules identified serious medical errors, defined as caus-
ing or having the potential to cause harm to a patient. Errors were re-
corded by type (medication, diagnosis, and procedure) and in terms of
number, or rate per 1,000 patient days. The study covered a total of
2,203 patient-days involving 634 admissions. Under the traditional sched-
ule, interns made nearly 21 percent more medication errors and at least
five times more diagnostic errors. Overall, the unitwide rate of serious
medical errors was 22 percent higher in the traditional versus the inter-
vention schedule (P < .001) as shown in the table below. The investiga-
tors concluded that reducing interns’ hours can lower the occurrence of
serious medical errors in the intensive care unit.

Copyright © 2006. National Academies Press. All rights reserved.

continued

Colten, Harvey R., and of Medicine (U.S.), Committee on Sleep Medicine and Research Staff Institute. Sleep Disorders and
Sleep Deprivation, edited by Harvey R. Colten, and of Medicine (U.S.), Committee on Sleep Medicine and Research Staff Institute, National Academies P
Created from apus on 2017-02-19 10:56:29.
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BOX 4-1 continued

Incidence of Serious Medical Errors (rate/1,000 patient days)

Traditional Intervention
Variable Schedule Schedule P Value

Serious medical errors made by interns
Serious medical errors 176 (136.0) 91 (100.1) < 0.001

Preventable adverse 27 (20.9) 15 (16.5) 0.21
events

Intercepted serious 91 (70.3) 50 (55.0) 0.02
errors

Nonintercepted 58 (44.8) 26 (28.6) < 0.001

serious errors
Types of serious medical errors made by interns

Medication 129 (99.7) 75 (82.5) 0.03
Procedural 11 (8.5) 6 (6.6) 0.34
Diagnostic 24 (18.6) 3(3.3) < 0.001
Other 12 (9.3) 7(7.7) 0.47

All serious medical errors, unitwide
Serious medical errors 250 (193.2) 144 (158.4) < 0.001

Preventable adverse 50 (38.6) 35 (38.5) 0.91
events

Intercepted serious 123 (95.1) 63 (69.3) < 0.001
errors

Nonintercepted 77 (59.5) 46 (50.6) 0.14

serious errors
Types of serious medical errors made by interns

Medication 175(135.2) 105 (115.5) 0.03
Procedural 18 (13.9) 11 (12.1) 0.48
Diagnostic 28 (21.6) 10 (11.0) < 0.001
Other 29 (22.4) 18 (19.8) 0.45

SOURCE: Landrigan et al. (2004).

¢ Cognitive slowing occurs in subject-paced tasks, while time pressure
Increases cognitive errors.

® Response time slows.
Performance declines in short-term recall of working memory.
Performance requiring divergent thinking deteriorates.
Learning (acquisition) of cognitive tasks is reduced.
An increase in response suppression errors in tasks requiring normal
primarily prefrontal cortex function.
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e The likelihood of response preservation on ineffective solutions is
increased.

e Compensatory efforts to remain behaviorally effective are increased.

e Although tasks may be done well, performance deteriorates as tasks
duration increases (Durmer and Dinges, 2005).

Attention and reaction time are altered by experimental sleep loss,
which leads to cumulative, dose-dependent deterioration of attention and
reaction time (Figure 4-1). Deterioration is measured in part using the psy-
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FIGURE 4-1 Repeated nights of sleep loss have cumulative cognitive impairment.
NOTE: B, baseline day.
SOURCES: (A) Van Dongen et al. (2003); (B) Belenky et al. (2003).
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chomotor vigilance task (PVT), a test that requires continuous attention to
detect randomly occurring stimuli and that is impervious to aptitude and
learning effects. In one study 48 healthy subjects were randomized to 4, 6,
or 8 hours time in bed for 14 days (Van Dongen et al., 2003). Investigators
found a dose-dependent effect, which increased over time (Figure 4-1A).
Performance deficits in individuals who slept 6 hours or less per night were
similar to those observed in individuals after two nights of total sleep dep-
rivation. Most striking was that study subjects remained largely unaware of
their performance deficits, as measured by subjective sleepiness ratings. A
second study (Belenky et al., 2003) showed a similar dose-dependent,
cumulative effect over 7 days of sleep loss in 66 healthy volunteers (Figure
4-1B). Subjects were followed for 3 days after the period of sleep restric-
tion, during which time they recovered, but not enough to return to their
baseline levels. Imaging studies have demonstrated a physiological basis for
cognitive impairments with sleep loss that has been linked with metabolic
declines in the frontal lobe of the brain (Thomas et al., 2000). Although
there is not a large body of evidence, associations are also likely between
sleep loss and increased risk taking (Roehrs et al., 2004).

Sleep Loss in Adolescents and Academic Performance

Sleep loss in adolescence is common and grows progressively worse
over the course of adolescence, according to studies from numerous coun-
tries (Wolfson and Carskadon, 2003; Howell et al., 2004). Average sleep
duration diminishes by 40 to 50 minutes from ages 13 to 19. Despite the
physiological need for about 9 hours of sleep, sleep duration, across this age
span, averages around 7 hours and about a quarter of high school and
college students are sleep deprived (Wolfson and Carskadon, 1998). Re-
search indicates that patterns of shortened sleep occur in the preadolescent
period and may be most marked in African American boys, compared to
white children or African American girls (Spilsbury et al., 2004). The de-
cline in adolescent sleep duration is attributed to psychological and social
changes, including growing desire for autonomy, increased academic de-
mands, and growing social and recreational opportunities, all of which take
place in spite of no change in rise time for school (Figure 4-2) (Wolfson and
Carskadon, 1998). Furthermore, the need to earn income adds to the bur-
den. Students who worked 20 or more hours weekly, compared with those
who worked less than 20 hours, were found to go to bed later, sleep fewer
hours, oversleep, and fall asleep more in class (Millman et al., 2005).

Sleep loss affects alertness, attention, and other cognitive functions in
adolescents (Randazzo et al., 1998), but demonstrating a causal relation-
ship between sleep loss and academic performance has been difficult. Most
studies attempting to link the two are cross-sectional in design, based on
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FIGURE 4-2 Sample distribution of sleep patterns.
SOURCE: Wolfson and Carskadon (1998).
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self-reporting of grades and sleep times, and lack a control for potential
confounders (Wolfson and Carskadon, 2003). An association between short
sleep duration and lower academic performance has been demonstrated
(Wolfson and Carskadon, 1998; Drake et al., 2003; Shin et al., 2003), but
the question of causality has not been resolved by longitudinal studies. A 3-
year study of 2,200 middle school students did not find that sleep loss re-
sulted in lower academic performance. It only found a cross-sectional asso-
ciation at the beginning of the study. However, by the end of the study, as
sleep time worsened, grades did not proportionately decrease (Fredriksen et
al., 2004). A study of the Minneapolis School District, which delayed start
times for its high schools by almost 1.5 hours (from 7:15 a.m. to 8:40 a.m.),
found significant improvements in sleep time, attendance, and fewer symp-
toms of depressed mood (Wahlstrom et al., 2001). Further, there was a
trend toward better grades, but not of statistical significance. The study
compared grades over the 3 years prior to the change with grades 3 years
afterwards.

Much of the difficulty in studying sleep loss and its relation to academic
performance stems from multiple, often unmeasured, environmental fac-
tors that affect sleep (such as school demands, student employment after
school, family influences, TV viewing, and Internet access). These are set
against the rapid developmental and physiological changes occurring in
adolescence. Another difficulty is the challenge of objectively assessing
school performance (Wolfson and Carskadon, 2003).

Additional robust intervention studies are needed to determine the ef-
fect of having later school start times on student performance. However, a
confounder to later school start times is the potential onset of sleep phase
delay during middle school (seventh and eighth grade). Moving middle
school start time early to compensate for later high school start time may be
problematic for the middle school children. There have been no studies that
have examined effects of early start time on elementary-aged children
(Wolfson and Carskadon, 2003). An alternative to changing the school
starting times might be to implement bright light therapy in early morning
classes for high school students as a means to change the circadian timing
system of these students and thereby enable earlier sleep schedules (Wolfson
and Carskadon, 2003).

Sleep Loss and Medical Errors

The Institute of Medicine’s report To Err Is Human estimated that as
many as 98,000 deaths—due to medical errors—occur annually in United
States hospitals (IOM, 2000). Long work hours and extended shifts among
hospital workers are now known to contribute to the problem. Since the
report’s release, several new studies, discussed below, have found strong
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relationships between sleep loss, shift duration, and medical errors among
medical residents.

Medical residents work longer hours than virtually all other occupa-
tional groups (Steinbrook, 2002). During the first year, medical residents
frequently work a 24-hour shift every third night (i.e., 96-hours per week).
Two studies found that sleep-deprived surgical residents commit up to twice
the number of errors in a simulated laparoscopic surgery (Grantcharov et
al., 2001; Eastridge et al., 2003). In a survey of 5,600 medical residents,
conducted by the Accreditation Council for Graduate Medical Education,
total work time was inversely correlated with reported sleep time. Residents
who worked more than 80 hours per week were 50 percent more likely
than those working less than 80 hours to report making a significant medi-
cal error that led to an adverse patient outcome (Baldwin and Daugherty,
2004). The strongest evidence tying medical errors to sleep-related fatigue
from extended work hours comes from an intervention trial designed to
limit residents” work hours (Box 4-1). Earlier attempts to demonstrate pa-
tient safety benefits by reducing resident hours were beset by methodologi-
cal problems (Fletcher et al., 2004).

Residents are not the only health professionals to report medical errors
in association with short sleep. Nurses who completed logbooks recording
their schedule length, sleep, and errors, reported 3.3 times more medical
errors during 12.5 hour shifts than 8.5 hour shifts (Rogers et al., 2004).
Nearly 40 percent of the nurses reported having 12-hour shifts; and al-
though their sleep duration was not directly studied, the findings suggest
that fatigue is a major factor.

Obstructive Sleep Apnea Is Associated with Development,
Cognition, and Behavior in Children

Children with obstructive sleep apnea (OSA) often have problems in
development, cognition, behavior, and academic performance, according to
detailed reviews of the evidence (Schechter, 2002; Bass et al., 2004). The
risk of neurobehavioral abnormalities in children with severe OSA is about
three times greater than in children without OSA (Schechter, 2002). The
contribution of overnight reduction of oxygen levels in the blood (hypox-
emia) in comparison to sleep disruption is unclear. One study shows an
association with the lowest level of oxygen during sleep and scores in arith-
metic (Urschitz et al., 2005), but other studies show cognitive or behavioral
deficits in children who snore without severe sleep apnea (Kennedy et al.,
2004; Rosen et al., 2004; Gottlieb et al., 2004; O’Hara et al., 2005). Out-
come measures used in numerous studies include intelligence quotient, learn-
ing and vocabulary, attention, symptoms of attention deficit hyperactivity
disorder (ADHD), and academic performance. For example, two historical
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cohort studies found decrements in intelligence quotient, impaired learning,
and vocabulary in children with polysomnography-confirmed cases (Rhodes
et al., 1995; Blunden et al., 2000). A study of younger children with sleep
apnea also did not find a relationship with academic performance, after
adjusting for the effects of socioeconomic status (Chervin et al., 2003).
O’Brien and colleagues (2004) found that 35 children with sleep-disordered
breathing, compared with matched controls, showed significant deficits in
neurocognition, including overall cognitive ability, as well as attention and
executive function, but the study did not find behavioral differences. A pre-
vious study by the same researchers found higher symptoms of ADHD,
according to parents’ reports, in children with OSA (O’Brien et al., 2003).
Several other studies have found greater symptoms of ADHD in children
with OSA than controls (Weissbluth and Liu, 1983; Stradling et al., 1990;
Chervin et al., 1997).

The neurobehavioral effects of OSA may be partially reversible with
tonsillectomy and adenoidectomy, a surgical procedure that opens the air-
way. Treatment is related to partial improvement in school performance,
cognition, or behavior (Ali et al., 1996; Friedman et al., 2003). A limitation
to this work is that it is often difficult to control for the many confounders
that influence cognitive function, with a recent study showing that after
robustly adjusting for neighborhood socioeconomic status (Emancipator et
al., 2006), effects were much attenuated, although they persisted in a sub-
group of children who had been born prematurely. No randomized con-
trolled study has been conducted to address the potential reversibility of
cognitive deficits with sleep-disordered breathing; such data would more
definitively address this situation. Gozal (1998) studied 54 children with
sleep-disordered breathing and low school performance. Half of them
underwent surgical tonsillectomy and adenoidectomy to treat OSA. Chil-
dren undergoing the interventions improved their academic performance,
compared to untreated children. One problem with the study design; how-
ever, was that surgical treatment was not randomly assigned (parents elected
whether or not their children could receive surgery). Given the high propor-
tion of children with sleep-disordered breathing, especially in vulnerable
groups such as children in minority populations and those born prema-
turely, there is a large need to address the role of sleep-disordered breathing
and its reversibility in these important outcomes.

Sleep-Disordered Breathing and Cognitive Impairment in Adults

Several cross-sectional studies indicate that sleep-disordered breathing
in adults is associated with impaired cognitive function (Greenberg et al.,
1987; Bedard et al., 1991; Naegele et al., 1995; Redline et al., 1997; Kim et
al., 1997). Cognitive deficits, in turn, partially contribute to poorer work
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performance (Ulfberg et al., 1996), accidents and injuries, and deterioration
of the quality of life (see later sections).

A meta-analysis of the case-control studies found that the magnitude of
the cognitive disturbance was greatest in individuals with severe OSA. Cogni-
tive domains most affected were attention and executive function (the capacity
to plan and organize complex tasks) with only milder effects on memory
(Engleman et al., 2000). The meta-analysis also found some cognitive benefit
associated with continuous positive airway pressure (CPAP) treatment. In a
series of randomized, placebo-controlled crossover trials, people with mild
OSA exhibited a trend toward better performance. The failure to detect a
robust effect may have been due to the fact that the patients had mild disease,
were nonadherent to therapy, or that they had a possibly irreversible compo-
nent to the cognitive impairment. The cognitive deficits with sleep-disordered
breathing are thought to be related to both sleep fragmentation and hypox-
emia (Weaver and George, 2005). However, one study showed no clear thresh-
old level between level of hypoxia and performance deficits (Adams et al.,
2001). Animal models of chronic episodic hypoxia have led to the hypothesis
that cognitive deficits in humans result from injury of nerve cells in the pre-
frontal cortex (Beebe and Gozal, 2002), the area of the brain responsible for
problem solving, emotion, and complex thought.

MOTOR VEHICLE CRASHES AND OTHER INJURIES

Motor Vehicle Crashes

Sleepiness is a significant, and possibly growing, contributor to serious
motor vehicle injuries. Almost 20 percent of all serious car crash injuries in
the general population are associated with driver sleepiness, independent of
alcohol effects (Connor et al., 2002). Driver sleepiness is most frequently a
manifestation of sleep loss, as discussed below, but other sleep disorders,
which have lower prevalence, contribute to the problem, including sleep-
disordered breathing, restless legs syndrome, and narcolepsy.

The 20 percent figure, cited above, is the population-attributable risk,
which is a key public health measure indicating what percentage of car
crash injuries, including fatal injuries of passengers, could be avoided by
eliminating driver sleepiness. The finding was based on a population-based
case-control study in a region of New Zealand in which 571 car drivers and
a matched control sample were asked detailed questions about measures of
acute sleepiness while driving (Connor et al., 2002). The study adjusted for
potential confounding factors, including alcohol. Crashes examined in this
study involved a hospitalization or death. The greatest risk factor for the
crashes was sleep loss and time of day (driving between 2:00 a.m. to
5:00 a.m.), but sleep apnea symptoms were not risk factors.
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Indications are that the public health burden of sleepiness-related inju-
ries is likely increasing, given recent trends in drowsy driving. The National
Sleep Foundation found that self-reported drowsy driving has increased sig-
nificantly over the past years, from 51 percent of respondents in 2001 to 60
percent in 2005 (NSF, 2005). Similarly striking was that more than 10
percent of the entire sample reported nodding off or falling asleep while
driving at least 1 to 2 days per month.

The impact of driver sleepiness is similar in magnitude to that of alco-
hol consumption. A study of all crashes between 1990 to 1992 reported to
North Carolina’s uniform reporting system found that fall-asleep crashes
(ones in which a law officer determines the driver to be asleep or fatigued)
and alcohol-related crashes were similar in terms of serious injuries (13.5
and 17.8 percent of crashes from all causes, respectively) and fatalities (1.4
and 2.1 percent of all fatalities, respectively) (Pack et al., 1995). In actual
driving performance on a closed course, sleep-deprived adults performed as
poorly as did alcohol-challenged adults (Powell et al., 2001). After a night
of total sleep deprivation, impairments in lane-keeping ability were similar
to those found with blood alcohol content of 0.07 percent (Fairclough and
Graham, 1999).

Fall-asleep crashes have distinct patterns by type, age, and time of day.
According to the North Carolina study, fall-asleep crashes are largely off-
the-road and at higher speeds (in excess of 50 mph) (Pack et al., 1995).
Adolescents and young adults between the ages of 16 and 29 are the most
likely to be involved in crashes caused by the driver falling asleep (Horne
and Reyner, 19935; Pack et al., 1995). They account for about 50 percent of
all crashes (Horne and Reyner, 1995; Pack et al., 1995). Fall-asleep crashes
occur at two periods of day that coincide with circadian variation in sleepi-
ness, in the early morning (2:00 a.m. to 8:00 a.m.) (Pack et al., 1995;
Connor et al., 2002) and during the midafternoon (Horne and Reyner,
1995; Pack et al., 1995; Carskadon, 2004). The most common reasons
behind fall-asleep crashes are working multiple jobs, night shift work, and
sleep duration of less than 5 hours (Connor et al., 2002; Stutts et al., 2003).

Sleep apnea accounts for a small, but measurable percentage of motor
vehicle crashes, primarily in drivers above the age of 25 (Sassani et al.,
2004). Individuals with sleep apnea are at twice the risk of having a traffic
accident as unaffected individuals (Teran-Santos et al., 1999)—the higher
the apnea-hypopnea index, the higher the risk (Young et al., 1997a). Sleepy
drivers tend to display reduced vigilance, slow reaction times, and loss of
steering control. Steering impairment in OSA, sleep deprivation, and alco-
hol intoxication was compared in a controlled clinical trial. Untreated OSA
and sleep deprivation were similar in producing progressive steering dete-
rioration throughout the drive, whereas alcohol-impaired individuals steered
equally throughout the drive (Hack et al., 2001). Occupational groups at
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high risk of sleep-related crashes are night shift workers (Horne and Reyner,
1995; Ohayon et al., 2002; Drake et al., 2004), medical residents and house
staff (Marcus and Loughlin, 1996; Barger et al., 2005), and commercial
truck drivers (Walsh et al., 2005).

Commercial truck drivers have attracted the most study because of the
prevalence, severity, and public health impact of crashes involving commer-
cial trucks. There are an estimated 110,000 injuries and 5,000 fatalities
each year in motor vehicle accidents involving commercial trucks (CNTS,
1996). The National Transportation Safety Board (NTSB) determined that
fatigue (including sleepiness) was the probable cause of 57 percent of crashes
leading to a truck driver’s death (NTSB, 1990a,b). Although this figure is
not universally accepted, the definition of fatigue by the NTSB is equivalent
to the term sleepiness or sleep-related fatigue used by sleep experts (i.e.,
fatigue that results in human performance failure) (Walsh et al., 2005). For
each truck driver fatality, another three to four people are killed (NHTSA,
1994).

A congressionally mandated study of 80 long-haul truck drivers in the
United States and Canada found that drivers had short sleep duration,
averaging 5.2 hours in bed and 4.8 hours of sleep per day (Federal Motor
Carrier Safety Administration, 1996). Sleep duration was verified electro-
physiologically over the 5-day study. Further, commercial drivers have a
high prevalence of sleep apnea (Stoohs et al., 1995). Recent studies have
found that sleep apnea affects 8 to 15 percent of commercial drivers in the
United States and Australia (Gurubhagavatula et al., 2004; Howard et al.,
2004).

Work-Related Injuries

Sleep-related fatigue is an independent risk factor in work-related inju-
ries and fatalities, according to two large and well-designed studies
(Akerstedt et al., 2002; Swaen et al., 2003). Swaen and coworkers prospec-
tively studied a cohort of more than 7,000 workers in numerous industries
in the Netherlands over a 1-year period before studying the occurrence of
occupational accidents. During the year they collected information about
sleep patterns and other potential risk factors for work-related injuries. The
108 employees who reported being injured during the next year could be
assessed for risk factors without recall bias affecting the results. The study
found a dose-response relationship between two sleep-related fatigue mea-
sures and injuries. For example, highly fatigued workers were 70 percent
more likely to be involved in accidents than were workers reporting low
fatigue levels, after adjustment for other risk factors. Workers with chronic
insomnia were also far more likely than those who were good sleepers to
report industrial accidents or injuries (Leger et al., 2002). Finally, disturbed
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sleep plays a role in occupational fatalities. In a large 20-year prospective
study in Sweden of nearly 50,000 individuals, those reporting disturbed
sleep were nearly twice as likely to die in a work-related accident (OR =
1.89, 95% CI 1.22-2.94) (Akerstedt et al., 2002). Similarly, workers who
report snoring and excessive daytime sleepiness, indications of sleep apnea,
are twice as likely to be involved in workplace accidents, as verified by
registry data and after adjusting for all potential confounders (Lindberg et
al., 2001).

Falls in Older People

Falls are a common and costly problem in older people (65 years and
older), whether in the community or in long-term care facilities. Each year,
more than 30 percent of older people fall (Hausdorff et al., 2001). Falls are
the leading cause of death for this particular age group (Murphy, 2000).
Although most falls are not directly fatal, they are a leading cause of inju-
ries and trauma-related hospital admissions (Alexander et al., 1992).

Insomnia increases the risk of falling (Brassington et al., 2000). One of
the major questions raised by this finding is what is responsible for the
increased risk of falls—the underlying insomnia or the use of medication to
treat it? Until recently, most of the studies addressing this question were not
large enough to yield an answer. In 2005, a large, prospective study of
34,000 nursing home residents across the state of Michigan ruled out use of
hypnotic medications as a risk factor for falls (Avidan et al., 2005). In fact,
the study found that treated insomnia, and untreated insomnia, but not
hypnotic medications, were predictors of falls. Although the results of this
study did not find that insomnia increased the risk of hip fractures, other
studies have found an association (Fitzpatrick et al., 2001). Preliminary
data from the Study of Osteoporosis in Women also indicate an increased
risk of falls associated with decreased sleep efficiency and sleep time (as
measured objectively using actigraphy) in a large group of older women,
with effects persisting after adjustment of health status and mood and other
confounders (Stone et al., 2004).

Interventions

There have been a few studies that have examined the effect of interven-
tions on improving the outcomes associated with sleepiness. A range of regu-
latory, technological, and therapeutic approaches are possible to ameliorate
the problem of sleepiness among commercial drivers (Walsh et al., 2005).
However, there has been limited study of the benefit of these strategies. Thus,
before additional rules and regulations are developed, analysis of the effec-
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tiveness of the current regulations and statutory items is needed. This analysis
will help the establishment of much-needed future rules and regulations per-
taining to sleep loss and fatigue. Preplanned naps have been successfully tested
in crew members on transmeridian flights; the findings show that safe and
feasible rotations occurred as crew members took brief, 40-minute nap
periods, and the naps improved alertness (Graeber et al., 1986a,b). Similarly,
a study of Italian policemen who patrol highways found that prophylactic
naps before a night shift can lower the risk of motor vehicle accidents during
the shift, according to a combination of retrospective questionnaire, prospec-
tive analysis, and mathematical modeling (Garbarino et al., 2004)

The strongest evidence for the public health benefits of treatment comes
from clinical trials and retrospective studies of the impact of CPAP therapy
for sleep apnea. These studies also dispel any doubt of the causal relation-
ship between sleep disorders and accidents. In a randomized, controlled
clinical trial, 59 men with sleep apnea were assigned either to therapeutic
CPAP or subtherapeutic CPAP. The latter does not deliver enough pressure
to open the pharynx and achieve a therapeutic effect. One month later the
men were placed in a steering simulator. Therapeutic CPAP significantly
improved their steering performance and reaction time relative to sub-
therapeutic CPAP (Hack et al., 2000). Previous clinical trials had also shown
CPAP to be effective in terms of reducing the rate of self-reported automo-
bile crashes and performance on driving tests, but they were uncontrolled
(Cassel et al., 1996; Krieger et al., 1997). A review and meta-analysis esti-
mates that nearly 1,000 lives would be saved annually if all drivers with
OSA were treated with CPAP (Sassani et al., 2004).

IMPACT ON FUNCTIONING AND QUALITY OF LIFE

Sleep problems, difficulty initiating and maintaining sleep, nonrestorative
sleep, and excessive daytime sleepiness are associated with adverse effects
on well-being, functioning, and quality of life, according to numerous
studies covering the general population (Baldwin et al., 2001, 2004; Hasler
et al., 2005; Strine and Chapman, 2005), working people (Kuppermann et
al., 1995), and clinical populations (Simon and VonKorff, 1997), including
pediatric samples (Rosen et al., 2002). Studies have used various measures
of quality of life and functional status, the most common of which is a
validated questionnaire known as the SF-36, a 36-item measure that asks
about eight domains: (1) physical functioning; (2) role limitation due to
physical health problems (role physical); (3) bodily pain; (4) general health
perceptions; (5) vitality; (6) social functioning; (7) role limitations due to
emotional health problems (role emotional); and (8) mental health. A simi-
lar measure is the health-related quality of life survey, which asks fewer
questions. Individuals who suffer from primarily sleep apnea, narcolepsy,
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restless legs, primary parasomnias, and insomnia constantly report poorer
quality of life compared to population norms (Reimer and Flemons, 2003).

Using health-related measures of quality of life, the functional impact
of sleep loss was assessed by a large and nationally representative survey,
the United States Behavioral Risk Factor Surveillance System (Strine and
Chapman, 2005). The study focused on nocturnal sleep time in nearly
80,000 respondents. About 26 percent of the respondents reported obtain-
ing insufficient sleep on a frequent basis (not enough sleep on 14 days or
more over the past 30 days). This group was significantly more likely than
those without frequent sleep insufficiency to report poorer functioning and
quality of life on each of the eight items of the health-related quality of life.

Several studies have dealt with insomnia and its adverse impact on qual-
ity of life (Zammit et al., 1999; Leger et al., 2001; Katz and McHorney,
2002). People with severe insomnia reported lower quality of life on all
eight domains of the SF-36 (Leger et al., 2001). Their low quality-of-life
ratings were similar to ratings by patients with congestive heart failure and
depression, according to a study of nearly 3,500 primary care patients (Katz
and McHorney, 2002) (Figure 4-3). About 16 percent of the sample had
severe insomnia, and the study adjusted for numerous factors including
health habits, obesity, other chronic conditions, and severity of disease. A
study of a large health maintenance organization population (n = 2,000)
found that insomnia (versus no current insomnia) was associated with sig-
nificantly greater impairment, as measured by the self-rated Social Disabil-
ity Schedule and the interviewer-rated Brief Disability Questionnaire. Indi-
viduals with insomnia also had more days of restricted activity due to illness
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function physical  Pain health  Vitality  Social emotional health
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FIGURE 4-3 Severe insomnia affects quality of life.
SOURCE: Edinger and Means (2005).
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and more days spent in bed (Simon and VonKorff, 1997). One study re-
vealed a dose-response relationship, with higher levels of insomnia being
associated with greater impairments in the ability to accomplish daily tasks
and decreased enjoyment of interpersonal relationships (Roth and Ancoli-
Israel, 1999).

Individuals with severe OSA also report significantly poorer quality of
life, and mild OSA is also associated with reduced vitality (Baldwin et al.,
2001). These effects are similar to those of other chronic diseases in the
general population in the United States. Individuals with OSA who are com-
pliant with CPAP treatment report improved changes in vitality and quality
of life 2 months after the onset of CPAP treatment (Redline et al., 1998).

Symptoms of restless legs syndrome are associated with lower quality
of life (Unruh et al., 2004), similar to the quality of life of individuals with
type 2 diabetes mellitus and acute heart attack (Allen et al., 2003). Restless
legs syndrome also affects marital relationships. Approximately one-third
of couples sleep in separate beds due to the discomfort of their partner’s
repetitive leg movements (Montplaisir et al., 2005).

Approximately a quarter of children and adolescents report difficulty
with sleep (Stein et al., 2001; Archbold et al., 2002). However, very few
studies have assessed the association between sleep loss and sleep disorders
and health-related quality of life in children. Analysis of a widely used par-
ent report measure of children’s physical, emotional, and social functional
status and well being—the CHQ-PF50—found the quality of life of their
children deteriorated with the severity of OSA (Rosen et al., 2002). This is
consistent with a negative association between sleep difficulties and health-
related quality of life that was observed a similar analysis of 80 parents of
children referred to a pediatric sleep disorders clinic (Hart et al., 20035).
Thus, sleep difficulties may broadly affect a child’s development through its
impact on children’s social, emotional, and physical functioning.

Family and Community Function

The consequences of sleep loss and sleep disorders are not restricted to
affected individuals; they also disrupt families and communities. Although
relatively sparse, the research described in this section points to widespread
impact on the health and well-being of sleep partners and/or other family
members. Their sleep quality and health can be disrupted, as can their well-
being, income, and capacity to care for children or ill family members. Ad-
verse effects on family cohesiveness, in turn, can lead to severe family tur-
moil and divorce. Similarly, sleep disruption of family caregivers has broader
societal effects by contributing to hospitalization or nursing home place-
ment of ill family members for whom they provide care.
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Most research on families and communities deals with bed partners of
individuals with a sleep problem. Bed partners of individuals with sleep-
disordered breathing report a lower quality of life, based on the SF-36 sur-
vey than the sleep-disordered breathing patients (Breugelmans et al., 2004).
Further, in a large population-based sample of older individuals, bed part-
ners report poor health, depressed mood, poor mental health, and marital
unhappiness (Strawbridge et al., 2004).

Does CPAP therapy improve bed partners’ sleep? At least four studies
have addressed this question, with three showing improvement. Two of the
studies that demonstrated a benefit were nonrandomized and used a before
versus after study design. After approximately one month of CPAP therapy,
partners experienced less daytime sleepiness as measured by the Epworth
Sleepiness Scale and improved quality of life as measured by the SF-36 scale
(Doherty et al., 2003; Parish and Lyng, 2003). A small, polysomnographic
study of individuals using CPAP found that their partners show fewer arous-
als and greater sleep efficiency in the hours after CPAP’s introduction ver-
sus the hours before (Beninati et al., 1999). The improvement in sleep effi-
ciency (percentage of time asleep while in bed) translated to an extra hour
of sleep per night. The only placebo-controlled study found that CPAP is
associated with subjective improvement in bed partners’ sleep (via the Pitts-
burgh Sleep Quality Inventory), but no objective improvement, as mea-
sured by polysomnography (McArdle et al., 2000).

Sleep-disordered breathing has also been found to heighten the rate of
divorce and the use of paid personal leave, among other effects, according
to a study of obese individuals with OSA. A team of Swedish researchers,
studying a large registry of obese subjects, found that individuals with OSA
(as defined by symptoms of snoring and daytime sleepiness) report about
three times the rate of divorce of those without OSA and/or daytime sleepi-
ness (Grunstein et al., 1995). The effects are even more pronounced among
the women in the sample with OSA (n = 155). Men with OSA (n = 338)
reported less income, and both genders reported more sick leave and dis-
turbed work performance. These effects were independent of the effects of
obesity and other health factors. In a separate study, 60 percent of bed
partners reported that they slept apart versus 20 percent of controls.
Although the partners’ level of marital satisfaction was similar to con-
trols’, the partners reported greater dissatisfaction with the sleep behaviors
of their apneic spouses (Billmann and Ware, 2002).

A common complaint of parents is being awakened by a young child
with a sleep problem. Sleep loss is indeed reported more frequently by par-
ents after the birth of a child than during pregnancy (Gay et al., 2004).
Improvement in parents’ sleep quality, as well as improvement of family
well-being, occurs after the introduction of a behavioral intervention de-
signed to train parents to overcome sleep problems in young children
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through a graduated conditioning program known as extinction (Eckerberg,
2004). Previously, controlled clinical trials had shown that parent training
and extinction are effective for treating young children (Mindell, 1999;
Ramchandani et al., 2000), but the trials had not measured the impact on
sleep and well-being of parents and families.

Sleep disturbances in chronic illness, whether in the affected individual
or in the caregiver, affect decisions about hospital or nursing home place-
ment. This is especially true for patients with Alzheimer’s disease, consider-
ing that up to 44 percent of them have sleep disturbances (Ritchie, 1996;
McCurry et al., 1999). Indeed, sleep disturbance in Alzheimer’s disease is a
common risk factor for nursing home placement (Chenier, 1997; Hope et
al., 1998). Sleep hygiene training, targeted at both Alzheimer’s disease pa-
tients and the caregivers, can improve sleep quality in patients (McCurry et
al., 1998, 2003, 2005). One area of future study is whether treating sleep
problems (in either the patient or the caregiver) can delay institutionaliza-
tion. Counseling of caregivers—although not explicitly targeted to their
sleep disturbance or that of the patient—has been shown, in a separate
randomized trial, to delay nursing home placement (Mittelman et al., 1996).
Within nursing homes, behavioral and pharmacological therapies are effec-
tive at improving sleep problems (Alessi et al., 1999; Naylor et al., 2000).

ECONOMIC IMPACT OF SLEEP LOSS AND SLEEP DISORDERS

Although problems falling asleep or daytime sleepiness affect 35 to 40
percent of the population (Hossain and Shapiro, 2002), the full economic
impact of sleep loss and sleep disorders on individuals and society is not
known. There are limited data on the economic impact of insomnia, sleep-
disordered breathing, and narcolepsy; the economic impact of other sleep
disorders has not been analyzed. As will be discussed in further detail in
Chapters 5 and 8, the lack of sufficient data result from inadequate report-
ing and surveillance mechanisms.

Increased Health Care Utilization

Daytime sleepiness, inadequate sleep time, insomnia, and other sleep
disorders place a significant burden on the health care system through in-
creased utilization of the health care system (see below). Patients in the
highest quartile of the Epworth Sleepiness Scale are associated with an
11 percent increase in health care utilization, and individuals with sleep-
disordered breathing or sleepiness and fatigue are associated with a 10 to
20 percent increase in utilization (Kapur et al., 2002b).
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Insomnia

Individuals suffering from insomnia place an increased burden on the
health care system (Ohayon and Roth, 2003). Their activity is more limited
(Simon and VonKorff, 1997), and they are significantly more likely to ac-
cess medical and psychiatric care than are individuals that do not have a
sleep or psychiatric disorder (Weissman et al., 1997). Individuals with in-
somnia who also have an associated psychiatric disorder are more likely to
seek treatment for emotional problems (14.9 percent versus 8 percent)
(Weissman et al., 1997), have a greater number of physician visits, and be
admitted to a hospital twice as often (Leger et al., 2002). The burden in-
somnia place on the health care system is long-term—the majority of indi-
viduals with either mild (59 percent) or severe (83 percent) insomnia con-
tinue to suffer symptoms of insomnia 2 years after initial diagnosis (Katz
and McHorney, 1998). Consequently, individuals suffering from insomnia
place a significant economic burden on society resulting in increased health
care costs (see below).

Obstructive Sleep Apnea

Individuals with OSA also place a significant burden on the health care
system. In the year prior to diagnosis, the medical expenses of individuals
with OSA were almost two times as much as control individuals not diag-
nosed with OSA ($2,720 vs. $1,384) (Kapur et al., 1999). Around 80 to 90
percent of OSA cases remain undiagnosed and untreated, which increases the
burden of this disorder (Young et al., 1997b; Kapur et al., 2002a). Analysis
of health care utilization in Canadians with severe OSA found that during the
year prior to diagnosis, individuals with severe OSA spent more than twice
the number of days in the hospital compared to controls (251 versus 90). This
was associated with an increase in cost of services—$49,000 to $99,000
(Kryger et al., 1996). This figure is likely greater in the United States, which
also has 10 to 15 percent higher health care utilization associated with severe
OSA (Kapur et al., 2002b)—due to higher health care costs compared to
Canada. OSA also affects a child’s health care utilization. A survey of 287
children with OSA found that in the year prior to diagnosis, children with
OSA had a 226 percent increase in health care utilization and had signifi-
cantly more visits to emergency departments (Reuveni et al., 2002).

A retrospective observational cohort study demonstrated that CPAP
treatment reversed the trend of increasing health care utilization observed
prior to OSA diagnosis (Bahammam et al., 1999; Albarrak et al., 20035). In
a Canadian study, physician visits decreased during the 5 years following
CPAP treatment, compared to the 5-year period prior to diagnosis, result-
ing in lower physician fees (Figure 4-4). After converting to American dol-
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FIGURE 4-4 Effect of CPAP treatment on physician fees.
SOURCE: Albarrak et al. (2005).

lars, mean total fees were greater the year prior to OSA diagnosis ($179.09
+ $32.85) compared to the fifth year after diagnosis ($16.77 = $33.66) in
individuals who were compliant with CPAP treatment (Albarrak et al.,
2005). The realized savings would likely be much larger in the United States
due to higher associated health care costs.

Direct Costs of Sleep Loss and Sleep Disorders

Billions of dollars are spent each year in the United States on the direct
costs of sleep loss and sleep disorders. These medical costs include expenses
associated with doctor visits, hospital services, prescriptions and over-the-
counter medications. In 1995 the direct cost of insomnia in the United States
was estimated to be $13.9 billion (Walsh and Engelhardt, 1999). Further,
based on the costs associated with a laboratory-based polysomnogram, it
would cost over $17.5 billion to test and $3 billion to treat every person in
the United States who has sleep apnea! (Sassani et al., 2004). Although it is
predicted that the advent of more effective portable monitoring devices
(Chapter 6) will decrease the costs associated with testing and diagnosis of
sleep disorders, the total direct costs will still remain high and be a burden.
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Indirect Costs of Sleep Loss and Sleep Disorders

The indirect costs associated with sleep loss and sleep disorders also
result in billions of dollars of annual expenditures, including costs associ-
ated with illness-related morbidity and mortality, absenteeism, disability,
reduction or loss of productivity, industrial and motor vehicle accidents,
hospitalization, and increased alcohol consumption (Hossain and Shapiro,
2002). As is the case with direct costs, for each of these categories further
analysis is required to determine the complete indirect costs of sleep loss
and sleep disorders. The annual economic impact of sleep problems relating
to workers inability to adjust to late shifts are estimated to be at minimum
over $60 billion (Table 4-1) (Moore-Ede, 1993). In addition, it has been
estimated that sleep-related fatigue costs businesses $150 billion a year in
absenteeism, workplace accidents, and other lost productivity (Sleep Disor-
ders Create Growing Opportunities for Hospitals, 2001).

A 1994 analysis of automobile accidents estimated the cost of accidents
attributed to sleepiness to be between $29.2 to $37.9 billion (Leger, 1994).
Over 50 percent of automobile crashes involving a truck, where a fatality
occurred, were caused by sleep-related fatigue, costing approximately $2.7
million and 4,800 lives (NTSB, 1990a, 1990b; USDOT, 1991; Mitler et al.,
2000). However, there is no standardized mechanism to record fatigue- and
sleep-related accidents; therefore, these figures are likely underestimates of
the total cost of automobile accidents.

Although the complete economic impact of sleep disorders and sleep
loss is limited, the available data demonstrates the high burden that inad-
equate sleep has on the economy. With the average age of the population
rising, incidence of sleep disorders is likely to rise, leading to increased costs
(Phillips, 20035).

TABLE 4-1 Annual Economic Impact of Sleep
Problems Due to Late Shifts

Copyright © 2006. National Academies Press. All rights reserved.

Cost

(billions $)
Reduced manufacturing productivity 50.0
Increased motor vehicle accidents 5.7
Increased industrial accidents 4.0
Increased accidents, injuries, and deaths at work 2.5
Increase in other medical and psychiatric illnesses 2.0
Personnel turnover and retraining 1.0
Total 65.2

SOURCE: Moore-Ede (1993).
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Economic Impact of Insomnia

The total cost estimates of insomnia range from $30 billion (Walsh and
Engelhardt, 1999) to $107.5 billion (Stoller, 1994). The large variation in
the range is attributed to the underlying assumptions about the prevalence
of insomnia in the United States, which range from 10 to 33 percent. How-
ever, it is evident that even using more conservative prevalence estimates
the total annual costs in the United States exceeds tens of billions of dollars.

Direct Cost

In 1995 the direct costs of insomnia totaled approximately $13.96 bil-
lion (Table 4-2). However, this is an underestimate of the total costs, as
approximately 12 percent of all physicians, including hospital-based or gov-
ernment employed physicians (including doctors in VA hospitals), were not
included in these estimates. In 2002 it was estimated that in the United
States 27 million prescriptions were filled for hypnotics, worth about $1.2
billion (Mendelson, 2005). Calculations based on medical claims showed
that increased physician fees and medical expenses for elderly and non-
elderly patients with insomnia were respectively $5,580 and $4,220 higher

TABLE 4-2 The Direct Costs of Insomnia in the
United States for 1995

Costs
(millions $)

Substances used for insomnia

Copyright © 2006. National Academies Press. All rights reserved.

Prescription medications 809.92
Nonprescription medications 325.80
Alcohol 780.39
Melatonin 50.00

Total Cost of Substances 1,966.11

Health care services for insomnia

Outpatient physician visits 660.00
Psychologist visits 122.40
Social working visits 75.30
Sleep specialist visits 18.20
Mental health organizations 153.00
In-patient hospital care 30.80
Nursing home care 10,900.00

Total 11,960.70
Total direct costs 13,926.11

SOURCE: Walsh and Engelhardt (1999).
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than match controls (Ozminkowski et al., 2004), demonstrating the ex-
pense incurred by individuals with insomnia.

In 19935 over 78 percent of direct costs associated with insomnia, $11.96
billion, was spent on nursing home care (Walsh and Engelhardt, 1999), a
132 percent increase since 1990 (Walsh et al., 1995). Although this propor-
tion may seem high, almost half of the population over 65 years of age
report difficulty with sleep (Mellinger et al., 1985), and 20.4 percent of
admissions to a nursing home were attributed to sleep disturbances (Walsh
and Engelhardt, 1999).

Two factors contribute to these higher costs associated with insomnia.
First, the general population is typically reluctant to consult doctors about
their sleep problems, and second, inadequate physician training prevents
proper recognition, diagnosis, and treatment of patients with insomnia (see
Chapters 5 and 7) (Walsh and Engelhardt, 1999; Benca, 2005; NIH, 2005).

Indirect Cost

To date there has not been a detailed analysis assessing the total indi-
rect costs associated with insomnia. A 1988 study estimated that productiv-
ity loss resulting from insomnia cost $41.1 billion (Stoller, 1994). Absentee-
ism cost more than $57 billion (Walsh, 2004). Therefore, once the costs of
industrial and motor vehicle collisions and related morbidities are included,
the indirect cost of insomnia could top $100 billion.

Insomnia places a greater burden on individuals of lower socioeconomic
status (Gellis et al., 2005), those who are less educated, and those who are
more likely to be unemployed (Bixler et al., 1979; Karacan et al., 1983;
Frisoni et al., 1993; Kim et al., 2000; Li et al., 2002). Falls caused by insom-
nia also contribute to its economic burden. A greater risk for falls was
associated with both hypnotic use (29 percent, OR = 1.29) and insomnia
(90 percent, OR = 1.90) (Avidan, 2005). Like other sleep disorders, insom-
nia is more prevalent in the elderly (Mellinger et al., 1985); therefore, as the
United States population continues to age it is expected that the cost associ-
ated with falls caused by insomnia will also continue to rise.

Economic Impact of Obstructive Sleep Apnea

Direct Cost

Similar to other sleep disorders, there is very limited data on the direct
costs associated with obstructive sleep apnea. Most of the analysis has ex-
plored the impact of OSA. The average costs of diagnosis and treatment over
five years for an individual is over $4,000 (Table 4-3) (Chervin et al., 1999;
Wittmann and Rodenstein, 2004). An analysis of 97 obese individuals with
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TABLE 4-3 Cost of Diagnosis and Treatment of

OSA

Polysomnogram $1,190

CPAP titration $1,190

CPAP equipment and setup $1,290

Initial office visits $210

Annual follow-up $330
Total $4,210

SOURCE: Chervin et al. (1999).

OSA in Canada found that over a 2-year period they had almost $30,000 in
expenditures from physician claims and utilized $49,000 to $99,000 more in
services than their control counterparts (Kryger et al., 1996).

Indirect Cost

There is also limited analysis of the total indirect costs associated with
OSA. Based on estimates of from the Sleep Heart Health Study, only 10 to
20 percent of individuals with OSA are estimated to have been diagnosed
(Kapur et al., 2002a). The annual medical costs resulting from untreated
OSA was $3.4 billion (Kapur et al., 1999).

Automobile collisions attributed to OSA also contribute to the large
economic burden of the syndrome. Sassani and colleagues performed a
meta-analysis of PubMed from 1980 to 2003 and investigated the relation-
ship between collisions and OSA (2004). This information was then com-
bined with data from the National Safety Council to estimate OSA-related
collisions, costs, and fatalities. Based on this analysis, it was estimated that
in the year 2000 more than 800,000 drivers were involved in OSA-related
motor vehicle collisions (Sassani et al., 2004). These collisions resulted in loss
of life to 1,400 individuals and cost $15.9 billion. The authors calculated
that annually it would cost $3.18 billion to provide CPAP treatment to all
drivers who suffer from OSA, saving 980 lives and $11.1 billion to $7.9 bil-
lion if the cost of CPAP treatment is taken into account. For every dollar spent
on CPAP, $3.49 would be saved in reduced collision costs. This savings
does not include the presumed reduction in the number of accidents at work,
decreased health care costs, or improved quality of life (Sassani et al., 2004).

Relationship Between Socioeconomic Status, Race,
and Obstructive Sleep Apnea

Copyright © 2006. National Academies Press. All rights reserved.
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the prevalence and severity of OSA is higher in African Americans com-
pared to whites (Scharf et al., 2004), especially in adults under 25 years of
age (Redline et al., 1994; Rosen et al., 2002). Compared to whites, African
Americans with OSA are more likely to have a higher body mass index
(Redline et al., 1994) and a lower mean income (Scharf et al., 2004).
Analysis performed between Asians and whites found that OSA in Asians
was significantly more severe compared to whites (Ong and Clerk, 1998).
However, differences in age, gender, body mass index, or neck circumfer-
ence did not account for these differences.

Economic Impact of Narcolepsy

The impact of narcolepsy on the economy is also not well understood.
A review of the PubMed database through May of 2005 found only one
relevant report. It examined narcolepsy’s effect on 75 individuals in Ger-
many (Dodel et al., 2004). After converting to American dollars the annual
total costs to an individual were $15,410. The average direct costs ac-
counted for 21 percent of the total expenditures ($3,310 total), $1,260 for
hospital care, and $1,060 for medications. However, these figures have been
extrapolated from a single German cohort and differences in the organiza-
tion of their respective health care systems have not been taken into ac-
count. Therefore, improved surveillance data are needed to determine the
actual economic impact of narcolepsy on the American population.

The socioeconomic status of an individual does not affect the preva-
lence and severity of narcolepsy; however, narcolepsy may worsen an
individual’s socioeconomic standing. In Germany individuals with narco-
lepsy have a significantly higher unemployment rate than average, 59 per-
cent compared to the national average of 9 percent (Dodel et al., 2004).
Similarly, studies performed in the United Kingdom (Daniels et al., 2001)
and the United States (Goswami, 1998) found that 30 to 37 percent of
respondents had lost their job due to narcolepsy.

Summary

Although the data are limited, the effect of sleep disorders, chronic
sleep loss, and sleepiness on accident rates, performance deficits, and health
care utilization on the American economy is significant. The high estimated
costs to society of leaving the most prevalent sleep disorders untreated are
far more than the costs that would be incurred by delivering adequate treat-
ment. Hundreds of billions of dollars are spent and/or lost annually as a
result of poor or limited sleep. However, greater surveillance and analysis
are required to estimate the full economic implications of these problems.
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