
INTRODUCTION

Why Study the Prevalence of Sleep Apnea in the First Place?

THE REQUEST OF THE EDITOR OF SLEEP TO REVISIT
MY 1983 PAPER ON THE “INCIDENCE  OF SLEEP APNEA
IN A PRESUMABLY HEALTHY WORKING POPULATION:
A SIGNIFICANT RELATIONSHIP WITH EXCESSIVE DAY-
TIME SLEEPINESS”1 has provided me with a unique  opportu-
nity to reexamine  the reasons that led me to conduct this study
more than 20 years ago, and to assess how the 1983 findings have
stood the test of time. The main reason that led me to look for the
prevalence of sleep apnea in the general population was my
impression that there was a great discrepancy between the type of
patients who spent their nights in the Technion Sleep Laboratory
for clinical examinations, and the prevailing literature on the
prevalence of sleep disorders. The literature on the prevalence of
sleep disorders during the 60s and 70s almost exclusively
focused on insomnia, and tended to ignore complaints related to
excessive daytime sleepiness or chronic fatigue.2-5 In fact, very
little was known at that time about the prevalence of excessive
daytime sleepiness. Bixler et al.2 reported on a prevalence of
3.6% hypersomnia, and Karacan et al.,3 who obtained informa-
tion on sleep disorders from a random sample of 1645 individu-
als in Alachua County, Florida, reported that 0.5% complained of
“too much sleep.” Our experience in the clinical sleep laborato-
ry, in which we started receiving patients on a regular basis in
1976, revealed a different picture. As soon as we started to see
patients on a regular basis, we found that more than 50% of the
people who were referred to our sleep laboratory complained of
excessive daytime sleepiness, or morning and daytime fatigue, or
of a combination of these complaints. In the majority,
polysomnographic recordings revealed apneic events during
sleep. Thus, our impression was that complaints related to day-
time sleepiness, non-refreshing sleep, and chronic fatigue, and
the laboratory finding of sleep apnea, were much more prevalent
than would be expected based on the existing literature. These
impressions were considerably strengthened by the results of a
preliminary study in which we analysed a large data base of sub-
jective complaints of 15,000 workers obtained during their annu-
al medical checkup; 4.4% of the workers complained of exces-
sive daytime sleepiness (EDS) during their medical interviews. 

Based on these results, we decided to conduct a two-stage
study to investigate the prevalence of sleep apnea in the general
working population. Since the financial support for the study was
obtained from a government agency responsible for safety at

work, the study population consisted of “blue collar” industrial
workers, and a great emphasis was placed on the interrelation-
ships between safety at work and sleep complaints. In the first
stage, a comprehensive survey on the prevalence of sleep-related
complaints in the general working population with a major
emphasis on excessive daytime sleepiness, was conducted. This
was followed in the second stage by polysomnographic investi-
gations of two selected groups of workers complaining of EDS
and insomnia, and of noncomplaining controls. 

The study was conducted during 1977-8, and the first report
on the prevalence of sleep apnea was presented in the 20th annu-
al meeting of the Association for the Psychophysiological Study
of Sleep (APSS) which took place in Mexico City in 1980. The
second presentation was made in a meeting organized by
Lugaresi and Guilleminault (1981) in Bologna, which appeared
as a chapter in a book in 1983.6 The peer-reviewed papers
appeared in SLEEP in 1981 and 1983.1,7 Since the first stage of
the study was the basis for the sleep laboratory investigation, I
will provide a brief summary of this part before reviewing the
accumulated literature on the prevalence of sleep apnea.

Excessive Daytime Sleepiness—A Prevalent Unrecognized

Complaint 

In the first stage of the study, 1502 industrial workers in more
than 250 factories, were individually interviewed by trained med-
ical students about their sleep habits and sleep complaints. The
results of this survey confirmed our clinical impression that
excessive daytime sleepiness is much more widespread than was
previously considered. Fifteen percent of the workers reported
that they needed to sleep during the day, 3.5% admitted to falling
asleep during work breaks, and 2.6% confessed that they had to
stop working in order to take a short nap. When asked how often
they fell asleep during seven everyday situations (traveling, read-
ing, watching TV, lectures, movies, plays and visiting friends), an
approach later adopted by Johns in the Epworth Sleepiness
Scale,8 119 workers reported falling asleep “always” or “many
times” in at least two, and 35 workers reported falling asleep in
at least three of the situations.

Workers complaining of EDS also complained significantly
more of a large number of pre- and post-sleep symptoms, most
notably snoring and excessive motility in sleep.  Importantly,
sleepy workers also had significantly more work accidents than
the rest of the workers, and were less satisfied with their work
conditions. Anticipating future findings, significantly more
sleepy workers reported on hypertension and frequent headaches,
and had a history of more hospitalizations.  I concluded the dis-
cussion of that 1981 paper by saying:

“This cluster of pre- and post-sleep complaints, as well as the
disturbing midsleep phenomena, shows remarkable resemblance
to the type of complaints presented by patients complaining of
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EDS due to breathing disorders in sleep.  This close resemblance
strongly implicates sleep-related breathing disorders as the main
underlying etiology in the complaints of EDS among the workers
studied here.” (p.157). I should add, however, that at the time the
discussion was written we already had preliminary results from
the sleep laboratory stage of the study which pointed in the direc-
tion that many of the sleepy workers indeed had apneic events
during sleep.  

From EDS to Sleep Apnea

The results of the first stage confirming the impression that a
relatively large segment of the adult, presumably healthy popula-
tion, complained about EDS, and the observation that EDS is
linked with a cluster of additional complaints and characteristics,
led us to the second stage of the sleep laboratory study.  Since this
paper is printed side-by-side with the original paper, I will just
summarize here its major findings in order to set the stage for the
subsequent review and discussion of the literature. First, based on
results of the sleep laboratory investigation, I estimated that the
lower limit of the prevalence of a finding of at least 10 apneas per
hour of sleep (Apnea Index, AI>10) in the industrial workers’
population in Israel was 0.89%. Second, the occurrence of apneas
in sleep was significantly associated with EDS, heavy snoring,
frequent headaches, excessive motility in sleep, ear, nose, and
throat (ENT) findings, and hypertension. This later finding link-
ing apneas with hypertension was particularly impressive with
five-fold more workers with AI>10 reporting hypertension, in
comparison with workers with AI<10 (36.3% vs. 7.4%).

Limitations of the Study

Before examining some of these findings in light of the accu-
mulated data since 1983, the limitations of the study should be
recognized.  Our sleep laboratory study suffered from several
deficiencies. First, respiration during sleep was monitored by a
nasal thermistor and a respiratory belt, which made the differen-
tiation between central and obstructive apneas in some cases
questionable. Second, there was no measurement of oxygen sat-
uration. Third, since the importance of hypopneas was unrecog-
nized at that time, only apneas were taken into consideration,
which no doubt resulted in an underestimation of the true preva-
lence of breathing disorders in sleep. Fourth, since only one-third
of the workers agreed to participate in the second stage of the
study, it could have introduced some bias into the results. Fifth,
since the study population consisted of presumably healthy indi-
viduals working in the industry, and the sleep laboratory study
groups consisted of men only, the ability to generalize our results
to the general population was limited.

I should also add that my choice of words for the title of the
1983 paper, “Incidence of Sleep Apnea in a Presumably Healthy
Working Population”  was wrong. The term “incidence” is
reserved in epidemiological terminology to the rate at which new
cases are discovered in a population, while the paper described
the proportion of workers meeting the criterion of AI>10 at a par-
ticular point in time. Thus, the proper title should have been
“Prevalence of Sleep Apnea in a Presumably Healthy Working
Population.” Unfortunately Hebrew does not differentiate
between “incidence” and “prevalence.”          

It is rather gratifying that in spite of these limitations, com-

parison of the main results of the study to the findings on obstruc-
tive sleep apnea syndrome (OSAS) accumulated over the years
reveals close similarities. Moreover, some of our observations
have anticipated major future findings. I will examine now the
results regarding the prevalence of sleep apnea, and the relation-
ship between sleep apnea and hypertension, ENT findings and
frequent headaches.

Apneas, Hypopneas, and the Prevalence of Sleep Apnea 

It is very difficult to compare between the results of epidemi-
ological studies investigating the prevalence of sleep apnea in the
general population. The main reasons for that are the countless
differences in the definition of the syndrome, particularly with
respect to the use of apnea index (AI), or apnea-hypopnea index
(AHI), the threshold used to define sleep apnea (e.g., AHI>5,
AHI>10, AHI>15), and the reliance of the definition on the com-
bination of apneas’ frequency and subjective complaints, or on
frequency of apneas alone. Other differences are in respect to the
type of sleep study that was performed to identify apneas and
hypopneas (e.g., attended PSG, unattended PSG, oximeter alone,
etc.),  the type of population studied, and the definitions used to
select groups for sleep recordings (presumably healthy working
population, hospitalized patients, snorers, sleepy patients, etc.)
and the ethnic origins of the samples.  Remarkably, in two stud-
ies using AI rather than AHI, one investigating all patients admit-
ted during one year to a general hospital in Italy9 and the other
investigating sleep apnea in the general population in the
Netherlands,10 the estimated prevalence of OSAS was 1.0% and
0.9%, respectively, which is almost identical to the 0.89%
observed in our study. Higher estimates ranging from 1.3% to
4.7% were reported in studies using AHI instead of AI.11-14

Interestingly, using the criteria of AI>5 in combination with com-
plaints about sleep (either insomnia or EDS), I estimated the
prevalence of sleep apnea syndrome in the industrial workers’
population to be in the neighborhood of 3.5%.6

The findings that 6/41 of the workers without any complaints
had AI>5  (3/41 had AI>10), have been also supported by subse-
quent studies demonstrating that apneas in sleep is an occult find-
ing among non-complaining individuals, particularly in elderly
people.  

Young et al.13 reported that if symptoms are disregarded, 24%
of male and 9% of female participants in the Wisconsin study had
AHI>5. Similar findings were reported by others (see review15).
The significance of these findings with respect to the definition
of OSAS and its clinical significance is uncertain, an issue that
will be discussed at the conclusion of this paper. I will examine
now the findings linking apneas during sleep with hypertension,
ENT findings, and headaches. 

Hypertension and Sleep Apnea—The Holy Grail of Sleep

Medicine 

From a 20-year perspective, there is no doubt that the obser-
vation that workers with AI>10 suffered significantly more from
hypertension than workers with AI<10, was of no less signifi-
cance than the finding of the prevalence of sleep apnea itself.
Although the association between sleep apnea and hypertension
seen in many clinical cases has been recognized and discussed
before 1983,16 there was no evidence that this association extend-
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ed beyond the obese, so-called Pickwickian syndrome patients,
or the very OSAS patients.17-19 As an immediate consequence of
this unexpected finding, we decided to investigate the prevalence
of apneas among a group of patients with essential hyperten-
sion.20 In that study, which was the first to specifically address
the possible association between sleep apnea and hypertension,
we found that 16 out of 50 patients with essential hypertension
who were randomly sampled at a hypertension clinic, had typical
complaints of sleep apnea. Sleep laboratory recordings in these
16 patients, revealed that 13 (26% of the initial sample) had AI>5
and 11 (22% of the initial sample) had AI>10. Thus, the rate of
patients with AI>10 among the patients with essential hyperten-
sion was approximately 20-fold higher than among the presum-
ably healthy industrial workers. We concluded that paper by say-
ing that: “The preponderant finding of Sleep Apnea Syndrome
among patients with essential hypertension indicates that the pos-
sibility of sleep apnea syndrome should be taken into considera-
tion when hypertensive patients are clinically evaluated. The
most characteristic anamnestic features of EDS, loud snoring and
restless sleep, which can be corroborated by the patient’s bed
partner, should alert the physician to this possibility.” (pp. 376).   

The relationship between hypertension and sleep apnea has
become a major research area in subsequent years. It is gratifying
to realize that our observations on a four-fold increase in the rate
of hypertension in workers who had AI>10 and on the prepon-
derant finding of sleep apnea among hypertensive patients, were
fully confirmed by subsequent research. Our paper on sleep
apnea in patients with essential hypertension was published in
August 1984 in the American Heart Journal; in November of the
same year, Kales et al.21 reported that 30% of a group of essential
hypertension patients had sleep apnea, and in 1985 two confir-
matory studies were published by Williams et al.22 and Fletcher
et al.23 So far, more than 50 studies have investigated the associ-
ation between hypertension and obstructive sleep apnea; the
majority of them have supported an independent association
between OSA and hypertension (see review24). Particularly
important is a series of studies that investigated exceptionally
large populations of either sleep laboratory patients or randomly
sampled populations, which allowed a careful control of all
potential confounding variables. Three recent studies investigat-
ed the association between hypertension and breathing disorders
in sleep in large random samples of the general population with
wide age ranges. Young et al.25 reported that in an unselected
population of 1189 state employees in Wisconsin, breathing dis-
orders in sleep were a risk factor for hypertension which was
independent of age, BMI, or gender. Each apnea/hypopnea event
per hour of sleep increased the hypertension risk in that popula-
tion by approximately 4%. Importantly, their results show that
the risk of hypertension was associated with RDI indices which
were lower than the commonly employed cutoff point for OSAS
of 5 or 10 respiratory events per hour.  In a four-year follow-up
study performed on a sub-sample of 709 of the original
Wisconsin cohort,26 the odds ratio for the presence of  hyperten-
sion at follow-up (compared to an odds ratio of 1 for an RDI of
0) was 1.42 for an RDI of 0.1-4.9  at baseline, and 2.03 and 2.89
for RDIs of 5-14.9 and >15 respectively. This relationship was
independent of known confounding factors. Neito et al.,27 inves-
tigated 6132 subjects who were recruited from an ongoing popu-
lation-based U.S. study (Sleep Heart Health Study—SHHS)
aged>40 years.  Sleep was studied by unattended home sleep

recordings, and the association between RDI and hypertension
was determined. They showed that after adjustment for con-
founding variables, the odds ratio for hypertension increased with
escalating RDI categories in a graded dose-response fashion.
Comparing the highest category of RDI (>30 per hour) with the
lowest (<1.5 / hour) revealed an odds ratio of 1.37. Bixler et al.28

investigated the relationship between hypertension and sleep dis-
ordered breathing in 1000 women and 741 men sampled from a
much larger population, based on the presence of specific risk
factors for sleep-disordered breathing. They reported an indepen-
dent association between sleep-disordered breathing and hyper-
tension that was strongest in young individuals, especially those
who had normal weight. The association was not significant, or
in the reverse direction, for the older individuals. 

In addition to these large population studies, Davies et al.,29 in
a case controlled study of 24-hour ambulatory blood pressure
measurements in 45 patients with OSAS and 45 normal matched
controls, recently showed that the OSA patients had higher dias-
tolic blood pressure during the day and night, and higher systolic
blood pressures at night.

Similar results were reported for sleep laboratory populations.
Lavie, Herer and Hoffstein30 analyzed blood pressure data of
2677 patients recorded over several years in St. Michael’s
Hospital Sleep Laboratory in Toronto. They reported that the risk
of hypertension rose with increasing OSA severity, as indicated
by RDI or the level of nocturnal arterial oxygen desaturation.
This relationship was independent of all potential confounding
factors such as BMI, age, gender, or co-morbidity. There was a
1% increased risk for hypertension for each apnea/hypopnea
event per hour of sleep. Grote et al.31 similarly investigated 1190
consecutive patients referred for diagnosis of sleep-related
breathing disorders and reported that the relative risk for hyper-
tension was 4.15 for RDI >40 in comparison with RDI<5 after
controlling for confounding variables. 

Another line of evidence supporting the association between
hypertension and sleep apnea comes from studies evaluating the
effects of sleep apnea treatment on blood pressure. Mayer et al.32

reported that six months of nasal Continuous Positive Airway
Pressure (nCPAP) treatment significantly decreased blood pres-
sure during sleep as well as during wakefulness in 12 patients
with severe OSAS. This change could not be explained by a
change in BMI. Suzuki et al.33 performed ambulatory blood pres-
sure monitoring for 48 hours in normotensive and hypertensive
OSAS patients before and after CPAP treatment, and reported a
significant decrease in daytime and nighttime blood pressure, but
only in hypertensive patients. A possible selective effect of
nCPAP treatment on OSAS patients was also reported by
Engelman et al.34 They showed a significant improvement in
mean daytime arterial blood pressure only in a subgroup of
patients defined as “non-dippers” under placebo treatment condi-
tions. Others also reported that nCPAP treatment restored the nor-
mal circadian pattern of nocturnal “dipping” in OSAS patients.35

Wilcox et al.36 on the other hand showed a significant drop in
mean 24 hour blood pressure in both normotensive and hyper-
tensive patients after nCPAP treatment. Only diastolic blood
pressure, however, was decreased during the day. Akashiba et
al.37 reported that two weeks of nCPAP treatment was sufficient
to reduce both awake systolic and diastolic blood pressure in 31
OSAS patients.  Minemura et al.38 reported that the daytime and
nighttime decrease in BP after nCPAP treatment was accompa-

Sleep Apnea in the Presumably Healthy Working Population—LavieSLEEP, Vol. 25, No. 4, 2002 382



nied by a significant decrease in daytime and nighttime levels of
urinary noradrenaline.  Interestingly, comparing the effects of
nCPAP treatment with those of a nCPAP placebo (nCPAP admin-
istered at ineffective pressure) on 24 hour blood pressure in
OSAS patients, Dimsdale et al.39 reported that both treatments
reduced daytime blood pressure levels to the same degree while
only effective nCPAP treatment significantly reduced nighttime
blood pressures. Voogel et al.40 measured the blood pressure for
24 hours in OSA patients before and after three weeks of nCPAP
treatment in a tightly controlled environment and with a control
group. They showed that the treatment reduced the daytime and
nighttime blood pressure, but only in the treated OSA group. 

Perhaps the most convincing evidence that OSA can cause
hypertension was found in animal models.41 Phillipson’s group in
Toronto reported that producing OSA mechanically in dogs
resulted in an increase in systemic blood pressure within a few
weeks.  When they stopped the OSA, the blood pressure fell back
to normal again a few weeks later. Persistent hypertension could
also be produced in rats by intermittent exposure to hypoxia for
several days.42

Recently it was shown that sleep apnea is particularly impor-
tant in patients with resistant hypertension. Isaksson and
Svanborg43 reported that the rate of sleep apnea syndrome in ther-
apy resistant hypertensive patients was significantly higher com-
pared to a control group of responders. Investigating 41 patients
with drug-resistant hypertension by polysomnography, Logan et
al.44 reported that 83% of the patients had AHI>10. Lavie and
Hoffstein45 reported that hypertensive patients with sleep apnea
whose blood pressure responds beneficially to treatment had
lower RDIs than those patients whose blood pressure remained
elevated despite anti-hypertensive therapy. Since neither obesity
nor nocturnal hypoxemia appeared to be important determinants
of ineffective treatment, frequent intermittent sympathetic stimu-
lation appeared to be the most important factor. These findings
are similar to those of Grote et al.,46 who also found that patients
with uncontrolled hypertension had significantly higher RDI than
those whose blood pressure was well controlled. 

ENT and Sleep Apnea—Rediscovering the Importance of the

Nose in Sleep

The finding that 63.6% of the workers with AI>10 had some
ENT findings, mostly in the form of allergic rhinitis and deviat-
ed nasal septum, also led us to examine this association in more
specific studies. Confirming this observation, we documented
breathing disorders in sleep in patients with allergic rhinitis.47

These were mostly in the form of hypopneic episodes associated
with microarousal from sleep, or K-alpha events. The conclusion
of that paper anticipated the upper-airway resistance syndrome
(UARS): “It is suggested that increased upper airway resistance
and increased nasal discharge are responsible for the disordered
breathing in sleep and for the ‘microarousals.’”  An historical
investigation of the literature on the health consequences of
obstructed nasal breathing revealed a wealth of evidence on dele-
terious effects on sleep quality and daytime behavior, some of it
dating back to the 19th century.48,49 The association between
breathing disorders in sleep and obstructed nasal passages has
been confirmed in large-scale studies, such as the Wisconsin
cohort,50,51 and in selected groups of patients with increased nasal
resistance.52 Furthermore, in a large series of patients referred for

sleep evaluation because of snoring, daytime nasal resistance was
found to be an independent risk factor for OSAS.53 Treatment of
nasal congestion by topical nasal corticosteroids appears to alle-
viate some of the daytime fatigue caused by the sleep fragmenta-
tion associated with the breathing disorder.54

The deleterious effects of mechanical nasal obstruction on
breathing in sleep were first reported by Olsen et al.55 and Lavie
et al.56 in normal young adults,  and by Tassan et al.57 in patients
who had nasal packs after nasal surgery. In both normals and
post-surgical patients obstructed nasal passages during sleep
caused an increase in the number of disordered breathing events
during sleep with concomitant sleep fragmentation. In a few of
the subjects there was a dramatic appearance of full-blown
OSAS. Carskadon et al.58 later extended these findings to
women. White et al.59 anesthetized the nasal passages of 10 nor-
mal men during sleep and observed a fourfold increase in the
number of breathing events during sleep which suggested that
nasal receptors sensitive to air flow may be important in main-
taining breathing rhythmicity during sleep. Furthermore, we60

demonstrated that the effect of mechanical nasal obstruction on
breathing during sleep was much more dramatic in children of
OSAS patients. Without exception, all six children whose noses
had been blocked suffered a large number of apneas during sleep.
The average number of apneas increased tenfold with the
obstruction, from one per hour to ten, whereas in the control
group the increase was more moderate, from one apnea to three.
Interestingly, their reaction to the experiment itself was dramatic.
Patients’ children reported that they had difficulty breathing
through their mouths and two of them woke up in the middle with
an alarming feeling of suffocation and asked to stop the experi-
ment. The possible contribution of genetic factors in sleep apnea
syndrome was later confirmed by Pillar and Lavie61 and Redline
et al.62 Extensive reviews on the relationship between breathing
disorders in sleep and nasal resistance can be found in.63,64

In spite of these findings, which point at the importance of
proper nasal breathing during sleep, attempts to treat patients
demonstrating breathing disorders in sleep by nasal surgery did
not meet with great success in spite of an early impression.65-68 It
is possible though that a careful selection of patients using pre-
surgical cephalometric evaluation, particularly in mild patients,
may increase the success rate.69 Likewise, popular devices used
to dilate the anterior nares in patients without nasal pathology
had a relatively weak effect on snoring and apneas.70-72 External
nasal dilation had also a very weak effect on patients with UARS,
which represents the mildest form of breathing disorder in
sleep.73

Headaches—A Non-Specific Symptom of Sleep-Disordered

Patients

Evaluating the accumulated research on the relationship
between OSA and headaches since the publication of the 1983
paper revealed a much more complicated picture. Although it is
generally assumed that a complaint of headache upon waking up
from sleep may indicate the possible existence of OSAS, this
assumption was not uniformly supported by controlled research.
There are some individual case reports documenting a relation-
ship between cluster headaches and OSAS and some studies
reporting on an association between morning headaches and
OSA in comparison with normal controls.74 Loh et al.75 report-
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ed that 23 out of 80 consecutive OSAS patients had awakening
headaches. These headaches were of brief duration, and their
occurrence and severity increased with increasing OSA severity.
Treatment of OSA with continuous positive airway pressure or
uvulopalatopharyngoplasty surgery reduced these headaches.
Likewise, Ulfberg et al.76 reported that the rate of morning
headaches in patients with sleep apnea and in snorers was three-
fold higher than in non-snorers. 

But is this association specific to OSA, or perhaps a general
finding in patients with sleep disorders? In a retrospective study,
Poceta and Dalessio77 showed that 24% of patients with OSAS
had frequent morning headaches, which was not different from
the patients with periodic leg movements and psychophysiologi-
cal insomnia. Only in 30% of the sleep apnea patients did morn-
ing headaches improve after CPAP treatment. Similar findings
were reported by Aldrich and Chauncey.78 They reported that
18% of OSAS patients had frequent morning headaches com-
pared with 21% to 38% in groups of patients with other sleep dis-
orders. Paiva et al.79 also reported that although headaches occur-
ring during the night or early morning were often related to sleep
disturbances, this was not specific to OSAS. Chervin et al.80

questioned 36 subjects with cluster headaches about the times at
which their headaches usually occurred and about several symp-
toms known to be predictive of OSA, and used logistic regression
to determine whether occurrence of cluster headaches was asso-
ciated with OSA symptoms. Although several OSA symptoms
showed an association with cluster headaches’ occurrence in the
first half of the night, there was no general relationship with
sleep-related symptoms. 

Thus, it can be concluded that although subsequent studies
confirmed the association between OSA and frequent headaches,
frequent morning headaches is a nonspecific symptom in patients
with sleep disorders but as a single symptom it is not a consistent
and reliable symptom of OSAS. 

Future Directions—Time to Target the Nonsleepy Patient? 

Over the past 20 years, several types of abnormal obstructed
breathing events during sleep have been described. Partial airway
obstruction or hypopneas, first described by Kurtz and Krieger81

were later shown to have the same consequences as apneas. Even
more subtle breathing abnormalities have been described, such as
progressive increases in respiratory effort, reflecting increasing
upper-airway resistance, that terminate after an arousal.82 To
achieve some uniformity, The American Academy of Sleep
Medicine proposed the following diagnostic criteria of breathing
disorders in sleep.83 These require that the individual must be
found by overnight sleep laboratory monitoring to have five or
more obstructed breathing events per hour during sleep.  These
events may include any combination of obstructive
apneas/hypopneas or even respiratory effort-related arousals,
plus having a complaint of excessive daytime sleepiness, or to
have at least two of the following: choking or gasping during
sleep, recurrent awakenings from sleep, unrefreshing sleep, day-
time fatigue, or impaired concentration.  

But are subjective complaints essential criteria for the diagno-
sis of breathing disorders in sleep? Although the vast majority of
patients currently seen in diagnostic sleep laboratories are indeed
examined because of daytime complaints, primarily excessive
daytime sleepiness,  it is not uncommon to find a large number of

apneic events during sleep in an otherwise asymptomatic indi-
vidual, particularly in the elderly.84 In some of these cases, the
number of events would meet the diagnosis of severe OSAS if
there were any of the above complaints. There is accumulated
evidence that there is a critical frequency of disordered breathing
events during sleep that is associated with long-term adverse
health outcomes in individuals who otherwise do not qualify as
having OSAS. The American Sleep Heart Health Study provided
evidence that sleep-related breathing disorder has moderate
effects on heterogenous manifestations of cardiovascular dis-
eases within a wide range of AHI values that are considered nor-
mal, or only mildly elevated, regardless of any sleep-related
symptom.85 The values of AHI found to be associated with car-
diovascular risk, 1-10 events per hour, are very common in the
general asymptomatic population. Similar findings were reported
with respect to hypertension.25 Furthermore, Peker et al.86 report-
ed that coronary artery disease patients who also suffer from
OSAS, defined solely by polysomnographic monitoring, had
higher risk of cardiovascular mortality than patients without
OSAS. Similar results were reported by Mooe et al.87

Thus, it appears that the mere finding of breathing disordered
events during sleep confers a certain degree of risk, particularly
in patients who are already at risk, regardless of any symptoma-
tology. This was succinctly discussed by Hedner88 in an editorial
that accompanied the paper on the relation between AHI and car-
diovascular risk in the SHHS study from which I borrowed the
title for this section. Hedner pointed at the broad implications of
the SHHS findings regarding the question of whether or not to
treat asymptomatic patients with breathing disorders in sleep, and
their significance with respect to the diagnostic efforts that
should be invested in potential high-risk groups.  

There is no doubt that currently only the daytime symptoms of
OSAS patients are drawing medical attention. But if indeed the
existence of breathing disorders in sleep is recognized as a risk
factor for cardiovascular morbidity and mortality, regardless of
any symptomatology, then a paradigm shift is needed in order to
identify these individuals. Rather than waiting for symptomatic
patients to come to sleep clinics, screening programs of high risk
populations should be proactively initiated to identify individuals
with breathing disorders in sleep, and this should be done at the
youngest age possible.

There is accumulated evidence that age plays an important
role in OSAS. For instance, the risk for hypertension in OSAS
patients appears to be age-dependent and reaches a peak at the
younger age groups of 30-50 years.89,90 Likewise, excess mortal-
ity in OSAS patients appears to be restricted to patients younger
than 50 years.91-93 These consistent observations have been con-
firmed recently in a mortality analysis of more than 1100 patients
conducted in our laboratory (paper in preparation). 

These data may lead to the conclusion that for the majority of
OSAS patients treatment of the syndrome starts too late. In most
cases, a person comes for his first sleep laboratory diagnosis only
when the symptoms of snoring and daytime sleepiness start both-
ering his or her partner. The average age of patients examined at
sleep laboratories in different parts of the world is around 50, so
we can state with a high degree of certainty that OSAS sufferers
experience from breathing disorders in sleep for several years
before they are diagnosed and treated. There is evidence that
OSAS patients who are free of any overt cardiovascular morbid-
ity, actually suffer from endothelial dysfunction which is a sub-
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clinical state of atherosclerosis. This has been demonstrated by
impaired vascular reactivity to vasodilating agents,94,95 by
increased concentrations of plasma homocystein,96 by decreased
levels of circulating nitric oxide,97,98 and by increased rates of
expression of adhesion molecules and indicators of oxidative
stress.99-101 It is entirely possible that the cumulative damage dur-
ing the period between the syndrome’s first appearance and its
diagnosis may be irreversible.

Only large scale longitudinal Framingham-like studies such as
the SHHS and the Wisconsin studies will be able to verify if the
occurrence of breathing disorders in sleep even without any day-
time symptomatology is related to long-term adverse health out-
comes. It should be remembered, as noted by Littner and
Shepard,102 that the diagnostic criteria for hypertension and dia-
betes are based on quantitative measurements of blood pressure
and fasting blood glucose regardless of any overt symptomatolo-
gy.  Perhaps in the future screening for breathing disorders in
sleep will be done routinely as blood pressure measurements and
plasma glucose levels.

Epilogue

I will end up this revisit of the 1983 paper on the prevalence
(rather than incidence) of OSA with a vivid recollection from my
first public presentation of these findings in the 20th APSS meet-
ing in Mexico City in 1980. This will illustrate the change in zeit-
geist with respect to the attitudes toward breathing disorders in
sleep. At the conclusion of my presentation that there is an esti-
mated 3.5% prevalence of OSA among presumably healthy
industrial workers aged 40-60, one of the prominent sleep
researchers of that time stood up and made the following com-
ment “Either the prevalence of sleep apnea in Israel is for some
reason unusually and unexpectedly high, or something is wrong
with your data, it is impossible that there were so many sleep
apneics in the population.” I always wondered how this
researcher reacted to Young et al.’s New England Journal of
Medicine paper, which demonstrated that almost one out of four
adult men have more than five breathing events per hour in sleep. 

REFERENCES

1. Lavie P.  Incidence of sleep apnea in a presumably healthy working
population.  A significant relationship with excessive daytime sleepi-
ness.  Sleep 1983;6:312-318.
2. Bixler EO, Kales A, Soldatos CR, Kales JD, Healey S.
Prevalence of sleep disorders in the Los Angeles metropolitan area. Am
J Psychiatry 1979;136:1257-1262.
3. Karacan I, Thornby JI, Anch M, Holzer CE, Warheit GJ, Schwab JJ,
Williams RL. Prevalence of sleep disturbance in a primarily urban
Florida County. Soc Sci Med 1976;10:239-244.
4. McGhie A, Russel SM. The subjective assessment of normal sleep
patterns. J Ment Sci 1962;8:642-654.
5. Thornby J, Karacan I, Searle R, Salis P, Ware C, Williams R.
Subjective reports of sleep disturbances in a Houston metropolitan
health survey. Sleep Res 1977;6:180 (abstract). 
6. Lavie P. Sleep apnea in industrial workers. In: C Guilleminault and
E Lugaresi (eds).  Sleep/wake disorders: natural history, epidemiology,
and long term evolution. New York: Raven Press, 1983:127-135.
7. Lavie P.  Sleep habits and sleep disturbances in industrial workers
in Israel: Main findings and some characteristics of workers complain-
ing of excessive daytime sleepiness. Sleep 1981; 4:147-158. 
8. Johns MW. A new method for measuring daytime sleepiness: the

Epworth sleepiness scale. Sleep 1991;14:540-545
9. Francheschi M, Zamproni P, Crippa D, Smirne S. Excessive  day-
time sleepiness: a 1-year study in an unselected inpatient population.
Sleep 1982;5:239-247.
10. Neven AK, Middlekoop HA, Kemp B, Kamphuisen HA, Springer
MP. The prevalence of clinically significant sleep apnea syndrome  in
the Netherlands. Thorax 1998;53:638-642.
11. Gislason T, Taube A. Prevalence of sleep apnea syndrome-
estimation by two stage sampling. Ups J Med Sci 1987;92:193-203.
12.Cirignotta F, D’Alessandro R, Partinen M et al. Prevalence of
every night snoring and obstructive sleep apnoeas among 30–69-year-
old men in Bologna, Italy. Acta Neurol Scand 1989;79:366-372.
13.Young T, Palta M, Dempsey J et al.  The occurrence of sleep-
disordered breathing amng middle-aged adults.  N Engl J Med
1993;328:1230-1235.
14. Bixler EO, Kales A, Soldatos CR, Bueno AV. Sleep apneic activity
in a normal population. Res Commun Chem Pathol Pharmacol
1982;36:141-152.
15. Lindberg E, Gislason T. Epidemiology of sleep related obstructive
breathing. Sleep Med Rev 2000;4:411-433.  
16. Lugaresi E, Coccagna G, Mantovani M, Cirignotta F. Hypersomnia
with periodic apneas. In: Guilleminault C, Dement WC, Passount P,  eds.
Narcolepsy, Volume 3 Advances in sleep research. New York: Spectrum,
1976;351-366.
17. Guilleminault C, Eldridge FL, Simmons FB, Dement WC. Sleep
apnea in eight children. Pediatrics 1976;58:23-30. 
18. Peiser Y, Lavie P, Ovnat A, Charuzi I. Sleep apnea syndrome in the
morbidly obese as an indication for gastric bypass surgery. Ann Surg
1984;199:112-115.
19. Burwell CS, Robin ED, Whaley RD, et al. Extreme obesity associ-
ated with alveolar hypoventilation: A pickwickian syndrome. Am J Med
1956;21:811-818.  
20. Lavie P, Ben-Yosef R, and Rubin A-H.  Incidence of sleep apnea
syndrome among patients with essential hypertension.  Am Heart J 1984;
108:373-376.
21. Kales A, Bixler EO, Cadieux RJ, et al. Sleep apnoea in a hyperten-
sive population. Lancet 1984;2:1005-1008.
22. Williams AJ, Houston D, Finberg S, Lam C, Kinney JL, Santiago
S.  Sleep apnea syndrome and essential hypertension. Am J Cardiol
1985;55:1019-1022.  
23. Fletcher EC, DeBehnke RD, Lovoi MS, Gorin AB. Undiagnosed
sleep apnea in patients with essential hypertension. Ann Intern Med
1985;103:190-195.
24. Silverberg DS, Oksenberg A. Are sleep-related breathing disorders
important contributing factors to the production of essential hyperten-
sion? Curr Hypertens Rep 2001; 3: 209-215. 
25.Young T, Peppard PE, Palta M, et al. Population-based study of
sleep-disordered breathing as a risk factor for hypertension. Arch Intern
Med 1997;157:1746–1752.  
26. Peppard P, Young, T, Palta, M, Skatrud, J. Prospective study of the
association between sleep disordered breathing and hypertension. N
Engl J Med 2000;342:1378-1384.
27. Nieto FJ,Young TB, Lind BK, et al. Association of sleep disordered
breathing, sleep apnea and hypertension in a large
community-based study. JAMA 2000;283:1829-1836.
28. Bixler EO,Vgontzas AN, Lin HM, et al. Association of hypertension
and sleep-disordered breathing. Arch Intern Med 2000;160:2289-2295.
29. Davies CW, Crosby JH, Mullins RL, et al. Case-control study of 24-
hour ambulatory blood pressure in patients with obstructive sleep
apnoea and non-matched control subjects. Thorax 2000;55:736-740.
30. Lavie P, Herer P, Hoffstein V. Obstructive sleep apnoea syndrome
as a risk factor for hypertension: population study. BMJ 2000;320:479-
482.
31. Grote L, Hedner J, Peter JH.  Sleep-related breathing disorder is an
independent factor for uncontrolled hypertension.  J Hypertens
2000;18:679-685.

Sleep Apnea in the Presumably Healthy Working Population—LavieSLEEP, Vol. 25, No. 4, 2002 385



32. Mayer J, Becker H, Brandenburg U, et al.  Blood pressure and sleep
apnea: results of long-term nasal continuous positive airway pressure
therapy.  Cardiology 1991;79:84-92.
33. Suzuki M, Otsuka K, Guilleminault C.  Long-term nasal continuous
positive airway pressure administration can normalize hypertension in
obstructive sleep apnea patients.  Sleep 1993;16:545-549.
34. Engelman HM, Gough K, Martin SE, et al.  Ambulatory blood
pressure on and off continuous positive airway pressure therapy for the
sleep apnea/hypopnea syndrome: effects in “non-dippers.”  Sleep
1996;19:378-381.
35. Akashiba T, Minemura H, Yamamoto H, et al.  Nasal continuous
positive airway pressure changes blood pressure “non-dippers” to “dip-
pers” in patients with obstructive sleep apnea.  Sleep 1999;22:849-853.
36. Wilcox I, Grunstein RR, Hedner JA, et al.  Effect of nasal continu-
ous positive airway pressure during sleep on 24-hour blood pressure in
obstructive sleep apnea.  Sleep 1993;16:539-544.
37. Akashiba T, Kurashina K, Minemura H, et al.  Daytime hyperten-
sion and the effects of short-term nasal continuous positive airway pres-
sure treatment in obstructive sleep apnea syndrome.  Intern Med
1995;34:528-532.
38. Minemura H, Akashiba T, Yamamoto H, et al.  Acute effects of
nasal continuous positive airway pressure on 24-h pressure treatment in
obstructive sleep apnea syndrome.  Intern Med 1998;37:1009-1013.
39. Dimsdale JE, Loredo JS, Profant J. Effect of continuous positive
airway pressure on blood pressure: a placebo trial. Hypertension
2000;35:144-147.
40. Voogel AJ, van Steenwijk RP, Karemaker JM, et al. Effects of treat-
ment of obstructive sleep apnea on circadian hemo-
dynamics. J Auton Nerv Sys 1999;77:177-183.
41.Brooks D, Horner RL, Kozar LF, et al. Obstructive sleep apnea as
a cause of systemic hypertension. Evidence from a canine model.
J Clin Invest 1997;99:106-109.
42. Fletcher EC. Effect of episodic hypoxia on sympathetic activity and
blood pressure. Respir Physiol 2000;119:189-197.
43. Isaksson H, Svanborg S. Obstructive sleep apnea syndrome in male
hypertensives, refractory to drug therapy. Nocturnal automatic blood
pressure measurements—an aid to diagnosis? Clin Exp Hypertens
1991;13:1195-1212.                                              
44. Logan AG, Perlikowski SM, Mente A, et al. High prevalence of
unrecognized sleep apnoea in drug-resistant hypertension. J Hypertens
2001;19:2271-2277.
45. Lavie P, Hoffstein V. Sleep apnea syndrome: A possible contribut-
ing factor to resistant hypertension. Sleep 2001;24:721-725.
46. Grote L, Hedner J, Peter JH. Sleep-related breathing disorder is an
independent risk factor for uncontrolled hypertension. J Hypertens
2000;18:679-685.
47. Lavie P, Gertner R, Zomer J, Podoshin L. Breathing disorders in
sleep associated with “microarousals’ in patients with allergic rhinitis.
Acta Otolaryngol 1981;92:529-533.
48. Lavie P.  Rediscovering the importance of nasal breathing in sleep
or, shut your mouth and save your sleep. J Laryngol Otol 1987;101:558-
563. 
49. Lavie P. Nasal obstructions, sleep, and mental function. Sleep
1983;6:244-246.
50. Young T, Finn L, Palta M. Chronic nasal congestion at night is a
risk factor for snoring in a population-based cohort study.  Arch Intern
Med 2001;25:161:1514-1519.  
51. Young T, Finn L, Kim H.  Nasal obstruction as a risk factor for
sleep-disordered breathing. The University of Wisconsin Sleep and
Respiratory Research Group.  J Allergy Clin Immunol 1997;99:S757-
S762.
52. Silvoniemi P, Suonpaa J, Sipila J, Grenman R, Erkinjuntti M.  Sleep
disorders in patients with severe nasal obstruction due to septal devia-
tion.  Acta Otolaryngol (Suppl.) 1997;529:199-201.
53. Lofaso F, Coste A, d’Ortho MP, Zerah-Lancner F, Delclaux C,
Goldenberg F, Harf A. Nasal obstruction as a risk factor for sleep apnoea

syndrome. Eur Respir J 2000;16:639-643.
54. Craig TJ, Teets S, Lehman EB, Chinchilli VM, Zwillich C. Nasal
congestion secondary to allergic rhinitis as a cause of sleep disturbance
and daytime fatigue and the response to topical nasal corticosteroids.  J
Allergy Clin Immunol 1998;101:633-637.
55. Olsen KD, Kern EB, Westbrook PR. Sleep and breathing distur-
bance secondary to nasal obstruction.  Otolaryngol Head Neck Surg
1981;89:804-810.
56. Lavie P, Fischel N, Zomer J, Eliaschar I. The effects of partial and
complete mechanical occlusion of the nasal passages on sleep structure
and breathing in sleep. Acta Otolaryngol 1983;95:161-166.
57. Taasan V, Wynne JW, Cassisi N, Block AJ. The effect of nasal pack-
ing on sleep-disordered breathing and nocturnal oxygen desaturation.
Laryngoscope 1981;91:1163-1172.
58. Carskadon MA, Bearpark HM, Sharkey KM, et al. Effects of
menopause and nasal occlusion on breathing during sleep. Am J Respir
Crit Care Med 1997;155:205-210.
59. White DP, Cadieux RJ, Lombard RM, Bixler EO, Kales A, Zwillich
CW. The effects of nasal anesthesia on breathing during sleep. Am Rev
Respir Dis 1985;132:972-975.
60. Lavie P, Rubin AE. Effects of nasal occlusion on respiration in
sleep. Evidence of inheritability of sleep apnea proneness.  Acta
Otolaryngol 1984;97:127-130.
61. Pillar G, and Lavie P.  Assessment of the role of inheritance in sleep
apnea syndrome.  Am J Resp Crit Care Med 1995; 151:688-691.
62. Redline S, Tishler PV, Tosteson TD, et al. The familial aggregation
of obstructive sleep apnea. Am J Respir Crit Care Med 1995;151:682-
687.
63. Mirza N, Lanza DC. The nasal airway and obstructed breathing
during sleep. Otolaryngol Clin North Am 1999;32:243-262. 
64. Kushida CA, Guilleminault C, Clerk AA, Dement WC.  Nasal
obstruction and obstructive sleep apnea: a review. Allergy Asthma Proc
1997;18:69-71. 
65. Rubin AH, Eliaschar I, Joachim Z, Alroy G, Lavie P. Effects of
nasal surgery and tonsillectomy on sleep apnea. Bull Eur Physiopathol
Respir 1983; 19: 612-615.
66. Heimer D, Scharf SM, Lieberman A, Lavie P. Sleep apnea syn-
drome treated by repair of deviated nasal septum. Chest 1983;84:184-
185.
67. Verse T, Maurer JT, Pirsig W. Effect of nasal surgery on sleep-relat-
ed breathing disorders. Laryngoscope 2002;112:64-68.
68. Friedman M, Tanyeri H, Lim JW, Landsberg R, Vaidyanathan K,
Caldarelli D. Effect of improved nasal breathing on obstructive sleep
apnea. Otolaryngol Head Neck Surg 2000;122:71-74.
69. Series F, St Pierre S, Carrier G. Surgical correction of nasal obstruc-
tion in the treatment of mild sleep apnoea: importance of cephalometry
in predicting outcome. Thorax 1993;48:360-363.
70. Hoffstein V, Mateika S, Metes A. Effect of nasal dilation on snor-
ing and apneas during different stages of sleep. Sleep 1993 ;16:360-365.
71. Metes A, Cole P, Hoffstein V, Miljeteig H. Nasal airway dilation
and obstructed breathing in sleep. Laryngoscope 1992;102:1053-1055. 
72. Wenzel M, Schonhofer B, Siemon K, Kohler D.  [Nasal strips with-
out effect on obstructive sleep apnea and snoring]  Pneumologie
1997;51:1108-1110. German.
73. Bahammam AS, Tate R, Manfreda J, Kryger MH. Upper airway
resistance syndrome: effect of nasal dilation, sleep stage, and sleep posi-
tion.  Sleep 1999;22:592-598. 
74. Nath Zallek S, Chervin RD. Improvement in cluster headache after
treatment for obstructive sleep apnea. Sleep Med 20001;1:135-138.
75. Loh NK, Dinner DS, Foldvary N, Skobieranda F, Yew WW. Do
patients with obstructive sleep apnea wake up with headaches?  Arch
Intern Med 1999;159:1765-1768.
76. Ulferg J, Carter N, Talbäck M, Edling C. Headache, snoring and
sleep apnoea. J Neurol 1996;243:621-625.
77. Poceta JS, Dalessio DJ. Identification and treatment of sleep apnea
in patients with chronic headache. Headache 1995;35:586-589.

Sleep Apnea in the Presumably Healthy Working Population—LavieSLEEP, Vol. 25, No. 4, 2002 386



78. Aldrich MS, Chauncey JB. Are morning headaches part of obstruc-
tive sleep apnea syndrome. Arch Intern Med 1990;150:1265-1267.
79. Paiva T, Farinha A, Martins A, Batista A, Guilleminault C. Chronic
headaches and sleep disorders. Arch Intern Med 1997;157:1701-1705.
80. Chervin RD, Zallek SN, Lin X, Hall JM, Sharma N, Hedger KM.
Timing patterns of cluster headaches and association with symptoms of
obstructive sleep apnea.  Sleep Res Online 2000;3:107-112.
81. Kurtz D, Krieger J. Analysis of apnea in sleep apnea. In:
Guilleminault C, Dement WC, eds. Sleep apnea syndromes, New York:
Alan Liss, 1978:145-160.  
82. Guilleminault C, Chowdhuri S. Upper airway resistance syndrome
is a distinct syndrome. Am J Respir Crit Care Med 2000;161:1412-1413. 
83. American Academy of Sleep Medicine Task Force. Sleep  related
breathing disorders in adults:  recommendations for syndrome definition
and measurement techniques in clinical research. Sleep 1999;22:667-
689.
84. Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R,
Kaplan O. Sleep-disordered breathing in community-dwelling elderly.
Sleep 1991;14:486-495.
85. Shahar E, Whitney CW, Redline S, et al. Sleep-disordered breath-
ing and cardiovascular disease: cross-sectional results of the Sleep Heart
Health Study. Am J Respir Crit Care Med. 2001;163:19-25.
86. Peker Y, Hedner J, Kraiczi H, Loth S. Respiratory disturbance
index: an independent predictor of mortality in coronary artery
disease. Am J Respir Crit Care Med 2000;162:81-86.                             
87. Mooe T,  Franklin KA , Holmstr KM, Rabben T, Wiklund U. Sleep-
disordered Breathing and Coronary Artery Disease Long-term
Prognosis. Am J Respir Crit Care Med  2001;164:1910–1913.
88. Hedner J. The link between sleep apnea and cardiovascular disease.
Time to target the nonsleepy sleep apneics? Amer J Resp Crit Care Med
2001;163:5-6.
89.Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Leiby BE, Vela-
Bueno A, Kales A. Association of hypertension and sleep-disordered
breathing. Arch Intern Med 2000;160:2289-2295.
90. Lavie P, and Hoffstein V. Sleep apnea and hypertension: moderat-

ing effect of age. Sleep 2000;23(suppl 2): A60 [abstract].
91. He J, Kryger MH, Zorick FJ, Conway W, Roth T. Mortality and
apnea index in obstructive sleep apnea: experience in 385 male patients.
Chest 1988;94:9-14.
92. Lavie P, Herer P, Peled R, Berger I, Yoffe N, Zomer J, Rubin AH.
Mortality in sleep apnea patients: a multivariate analysis of risk factors.
Sleep 1995;18:149-157.
93. Lindberg E, Janson C, Svardsudd K, Gislason T, Hetta J, Boman G.
Increased mortality among sleepy snorers: a prospective population
based study. Thorax 1998;53:631-637.
94. Kraiczi H, Caidahl K, Samuelsson A, Peker Y, Hedner J.
Impairment of vascular endothelial function and left ventricular
filling : association with the severity of apnea-induced hypoxemia dur-
ing sleep. Chest 2001;119:1085-91.
95. Kato M, Roberts-Thomson P, Phillips BG, Haynes WG, Winnicki
M, Accurso V, Somers VK. Impairment of endothelium-dependent
vasodilation of resistance vessels in patients with obstructive sleep
apnea. Circulation 2000;102:2607-10.    
96. Lavie L, Perelman A, Lavie P. Plasma homocysteine levels in
obstructive sleep apnea: association with cardiovascular
morbidity. Chest 2001;120:900-8.
97. Ip MS, Lam B, Chan LY, Zheng L, Tsang KW, Fung PC, Lam WK.
Circulating nitric oxide is suppressed in obstructive sleep apnea and is
reversed by nasal continuous positive airway pressure. Am J Respir Crit
Care Med 2000;162:2166-71.       
98. Schulz R, Schmidt D, Blum A, et al. Decreased plasma levels of
nitric oxide derivatives in obstructive sleep apnoea: response to CPAP
therapy. Thorax 2000;55:1046-51.
99. Chin K, Nakamura T, Shimizu K, Mishima M, Nakamura T,
Miyasaka M, Ohi M. Effects of nasal continuous positive airway pres-
sure on soluble cell adhesion molecules in patients with obstructive

sleep apnea syndrome. Am J Med 2000;109:562-7.
100. Schulz R, Mahmoudi S, Hattar K, et al. Enhanced release of
superoxide from polymorphonuclear neutrophils in obstructive sleep
apnea. Impact of continuous positive airway pressure therapy. Am J
Respir Crit Care Med 2000;162:566-70.
101. Dyugovskaya L, Lavie P, Lavie L.  Increased adhesion  molecules
expression and production of reactive oxygen species in leukocytes of
sleep apnea patients. Am J Respir Crit Care Med 2002;165:934-939.
102. Littner MR, Shepard, JW.  Recommendations for research
into measurement and classification of sleep-disordered breathing: gaz-
ing into the crystal ball. Sleep 1999;22:665-666.

Sleep Apnea in the Presumably Healthy Working Population—LavieSLEEP, Vol. 25, No. 4, 2002 387




