Quality of life consequences of
sleep-disordered breathing
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Sleep-disordered breathing occurs in approximately 2% to 4% of the adult population and includes
conditions in which patients stop breathing completely (apnea) or have marked reductions in airflow
(hypopnea) during sleep. Typical symptoms of sleep apnea include snoring, restless sleep, excessive
daytime somnolence, nocturnal enuresis, irritability, depression, memory deficits, inability to concentrate,
and decreased alertness. The clinically relevant outcomes of these symptoms include impairment in work
efficiency, increased automobile accident rates, and decrements in quality of life. Treatment of sleep
apnea, primarily with continuous positive airway pressure, reduces sleepiness and improves mood
disturbances, neurocognition, and performance. Traditional measurements of sleep apnea severity do not
correlate well with current tests and scales that are used to quantify alterations in aleriness, performance,
quality of life, or sleepiness. A disease-specific quality of life scale has been developed following patient
and physician interviews and literature reviews. The Calgary Sleep Apnea Quality of Life Index is
expected to capture aspects of quality of life important to sleep apnea patients, such as cognitive function,
performance, and mood, that could be improved with appropriate treatment of sleep-disordered breathing.

(I Allergy Clin Immunol 1997;99:5750-6.)
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Sleep-disordered breathing describes a broad spec-
trum of conditions in which individuals have a complete
cessation of breathing (apnea) or a marked reduction in
airflow (hypopnea) while asleep. It was initially recog-
nized in its most severe form, obesity hypoventilation, or
pickwickian syndrome.! Patients can suffer from cor
pulmonale as a consequence of this rare disorder. At the
other end of the spectrum are patients with heavy
snoring indicative of increased resistance to aitflow
through the upper airway during sleep.” In its milder
form, sleep-disordered breathing may not lead to obvi-
ous side effects, and it is frequently unappreciated by
both patient and physician. However, sleep-disordered
breathing can lead to a number of medical illnesses and
symptoms, thus making it a serious public health prob-
lem.? The most common, and often most debilitating,
symptom is excessive daytime somnolence.

By convention apneas and hypopneas are considered
clinically relevant if they last a minimum of 10 seconds.*
It is not uncommon for apneas to persist for 30 to 60
seconds in some individuals. In general, apneas and
hypopneas are classified as central, obstructive, or
mixed. Central apneas occur as a result of an absence of
neural output from the brainstem’s respiratory centers,
which leads to a lack of inspiratory effort.> Obstructive
apneas result from closure of the pharyngeal airway,
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Abbreviations used
AHI:  Apnea-hypopnea index

COPD:  Chronic obstructive pulmonary disease
CPAP:  Continuous positive airway pressure
DADT: Divided attention driving test

EDS:  Excessive daytime somnolence
EEG: Electroencephalogram
ESS:  Epworth Sleepiness Scale
MSLT: Multiple Sleep Latency Test
MWT:  Maintenance of Wakefulness Test
NHP: Nottingham Health Profile
PGY: Postgraduate year
PVT: Psychomotor vigilance tasks
QOL:  Quality of life
SA:  Sleep apnea
SAQLI:  Calgary SA Quality of Life Index
SF-36:  Medical Qutcomes Study 36-Item Short-
Form Health Survey
SIP:  Sickness Impact Profile
SSS:  Stanford Sleepiness Score

which prevents an inspiratory effort from affecting the
flow of air into the lungs.

Although considered physiologically distinct, there is
some overlap between these two types of events.’ In
some circumstances, apneas may initially be central, with
no evidence of inspiratory effort. Eventually, respiratory
effort commences, but apnea persists because the upper
airway is also closed. Conditions contributing to upper
airway closure include allergic rhinitis, chronic sinusitis,
and physical obstruction. These breathing disturbances
are referred to as mixed apneas.
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Central sleep apnea (SA) is an uncommon disorder,
compared with mixed and obstructive SA. SA severity is
often characterized by the apnea-hypopnea index
(AHI), which refers to the number of apneas and
hypopneas that occur per hour of sleep. In the literature,
commonly used categorical definitions of SA are AHI >
5, 10, or 15. Severely affected individuals can have an
AHI that exceeds 100. The SA syndrome is defined as an
AHI above a clinically relevant threshold with the
presence of excessive daytime somnolence.” In a recent
community-based study of working adults, the Wisconsin
Sleep Study Cohort, the SA syndrome was observed in
4% and 2% of adult males and females, respectively.®

When an apnea or hypopnea occurs, it is frequently
accompanied by hypoxemia and hypercarbia of varying
degrees. It is not uncommon for some patients to
regularly desaturate to levels below 70% and, occasion-
ally, below 60%. Apneas and hypopneas often result in
arousal from sleep, which then terminates the breathing
disturbance.® Once aroused, the central nervous system
can respond appropriately to the partial or complete
closure of the pharynx with a brief contraction of the
pharyngeal dilating muscles. This restores upper airway
patency and permits resumption of airflow, with subse-
quent reversal of the hypoxemia and hypercarbia.
Arousals often last for only 1 to 3 seconds and are not
recognized by the patient. Upon awakening in the
morning, they often are completely unaware that they
aroused several hundred times during the night. Arous-
als ate often accompanied by surges in blood pres-
sure.!® 11 1t is believed that recurrent arousals, and the
consequent sleep disruption, are the cause of many of
the daytime symptoms and effects of SA.!?2 However,
some investigators also believe that hypoxemia plays a
role.!® 14

There is often a very poor correlation between the
AHI and subjective symptoms, suggesting that the AHI
in isolation is not a good indicator of disease severi-
ty.1>15 This is not surprising since there are multiple
factors that play a role in generating the symptoms that
these patients experience. For example, it has been
found that some people have increased resistance to
airflow in the upper airway during sleep, which is known
as the upper airway resistance syndrome. They do not
have apneas or hypopneas but, nevertheless, have simi-
lar symptoms as SA patients, and, indeed, they may
respond to standard treatment for SA.!7 In addition to
excessive daytime sleepiness, typical symptoms of SA
include snoring, restless sleep, nocturnal enuresis, irri-
tability, decreased libido, decreased alertness, inability
to concentrate, memory deficits, and fatigue.'® SA has
also been implicated as a factor in the development of
depression.'® Additionally, several investigators have
documented deficits in various neurocognitive tasks in-
cluding memory, attention, and vigilance.'>* To date,
there has been relatively little information published on
how quality of life is affected by SA.

The standard treatment for obstructive sleep apnea is
continuous positive airway pressure (CPAP), which ef-
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fectively prevents upper airway collapse, resulting de-
saturations, and arousals from sleep.?’ CPAP has been
shown to reduce objective sleepiness, improve mood
disturbances, neurocognition, and performance.?-2? In
selected patients, successful treatment outcomes also
have been obtained with mandibular advancement de-
vices,” uvulopalatopharyngoplasty,® and occasionally
with life-style modifications.

EXCESSIVE DAYTIME SOMNOLENCE

SA has been implicated as a cause of numerous
daytime symptoms, many of which are the result of
chronic sleep disruption. The most common and perva-
sive symptom is excessive daytime somnolence (EDS).
SA and narcolepsy are the two most common medical
causes of moderate and severe EDS.> EDS is a common
problem in Western society, with a prevalence rate of up
to 5%.76 It is disruptive to afflicted patients, since over
half of severely hypersomnolent patients report lass of
job or disruption of family life.”” Moreover, it is a
significant public health issue, given the association
between EDS and automobile accidents,?3° Unfortu-
nately, little attention has been paid to patients who
report daytime sleepiness, since it is often passed off as
a minor problem in the context of the primary reason for
patient referral. In addition to this lack of awareness of
EDS among health care professionals and the general
public, there are limited methods available to assess the
impact of EDS on patients and society as a whole.

Testing may take the form of determining how easy it
is for a patient to fall asleep, or, alternatively, how
difficult it is for them to remain awake. This type of
testing may include both subjective and objective assess-
ments. Two common subjective assessments of sleepi-
ness are the Stanford Sleepiness Score (SSS)*! and the
Epworth Sleepiness Scale (ESS).>> The SSS is used to
record the degree of sleepiness experienced by an indi-
vidual at a given time and does not necessarily relate to
his or her overall propensity to fall asleep. The ESS
measures sleepiness as a reflection of a subject’s ten-
dency to fall asleep during specific, nonstimulating situ-
ations, as assessed over an interval of time. Both have
been validated and demonstrate clear differences be-
tween subjects and controls.?'- 32

In general, an ESS score of greater than 10 is consid-
ered indicative of EDS. The ESS is worse in patients
with SA and improves following long-term treatment
with CPAP.3? Johns has demonstrated that the ESS
score increases with worsening severity of SA. However,
although the relationship is statistically significant, the
correlation between the AHI and ESS is poor (r =
0.439). Thus, traditional measures of SA severity do not
adequately capture the impact of the breathing disorder
on a patient’s life.>*

The standard objective measurement of sleepiness is
the Multiple Sleep Latency Test (MSLT),* which in-
volves a series of 20-minute scheduled naps adminis-
tered over 2-hour intervals for a total of 8§ hours. While
lying in a darkened room and connected to electroicr%-
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cephalographic (EEG) monitoring, the patient is in-
structed to try and fall asleep. The time required for
EEG-confirmed sleep is recorded and averaged over the
five naps and reflects the tendency for a patient to fall
asleep. This test has been validated in a number of
settings including sleep deprivation, the use of sedative
antihistamines, and intrinsic sleep disorders.*¢-3¥ An
MSLT of less than 5 minutes has been associated with
performance decrements and unintentional daytime
naps or microsleeps.®® A result between 5 and 10 min-
utes is considered a diagnostic gray area. Normal volun-
teers score in the range of 10 to 20 minutes. Since the
MSLT requires EEG monitoring, it is used primarily in
the research setting. Many of the eatlier studies evalu-
ating the MSLT utilized mixed populations consisting of
patients with SA, as well as other conditions that pre-
dispose patients to EDS. More specifically, in the SA
setting, it has been consistently demonstrated that pa-
tients with SA have abnormal MSLTs and that the
application of nasal CPAP will improve MSLT scores.
Moreover, in more severe cases, discontinuation of
CPAP for as little as one night, may result in worsening
MSLT scores and increased symptoms of EDS.*° Mitler
et al.* developed the Maintenance of Wakefulness Test
(MWT), a variant of the MSLT, in which the patient is
instructed to stay awake while sitting in a darkened room
for 40 minutes. The time required until EEG-confirmed
sleep is recorded. Although the correlation between the
MWT and MSLT is statistically significant, there is
considerable variability between the two tests.*! Unlike
the MSLT, the MWT is believed to better correlate with
alertness rather than sleepiness, furthering the observa-
tion that sleepiness does not always imply decreased
vigilance. i

DEPRESSION

SA has been shown to be associated with depressive
symptoms in many studies, although this is not a
universal finding. Most studies have been cross-sec-
tional and have involved selected and, therefore,
biased samples of patients to establish this associa-
tion. Kales et al.*> observed depression in 56% of 50
patients with SA. However, these patients had severe
SA, and tracheostomy was recommended for treat-
ment. Therefore, they are not representative of the
majority of patients with SA. Millman et al.** demon-
strated improvement in depression scores using the
Zung Self Rating Depression Scale after CPAP treat-
ment.** These results may have been confounded by
several itcfnsron this scale that might be directly
influenced by SA (e.g., fatigue, sleep disruption, task
performance), indicating that the results are not a
direct reflection of psychopathology in these patients.
A small study of seven patients who completed the
Profile of Mood States questionnaire before and after
CPAP demonstrated that two of six mood factors
(depression and fatigue) as well as the Total Mood
Disturbance Score improved significantly with treat-
ment.** Reynolds et al.,* in a study of 25 SA patients,
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determined that 25% had a history of major depres-
sive episodes or chronic intermittent depression.
Cassel* did not find any personality changes in 76 SA
patients who completed a personality inventory. Lee*’
studied 60 SA patients and found none that fulfilled the
DSM III-R criteria for depression. We administered the
12-item version of the General Health Questionnaire*®
to a consecutively referred sample of 180 patients who
were all investigated with polysomnography.’ Using a
cutoff of three to define patients with depression, there
was an equal percentage of patients (40%) in both the
SA and non-SA groups with depression, suggesting that
the breathing disturbance during sleep and depressive
symptoms were not causally related. In a more robust
study design that involved a placebo-controlled cross-
over study of the effects of CPAP in 32 SA patients,
Engleman et al?? identified 10 and 8 patients with
anxiety and depression, respectively, while receiving
placebo using the Hospital Anxiety and Depression
Scale. These numbers were reduced to four patients with
anxiety and four patients with depression while receiving
CPAP. Using the General Health Questionnaire 28-item
version, a reduction in the number of depressive cases
from 11 to 5 was observed with treatment.” The rela-
tionship between SA and depression is undoubtedly
multifactorial. There are certainly symptoms that over-
lap and thus confuse the exact nature of the relationship.
Nevertheless, a large percentage of patients that are
referred to sleep-disorder clinics for possible SA have
symptoms of depression, which, at least in some, are
improved with treatment of sleep-disordered breathing.

NEUROCOGNITIVE DYSFUNCTION AND
PERFORMANCE IMPAIRMENT

Numerous studies have evaluated SA patients for
neurocognitive dysfunction, each using a battery of
neuropsychological tests. A clear pattern of deficits has
not emerged.!> 1% 454 By and large, investigators have
used different methodologies, different control popula-
tions, and probably different recruitment strategies to
obtain their study population. Consequently, findings
often differ from study to study. A comprehensive review
of these studies is beyond the scope of this article. In
most studies, a battery of tests are used to evaluate a
small number of patients, and only a few positive results
are observed, which generally do not correlate well with
the AHI. Significance values are not always corrected for
multiple comparisons in these studies, and as a result, it
is difficult to discern a causal relationship between SA
and neurocognitive deficits. In general, deficits in verbal
memory in SA patients are found more commonly than
deficits in nonverbal memory. One or more studies have
found deficits in the areas of verbal function, visuospa-
tial organization, visuomotor coordination, attention,
verbal 1Q, and performance 1Q. In a placebo-controlled,
crossover study of CPAP treatment, Engleman et al.??
found that there were no changes in verbal fluency or
memory between placebo and active-treatment periods.
There were, however, small but statistically significant
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improvements in vigilance (Steer Clear), mental flexibil-
ity (Trailmaking B time), and coding speed (digit symbol
substitution). They also found learning effects on re-
peated tests of cognitive function, suggesting that uncon-
trolled studies of before and after comparisons of treat-
ment on cognitive function can be misleading.

Based on many previous studies, it would be expected
that EDS plays a significant role in the cognitive impair-
ment exhibited by some SA patients. Recently, consid-
erable interest has been focused on performance, atten-
tion, or vigilance testing, which is ultimately of more
relevance to SA patients than standard batteries of
neuropsychological tests. Alertness, vigilance, and per-
formance readiness are all terms used to describe the
ability of persons to remain awake well enough to
perform specific tasks. Vigilance testing and perfor-
mance testing, terms that are often used synonymously,
refer to different methods of measurement. The corre-
lation between a simple test of vigilance and a more
complex performance task may not be high.>> Similarly,
there may be a poor correlation between measures of
daytime somnolence and degree of vigilance impair-
ment.*’- 3¢ Individuals are able to compensate for EDS
to varying degrees. Interest level, motivation, test dura-
tion, proficiency level (sometimes referred to as practice
effect), and circadian rhythms can all influence test
results. When individuals are engaged in interesting
tasks, they are able to maintain performance for signif-
icantly longer periods.>” Similarly, incentives, such as
monetary awards, result in longer maintenance of vigi-
lance than nonremunerated controls.® The duration of
the test also is of great importance. Following two nights
of sleep deprivation, subjects have been shown to main-
tain normal problem solving for 10 minutes; however, by
50 minutes they show obvious decline.”® Circadian
rhythm has an impact on performance testing, and
because it has an interactive effect with proficiency level,
results must be interpreted with caution.®® Since profi-
ciency level influences performance on subsequent
tests,>> patients should not be familiar with the required
tasks, and interpretation of follow-up tests must take the
practice effect into account. Practice effect can be
present in tests of simple, repetitive tasks as well as in
those of complex social interactions. This has been
demonstrated in a comparative study of sleep depriva-
tion in PGY-1 and PGY-2 surgical residents.®!

At the simplest level, vigilance testing involves a
simple motor task to be performed when a specific cue,
either visual or auditory, is given. Psychomotor vigilance
tasks (PVT) involve measuring average response times
of a subject to pressing a button in response to a
repetetive visual stimuli over a short test period.52 The
use of PVT has been validated in the setting of sleep
deprivation as well as in SA patients studied before and
after receiving CPAP.3% 63 Other variations on this type
of test include the Steer Clear system, which tests a
subject’s ability to press a key to avoid hitting objects on
a computer-projected two-lane highway,** or the Wilkin-
son Additions Test, which uses problem solving.5®
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As in all areas of medicine, the final objective of any
test is to detect clinically relevant outcomes. In the case
of EDS, this would represent impairment in work effi-
ciency, increased accident rates, or decrements in quality
of life. Automobile accident rates represent the best
studied facet of EDS outcomes research, and thus serve
as a useful paradigm in illustrating the difficulties in
developing meaningful assessment variables for patients
with EDS. It has become apparent that patients with
EDS, and in particular those with SA, have a higher rate
of automobile accidents than the normal popula-
tion.?® 2° Consequently, identifying high-risk individuals
is of critical importance from both a public health and a
medical-legal perspective.?> Although the relationship
between SA and increased risk for motor vehicle acci-
dents is generally accepted at the individual level, there
is considerable variability between driving performance
and traditional measures of sleepiness (ESS, MSLT) or
SA severity (AHI).>>% Similarly, while vigilance tests
such as Steer Clear are impaired in EDS, the correlation
coefficient is not high.>® On-road driving tests are not
necessarily good instruments, since they tend to be of
relatively short duration. On the other hand, equipping
cars with on-board monitors is an expensive option. It
has recently been reported that the use of a computer-
based divided attention driving test (DADT) may be
useful’> DADT represents a departure from standard
vigilance testing in that it is long (multiple half-hour
drives), boring, and uses several unfamiliar parameters.
Briefly, it evaluates two major components of driving:
tracking and visual search. The former is primarily
responsible for keeping a vehicle on the road, while the
latter is used to identify potential points of interest. The
interface is similar to a steering wheel. However, graph-
ics are kept simple to prevent excessive interest. George
et al.>> were able to demonstrate definite impairment in
tracking errors in patients with EDS, as compared with
controls, which were similar to that seen in control
subjects pharmacologically impaired by alcohol. As in
the case of vigilance testing, there was significant inter-
subject variability in the results from DADT. Also, the
MSLT only weakly correlated with driving results. Ide-
ally, test results will eventually be correlated with auto-
mobile accident records.

QUALITY OF LIFE

Daytime symptoms, including sleepiness, irritability,
depressed mood, and various aspects of coguitive dys-
function would be expected to impact patients’ quality of
life (QOL). However, individual measurements or a
collective measurement of these symptoms would not be
expected to adequately capture the most important
aspects of SA patients’ QOL that are a result of their
breathing disorder. Measurement of QOL is now ex-
pected as an outcome measure in clinical trials. QOL
indices can be generic, such as the Sickness Impact
Profile (SIP),% the Medical Outcomes Study 36-Item
Short-Form Health Survey (SF-36),57 or the Nottingham
Health Profile (NHP).%® These generic tests are useful
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for comparing QOL across different disease states. Al-
ternatively, QOL instruments can be developed for a
specific disease state. For a QOL index to be useful in
clinical trials, it should have the capacity to differentiate
between people with a better QOL and those with a
worse QOL (a discriminative index) and/or measure
within-subject change following some method of inter-
vention (an evaluative index).®®

To date, there has been little work completed on the
measurement of QOL in people with SA. Gall et al.”
used the SIP, the SF-36, and the psychosocial adjust-
ment of illness scale to record QOL in 20 male patients
diagnosed with mild SA (AHI < 20) and 22 male
patients referred to their sleep lab who were found not
to have SA following polysomnography. In comparison
with the normal subjects, those with mild SA reported
more sickness-related impairment in alertness, sleep,
recreation, and work on the SIP. On the SF-36, SA
patients reported lower social functioning, more limita-
tions in function caused by physical and emotional
reasons, and a lowered sense of well-being for mental
health and energy than normal subjects. These patients
also reported a poorer adjustment than normal subjects
in their domestic, vocational, and social environments,
including family relationships. In the randomized cross-
over trial of CPAP treatment for SA patients conducted
by Engleman et al.,?? significant improvements in the
NHP in 32 patients receiving CPAP were observed,
compared with patients receiving placebo. Recently Finn
et al.”! reported preliminary results on the use of the
SF-36 in the Wisconsin Sleep Cohort Study of 740
subjects. Of the eight domains of the SF-36, five of them
had a significant relationship to SA severity as judged by
the AHI after controlling for age, body mass index, and
gender. These five domains were role limitations caused
by physical problems, social functioning, mental health,
energy/fatigue, and general health perceptions.

The SIP measures health status by determining the
degree of impact that sickness has had on a subject’s life.
It is organized into 12 categories (136 statements), 9 of
which have statements that some SA patients would
recognize were affected by sleep-disordered breathing.
The NHP consists of 38 questions in a yes/no format that
evaluate energy level, pain, emotional reactions, sleep,
social isolation, and physical abilities. Of these ques-
tions, fewer than one half of them might be expected to
be affected by SA. The SF-36 consists of eight multi-item
scales that contain between two and ten items each.
Questions focus on the limitations subjects have experi-
enced as a result of their health (physical functioning),
the impact on their work or other daily activities and on
their social activities from physical health or emotional
problems, and the degree to which their energy level
(vitality) has been affected. There are also questions
about general health, mental health, and bodily pain. Of
the 36 questions, 13 involve aspects of a person’s life that
could be affected if they suffered from SA.

These generic QOL scales would be expected to
capture some, but not all the important areas of QOL
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for SA patients. Therefore, we have completed prelim-
inary work on a disease-specific QOL index for SA
patients that would be available for clinical trials to
evaluate treatment outcomes. The Calgary SA Quality
of Life Index (SAQLI)™ 7 was developed according to
published guidelines that have been used previously to
develop disease-specific instruments for disorders such
as congestive heart failure,”* COPD,” and asthma.”®
Initial interviews with small groups of patients, a review
of the literature, opinions from several SA experts, and
detailed one-on-one interviews with 40 SA patients
highlighted major areas that were deemed important to
SA patients’ QOL. These areas included work or normal
daily routine, family relationships, social interactions,
driving safety, emotions/moods, exercise and leisure,
health and self-perception, over 20 symptoms, and treat-
ment-related symptoms. A relatively long, 133-item
questionnaire was generated and presented to over 100
SA patients. For each item they were asked the follow-
ing: (1) if it was or had been a problemy; (2) if yes to 1,
how important had it been to their QOL; and (3) if they
had received treatment for SA, how much had this
problem improved. The results from these interviews
revealed that some of the more important QOL issues to
SA patients relate to the fact that they often have to
force themselves to accomplish their normal daily rou-
tine or they have an inability to get home maintenance
chores accomplished because of a lack of energy. There
also was a definite tendency for patients to want to do
less socializing and to experience difficulty being able to
read. Patients also expressed concern and stress over
how bothersome their snoring was to their bed partner.
There were definite emotional and mood factors attrib-
uted to SA such as irritability, depression, and frustra-
tion. The results were used to reduce the number of
items, which were then organized into four domains:
role functioning, social interactions, emotional function-
ing, and symptoms. The Caigary SAQLI is currently
undergoing testing to document its reliability as well as
its validity and responsiveness as an evaluative instru-
ment. We believe it will be better able to capture the
aspects of QOL that are important to SA patients and
that have potential for improvement with treatment than
generic QOL measures. It is unique in that it includes a
domain of treatment-related symptoms to capture the
potentially negative consequences of treatment on pa-
tients’ QOL, which may provide a more realistic reflec-
tion of the net effect of treatment.

CONCLUSIONS

Sleep-disordered breathing is a common condition,
afflicting between 2% and 4% of the adult population.
These individuals experience symptoms of excessive
daytime sleepiness to varying degrees, as well as other
significant symptoms that have an adverse impact on
their lives. There is an association between SA and
depressive symptoms, cognitive functioning, alertness,
and performance. However, traditional measures of SA
severity do not correlate well with current measures of
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alertness, performance, QOL, or even sleepiness, which
serves to highlight our lack of understanding of these
complex interactions. Regarding QOL, there is a striking
lack of information available to help guide decisions
such as treatment, or that compares QOL in patients
with SA to those suffering from other chronic debilitat-
ing conditions. Further investigation in areas of cogni-
tive functioning, performance, and QOL is needed for
patients with sleep-disordered breathing.

Development of the Calgary SAQLI was made possible
through grants from the Alberta Lung Association.
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