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Sleepiness, cognitive performance, and quality of life are
overlapping aspects of daytime function that may be
affected in patients with obstructive sleep apnoea/
hypopnoea syndrome. The evidence is compatible with
hypotheses that these deficits are reversible with treatment,
particularly for patients with severe disease.
...........................................................................

T

he daytime consequences of the obstructive
sleep apnoea/hypopnoea syndrome (OSAHS)
are usually more important to the patient
than the nocturnal events on which clinicians
tend to focus. Patients may be personally
unaware of their snoring and breathing pauses
during sleep, but acutely aware of its consequences in the form of daytime sleepiness,
impaired work performance, irritability, marital
disharmony, and reduced participation in and
enjoyment of everyday activities. This selective
review compares and contrasts functional consequences of OSAHS in the form of impairments
to daytime alertness,1–28 cognitive performance,12 17 22 23 25–34 and quality of life.12 17 22–28 35–44
Sleepiness, cognitive performance, and quality
of life are interrelated aspects of daytime function for patients with OSAHS, each impinging on
the others. However, specific tests have been
developed to assess function within these separate areas. There is evidence of impairment in
each of these areas but, to allow comparisons, it
is convenient to convert scores to a common
metric—the effect size.45 Effect sizes are calculated by dividing the mean difference in score by
its standard deviation (SD), thus estimating how
many standard deviations the impairment or
treatment has moved in the population under
study. Case-control differences express impairment effect sizes, and active-placebo treatment
differences therapeutic effect sizes. Effect sizes of
0.25 SD or less are considered clinically small
differences, those up to 0.5 SD moderate, and
those of 0.75 SD or more of clinically large
magnitude.45
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SLEEPINESS
Excessive daytime sleepiness is the most common daytime symptom in OSAHS1 and frequently forms a selection criterion for defining
patient samples for research and clinical practice.
Sleepiness has been assessed using a variety of
subjective and objective means, and in clinical
studies1–28 these tend to indicate at least moderate impairments both to subjective and objective
alertness in typical patients with OSAHS.

Subjective ratings of sleepiness include the
Profile of Mood States (POMS),2 3 Stanford
sleepiness scale3 10 and Epworth sleepiness
scale.4–8 22–29 These first two instruments are
‘‘state’’ ratings of sleepiness reflecting mood at
the time of rating, while the Epworth scale seeks
ratings of recent sleepiness over the previous
month.
State sleepiness ratings by the POMS indicate
substantially reduced vigour2 3 and increased
fatigue3 scores in small samples of patients with
OSAHS, with mean values deviating from those
of normal controls2 by 1.5–2 SD. For vigour,
controls have a mean (SD) of 23 (4) points
compared with 14 or 15 points in patients with
OSAHS,2 3 and for fatigue patients have a mean
of 8 or 10 points, respectively, against normal
mean (SD) values of 4 (4) points.
The Stanford sleepiness scale shows more
subtle differences in clinical studies,3 10 with
scores not always significantly different from
normal controls.10 The Epworth scale4–8 22–29 is
now the most commonly used rating of sleepiness in sleep disorders research. It asks subjects
to rate their likelihood of dozing in eight everyday situations associated with greater to lesser
sleepiness from ‘‘watching TV’’ to ‘‘driving a
car’’. It may provide less bias than other selfrating scales by asking about the last month’s
sleepiness rather than about the instantaneous
mood state, as rated by state measures. This
could improve the reliability when providing
self-ratings in a stimulating laboratory or clinic
environment where sleepiness might be reduced
by situational factors. The focus of the Epworth
scale on a behaviour (dozing) rather than an
internal mood may be an advantage in circumstances where patients have become so accustomed to persistent sleepiness that they lose their
frame of reference and fail to recognise their
sleepiness as pathological. The Epworth scale
yields typical mean scores of 16,6 15,7 and 144 out
of 24 in OSAHS patients with a typical SD of 4.5
Thus, patients with classical OSAHS score 2 or
more SD above the average 5 in healthy working
normal subjects,5 representing a very large
impairment effect size.
Abbreviations: AHI, apnoea + hypopnoea index; CPAP,
continuous positive airway pressure; FOSQ, functional
outcomes of sleepiness questionnaire; HADS, hospital
anxiety and depression scale; MSLT, multiple sleep latency
test; MWT, maintenance of wakefulness test; NHP,
Nottingham health profile; OSAHS, obstructive sleep
apnoea/hypopnoea syndrome; OSLER, Oxford sleep
resistance test; POMS, profile of mood states; SAQLI,
sleep apnoea quality of life index
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moderate relationships (r = 0.3–0.5) between the apnoeahypopnoea index (AHI) and subjective8 and objective daytime sleepiness10 15 21 have been demonstrated. Other studies8 12 16 have found no significant correlation between AHI
and MSLT scores and, in those with smaller sample size,8 12
this may reflect both the weak relationship and limited
statistical power.
Thus, case-control studies suggest that impairments of
daytime sleepiness—whether self-rated or measured by
objective instruments—are large in patients with OSAHS.
Subjective assessments probably show larger effects than
objective measures. Correlational analyses suggest that
sleepiness may be at least partially determined by the severity
of nocturnal events in patients.

COGNITIVE PERFORMANCE
One of the potential consequences either of nocturnal
hypoxaemia or severe sleepiness is the impairment to
cognitive performance both reported by1 35–37 and measured
in11 12 17 22 25–33 patients with OSAHS. Cognitive impairments
may be an important co-factor in the increased risk of road
traffic accidents in OSAHS, a subject to be covered in another
review in this series.
In older case series of patients with severe OSAHS, over
three quarters reported difficulties at work and reduction in
work capacity and efficiency.35 Even in more recent samples
the prevalence of such perceived problems remains high, with
approximately two thirds of new patients still reporting
difficulties in work efficiency and performing new tasks.36 In
a disease specific symptom inventory,43 two thirds experienced memory disturbance and three quarters problems with
concentration.
Objective assessments of cognitive performance in OSAHS
have been conducted using a variety of neuropsychological
tests, usually conducted with pen and paper or by computer.46
Cognitive scores have been collected in community based
epidemiological studies30 31 and clinical case-control studies
(table 1),11 32 33 which can then be ranked in order of mean
severity of sleep disordered breathing. Outcomes from the
tests of neuropsychological performance, although intercorrelated, may be broadly divided into the functional areas of
attention, memory and learning, and executive performance
(planning skill and problem solving). A plot of mean
impairment effect sizes46 within these three cognitive areas
shows very small impairments in community recruited
subjects with low levels of sleep disordered breathing, many
not statistically different from those of normal subjects at
0.3 SD or less. However, moderate or large impairment effect
sizes are obtained from the clinical studies of patients
diagnosed with OSAHS which broadly increase with mean
AHI. Mean impairment effect sizes from this plot, weighted
for subject sample size, are estimated at 1, 0.5, and 0.9 SD,
respectively, for attention, memory, and executive performance at a grand mean AHI for all studies of 30 events/hour.
This analysis suggests that OSAHS of moderate severity
may be associated with moderate to large impairments on
Table 1 Community and clinical studies of
cognitive performance
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Figure 1 Impairment effect sizes from tests of sleepiness in moderate
and severe OSAHS. MSLT = multiple sleep latency test; POMS = profile of
mood states.

Redline30
31
Kim
Bedard11
Naegele33
32
Greenberg
Bedard11

No

Mean AHI

32
199
10
17
14
10

17
19
21
41
48
69

www.thoraxjnl.com

Thorax: first published as 10.1136/thx.2003.015867 on 28 June 2004. Downloaded from http://thorax.bmj.com/ on January 28, 2022 by guest. Protected by copyright.

Objective tests of daytime sleepiness include the multiple
sleep latency test (MSLT),10–17 22 25 27 the maintenance of
wakefulness test (MWT),14 20 21 26 and the OSLER (Oxford
SLEep Resistance) test.18 19 23 The MSLT is a polysomnographic test of sleep tendency requiring subjects to try to fall
asleep during four or five daytime nap opportunities lasting
20 minutes or less. The latency from lights out to sleep onset
is the principal outcome measure. Patients with severe
OSAHS often have mean sleep onset latencies in the
pathological range of 5 minutes or less,10 11 some 2 SD below
normal mean (SD) values of 12 (4). In one sample of UK
patients with classical OSAHS,22 placebo values for MSLT
sleep onset latency averaged 7 minutes, providing an
impairment effect size of 1.3 SD. Other studies providing
baseline MSLT values from later and probably less severe
OSAHS patients confirm the impression of at least mild to
moderate sleepiness,3 12–17 22 demonstrating sleep onset latencies consistently below the normal threshold of 10 minutes.
In these patients, impairment effect sizes average approximately 1 SD.
The MWT is also polysomnographic but uses an inverse
paradigm requiring the subject to stay awake as long as
possible under soporific conditions.14 20 21 26 One case-control
study using an MWT-like paradigm has provided evidence of
large magnitude decrements in sleep onset latency in OSAHS
patients averaging 16 minutes compared with healthy controls with mean (SD) latencies of 27 (8) minutes.20 Here, the
impairment effect size is estimated at 1 SD.
A recently developed tool, the Oxford sleep resistance test
(OSLER), employs an MWT-like environment and instruction
to stay awake but is based on a behavioural and not a
polysomnographic signal—namely, lapses in button pressing
responses to a repeated visual stimulus.18 The OSLER
discriminates normal subjects (mean latency to lapsing
40 minutes) from OSAHS patients (10 minutes), has good
concurrent validity with the MWT, and ‘‘lapsing’’ on the
OSLER has been validated against polysomnographically
defined microsleeps.19 The OSLER may thus offer a low
technology alternative to the polysomnographic tests.
Estimates of average impairment effect sizes using these
subjective and objective tools tend to indicate very large
increments in sleepiness in OSAHS patients compared with
controls (fig 1). In objective tests of sleepiness such as the
MSLT and MWT, impairment effect sizes approximate 1.5–
2 SD, and for subjective outcomes such as the Epworth scale
these may be as large as 2.5 SD.
An association between severity of OSAHS and subsequent
sleepiness is somewhat supported by clinical8–10 15 16 21 and
epidemiological studies9 employing correlative techniques. In
a large community sample9 subjective hypersomnolence rose
in a dose-responsive manner with the level of sleep
disordered breathing. In studies of OSAHS patients, some
drawing upon substantial sample sizes,8 15 16 21 weak to
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QUALITY OF LIFE

Impairment effect size (SD units)

Patients with OSAHS have significantly impaired quality of
life41–44 and social functioning35 37 and a high prevalence of
minor psychiatric morbidity.12 17 22 The mechanisms producing these have not been investigated in detail, but it is
possible that they are related sequelae of pervasive sleepiness,
reducing mood, motivation and performance with impact on
wide ranging psychological and social function.
Early studies in patients with severe OSAHS suggested that
more than two thirds had problems in social and interpersonal function,35 especially in the areas of work performance and marital and family relationships. Such broad
aspects of life quality were also assessed in a large
epidemiological survey of overweight subjects. This showed
that those with symptoms of OSAHS had poorer perceived
health than asymptomatic subjects, lower economic income,
and increased odds of having had psychiatric care, multiple
divorce, and impaired work performance.37
One of the chief consequences of impaired quality of life
may be minor psychiatric illness such as anxiety and
depressive disorders. Screening instruments such as the
Zung depression scale,39 the Hospital Anxiety and
Depression scale (HADS),12 17 22 25 26 and the General Health
Questionnaire-2822 identify significant psychiatric symptoms
in approximately one third to one half of patients with
OSAHS.12 17 22 39
Recent research in quality of life, drawing on larger
samples, has used generic quality of life scales to assess the
functional limitations imposed by OSAHS. Instruments have
included the Nottingham Health Profile (NHP)22 24 25 38 40 and
the medical outcomes study short form-36 questionnaire
(SF-36).23 26 27 41 42 The NHP, a questionnaire of perceived
health status containing subscales for energy, pain, emotional reactions, sleep quality, social isolation, and physical
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Figure 2 Sleepiness and cognitive performance impairment effect
sizes following sleep fragmentation in normal subjects. Data from Martin
et al.34
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mobility, revealed significant impairments in all dimensions
except emotional function in 103 patients with OSAHS
compared with a similarly aged control group of nonsnorers.40 The SF-36, which includes subscales for physical
function, role-physical, role-emotional, pain, general health,
social function, vitality and mental health, has also indicated
considerable impairments in UK samples of patients with
OSAHS.23 26 41 42 The most severely affected subscore in these
clinical studies is that for vitality, in keeping with a clinical
picture of sleepiness as a dominant symptom in OSAHS.
However, quality of life scores are also reduced for the other
domains of function and health.
In one study using the SF-36,41 broadly dose related
increases in the number and magnitude of subscale impairments were documented, with the most severe patients by
symptomatic and oximetric measures showing impairment
effect sizes averaging 1 SD in size in all subscales compared
with normative scores. The SF-36 subscores in another group
of patients with severe OSAHS showed congruent large and
broad ranging impairments effects.42 Some 80% of this
patient sample had below average scores in one or both of
the SF-36 summary indices—the mental and physical
component scores. In patients with milder polysomnographic
illness but substantial symptoms,26 similar impairments were
observed.
Illness-specific scales assessing the impact of OSAHS have
also been developed, including the Calgary sleep apnoea
quality of life index (SAQLI)43 and the functional outcomes of
sleepiness questionnaire (FOSQ).44 For the FOSQ subscales,
large impairment effect sizes of >1 SD are found in patients
with OSAHS,44 as might be expected of an instrument
designed to investigate specific symptoms of sleepiness.
Research using generic and illness-specific measures
suggests that quality of life in OSAHS is substantially
reduced, with limitations occurring both in mental and
physical function. The existing literature is compatible with
the hypothesis that such functional impairments are partially
mediated by symptomatic severity.

REVERSIBILITY WITH TREATMENT
Controlled clinical trials of treatments for OSAHS22–29 provide
a tool to examine the reversibility of the daytime impairments associated with the syndrome. Many recent randomised controlled studies have included outcomes from tests
of sleepiness, cognitive performance, and quality of life,
allowing therapeutic effect sizes to be compared and
contrasted in varying patient populations.
In patients with classical OSAHS22–24 the therapeutic effect
sizes for sleepiness after continuous positive airway pressure
(CPAP) are moderate to large. The OSLER sleep onset latency
improved by 0.7 SD while subjective Epworth and vitality
scores showed very large improvements of 1.5 and 2 SD,
respectively.23 A similar very large improvement in Epworth
score (2 SD) was reported in another randomised controlled
trial.24 In a slightly milder but still symptomatic group of 48
patients with AHI of >15 there was an average therapeutic
effect from CPAP of 0.5 SD in objective sleepiness by MSLT
sleep onset latency and 0.9 SD in Epworth score.22 These
findings are again compatible with OSAHS having a greater
effect on subjective than objective sleepiness.
In classical OSAHS, changes to cognitive performance
scores after treatment are smaller in size and sparser in
appearance than those for sleepiness. Most outcomes in a
computer administered driving based task were significantly
improved in one trial of CPAP,29 with small to moderate
improvements of 0.5 SD or less against the large and very
large improvements observed in sleepiness. Another study
showed that CPAP produced significant improvements in
four of eight attention biased cognitive test outcomes, but
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tests of cognitive performance, but that significant impairments may not be evident at low levels of sleep disordered
breathing and symptomatology.
Cognitive dysfunction associated with OSAHS appears to
be smaller than the increases in sleepiness, where impairment effect sizes typically exceed 1 SD. This is compatible
with a pathophysiological mechanism where at least some
cognitive decrements are a secondary consequence of sleepiness, and thus variably expressed in the symptomatology of
patients with OSAHS. This hypothesis remains open to
further study but is also supported by experimental
evidence34 of sleepiness and cognitive outcomes after sleep
fragmentation in normal subjects. Here, one night of regular,
brief auditory sleep disruption produced moderate to large
impairments in sleepiness outcomes (0.75–1 SD) but small to
moderate decrements in attention biased cognitive scores
(fig 2).
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cognitive function, and quality of life in those with mild
polysomnographic illness and lower symptomatic status in
terms of sleepiness.27 28
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Figure 3 Therapeutic effect sizes for SF-36 subscores. Data for patients
with severe (shaded bars)23 and mild OSAHS (white bars).26
MH = mental health; RE = role emotional; SF = social function; RP = role
physical; VT = vitality; BP = bodily pain; PF = physical function;
GH = general health.

again with small to moderate effect sizes (0.2–0.4 SD), much
smaller than those for sleepiness.22
Quality of life measures in randomised controlled trials of
patients with moderate to severe OSAHS appear to improve
with treatment as a function of initial impairment, with the
worst affected subscale scores showing the greatest improvements. In the randomised controlled trial conducted by
Jenkinson et al23 very large improvements were seen in
vitality score, with large effect sizes for social function and
moderate or small increments for the other subscale scores
(fig 3). In another controlled study using the NHP, Ballester
et al24 found small therapeutic effects for all subscores except
the energy scale which showed a large improvement
(0.75 SD). Thus, in classical OSAHS the large impairments
in sleepiness and energy related quality of life scores appear
to show substantial therapeutic improvement and the
moderate impairments of cognitive performance show small
improvements.
In patients with OSAHS of milder polysomnographic
severity significant therapeutic effects in randomised controlled trials25–28 are fewer and hard to demonstrate, especially
for objective outcomes. Among these studies, therapeutic
effect sizes for the Epworth score were 0.0 SD,25 0.7 SD,26
0.1 SD,27 and 0.3 SD,28 yielding a mean change of 0.3 SD.
Respective changes in objective sleepiness for these were
0 SD,25 0.2 SD,26 0.2 SD,27 and 0.0 SD,28 providing a mean
therapeutic effect size of 0.1 SD. Multiple tests were used to
assess cognitive performance across these four studies.
However, statistically significant improvements in milder
patients were found for one of eight tests,25 two of seven,26
one of five,27 and none of six.28 Thus, four of 26 cognitive
scores were significantly improved—a proportion higher than
the one significant test expected by chance alone. Effect sizes
in these significant performance scores were 0.3–0.5 SD, in
the small to moderate range. For quality of life scores the SF36 has shown significant improvements with moderate effect
sizes in five of nine subscores in one study26 but none in
another.27 As in patients with more severe OSAHS, the
subscore showing the largest therapeutic effect was that for
vitality (0.7 SD). Other quality of life related scores from the
FOSQ27 28 and the NHP25 28 did not improve in some trials, but
HADS depression scores from the other two trials25 26 did
show moderate enhancements of 0.4 SD with CPAP.
The four studies of mild OSAHS sampled somewhat
different populations with mean Epworth scores of 14, 13,
11, and 12, respectively.25–28 Broadly, the size and range of
therapeutic improvements increased with higher sleepiness,
compatible with sleepiness being a determinant of impairment and thus improvement. Some researchers have noted a
comparative absence of initial impairment to sleepiness,

Sleepiness, cognitive performance, and quality of life are
overlapping aspects of daytime function that may be affected
in patients with OSAHS. Varying objective and subjective
tests have been developed and used in clinical studies to
assess these, making comparisons across measurements and
studies problematic. An overview of sleepiness, cognitive
function, and quality of life in OSAHS is facilitated by
converting varying test scores to standardised effect sizes
which estimate impairment and therapeutic effects in SD
units. Effect sizes for sleepiness impairment in patient
samples with severe OSAHS are large for objective tests
(,1.5 SD) and larger still (,2.5 SD) for subjective ratings.
Cognitive performance scores seem minimally affected in
community samples with mild sleep disordered breathing,
but decrements become moderate (,0.5 SD) or large
(.0.7 SD) in clinical samples of OSAHS patients. Ratings
of quality of life and well being show high prevalences of
reduced functioning and psychiatric morbidity in patients
and broad ranging impairments across physical and mental
function, with the largest effects (.1 SD) for subscores
reflecting energy and vitality. The evidence is compatible with
hypotheses that these deficits are reversible with treatment,
although with larger improvements in subjective than
objective tests and a broader range of enhancements for
patients with more severe disease.
.....................
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