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KEY POINTS

e This article illustrates the impact of obstructive sleep apnea (OSA) on the work force.

e Specifics of OSA impact on individuals are discussed with regard to veterans, first responders,
farmers, and pilots, with a special concentration on commercial vehicle drivers.

e The pathophysiology of the disease as well as the consequence of impairment and disability due to

OSA on work capacity is introduced.

o Federal guidelines for occupational specific recommendations are presented. Importance is placed
on the health care provider’s role in identifying and incorporating effective screening and treatment

strategies for workers with sleep apnea.

Obstructive sleep apnea (OSA) is a common and
debilitating disease characterized by repetitive
upper airway obstruction associated with sleep
disruption, oxygen desaturation, and exaggerated
sympathetic tone. OSA is associated with signifi-
cant medical diseases such asincreased cardiovas-
cular morbidity and cognitive and psychological
limitations. With respect to the workplace, there is
increasing recognition that untreated and ineffec-
tively treated OSA has adverse effects on individual
performance as well as the overall safety for workers
and, in certain circumstances, the general public
Fig. 1.

The prevalence of OSA (defined by an apnea-
hypopnea index [AHI] >5) in the middle-aged adult
population has been estimated to be up to 24% in
men and 9% in women." The National Commis-
sion on Sleep Disorders Research estimates that

OSA affects 7 million to 18 million people in the
United States and that OSA remains undiagnosed
in approximately 92% of affected women and 80%
of affected men.? Given such a high prevalence,
untreated OSA becomes a significant burden on
the entire workforce. At the individual level, treat-
ment of OSA and its associated comorbities can
contribute to increasing health care costs for
employers, increased absenteeism, and alter-
ations in job performance. The consequence of
OSA poses a danger to public safety not only for
workers but also for those whom they serve.
Several risk factors for OSA such as male gender,
obesity, and increasing age influence the growing
impact and presentation of OSA in the workplace.
The current obesity epidemic in the general popula-
tion could lead to the increasing presence of OSAin
the workplace. More than half of morbidly obese
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Screening Recommendation for CMV Drivers With Possible or Probable Sleep Apnea

Medically Qualified To Drive Commercial
Vehicles if Driver Meets Either of the
Following:

In-Service Evaluation Recommended if
Driver Falls Into Any One of the Following
Five Major Categories (3-mo Maximum
Certification):

Out-of-Service Immediate Evaluation
Recommended if Driver Meets Any One of
the Following Factors:

1. No positive findings or any of the
numbered in-service evaluation factors

2. Diagnosis of OSA with continuous positive
airway pressure compliance documented

2.

. Sleep history suggestive of OSA (snoring,
excessive daytime sleepiness, witnessed
apneas)

Two or more of the following (1) body
mass index > 35 kg/m?; (2) neck
circumference > 17 inches in men and 16
inches in women; (3) hypertension (new,
uncontrolled, or unable to control with
fewer than two medications)

. Epworth sleepiness scale score > 10

. Previously diagnosed sleep disorder;
compliance claimed, but no recent medical
visits/compliance data available for
immediate review (must be reviewed
within 3-month period); if found not to be
compliant, should be removed from
service (includes surgical treatment)

. Apnea-hypopnea index > 5 but <30 in a
prior sleep study or polysomnography and
no excessive daytime somnolence (Epworth
sleepiness scale score < 11); no motor
vehicle accidents; no hypertension
requiring two or more agents to control

1.

3.

5.

Observed unexplained excessive daytime
sleepiness (sleeping in examination or
waiting room) or confessed excessive
sleepiness

. Motor vehicle accident (run off road, at
fault, rear-end collision) likely related to
sleep disturbance unless evaluated for
sleep disorder in the interim.

Epworth sleepiness scale score = 16 or
functional outcomes of sleep questionnaire
score < 18

. Previously diagnosed sleep disorder (1)
noncompliant (continuous positive airway
pressure treatment not tolerated); (2) no
recent follow-up (within recommended
time frame); (3) any surgical approach with
no objective follow-up

Apnea hypopnea index > 30.

Fig. 1. Screening recommendations for CMV drivers with possible or probable sleep apnea. (From Hartenbaum N, Callop N, Rosen IM, et al. Sleep apnea and commercial
motor vehicle operators. Chest 2006;130(3):902; with permission.)
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persons are reported to have OSA, and it is 50%
more prevalent in persons with cardiac or metabolic
disorders.? There is evidence that obese employees
have “presenteeism” and are less productive while
on the job.® OSA itself contributes to increased
fatigue and cognitive decline. Based on trends
observed from NHANES studies from 1976 to
2004 it is projected that, by the year 2030, 86.3%
of all American adults will be overweight or obese
and 51.1% of them will be obese.* Therefore, the
direct and indirect financial cost of obesity in the
US workforce would be astronomical if this current
trend continues.

With the aging of the workforce, the prevalence
of OSA in the older population prompts an addi-
tional concern for the workforce. It has been pro-
jected that the American workforce is aging and
that between the years of 2006 and 2016, the
number of workers 55 to —64 years of age will
increase by 36.5%, whereas the number of
workers older than 65 years will increase by
80%.2 It is anticipated that in 2015, 1 in 5 workers
will be 55 years of age or older.® Studies have
shown that absence of chronic illness and good
mental health are the factors that have been scien-
tifically observed to be associated with low occu-
pational injury rates.® An older working population
complicated by additional chronic illnesses could
incur more workplace injuries and impairment.

This article explores the impact of OSA on the
workplace. The neurocognitive limitations and co-
morbidities such as increased cardiovascular
morbidity associated with OSA are reviewed. The
presentation of OSA among specific working pop-
ulations including commercial vehicle drivers, first
responders, and veterans is discussed. The regu-
lations, recommendations, and policies set forth
by specific agencies for the screening, manage-
ment, and treatment of OSA and the definitions
of impairment and disability with regard to OSA
are described.

IMPACT OF OSA ON NEUROCOGNITION

Multiple studies suggest neurocognitive defects
that contribute to the decrements in workplace
performance seen in workers with OSA. The exact
pathophysiological mechanisms that cause neuro-
cognitive defects in patients with OSA are not
completely clear. Some studies have observed
that OSA is related to changes in cognition,
including impaired memory, attention, vigilance,
executive function, and psychomotor deficits.®” A
meta-analysis of the neuropsychological effects of
OSA revealed a decline in vigilance, executive func-
tioning, and coordination, but not in intelligence,
verbal functioning, or visual perception.® In a small

cohort study by Nagele and colleagues,” it was
found that patients with OSA had a significantly
decreased ability to initiate new mental processes
and to inhibit automatic ones. Frontal lobe dysfunc-
tion was found to be correlated most significantly
with the severity of hypoxemia, whereas memory
deficits were correlated with the number of apneic
episodes per hour of sleep.” In a cross-sectional
study of the cohorts from the Apnea Positive Pres-
sure Long-term Efficacy Study (APPLES), no associ-
ation was found between AHI and neurocognitive
performance. The severity of oxygen desaturation
was only found to be weakly associated with worse
neurocognitive performance.®

Although there is variability in study results
regarding OSA’s impact on neurocognition, it is
consistently demonstrated that OSA causes
chronic sleepiness and affects a patient’s quality
of life. OSA has been found to significantly affect
a patient’s moods, specifically including increased
irritability, fatigue, depression, and anxiety.®” One
study incorporated the Short Form (36) question-
naire to test the impact of sleep disruption on
patients. It found that patients with OSA scored
lower on all 8 dimensions thought to reflect the
psychological well-being and performance status
of individuals.® When the same questionnaire
was implemented in another study, quality of life
in the mental domain was significantly affected,
revealing that depression was highly correlated
with OSA."® It was observed that patients who
had neurocognitive deficits, assessed by
a psychomotor vigilance test, had greater impair-
ments in the physical domain (physical func-
tioning, general health perceptions, bodily pain,
role limitations because of physical health) in
assessment of quality of life.'®

The influences of comorbidities associated with
OSA are quite pertinent. Patients with hyperten-
sion, diabetes, and stroke have been found to
have cognitive impairments from neurovascular
changes.!" Studies of neuroimaging done on
patients with OSA have reflected vasculature
changes and unique cerebral alterations.®'2 Neu-
roimaging techniques using structural magnetic
resonance imaging and proton magnetic reso-
nance spectroscopy have exhibited changes to
brain structure and metabolism. Neuronal cell
damage was seen in both gray and white matter,
resulting in reduced prefrontal activation during
working memory task in patients with OSA."?

Patients with OSA often experience perfor-
mance deficits in the workplace with regard to
productivity and reaction time. In a small cross-
over study, subjects with OSA were less aware
of their impairment caused by sleep deprivation.
After a sleep deprivation experiment was imposed,



those with OSA showed a longer reaction time
than those without it.'® In addition, for blue-collar
workers, significant differences have been
observed between patients with mild OSA (AHI
5-15/h) and those with severe OSA (AHI >30/h)
on a validated work limitation questionnaire.™ It
seems that blue-collar workers with severe OSA
were approximately 2 times more likely to report
limitations at work stemming from time manage-
ment and mental interpersonal demands.* These
differences were not observed in white-collar
workers. In general, subjects without excessive
daytime sleepiness (EDS) were not found to have
significant changes in work productivity, whereas
those with OSA who reported EDS indicated
decreased level of productivity.'®

IMPACT OF OSA ON DRIVING

The impact of OSA on driving has been thoroughly
studied. The contribution of sleep disorders such
as OSA to fatal motor vehicle accidents has been
increasingly recognized in the past few decades,
given the threat posed by commercial vehicle
drivers with OSA.'® It has been observed that
driving performance consistently worsens in sleep
loss states, resulting in more crashes. Sleep loss
states affect a driver’'s maintenance of lane posi-
tions, reaction time, and steering in simulation.’” A
retrospective study found that after adjustment for
potential confounders, such as alcohol consump-
tion, visual refraction disorders, body mass index
(BMI), years of driving, age, history with respects
to traffic accidents, use of medications causing
drowsiness, and sleep schedule, subjects with
sleep apnea had traffic accident rates that were 2
to 15 times higher than that of the general popula-
tion.'® A sleep apneic patient with an AHI of 10 or
more was found to have 6.3 (95% confidence
interval [Cl] 2.4-16.2) times the risk of having a traffic
accident than the general public.™®

Simulation studies have shown that patients with
OSA demonstrate slower reaction times, incur
increased steering errors, have an increased time
to target acquisition, and have more off-road inci-
dents.'” According to a study on alcohol use and
sleep restrictions, patients with OSA demonstrated
an increased steering deviation of 50.5 cm (95% Cl
46.1-54.9 cm) as compared with 38.4 cm (95% CI
32.4-44.4 cm) for controls.'® The deviation was
40% greater with sleep restriction and alcohol
compared with the controls with the same inter-
ventions.™® In the simulation, patients with OSA
experienced a greater number of microsleeps
and prolonged eye closures than the controls,
thereby crashing more frequently (odds ratio
[OR] = 25.4)."° Sleep restriction and alcohol have

Implications of OSA on Work

been demonstrated to have a profound impact on
patients with OSA. In a study of truck drivers, sleep
latency was related to severity of OSA: those with
moderate or severe OSA had a mean sleep latency
of 4.36 minutes as opposed to 7.9 minutes in
drivers without OSA."

IMPACT OF OSA IN SPECIFIC WORKFORCES
Commercial Motor Vehicle Drivers

The prevalence of OSA on commercial motor
vehicle (CMV) operators contributes to significant
safety and health risks. CMV operators are also
likely to be subject to sleep-related issues from
shift work and sleep deprivation. Studies have
suggested that CMV operators have a higher prev-
alence of OSA than the general population.?° In
a study of Belgian truck drivers, 26% of commer-
cial drivers were at high risk for OSA, based on
the Berlin questionnaire, compared with 21% of
the general population.?! It has been hypothesized
that truck drivers often exhibit more risk factors for
developing OSA because of poor dietary habits,
lack of exercise, and prevalent obesity. A higher
prevalence of smoking within this population also
constitutes an additional risk factor for OSA.??

Acknowledging the implications of health and
safety risk, the US Department of Transportation’s
Task Force on Pulmonary Disorders and Commer-
cial Drivers has determined that untreated OSA is
an important and preventable cause of motor
vehicle accidents, and new regulations are poten-
tially forthcoming.?3

Pilots

OSA in pilots is of great concern to the Federal
Aviation Administration (FAA) and the National
Transportation Safety Board (NTSB). In 2 isolated
incidents in 2008 and 2009, aircraft overflew desti-
nation points in Minnesota and Hawaii. These inci-
dents prompted investigation into pilot fatigue and
led to increased awareness of the impact of OSA.
Information obtained by the FAA noted that people
with mild-to-moderate OSA can show perfor-
mance degradation equivalent to 0.06% to
0.08% blood alcohol level, a level greater than
that of legal intoxication in many states.?* The
NTSB cites that OSA is responsible for a 6-fold
increased risk of aviation crashes.?®

Inconsistent sleep times and sleep/wake cycles,
time zone changes, and long flights are problematic
and exacerbate the symptoms of OSA. The insuffi-
cient supply of pilots coupled with longer flight
hours prompted by the automation of cockpit tech-
nology further contributed to pilot fatigue.?® Studies
of airline pilots show an increased risk of crashes or
near misses because of sleep deprivation.?”
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Police Officers and First Responders

There have been limited studies to address sleep
apnea in police officers. A cross-sectional and
prospective cohort study done on North American
police officers indicated that sleep disorders led to
increased risk of errors, unintended injuries, motor
vehicle crashes, administrative errors, and even
uncontrolled anger toward subjects.?® Within one
cohort of 4957 police officers, 40.4% screened
positive for a sleep disorder and 33.6% were posi-
tive for OSA.?8 A synopsis of the results is shown in
Table 1 and demonstrates the increased risk of
certain tasks performed by police officers with
OSA over that of controls.?®

The frequency of extended shifts, shift work,
and long work hours accompanying the occupa-
tion enhances the effects of OSA. Circadian
rhythm disruptions of sleep deprivation, deficits,
and fragmentation are all important consequences
of the altered work schedules.?® Accordingly,
although the line-of-duty deaths rates in police
have decreased significantly since the 1970s, the
proportion of deaths due to unintentional injuries
have shown little change, and in 2003, it even
exceeded that of felonious death.?® One-third of
line-of-duty deaths were related to motor vehicle
accidents, and because OSA contributes signifi-
cantly to increased sleepiness and vehicle acci-
dents, it has been speculated that several
accidents that were prevented were related to
OSA appropriately diagnosed and treated.?®

OSA has been additionally identified as a poten-
tial consequence of responders at the World Trade
Center (WTC) worksite. A study by Sunderram and
colleagues®® found that there was a high preva-
lence of OSA in WTC responders that did not
match the general population. In the responder
sample, the lack of association between BMI or

Table 1
Odds ratios of specific tasks in police officers
with OSA

Odds Ratio Task

1.43 Administrative error

1.51 Falling asleep while driving

1.63 Error or safety violation related
to fatigue

1.25 Adverse work-related outcome

(includes uncontrolled anger
toward subjects)

1.23 Absenteeism
1.95 Falling asleep during meetings

weight and AHI is suggestive of mechanisms other
than obesity that contribute to the development of
OSA. The authors postulated new-onset upper
airway inflammation as a factor in the pathogen-
esis of OSA in these individuals. It was also found
that 36.5% of 11,701 male WTC first responders
scored “high risk” for OSA on the modified Berlin
questionnaire. The incidence of converting to
“high risk” for OSA among the 4576 WTC first
responders who did not initially score “high risk”
was 16.9% over an average duration of 1.4 years.
It should be noted that although the Berlin ques-
tionnaire is a validated tool for identifying those
at risk for OSA, an overnight polysomnogram is
required to confirm a diagnosis of sleep apnea."

Farmers

More than half of the nation’s principal farm opera-
tors hold concurrent off-farm jobs.3? The demands
of the concurrent job combined with the high-
demand seasonality of production increases the
risk of injury to workers.®? Inadequate amounts of
sleep, erratic sleep patterns, and the use of sleep
medications and stimulants are believed to
contribute to injury rates. A greater number of
injuries and fatalities on the farm in older farmers
has been linked to snoring and sleep disorders,
although not specifically to OSA.3% In 1994, the
National Institute for Occupational Safety and
Health funded a project of Farm Family Health and
Hazard Surveillance. A telephone interview exam-
ining 3 separate signs of sleep apnea in male
farmers (snoring, gasping/snorting, and stopping
breathing) demonstrated that in the previous year
farmers with these signs were 2 times as likely to
report injuries as those who did not have them.®?

Veterans

A recent study has shown that US veterans are 4
times as likely as other Americans to have sleep
apnea.3* With more than 63,000 veterans receiving
benefits for sleep apnea, the benefits now cost tax
payers more than $500 million per year.>* Along
with increased screening, the prevalence can be
associated with exposures to dust, sand, and grit
from deployment that may contribute to airway
inflammation.

In addition, some research has shown that post-
traumatic stress disorder may be associated with
increased OSA.3°> Data show that psychosis is
significantly more common in veterans diagnosed
with sleep apnea than those not diagnosed with
sleep apnea and that these psychotic symptoms
may be improved with the treatment of the sleep
apnea.3® OSA accompanied by comorbid condi-
tions of stress and hypertension has been shown



to affect cognitive impairment, including deficits in
auditory and verbal memory as well as executive
function.3®

TREATING OSA AND PERFORMANCE
OUTCOME

It is often acknowledged that the economic cost of
screening and testing underlying sleep disorders is
reasonable.?? Studies have indicated that appro-
priate treatment of OSA, such as nasal positive
airway pressure, can reduce the risk of traffic acci-
dents.®” Simulated driving measures improved
after 3 months of continuous positive airway pres-
sure (CPAP) treatment in patients with severe
OSA, whereas cognitive performance continued
to be impaired when compared with controls.3®
Despite this fact, it is estimated that 38,800 acci-
dents involving drivers with sleep apnea could be
prevented annually if these drivers were treated.3®

Some neurobehavorial deficits found in patients
with sleep apnea may not fully recover after CPAP
treatment.’® One study showed that after 15 days
of CPAP treatment, attention, visuospatial learning,
and motor performances returned to normal,
whereas complex executive functions, semantic
memorization, and visuoconstructive abilities re-
mained impaired.>®4° The long-term effects of
regular CPAP use on neurocognitive function are
not well studied. Although some impairments re-
sulting from chronic untreated OSA may not be fully
reversible with OSA treatment, the impact of CPAP
therapy may be appreciable through its ability to
prevent further degradation of neurocognitive
performance in the workplace.

LAWS AND POLICIES
The Federal Motor Carrier Safety
Administration (FMSCA)

As previously noted, the prevalence of OSA is
greater in the commercial vehicle operators than
the general population.2® The Federal Motor Carrier
Safety Administration (FMCSA) is the government
agency entrusted with setting regulations for the
physical fitness of truck and bus drivers. FMCSA
projects that as many 28% of commercial driver
license holders have sleep apnea.*! With an esti-
mated 14 million commercial drivers’ license
holders in the United States, this estimate means
that there are up to 3.9 million professional drivers
with OSA.*2 According to 49 CFR 391.41 of the
federal safety regulations, a driver must have “no
established medical history or clinical diagnosis of
a respiratory dysfunction likely to interfere with his/
her ability to control and drive a commercial motor
vehicle safely.”*® With the growing recognition of

Implications of OSA on Work

the impact of OSA on driving performance, recent
revisions to the regulation cite sleep apnea as an
example of respiratory dysfunction that may inter-
fere with a driver’s ability to safely control and drive
commercial vehicles.

Although mentioned in the regulations, manage-
ment and qualification standards for sleep apnea
are not specifically provided. Federal medical exam-
iners are responsible for determining the fitness of
duty of drivers with sleep apnea, but the regulations
are open ended and variable. Moderate-to-severe
sleep apnea interferes with safe driving and is
considered a disqualifying condition, but no defini-
tion of moderate-to-severe sleep apnea is given.*!
Because medical certification is generally for 2
years, if a driver develops new conditions or impair-
ment that may be disqualifying before the next
medical examination, it is the legal responsibility of
the driver to obtain recertification from a qualified
medical examiner before resuming operations as
a CMV driver.** In addition, each state may have
its own medical standards for driving a CMV inintra-
state commerce.*' This, coupled with the fact that
many states have adopted a medical regulation indi-
cating that sleep apnea is a disqualifying condition,
forces medical examiners to consult with local
departments of motor vehicles.*®

Commercial drivers follow the so-called Hours
of Services (HOS) regulations while driving
a CMV. This federal regulation is meant to reduce
driver fatigue and decrease the likelihood of an
accident. Although changes may still be made, at
present, the new HOS “final rule” (effective
February 27, 2012, implemented by July 1, 2013)
limits a driver’'s workweek to 70 hours (decreased
from 82 hours). For every 8 hours of work, drivers
must take a minimum of 30 minutes of break. If
a driver works the maximum 70 hours in a week,
the driver must rest from 1:00 am to 5:00 am at least
twice that week and must take a minimum of 34
hours off duty before beginning the next work-
week. In addition, this “final rule” maintains the
prior daily driving maximum of 11 hours until the
FMCSA is able to conduct further research exam-
ining the benefits of a lesser limit.*®

In a clerical error, the FMCSA had accidentally
published proposed recommendations on sleep
apnea on April 20, 2012 in the Federal Register,
only to have it withdrawn on April 27, 2012. The
premise of these recommendations provided
insights on FMCSA'’s purpose to adopt a more
concrete guideline to the management of OSA in
CMV drivers. The released recommendations
included standards that require drivers with BMI
greater than 35 kg/m to have a mandatory sleep
study within 60 days of conditional certification. If
OSA is diagnosed and the driver is compliant with
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treatment, the conditional certification can be ex-
tended for another 90 days. Minimally acceptable
compliance is defined here as CPAP treatment
greater than 4 hours nightly for more than 70% of
days and is based on the current standard of prac-
tice. The extension cannot be for more than 1 year
without verification of continual compliance with
treatment. Drivers with sleep apnea who fall asleep
at the wheel, or are found not to be compliant with
treatment, will have their certification disquali-
fied.*” It could be requested of the driver to pro-
duce data printed from CPAP machines to verify
compliance before certification renewal.

The Federal Aviation Administration (FAA)

To educate pilots about fatigue, the Congress
mandated a Fatigue Risk Management Plan
(FRMP) for all airlines in 2010. In December 2011,
new rules were incorporated by the FAA to set
standards for fatigue management.*® The new rules
set requirements for pilot flight time, duty period,
and rest; the rules include limitations on the number
of flight segments and flight zone crossings.*® With
these rules, the FAA limits daily flight time to 9 hours
and requires a 10-hour minimum rest period before
the next flight duty period.*® Pilots must have the
opportunity for at least 8 hours of uninterrupted
sleep during their 10-h rest period and on a weekly
basis must have at least 30 consecutive hours free
from duty.*® In addition, the FAA has prescribed
a fitness-for-duty expectation that pilots and
airlines report fatigue and take a joint responsibility
to be relieved of duty.*®

Pilots with sleep apnea are not immediately dis-
qualified from flying. The Assisted Special Issu-
ance (AASI) now provides FAA physicians the
ability to reissue an airman medical certificate
under the provisions of an authorization for 14
CFR 67.401.4% An FAA physician not only provides
the initial certification decision but also grants the
authorization. According to the FAA, a first-time
issuance of such an authorization for sleep apnea
requires that all requisite medical information be
submitted and deferred to either the Aerospace
Medical Certification Division (AMCD) or Regional
Flight Surgeon (RFS).*®

Examiners may reissue an airman medical
certificate if the applicant provides evidence of
previous authorization granted by the FAA and
an optimal or no concerns report (within last 90
days) regarding the status of the treatment,
compliance of the treatment, and whether the
treatment is efficacious.®° Specifically, a comment
on daytime sleepiness that references the current
treatment modality is required.®® Examiners must
defer to AMCD or RFS if there is a question

regarding treatment adequacy, noncompliance,
or other associated illnesses (eg, heart failure) or
if the maintenance of wakefulness test (MWT)
demonstrates sleep deficiency.°

An MWT will be requested for most pilots after
treatment of sleep apnea. The MWT requires that
patients be monitored in 40-minute intervals for
their ability to stay awake sitting comfortably in
bed.%" Although many sleep specialists agree
that the MWT may not adequately demonstrate
sleep apnea control, as of yet no other objective
testing has been validated for this purpose, or
has been shown superior to the MWT.%° As aresult,
it continues to be used as a certifying test for issu-
ance of authorization.®?

SCREENING AND DIAGNOSIS

The FMCSA does not require any standard
protocol for OSA screening. Their guidelines do
suggest that individuals scoring high risk on the
Berlin questionnaire, or with specific findings and
comorbities ascertained by history and physical
examination such as snoring, sleepiness, wit-
nessed apneas, advanced age, obesity, small
upper airway, family history of OSA, or comorbid
hypertension, diabetes type 2, or untreated hypo-
thyroidism, should be considered high risk for
OSA. Unfortunately, many of these measures are
self-reported and there is strong incentive for
drivers to deny a history or symptoms of a sleep
disorder. Parks and colleagues®® found that
drivers who were subsequently found to have
OSA on polysomnograph (PSG) denied related
symptoms on their Commercial Driver Medical
Examination. The Epworth Sleepiness Scale
(ESS) is a common tool among sleep specialists
to assess subjective daytime sleepiness. Unfortu-
nately, ESS has not been shown to reliably predict
OSA or automobile crashes.>* In fact, Talmage
and colleagues®’ found that subjective sleepiness
as measured by the ESS was inversely related to
the severity of sleep apnea as defined by the AHI
on PSG in truck drivers undergoing required
Department of Transportation (DOT) physicals.
However, drivers were more willing to divulge
symptoms related to sleep apnea when reporting
anonymously. Smith and Phillips®® found that
among 595 truck drivers completing an anony-
mous online survey, an alarming 56% were positive
on the Berlin questionnaire and 21% reported
falling asleep at stoplights. Therefore, health care
providers must maintain a high level of awareness
for risk of OSA in commercial drivers and screen
vigilantly regardless of self-reported symptoms.
The role of portable monitoring in screening and
diagnosis of OSA in drivers remains undefined.



Portable monitoring when used as a screening tool
for OSA in unselected commercial drivers has
shown to have a positive predictive value of 64%
and a negative predictive value of 87% for
moderate-to-severe OSA in comparison to the
in-laboratory PSG.%® Therefore, portable moni-
toring for screening may be most useful in those
highly suspected for OSA based on symptoms or
clinical findings, and those who despite high clin-
ical suspicion screen negative for OSA by portable
monitoring should have a follow-up in-laboratory
sleep test to confirm the negative findings. Despite
limited data, portable monitoring remains an
attractive screening mechanism for drivers
because of its objectivity. As mentioned before,
there is powerful incentive for many drivers to
deny symptoms of sleep apnea. Sharwood and
colleagues®” found in a study of 517 drivers that
at-home diagnostic testing found 41% of drivers
to be positive for OSA, whereas only 4.4% of
them reported a previous diagnosis of sleep apnea
and only 12% of drivers reported daytime sleepi-
ness (ESS score >10). Furthermore, a multivariable
apnea prediction index based on numerous self-
report measures showed poor agreement with
the portable monitoring results. There is also
a real concern for data manipulation of unattended
sleep studies for similar reasons leading to inac-
curacy of self-reported measures. However,
portable monitoring will likely play a significant
role in screening and diagnosing OSA in commer-
cial drivers because of its primary advantage over
in-laboratory PSGs of convenience and greater
accessibility and potential for wider dissemination.
As of now, the FMCSA recommends portable
devices for screening only when they include all
3 measurements, namely, oxygen saturation,
nasal pressure, and sleep/wake time.

TREATMENT

CPAP is the first-line treatment of OSA. A meta-
analysis of 9 observational studies found a large
risk reduction across all studies in crash risk of
drivers with moderate-to-severe OSA (AHI >15)
before and after CPAP treatment.5® While the
data was determined to be limited by study
design, the consistent findings across all studies
makes the conclusion that CPAP reduces crash
risk a real likelihood. In another meta-analysis by
Antonopoulos and colleagues,®® CPAP treatment
was associated with nearly 55% reduction in real
crashes and near-miss crashes. Based on their
analysis, treating 5 patients with OSA with CPAP
is expected to prevent 1 real crash and treating 2
patients with OSA with CPAP is expected to
prevent 1 near-miss crash.

Implications of OSA on Work

Although oral appliances and surgery are
considered second-line therapy for OSA in those
who fail CPAP, there are no studies addressing
these treatment options in drivers. Furthermore,
unlike with current CPAP devices, there is no
objective means of monitoring adherence with an
oral appliance. The FMCSA currently recommends
that these alternative therapies achieve an AHI
less than or equal to 10 and result in improvement
in daytime sleepiness in order for the driver to re-
turn to driving.

Some driving companies may request objective
evidence of improvement in sleepiness with
a Multiple Sleep Latency Test (MSLT) or MWT. In
one study by Pizza and colleagues,®° sleep laten-
cies on the MSLT and more so on the MWT did in
fact correlate with driving performance during
a simulated driving test. However, whether the
MSLT or MWT predict reduced crash risk in
patients with OSA who have been treated have
not been assessed. Despite limited evidence,
however, the FAA, as mentioned earlier, requires
MWT studies on most pilots with OSA on CPAP.
Currently, an MLST or MWT is not recommended
by the Joint Task Force for drivers diagnosed
and treated for OSA to return to driving.2°

The FMCSA Medical Expert Panel currently
recommends immediate removal from active
duty those with AHI greater than 20 who are not
currently receiving treatment or are noncompliant
with treatment or those who experience sleepi-
ness with driving or have had a crash because of
falling asleep while driving. However, more data
are required to understand driving risks with
abnormal sleep study findings and to make further
recommendations for removing a driver from
active duty.

IMPAIRMENT AND DISABILITY

The definition of disability varies based on the
context of reference. The WHO international clas-
sification of functioning, disability, and health (IFC)
defines an umbrella term disabilities that covers
impairments, activity limitations, and participation
restrictions. Although impairment is associated
with disability, the 2 are not identical. Impairment
is defined as loss or deviation in physiologic func-
tion, psychological function, or anatomic structure
of the body.®' Unlike disability, impairment does
not incorporate a person’s interaction with the
environment. In addition, depending on the treat-
ment or severity, impairment may be permanent,
change over time, or completely resolve. Disability
is recognized as a complex phenomenon, reflect-
ing an interaction between features of an impaired
body function and structure and the society in
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which affected people live.?? It has also often been
described as any restriction or lack of ability to
perform an activity in the manner or within the
range considered normal for a human being.®’

Specifically, OSA has been found to contribute to
work disability. It often arises as the interplay
between disease, work, and personal factors. For
example, based on the expectation of occupation,
a bus driver who falls asleep or has trouble staying
awake while driving would have a higher claim to
disability than a clerical worker who dozes off at
the desk. From the case of the clerical worker, he
or she may have impairments from sleep apnea,
but not be disabled. In actuality, receiving disability
benefits for OSA would require implication that no
gainful work could be obtained. Significant docu-
mentation of treatment course, impairments, and
justification under the preface of documented cor
pulmonale or mental cognitive decline would need
to be obtained for consideration for disability.®®
Even with this documentation, there is no absolute
threshold of function or specific cause that marks
whether a person is disabled or not.%*

OSA can contribute to increased sick days and
absenteeism.® It has been shown that even before
obtaining a diagnosis of sleep apnea this affected
population demonstrated excessive lost work
days, calculated for females to be 1.8 times that
of the control subjects and for males to be 1.6 times
that of controls.®® Even after adjusting for comorbid
conditions, a large case-control study in Finland
(n = 4785) revealed a statistically significant
increased risk of absenteeism in those diagnosed
with OSA as compared with controls.®® EDS was
found to be more strongly correlated to sick leave
and disability than to snoring or breathing cessa-
tions.®® The impact of OSA may not be apparent
for years: excess risk of lost workdays was seen
up to 5 years before diagnosis for women and up
to 1 year before diagnosis for men.®®

Consequently, self-reported symptoms of sleep
apnea syndrome have been found to be indepen-
dent risk factors for permanent disability.’®
Accordingly, patients with the combination of
OSA and EDS (also referred to as OSAS), were at
higher risk of both recent work disability (OR
13.7; 95% ClI, 3.9-48) and longer term work duty
modification (OR, 3.6; Cl, 1.1-12).5” In a Finnish
study, both men and women with OSAS were
found to have an approximately 2.5-fold increase
in the risk of disability pensions 6 years after diag-
nosis of sleep apnea compared with their
controls.®® Employees diagnosed with OSAS had
an increased risk of work disability in all diagnostic
categories (mental and behavioral, musculoskel-
etal and connective tissue, circulatory system,
injury, poisoning, and other external causes) and

were at particularly high risk for work disability
caused by injuries and mental disorders.®®
Finally, since consequences of sleep apnea may
include physiologic conditions such as cognitive
deficits, psychomotor coordination, fatigue, and
cardiovascular comorbidities, it is not uncommon
for patients with sleep apnea to have multiple co-
morbidities contributing to absenteeism.®

ECONOMIC IMPACT

In an effort to decrease the risk of crashes, focus
has been directed at minimizing factors such as
fatigue and sleepiness as well as their interplay
with OSA.%8 Data provided by the National Highway
Traffic Administration estimate that at least 1
million police-reported crashes were caused by
driver fatigue each year, resulting in 1550 deaths,
71,000 injuries, and $12.5 billion in losses.®® The
combined direct and indirect costs of CMV crashes
were estimated at US $7.2 million for a fatal crash
and $331,000 for a nonfatal crash resulting in
injury.®® It has been projected that that if all US
drivers having OSAS were treated with CPAP at
a cost of $3.18 billion, every year $11.1 billion
dollars in collision costs would be avoided and
980 lives would be saved.'®

Patients with OSA also use more health care
dollars and have more medical visits than the
general population. Because OSA often coexists
or interferes with other chronic diseases, data
have suggested that undiagnosed sleep apnea
may cost up to $3.4 billion in medical costs in the
United States.® OSA is estimated to directly
contribute $11 million because of hospitalization
alone.® While the indirect costs of disability, absen-
teeism, decreased productivity, and modified work
duties were not explicitly calculated, these certainly
also have a large economic impact.®”

COMORBID SLEEP DISORDERS

Patients with OSA not infrequently have other co-
morbid sleep disorders, all of which should be ad-
dressed in the assessment of job performance
and safety. For this reason, a thorough evaluation
by a sleep specialist is helpful to decipher the
contribution of OSA compared with other sleep
disorders on patients’ sleepiness and daytime
function. Most often, patients are treated aggres-
sively for their OSA whether it be borderline/mild
or severe. A minority of patients do not derive
symptomatic improvements despite effective
CPAP therapy. These patients are candidates for
wake-promoting medications. Alternatively, their
comorbid sleep disorders will require addressing
and therapy as well.



Shift Work

Shift work is an essential component of the indus-
trialized US economy. An estimated 21 million
workers (17.7% of the American workforce) work
alternate shifts that fall at least partially outside
the range of daytime shifts.”® According to a poll
from 2010, 25% of working individuals claim that
their current work schedule does not permit suffi-
cient sleep.”’ This sort of long-term shift work
increases the risk of obesity and hypertension,
and it has also demonstrated changes in heart
rate, hormone secretion, and metabolism.”?
Because obesity is frequently observed among
patients with OSA, it has been postulated that shift
workers are at a heightened vulnerability to devel-
opment of OSA.%”

Studies of shift work in patients with OSA show
an increase in AHI per hour and greater oxygen de-
saturation on diurnal PSG after shift work
compared with nocturnal PSG.?® It has also been
observed that AHI is greater during diurnal sleep
after nighttime shifts. This result may suggest
that there is a risk of underdiagnosing the severity
of the disease in nocturnal PSG in shift workers.2®
Health care providers must consider the possibility
that shift workers presenting with the typical
history of somnolence and negative nighttime
PSG may still have elevated AHI during diurnal
PSG after a nighttime shift. In addition, CPAP
titrated during nighttime sleep may be suboptimal
for daytime sleep.?®

COMORBID MEDICAL CONDITIONS
Cardiovascular Outcomes

OSA has been implicated in various worsening
cardiovascular conditions. Chronic hypoxemia in
patients with OSA is associated with neural,
humoral, thrombotic, metabolic, and inflammatory
disease mechanisms, each of which has also been
implicated in the pathophysiology of cardiac and
vascular disease.”?> The hypoxia found in OSA
also contributes to lung diseases such as pulmo-
nary hypertension and cor pulmonale, further
compromising the cardiopulmonary system.”3
Compared with controls, patients with OSA have
been found to have increased heart rates,
decreased heart rate variability, and increased
blood pressure variability.”*

With respect to cardiovascular risk, studies have
shown that decreased heart rate variability may
lead to an increased risk of hypertension and
increased mortality in patients with heart failure.
Increased blood pressure variability has been
correlated with an increased risk for target organ
damage, and surges in blood pressure may result

Implications of OSA on Work

in myocardial ischemia.”? Furthermore, vasoactive
and trophic substances (eg, endothelin), coupled
with the activation of inflammatory and procoagu-
lative mechanisms, are thought to contribute to
progression of coronary artery disease.”

Diabetes

OSA and insulin resistance often occur concomi-
tantly, a correlation noted in both obese and non-
obese individuals.”® Recent studies suggest that
OSA itself is an independent risk factor for insulin
resistance and diabetes mellitus.”® Population
studies suggest that up to 40% of patients with
OSA will also have diabetes.”® There is strong
evidence to indicate an association between
OSA and the risk for type 2 diabetes, but whether
a causal relationship exists is yet to be deter-
mined.”® Some evidence suggests that cortisol
may trigger mechanisms that cause accumulation
of abdominal fat and ultimately lead to insulin
resistance.”®

Stroke

Determining which is the cause and which the effect
with respect to OSA and stroke has proved to be
a challenge. Numerous studies use snoring as an
indicator of OSA, but this does not directly support
OSA as a causal agent.”” In correlation studies
dealing with stroke and OSA, many subjects had
a prior history of strokes, which confounds any
possible conclusions of causality.”” Despite this
fact, many studies have supported the association
between OSA and stroke. Various mechanisms
have been postulated, including abnormal cerebral
hemodynamics, increased platelet aggregation,
increased fibrinogen concentration, increased
blood viscosity, and abnormal vascular endothelial
function.”” Furthermore, it has been shown that the
presence of sleep apnea in patients undergoing
rehabilitation after stroke is associated with
amore profound functional impairment and alonger
period of hospitalization and rehabilitation.”

Obesity

Weight changes have been shown to be signifi-
cantly correlated with OSA. One study by the Wis-
consin Sleep Cohort found that a 10% weight
increase was associated with a 32% increase in
AHI and a 10% weight decrease was associated
with 26% decrease in AHI.”® Additionally, a 10%
weight increase has been linked to a 6-fold
increase in the odds of developing moderate-to-
severe OSA.”® Studies have suggested that co-
morbid conditions related to obesity may be better
managed if patients are evaluated and treated for
previously undiagnosed OSA.”® Weight loss has
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a large positive impact on OSA and CPAP require-
ments. Weight itself may be a risk factor for work-
place injuries.

SUMMARY/RECOMMENDATIONS

Given the effectiveness of available treatments,
early intervention should be implemented to mini-
mize the decline of health and cognition associ-
ated with untreated OSA. Consequences of OSA
such as sleepiness and fatigue have major
impacts on both economics and public health.
For example, commercial vehicle drivers having
OSA-related sleepiness clearly affects the safety
of the roads; even police relations with the public
may be strained by OSA. OSA contributes to work-
place disability and is also associated with other
chronic medical conditions that themselves lead
to disability. Furthermore, the association with
cardiovascular diseases, diabetes, stroke, and
obesity should prompt physicians to suspect,
evaluate, and treat OSA in an efficient manner.
Treating the effects of OSA reduces absenteeism,
length of modified work days, reaction time, and
production. Ultimately, effective treatment of
OSA results in improved quality of life for workers
and financial savings for employers. Although
recommendations for OSA screening and treat-
ment exist for several specific work populations,
a large population of patients with OSA unfortu-
nately remain undiagnosed. Continued collabora-
tive effort between people with OSA, their
employers, and their physicians must exist to
ensure that provisions for educating, screening,
evaluating, and treating OSA in the workplace
are established.
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