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Does arousal frequency predict daytime function?
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Patients with the sleep apnoea/hypopnoea syndrome
(SAHS) suffer from excessive daytime sleepiness [1, 2],
cognitive decrements [3, 4] and decreased psychological
well-being [5]. These daytime effects lead to an increased
risk of vehicle accidents [6], work inefficiency [7] and poor
social relationships [7]. Previous correlational studies [3,
5, 8, 9] have looked at possible causative relationships be-
tween the nocturnal features of SAHS and daytime func-
tion. However, there is still controversy as to what extent
these daytime deficits are due to sleep fragmentation, caus-
ed by brief microarousals from sleep [9], or to intermittent
nocturnal hypoxaemia associated with the sleep disorder-
ed breathing [4]. Studies by GUILLEMINAULT et al. [8] and ROE-
HRS et al. [9] found measures of sleep disturbance and sleep
fragmentation, respectively, to be the best predictors of
excessive daytime sleepiness. In contrast, BEDARD et al. [4]
found hypoxaemia best predicted daytime sleepiness and
CHESHIRE et al. [5] found no nocturnal correlates of daytime
sleepiness, but did find that hypoxaemia and sleep fragmen-
tation significantly correlated with measures of cognitive
function.

These conflicting results have tended to be based on
older definitions of arousal [1, 4, 8, 9] and/or relatively
small numbers of subjects [1, 4, 5]. It has recently been
shown that brief arousals from sleep produce sleepiness
[10–12] and impair daytime function [10]. The primary
aim of the current study was to investigate the hypothesis
that brief arousals from sleep cause the sleepiness and
impaired daytime function found in SAHS. The secondary
aim of this study was to determine whether the multiple
sleep latency test (MSLT) [13] or maintenance of wakeful-
ness test (MWT) [14] is better related to daytime function
in SAHS patients.

Methods

Subjects 

A prospective study on consecutive patients clinically
referred to the sleep centre with possible SAHS was per-
formed. All study patients had either self-reported sleepi-
ness (defined as Epworth sleepiness scale (ESS)Š8) or two
other major symptoms of SAHS [2] (table 1). Patients
were aged between 18 and 75 yrs old and living within 50
miles of the sleep centre. Patients who had coexisting
causes of daytime sleepiness (e.g. night or rotating shift-
workers; self-reported average sleep duration <5 h), major
psychiatric and neurological disorders, and coexisting caus-
es of hypoxaemia were excluded. Following scoring of the
diagnostic polysomnography, patients with an apnoea/hy-
popnoea index (AHI)<5 or with evidence of coexisting sleep
disorders were also excluded. One hundred and sixty-seven
consecutive patients were eligible for the study and 150
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Table 1.  –  Percentages of self-reported patient symptoms
(n=150)* 

Self-reported symptom Patients reporting symptoms
%

Snoring
Unrefreshing sleep
Daytime sleepiness (ESS Š8)
Witnessed apnoeas
Choking episodes
Sleepiness whilst driving
Nocturia

100
77
75
49
33
21

9

*: all symptoms reported from the authors in-house symptom
questionnaire; ESS: Epworth sleepiness scale.For editorial comments see page 1239.
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(136 males; table 2) agreed to participate. Seventeen declin-
ed because of work pressures (n=14), family commitments
(n=1) and a poor night's sleep (<6 h, subjective estima-
tion) prior to daytime testing (n=2).

Nocturnal measurements

All patients underwent full nocturnal polysomnography
according to the authors' standard methods [15]. Sleep was
monitored by electroencephalography (EEG) (CZ-PZ), elec-
tro-oculography (EOG) and submental electromyography
(EMG). Thoracic and abdominal respiratory movements
were measured by inductance plethysmography, oronasal
airflow using thermocouples and arterial oxygen satura-
tion using pulse oximetry (Ohmeda Biox 3700; Louisville,
CO, USA). Electrocardiogram (ECG), microphone snor-
ing sounds and right and left leg movements were also
monitored. All signals were recorded onto a computerized
system (Compumedics S, Abbotsford, Victoria, Australia)
using a 16-channel polygraph configuration.

Off-line analysis

Sleep stages were manually scored using standard RECHT-
SCHAFFEN and KALES [16] (R&K) scoring guidelines. An
apnoea was defined as a complete cessation of airflow for
a minimum of 10 s, and a hypopnoea as a 50% reduction
in thoracoabdominal movement for a minimum of 10 s
[17]. The total number of respiratory events was divided
by total sleep time (TST) to give an AHI. Microarousals
were scored using the Cheshire definition [5, 18] of a
return to theta or alpha on the EEG for >1.5 s, with a con-
current rise in EMG tone, however brief. Both spontane-
ous and respiratory event-related arousals were included
in the microarousal index. Oxygen desaturations of Š2, 3
and 4% of baseline were calculated from the overnight
study using automatic desaturation detection (Compumed-
ics S) and divided by TST to give a desaturation index. In
addition, the awake saturation and the minimum satura-
tion were measured directly from the oximetry channel.

Daytime assessments

All patients underwent a battery of daytime tests to mea-
sure a wide variety of functions affected by SAHS [5, 19]
(table 3). All tests were applied at the same time of day in
all subjects, after a normal night's sleep at home within
one month of their overnight polysomnography. Objective
daytime sleepiness was measured using both the MSLT
[13] and MWT [14]. All naps were terminated after two
consecutive epochs of RECHTSCHAFFEN and KALES [16] sleep, or if
no sleep occurred, after 20 min on the MSLT, and 40 min
on the MWT. The sleep onset latency (SOL) was deter-
mined from "lights out" until the first 30-s epoch of any
stage of sleep [26]. The mean SOL was calculated from
the average of the four MSLT naps and MWT naps,
respectively, across the day. Questionnaires were adminis-
tered in the morning after the 10:00 h MSLT (table 3), and
included self-ratings of symptoms, sleepiness and well-be-
ing as previously described [10, 19, 27], with the addition
of the Short Form (SF) 36 questionnaire [23], measuring
quality of life. A battery of cognitive function tests were
given in the afternoon of the daytime session as previously
described [10, 19], with the addition of a 10-min comput-
erized simple unprepared response time (SURT) task, meas-
uring information processing time and attention (table 3).
Patients were instructed to withdraw from caffeine on the
evening prior to the daytime testing, and throughout the
test day decaffeinated drinks were provided.

Table 2.  –  Patients population data (n=150)

Measurement Mean (SD) Range

Age  yrs
BMI  kg·m-2

AHI  events·h slept-1

Arousal index  arousal·h slept-1

Minimum oxygen saturation  %
% Wake*
% Stage 1 sleep*
% Stage 2 sleep*
% SWS*
% REM sleep*
Epworth sleepiness scale
MSLT-mean SOL  min
MWT-mean SOL  min

50 (10)
32 (7)
45 (31)
51 (28)
83 (11)
22 (12)
8 (7)
44 (11)
11 (7)
15 (6)
12 (5)
9.7 (4.7)
27 (12)

22–71
20–64

7–144
8–141

34–95
2–61

0.3–35
15–72

0–38
1.6–30

0–24
2.5–20
2.6–40

*: values for sleep stages are expressed as a percentage of sleep
period time. BMI: body mass index; AHI: apnoea/hypopnoea
index; SWS: slow wave sleep; REM: rapid eye movement;
MSLT: multiple sleep latency test; MWT: maintenance of wake-
fulness test; SOL: sleep onset latency.

Table 3.  –  Timetable of daytime assessments

09:00h

10:00h

11:00h

12:00h

13:00h

14:00h

15:00h

16:00h

17:00h

Wire up patient, anthropometry (height, weight, collar
  and waist sizes), background questionnaire.
(Minimum 20 min free time.)
MSLT
Questionnaires (Stanford sleepiness scale (SSS), 
Epworth sleepiness scale (ESS) [20], Hospital anxiety 
and depression (HAD) scale [21], Nottingham health 
profile (NHP) part 2 [22], Short Form (SF) 36 [23], 
SAHS symptom questionnaire).
(Minimum 20 min free time.)
MWT
Finish any remaining questionnaires.
(Minimum 15 min free time.)
MSLT
Lunch
(Minimum 40 min free time.)
MWT
Simple unprepared reaction time (SURT) task.
(Minimum 10 min free time.)
MSLT
Cognitive function battery: Paced Auditory Serial Addi-
tion Test (PASAT) [24], Digit symbol substitution [25], 
Block Design [25] (WAIS-R subtests), Trail Making A 
and B [25].
(Minimum 10 min free time.)
MWT
(Minimum 20 min free time.)
MSLT
Steer clear for 30 min.
(Minimum 10 min free time.)
MWT

MSLT: multiple sleep latency test; SAHS: sleep apnoea/hypop-
noea syndrome; MWT: maintenance of wakefulness test; WAIS-
R: revised Wechsler adult intelligence scale.
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Statistical analysis

Relationships between nocturnal variables and daytime
function and relationships between daytime outcome meas-
ures were evaluated by Spearman rank correlations. All
correlations were partial, controlling for age and awake
oxygen saturation. Multiple regression analysis was used
to identify independent predictors when an outcome meas-
ure significantly correlated with more than one variable.
As age [25] and awake oxygen saturation [28] affect day-
time function, they were forced into the multiple regres-
sion analysis prior to stepwise regression of the other
significant correlates. All tests were two-tailed and p<0.05
was accepted as statistically significant. All data were
analysed using SPSS for Windows 6.1. (SPSS Inc, Chi-
cago, IL, USA). For reasons of brevity, only daytime vari-
ables which correlated significantly with at least one
polysomnography variable are shown in the tables.

Results

Nocturnal correlates of daytime function

Objective daytime sleepiness. Neither arousal index nor
AHI significantly correlated with objective sleepiness, as
measured by the MSLT or MWT (fig. 1, table 4). Only
minimum oxygen saturation correlated significantly, but
weakly, with MWT (table 4).

Self-ratings of daytime function. Significant, but weak,
relationships were also found between arousal index, AHI
and desaturation variables, and measures of daytime func-
tion (table 4). Multiple regression analysis found the ar-
ousal index to be the single independent predictor of the
SF36 physical components summary score accounting for
7% of the variance. A 2% desaturation index was the sin-
gle independent predictor for the SF36 health transition
(10% of variance) and general health (8% of variance)
scores. A 3% desaturation index predicted SF36 physical
function score accounting for 10% of the variance, and
minimum saturation predicted scores for SF36 vitality (12%
of variance), Nottingham Health Profile (8% of variance)
and the SAHS symptom questionnaire (9% of variance).

Cognitive performance. Arousal index significantly corre-
lated with reaction time gaps (1 gap = reaction time response
>1 s) and AHI with performance intelligence quotient
(IQ). Measures of hypoxaemia also significantly correlated
with reaction time gaps and performance IQ, along with
Trail Making B, Paced Auditory Serial Addition Test
(PASAT) and Digit symbol scores (table 4).

Daytime interrelationships

MSLT versus MWT. There was a statistically significant
relationship between the MSLT and MWT (r=0.43, p<
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Fig. 1.  –  Nonsignificant relationships between sleep variables and daytime sleepiness. MSLT: multiple sleep latency test; SOL: sleep onset latency;
MWT: maintenance of wakefulness test.
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0.0001). Ceiling effects were seen on the MWT, with 40
patients (27%) not sleeping on any of the four MWT tri-
als, whilst only one patient (0.7%) failed to sleep on any
of the four MSLT naps.

Objective sleepiness versus self-ratings of daytime func-
tion. The MWT significantly correlated with a range of
self-reports of daytime function in the expected direction.
The MSLT only significantly correlated weakly with the
ESS (table 5).

Objective sleepiness versus cognitive performance. The
MWT significantly correlated with a wide range of per-
formance tasks in the expected direction. No such rela-
tionships were seen between the MSLT and cognitive
measures (table 5).

Discussion

This study shows that conventional variables scored from
routine polysomnography do not closely relate to impair-
ments in daytime function found in patients with the sleep
apnoea/hypopnoea syndrome.

A variety of nocturnal measures were significantly cor-
related with daytime function, but in no case explained
more than 12% of the observed variance. There was a ten-
dency for saturation measures to correlate better with day-

time function than arousals or AHI. SMITH and SHNEERSON [23]
looked at ratings on the SF36 questionnaire in snorers and
SAHS patients and found 4% desaturations weakly corre-
lated with vitality, general health and physical function, in
agreement with the current study. Those authors specu-
lated that if sleep fragmentation had been measured,
stronger relationships may have been seen, but this was
not found in the current study.

This study confirms the authors' previous observation
[29] that there is no significant relationship between ESS
and AHI or arousal frequency. This contrasts with a study
by JOHNS [20], where relationships were found between
ESS and AHI (r=0.4, p<0.001) in SAHS patients. In ag-
reement with earlier studies [3–5], AHI, arousal index and
especially measures of hypoxaemia were found in the pre-
sent study to weakly predict deficits in cognitive perform-
ance, in particular sustained attention, mental flexibility,
visuomotor co-ordination and processing time. Unlike pre-
vious studies on cognitive function in SAHS this study
controlled for age [3, 4] and awake saturation [5] and used
a much larger sample size, and included all patients with
an AHI Š5. The results are compatible with a recent popu-
lation study showing significant, but weak, correlations
between AHI and neuropsychological deficits [30].

Neither the brief microarousals nor respiratory events
correlate with measures of excessive daytime sleepiness in
patients with sleep disordered breathing, in agreement with
a previous small study [5]. However, other larger studies
have found weak (r<0.37) relationships with objective day-
time sleepiness [9, 14]. ROEHRS et al. [9] found multiple sig-
nificant, but weak, relationships between nocturnal varia-
bles and daytime sleepiness as measured by the MSLT.
Multiple regression analysis found respiratory related arou-
sals (defined as a Š3 s increase in EEG and/or EMG fre-
quency at the termination of a respiratory event) to be the
single independent predictor of daytime sleepiness. Simi-
lar findings were presented by POCETA et al. [14] using the
MWT to measure daytime sleepiness. However, in both of
these studies, although relationships are statistically sig-
nificant, only 13% of the variance in daytime sleepiness is

Table 4.  –  Spearman rank correlation matrix showing
relationships between nocturnal and daytime function var-
iables+

Daytime 
function 
measures

ArI AHI 2% 3% 4% Min sat

Mean MSLT
Mean MWT
SF36: 

PCS
General health
Health trans.
Physical func.
Social func.
Vitality

ESS
NHP part 2
Symptom score
HAD depression 
score
DSS
PASAT (4 s)
Trail making B
Performance IQ
Reaction time 
gaps>1 s

0.12
0.08

-0.22*
-0.24**
0.20*

-0.09
-0.01
-0.05
0.03

-0.02
0.10

-0.05
-0.07
-0.08
0.07

-0.10

0.19*

0.02
0.05

-0.20*
-0.22*
0.24**

-0.08
-0.05
-0.16
-0.04
0.05
0.16

-0.04
-0.12
-0.12
0.06

-0.17*

0.12

0.12
0.03

-0.20*
-0.29**
0.29**

-0.18*
-0.09
-0.22*
0.06
0.16
0.23**

0.08
-0.18*
-0.17*
0.13

-0.23*

0.13

0.07
-0.30

-0.23**
-0.28**
0.28**

-0.23**
-0.11
-0.25**
0.07
0.19*
0.27**

0.11
-0.15
-0.14
0.15

-0.22**

0.14

0.07
-0.03

-0.23**
-0.27**
0.28**

-0.22**
-0.10
-0.25**
0.06
0.19*
0.27**

0.12
-0.12
-0.13
0.16

-0.19*

0.12

-0.06
0.19*

0.21*
0.25**

-0.25**
0.22*
0.17*
0.32***

-0.22*
-0.26**
-0.33***

-0.21*
0.11
0.15

-0.17*
0.19*

-0.17*
+: all correlations are controlled for age and awake oxygen satu-
ration; *: p<0.05; **: p<0.01; ***: p<0.001. ArI: arousal index;
AHI: apnoea/hypopnoea index; 2–4%: 2–4% oxygen desatura-
tion; Min sat: minimum oxygen saturation; MSLT: multiple sleep
latency test; MWT: maintenance of wakefulness test; PCS: phy-
sical components summary; SF36: short form 36; trans.: transi-
tion; func.: functioning; ESS: Epworth sleepiness scale; NHP:
Nottingham health profile; HAD: hospital anxiety and depres-
sion scale; DSS: digit symbol substitution; PASAT: Paced Audi-
tory Serial Addition Test; IQ: intelligence quotient.

Table 5.  –  Spearman rank correction matrix showing
relationships between measures of daytime function+

Daytime function measures MSLT MWT

Epworth sleepiness scale
Nottingham health profile part 2
SF36 Health transition
SF36 Physical function
SF36 Social function
SF36 Physical component summary
HAD Depression
SAHS symptom score
Steer clear % cow hits
PASAT (4 s)
Mean reaction time
Block design
Performance IQ

-0.23**
-0.10
-0.08
-0.005
0.07
0.02

-0.03
-0.04
-0.13
-0.003
-0.15
-0.01
-0.10

-0.48***
-0.31***
-0.28**
0.20*
0.28*
0.23**

-0.22*
-0.22*
-0.30***
0.17*

-0.32***
0.20*
0.22**

+: all corrections are controlled for age and awake oxygen satu-
ration; *: p<0.05; **: p<0.01; ***: p<0.001. MSLT: multiple
sleep latency test; MWT: maintenance of wakefulness test;
SF36: short form 36; HAD: hospital anxiety and depression
scale; SAHS: sleep apnoea/hypopnoea syndrome; PASAT:
Paced Auditory Serial Addition Task; IQ: intelligence quotient.
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explained by their measures of sleep fragmentation. The
present study thus confirms and extends these studies by
indicating that there is no close relationship between
either newer microarousal definitions or other nocturnal
measures and objective sleepiness. One significant rela-
tionship, between minimum oxygen saturation and MWT,
was found, when controlling for awake oxygen levels and
age. This was a weak relationship and could be a type 1
statistical error given the multiple comparisons. However,
BÉDARD et al. [4] also found a significant but weak relation-
ship between MSLT and minimum oxygen saturation.

Daytime interrelationships

In agreement with SANGAL et al. [31], a significant rela-
tionship between the MSLT and MWT was found in the
present study, but with considerable discordance between
these two tests. Some patients have a high MSLT latency
but low MWT latency, which confirms that they are meas-
uring different physiological abilities. It was also found
that the MWT correlated much more closely than the
MSLT with measures of quality of life, well-being, symp-
toms and sleepiness ratings and with a diverse range of
cognitive function tests measuring general functioning,
reaction time and concentration. The MSLT was signifi-
cantly related to the ESS alone. The data thus suggest that
the MWT better reflects daytime function in patients with
sleep-disordered breathing than the MSLT.

Potential criticisms

One of the potential criticisms of this study is the large
number of correlations performed. Indeed, 228 correla-
tions were sought. Given this, it is inevitable that some of
the 61 significant correlations observed are due to chance
alone, but only 11 such chance observations would be ex-
pected (228/20) given the significance value set at p<0.05.
However, the main message of this study is not the number
of significant correlations but the weakness of the correl-
ations observed. In fact, of the correlations which exam-
ined the primary hypothesis that arousals would predict
function, only 4 of 29 were significant, all explaining <2%
of the variance.

Another possible criticism of this study is the use of the
authors' own validated definition of arousal [5, 18] which
could be a cause of the weakness of the relationships with
arousals found in the study. However, a recent study by
COLLARD et al. [32] found significant relationships be-
tween the movement arousal index and the magnitude of
sleep quality and disordered breathing, and yet a "fairly
similar" [32] arousal definition was used but only minimal
relationships with daytime function outcomes were found.
In addition the arousal definition used in the present study
gives results closely similar to those of the standard Am-
erican Sleep Disorder Association (ASDA) definition [18].
As well as using this 1.5-s microarousal definition, the
possibility of whether a better fit existed between a meas-
ure of more sustained awakening (RECHTSCHAFFEN and KALES [16]
awakenings) and daytime function variables was also
examined. There was not.

Nocturnal polysomnography measures vary in their
signal and scoring reliability. Desaturation measures are

reproducible and indices are computer derived, whereas
arousals and AHI have lower, although still good [18, 33],
reproducibility and are visually scored. These differences
may contribute to why desaturation indices were more
closely related to daytime function.

Potential problems also exist in using the MSLT and
MWT as "gold standards" for sleepiness. Both tests can be
affected by environmental and behavioural influences.
The MSLT SOL can be reduced by a financial incentive if
a subject "falls asleep faster than the last time", compared
to a nonincentive group [34]. The MWT is highly suscep-
tible to motivational factors, and instructing an individual
to "try and stay awake" may activate a whole range of
physiological processes such as motivation, competitive-
ness [35] and attention ability [14] which are likely to vary
between individuals. There may be a role for testing other
measures of daytime sleepiness, including behavioural
tasks [36].

Patients who were sleepy in terms of their ESS score
were included as the authors did not want to exclude those
sleepy patients who had lost their frame of reference and
therefore underestimate their sleepiness [37]. Seventy-five
per cent of the patients had ESS Š8 and a further 2% had
ESS <8 but admitted having problems with sleepiness whilst
driving. All the remainder had at least two major features
of SAHS and an AHI Š5 events·h-1. This lack of necessity
of sleepiness probably contributed to the mean MSLT
SOL of 9.7 min in this study, compared with a mean value
of 6 min in the SAHS patients of ROEHRS et al. [9]. In all
other aspects the population of the present study was a
typical unselected SAHS population, with a mean AHI of
45, body mass index (BMI) of 32 and MWT of 27 min,
similar to the results of POCETA et al. [14]. It may be that the
patients in the present study were less sleepy than in some
other studies of sleep apnoeics because these pa-tients had
a normal night's sleep at home prior to the testing. Evi-
dence suggests that the lack of patient sleepiness did not
have an effect on these results as when a subgroup of
patients (n=75) with both an AHI Š15 and ESS Š11 were
examined, they showed similar results to the population as
a whole. No significant relationships were seen with AHI,
microarousals or desaturation variables and sleepiness, as
measured by the ESS, MSLT and MWT.

Alternatively, was the current study population not sleepy
as defined by the MSLT, because the daytime testing sched-
ule was busy (table 3), and so increased alertness? Previ-
ous studies have successfully performed the MSLT and
MWT on the same day [10, 31, 38]. When performed in
the study by MARTIN et al. [10], significant changes in both
variables were seen with sleep fragmentation. In ad-
dition, HORNE and MINARD [39] found that a behaviourally
active day in normals caused an increase in subjective
sleepiness compared to a monotonous laboratory based
day. In agreement, KRIBBS et al. [40] compared 10 min nap
opportunities before and after a vigilance task. Nap laten-
cy decreased after the brief performance task, suggesting
that the task potentiated sleepiness rather than promoting
alertness. Neither of these studies [39, 40] explain the rel-
atively nonsleepy patient population in the present study.
Furthermore, most patients usually have an active daytime
schedule and this protocol more closely resembles their
normal day than merely sitting around or resting in bed
trying to fall asleep, the standard day for an MSLT as clas-
sically performed.
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The lack of a close correlation between nocturnal meas-
ures and daytime function could reflect that either the noc-
turnal variables conventionally scored do not influence
daytime function, or that there are other unknown factors
which determine the daytime variables. Altering the mic-
roarousal frequency within individuals does alter their day-
time function on the tests that have been used [10], thus
these are relevant daytime measures. However, there may
be more sophisticated sleep-related variables which would
better explain the observed variance, such as spectral EEG
analysis or detection of arousals from autonomic variables
rather than from the EEG. Equally the respiratory meas-
ures used, apnoeas and hypopnoeas, may not be the most
sensitive measures and perhaps oesophageal pressure swings
or inspiratory flattening should be examined.

Nevertheless, it seems likely that across population an-
alyses will be limited in value due to the large number of
other factors, including genetic, educational and environ-
mental, which influence both premorbid and morbid day-
time function. Patients may have different thresholds for
suffering daytime consequences, regardless of disease se-
verity. Sleepiness is context dependent and although pa-
tients perform the MSLT/MWT under identical conditions,
they differ in terms of their usual daily routines. For exam-
ple, some patients nap on a daily basis, whilst others not at
all perhaps due to different work environments and com-
mitments. Some patients have learnt to adapt to their dis-
ease, possibly in terms of an increased arousal threshold,
or by better use of behavioural techniques to stay awake
and upgrade performance when required. Such factors are
likely to vary between individuals. These between subject
variances that naturally exist will mask any possible rela-
tionships between polysomnographic variables and day-
time function.

This study shows that the brief microarousals seen in
sleep disordered breathing do not correlate with sleepiness
and correlated poorly with daytime dysfunction. In addi-
tion it was found that the maintenance of wakefulness test
more closely related to daytime function than the multiple
sleep latency test.
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