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ABSTRACT: It was hypothesized that adult cystic fibrosis (CF) patients with severe
lung disease have impaired daytime function related to nocturnal hypoxaemia and sleep
disruption.

Nineteen CF patients (forced expiratory volume in one second 28+7% predicted) and
10 healthy subjects completed sleep diaries, overnight polysomnography (PSG), and
assessment of daytime sleepiness and neurocognitive function.

CF patients tended to report more awakenings (0.720.5 versus 0.310.2-h™", p=0.08),
and PSG revealed reduced sleep efficiency (71125 versus 93+4%, p=0.004) and a higher
frequency of awakenings (4.2+2.7 versus 2.4+1.4-h™", p=0.06). Mean arterial oxygen
saturation during sleep was lower in CF patients (84.416.8 versus 94.3+1.5%,
p<0.0001) and was associated with reduced sleep efficiency (regression coefficient
(r)=0.57, p=0.014). CF patients had short sleep latency on the multiple sleep latency test
(6.7+3 min). The CF group reported lower levels of activation and happiness and
greater levels of fatigue (p<0.01), which correlated with indices of sleep loss, such as
sleep efficiency (1=0.47, p=0.05). Objective neurocognitive performance was also
impaired in CF patients, reflected by lower throughput for simple addition/subtraction,
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serial reaction and colour-word conflict.

The authors concluded that adult cystic fibrosis patients with severe lung disease have
impaired neurocognitive function and daytime sleepiness, which is partly related to

chronic sleep loss and nocturnal hypoxaemia.
Eur Respir J 2002; 19: 504-510.

Cystic fibrosis (CF) occurs in ~ 1 in 2,000 live births
and is currently the most common, life-threatening,
genetic disorder in Caucasians [1]. Although increas-
ing numbers of patients are living well into adult-
hood, many develop severe respiratory impairment
due to bronchiectasis and chronic airflow limitation.
In addition to causing respiratory disability, progres-
sive, underlying lung disease also predisposes these
patients to hypoxaemia, which has been associated
with both sleep disruption and impairment of day-
time function in other models of chronic respiratory
disease, such as chronic obstructive pulmonary disease
(COPD) and obstructive sleep apnoea [2, 3]. There
have been no previous studies which have evaluated
adult CF patients in this way. The objective of this
study was to determine whether adult CF patients
with severe lung disease have impaired daytime
function, and whether this is related to sleep disrup-
tion and nocturnal hypoxaemia.

Materials and methods

Study subjects

Adult CF patients who had significant airflow
limitation (forced expiratory volume in one second
(FEV1) <40% predicted) were recruited from the adult
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CF Programme at St. Michael’s Hospital. The
diagnosis of CF had been confirmed by an abnormal
sweat chloride test and/or the presence of two disease-
causing mutations. Subjects were required to be clini-
cally stable for at least 1 month prior to the study (no
hospital admissions or exacerbations of lung disease).
They were excluded by the presence of primary
cardiac disease, pulmonary disease unrelated to CF,
primary neurological, psychiatric or sleep disorders,
home oxygen therapy, or medication within 2 weeks
of the study, known to alter sleep or cognitive func-
tion. No caffeine or alcohol was consumed for 48 h
prior to the study. Healthy, age-matched control
subjects were enrolled in the same study protocol.
They were recruited by advertising within the hospital
for nonsmoking, nonsnoring volunteers who did not
have a history of medical or sleep disorders, and were
taking no medication. All applicants were assessed
(P.J. Hanly) prior to enrolment to confirm that they
had a regular sleep schedule and that they did not
consume excessive quantities of alcohol or caffeine.

Study design

All participants completed a detailed sleep diary for
2 weeks prior to their overnight polysomnography
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(PSG) in the sleep laboratory. On the day following
PSG, sleepiness, neurocognitive function and oxygen
saturation during exercise (6-min walk test) were
evaluated in all subjects. In addition, CF patients
performed spirometry and arterial blood gases were
measured. Informed consent was obtained and the
study was approved by the hospital’s Research Ethics
Board.

Overnight polysomnography

All subjects underwent overnight PSG using a com-
puterized acquisition system (Sandman; Mallinckrodt
Nellcor Puritan Bennett (Melville), Ottawa, ON,
Canada) at a speed of 10 mm-s™. Surface electrodes
were used to record two-channel electroencephalo-
gram (EEG) (C5A,, C4A)), electrooculogram (F;Aj,
FgA,) and submental electromyogram (EMG). Air-
flow at the nose was monitored by a thermocouple
sensor secured beneath the nares (Ultima airflow
sensor; Braebon Medical Corporation, Kanata, ON,
Canada). Respiratory effort was recorded by respi-
ratory plethysmography, with transducers placed
around the chest and abdomen (Respitrace; Ambu-
latory Monitoring, Ardsley, NY, USA). Arterial
oxygen saturation (Sa,0,) was monitored using a
pulse oximeter (Biox 3740; Ohmeda, Boulder, CO,
USA). The partial pressure of CO, was monitored
transcutaneously (Pt,CO,) using a PCO, sensor placed
on the anterior chest wall and attached to a Pt.CO,
monitor (Micro Gas 7640; Kontron Instruments,
Watford, UK). The Pt,CO, was recorded continuously
on a slow recorder (paper speed 20 cm-h'), which
was synchronized to the PSG. The electrocardio-
gram was recorded from standard limb leads. Leg
movements were recorded from bilateral surface
EMG electrodes placed over the anterior tibialis
muscle.

Polysomnograms were scored manually. Sleep stage
and arousals were determined according to established
criteria [4]. An arousal was defined as an awakening
from sleep lasting between 3-15s, manifested by
simultaneous alpha activity on the EEG, eye move-
ments and EMG activation. If these changes persisted
for >15 s, the PSG was scored as awake. An apnoea
was defined as cessation of airflow for >10 s. A hypo-
pnoea was defined as a reduction in the amplitude of
respiratory effort by at least 50% of the sleeping
baseline level for >10 s. The apnoea-hypopnoea index
was defined as the number of apnoeas and hypop-
noeas per hour of sleep. Periodic leg movements
(PLM) were defined as four or more consecutive,
involuntary leg movements during sleep, lasting
0.5-5.0 s, with an intermovement interval of 5-90 s.
Mean Sa,0, during sleep was calculated by averaging
the high and low Sa,0, for each 30-s epoch. Mean
Pt,CO, during sleep was calculated from the average
Pt,CO, over 36-s intervals. Awake Sa, 0, and Pt,CO,
were similarly estimated by calculating mean Sa,0,
and Pt,CO, at rest, over 5 min of wakefulness at the
beginning of the study.

Daytime sleepiness

Daytime sleepiness was assessed subjectively by the
Epworth Sleepiness Scale (ESS) [5] and objectively by
the Multiple Sleep Latency Test (MSLT) [6]. The ESS
is a self-administered questionnaire, in which an
individual rates, on a numerical scale, the likelihood
of falling asleep under various circumstances, such as
sitting in a car or watching television. The scale ranges
from zero ("would never doze") to three ("high chance
of dozing") and the potential score ranges from 0-24,
with a higher score indicating increased perceived
sleepiness. A score of 5.9+42.2 has been reported in
normal controls and 16+4.4 in patients with severe
obstructive sleep apnoea [5].

The MSLT was performed in a standardized
fashion [6]. Each subject took four naps during the
day at 09:00, 11:00, 13:00, and 15:00 h. Sleep onset
was defined as the time from "lights out" to the first of
three consecutive epochs of stage 1 nonrapid eye
movement (NREM) sleep, or one epoch of any other
sleep stage. Once sleep onset was identified, the
participant was awakened in order to prevent con-
solidated sleep from improving their performance on
subsequent naps. In addition, the patient was
observed to ensure wakefulness was maintained
between naps.

Neurocognitive function

Neurocognitive function was evaluated in subjects
by measuring both performance (objective measure)
and the participants’ impression of their daytime
function (subjective measure), using the Walter Reed
Performance Assessment Battery (version 3.46, 1992).
This is a computerized battery of cognitive function
tests, originally developed in 1985 [7]. The objective
measures of performance included five standardized
3-min neurocognitive tasks (Wilkinson 4-choice serial
reaction task, Baddeley grammatical reasoning task,
Mannikin spatial orientation task, serial addition and
subtraction task, and the colour-word conflict task
(Stroop)). These performance tasks were scored and
analysed in terms of throughput (a measurement of
accuracy/speed reflecting the number of correct
responses-min'). The subjective measures tested the
participants’ impression of their mood (Mood Scale,
based on the Profile of Mood States, assessing fatigue,
happiness, activation, depression, anger and fear) and
their sleepiness (Stanford Sleepiness Scale). Details of
the individual tasks are reported by THORNE et al. [7].
The tasks were performed in a quiet environment on a
486 personal computer, prior to each MSLT nap
during the daytime. Each participant had an initial
trial run-through of the Walter Reed Performance
Assessment Battery at 08:00 h on the day of their
MSLT, which was not included in the data analysis.

Pulmonary function

Spirometry was performed according to American
Thoracic Society guidelines [§8]. Blood gases were
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obtained from seated patients, breathing room air,
during quiet wakefulness. The 6-min walk test was
supervised by a trained technician.

Statistical analysis

Physiological data are presented as mean+sp. Apart
from the neurocognitive data, the Mann-Whitney test
was used to analyse differences between groups, with a
p-value<0.05 considered statistically significant, and
the Spearman correlation analysis was used to assess
the relationship between variables. The neurocogni-
tive data were analysed using multivariate analysis of
variance for repeated measures to determine Group,
Trial and Group/Trial interactions. Significant effects
from the multivariate analyses are reported using the
univariate degrees of freedom.

Results
Study participants

Nineteen CF and 10 control subjects participated
in the study. Four CF patients refused arterial blood
gases, and one control subject did not have neuro-
cognitive function tested. The CF group had a greater
proportion of men, a lower body mass index (BMI)
and severe airflow limitation, associated with mild-to-
moderate hypoxaemia. The 6-min walk test distance,
and minimum Sa,0, were significantly less in the CF
group than in controls (table 1).

Table 1.—Demographic and pulmonary function data for
cystic fibrosis (CF) patients and control subjects

CF (n=19) Control (n=10)

Age yrs 30+6 27+5
Male/female 15/4 515
BMI 21.8+3.3% 25.542.0
FEVI1

L 1.1+0.35

% predicted normal 28+7
Arterial blood gases

pH 7.410.03

Pa,co, mmHg 442173

Pa,0, mmHg 65.6£8.2

[HCO;] mmol-L™! 28.344.2

Sa,0, 92.1+3.4
Sa,0, awake % TLO*** 95+2
Pt,cO, awake mmHg 41.5+7.1 47.012.3
6-min walk

Distance m 4074109" 534174

Min. Sa,0, % 86.61+8.0" 93.5%5.0

Data are presented as meantSD unless otherwise stated.
BMI: body mass index; FEV1: forced expiratory volume in
one second; Pa,CO,: arterial carbon dioxide tension; Pa,0:
arterial oxygen tension; Sa,0,: arterial oxygen saturation;
Sa,0, awake: arterial oxygen saturation taken by oximetry
while supine before nighttime sleep; Pt.CO,: transcutaneous
carbon dioxide tens10n taken sugme before nighttime sleep;
Min.: minimum. # p=0.006; : p=0.012; ***: p<0.001;
*: p=0.008 versus control.

Table 2. —Sleep diary data for cystic fibrosis (CF) patients
and control subjects

CF (n=15) Control (n=8)
Diary report days 12.3+2.4 13.9+0.4
Awakenings-h™! 0.7+0.5% 0.3£0.2
TST h 8.1+1.5 7.310.7
Caffeine drinks- day 1.5+£0.9 1.3+£0.9
Alcohol drinks-day™ 0.3%+0.5 0.3+0.7

Data are presented as meantsD. TST: estimated total sleep
time. #: p=0.08 versus control.

Sleep diaries

The CF group reported more nocturnal awakenings
than controls, although this did not reach statistical
significance (table 2). There was no difference between
groups in the reported consumption of alcohol and
caffeine and the estimation of total sleep time (TST).

Polysomnography

CF patients had significantly reduced TST and sleep
efficiency, which was mainly due to prolonged wake-
fulness after sleep onset (WASO) (table 3). Although
CF patients tended to have longer sleep latency, a
higher proportion of stage one NREM sleep and a
higher frequency of movement arousals and awaken-
ings, these differences did not reach statistical signifi-
cance. The frequency of PLM was within normal
limits and was not significantly different between
groups. The apnoea-hypopnoea index was normal in
both groups (table 4). However, CF patients experi-
enced significant hypoxaemia during sleep without
evidence of significant hypoventilation. Furthermore,
hypoxaemia was associated with reduced sleep effi-
ciency (fig. 1).

Table 3.—Polysomnographic data for cystic fibrosis (CF)
patients and control subjects

CF Control
TST h 4.7+1.8% 5.940.4
SE % 714257 9314
Sleep latency min 36.0+62.5 4.843.5
WASO min 69.6+58.1" 20.4%13.6
Stage 1 % TST 16.8%19.1 5.9+3.8
Stage 2 % TST 46.7£13.9 52.0£8.1
SWS % TST 22.749.6 24.240.1
REM % TST 13.846.7 19.5+4.3
MA-h! 14.3£12.0 9.3+4.8
Awakenings- ‘bt 42427 2.4+1.4
PLM-h 3.616.6 24435

Data are presented as mean*sSD. TST: total sleep time; SE:

sleep efficiency; WASO: wakefulness after sleep onset; Stage

1: stage 1 of nonrapid eye movement sleep; Stage 2: stage 2

of nonrapid eye movement sleep; SWS: slow-wave sleep;

REM: rapid eye movement sleep; MA: movement arousal;

PLM perlodlc leg movements. *: p=0.048; ¥: p=0.004;
+ p=0.002; % p=0.06 versus control.
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Table 4. —Polysomnographic data for cystic fibrosis (CF)
patients and control subjects

CF Control
AHI 1.5£1.6 3.5+1.8
S$a,0, %
TST 84.4+6.8* 94.3%+1.5
NREM 84.616.5" 94.5%1.5
REM 83.5+9.6™ 94.6%+1.3
Pt,co, mmHg
TST 46.9+4.8 49.8+3.2
NREM 45.8+4.9 49.9£3.2
REM 48.9+5.9 50.6£3.7

Data are presented as meantsD. AHI: apnoea/hypopnoea
index; Sa,0,: arterial oxygen saturation; TST: total sleep
time; NREM: nonrapid eye movement sleep; REM: rapid
eye movement sleep; Pt,CO,: transcutaneous carbon dioxide
tension. #: p<0.0001 versus control.

Daytime sleepiness

The ESS was within normal limits both in CF
patients (7.3+4.4) and control subjects (5.6+4.1). The
MSLT results are summarized in figure 2. Both
groups had short sleep latencies that did not change
significantly throughout the day, and overall mean
sleep latencies were not significantly different between
groups (4.6+3 min in control group versus 6.7+3 min
in CF group). Sleep latency was not correlated with
daytime oxygenation or other indices of disease
severity (BMI, FEV1, 6-min walk distance).

Neurocognitive function

Subjective Measures ( Mood Profile and daytime sleep-
iness). The significant results of the Mood Profile and
the Stanford Sleepiness Scale are shown in figure 3
(mean=sp) for all four tests during the day, reported on

a scale from 1-3. CF patients reported significantly
lower levels of activation (1.97+0.03 versus 2.67+0.09;

100
80+
60+

401

Sleep efficiency %

20

60 70 80 9 100
Sa,0, % (asleep)

Fig. 1.-Correlation between mean nocturnal oxygen saturation
during sleep (S2,0,) and sleep efficiency, during overnight poly-
somnography. Regression coefficient (represented by solid line)=
0.57; p=0.0014.
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Fig. 2.-Sleep latency in a) cystic fibrosis patients and b) control
subjects determined by the multiple sleep latency test. Data are pre-
sented as mean+SD for each time (M) and for total nap time (O).

F(1,25)=12.45, p<0.01), and happiness (2.24+0.02
versus 2.69+0.06; F(1,25)=6.32, p<0.01), and a greater
level of fatigue (1.62+0.10 versus 1.26+0.06; F(1,25)=
8.25, p<0.01). Although CF patients reported greater
sleepiness on the Stanford Sleepiness Scale than
controls, this did not reach statistical significance.
Fatigue, activation, happiness and sleepiness did not
change significantly across the four test sessions for
either the CF patients or control groups. Scores
for depression, anger and fear were not significantly
different between the two groups.

In the CF group, activation was correlated with
sleep efficiency (regression coefficient (r)=0.47, p=
0.05), and both activation and happiness correlated
with WASO (r=-0.47, p=0.04; r=-0.55, p=0.01, respec-
tively). Activation, happiness, depression and anger
were related to the amount of slow wave sleep (r=0.51,
p=0.03; r=0.52, p=0.03; r=-0.55, p=0.02; r=-0.54,
p=0.02, respectively). Subjective measures of neuro-
cognitive function were not related to hypoxaemia
(daytime arterial oxygen tension (Pa,0,), nocturnal
S$a,0,) or other indices of disease severity (BMI,

3.00
2.75 % ? l
2,507 s
3 2.5 al
2 2.001
3 *%
d'? 1.754
1.50+
1.251
- Fati'gue Activation  Happiness  Stanford
Sleepiness
Scale

Fig. 3.—Subjective measures of neurocognitive performance in
cystic fibrosis (CF) patients and control subjects. Data are repre-
sented as mean+SD. [0: CF; Z: control. **: p<0.01 versus control.
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FEV1). Activation and happiness were not related to
sleep latency (MSLT).

Objective performance tasks. The results of the five
neurocognitive tasks (mean+sp of all four tests across
the day) are shown in figure 4 (a and b). The CF group
had signiﬁcantlly lower throughput (number of correct
responses-min”) for serial reaction (116.84+5.7 versus
162.4+5.1; F(1,25)=14.28, p<0.001), colour/word con-
flict (7242.0 versus 9443.1; F(1,25)=10.96, p<0.001)
and simple addition/subtraction (28.8+1.5 versus

a) 200-

—_
~
()]

—_
(2]
o

125- .

100+

Correct responses-min-!

751

\\\\\\}

Colour/word conflict

50-

60
554
50+
45
40+
35
30+
25 T
20
154
=

Reasoning

Reaction time

=

sk

Correct responses-min’!

OO

N\

Addition/
subtraction

Spatial
orientation

504 000 meT

40 l

e

20+

(2]
-~

Correct responses-min™!

10° 11:00h  13:00h  15:00h

Time of day

09:00 h

Fig. 4.—Objective assessment of neurocognitive performance in
cystic fibrosis (CF) patients ((J) and control subjects (4). a)
Reaction time and colour/word conflict, b) grammatical reasoning,
spatial orientation and addition/subtraction and c¢) the change
in addition/subtraction performance for CF (@) and control (H)
across the day. Data are presented as mean®SD. ***: p<0.001
versus control.

48.3+7.1; F(1,25)=11.64, p<0.01) compared to the
control group. The change in the simple addition/
subtraction task throughput across the four test
sessions is shown in fig. 4c. While the control group
showed a marked improvement in their performance
across the day on this complex task, the CF group
showed only a slight improvement, and the difference
in the change between the two groups was statistically
significant (F(3,75)=5.46, p<0.001).

Serial reaction and colour/word conflict correlated
significantly with minimum Sa,0, on the 6-min walk
test (1=0.59, p=0.01; r=0.55, p=0.02, respectively). No
significant correlation was found between any of
the objective tests of neurocognitive function and
nocturnal or daytime oxygenation. Furthermore,
neurocognitive performance was not significantly
related to indices of sleep loss, such as sleep efficiency,
or with indices of disease severity (BMI, FEV1).

Discussion
Sleep quality

Evidence of both sleep disruption and sleep loss in
adult CF patients was found. Potential causes include
cough, hypoxaemia, side effects of medication (e.g.
B-agonists), and increased work of breathing. Cough
has been noted to disrupt sleep in previous studies of
CF patients [9, 10]. In this study, the technicians
reported coughing that interfered with sleep in four
patients.

The CF patients had significant daytime hypoxae-
mia, which worsened during sleep. This may have
caused hyperventilation, which could explain the mild
reduction in Pt,CO, in the CF group. Nocturnal
hypoxaemia is well recognized in CF patients and
was an expected finding given our patients’ severe
airflow limitation [11]. Nocturnal oxygenation was
associated with sleep efficiency (fig. 1), which raises
the possibility that hypoxaemia may contribute to
sleep loss, despite the fact that previous studies of
oxygen supplementation in patients with CF have not
demonstrated an improvement in sleep quality [12, 13].
There is conflicting evidence concerning whether
supplemental oxygen therapy improves sleep quality
in patients with other forms of chronic lung disease,
such as COPD [2, 14, 15].

All of the patients were taking an inhaled B-agonist,
the side effects of which include tachycardia, tremor
and excitability. The authors speculate that the use
of B-agonist medication prior to bedtime, which is a
ritual for the CF patients in this study, may account
for the prolonged sleep latency observed. Further-
more, this may explain the paradox between pro-
longed sleep latency at nighttime and short sleep
latency on the MSLT. Finally, increased work of
breathing associated with severe airflow limitation
may also have contributed to the pathogenesis of sleep
disruption in these patients. Patients with chronic
airflow limitation of the same severity to these patients
have increased work of breathing [16] and increasing
ventilatory effort is known to be a potent stimulus for
arousal from sleep [17].



SLEEP IN ADULT CF 509

Daytime function

Both groups were sleepy compared to previously
published data in healthy subjects [18] and patients
with obstructive sleep apnoea [19]. The control group
tended to sleep less (table 2), and may have been more
sleep restricted than their diaries suggested. In
addition, some members of the control group were
familiar with the sleep laboratory environment, which
may also have contributed to their surprisingly short
sleep latencies. Despite objective evidence of daytime
sleepiness, CF patients did not report excessive sleep-
iness on the ESS. This implies that CF patients may
not be aware of excessive sleepiness, which has also
been described in other study populations [20].

Cystic fibrosis patients had impaired neurocognitive
function, reflected by greater levels of fatigue, lower
levels of activation and happiness, and significant
deficits in three of the five neurocognitive performance
tasks. Overall, adult CF patients performed at a level
of ~60% of the control group, despite the fact that
they had a similar degree of daytime sleepiness. More-
over, neurocognitive performance did not improve
over the day in CF patients, in contrast to control
subjects (fig. 4c).

Pathogenesis of impaired daytime function

The pathogenesis of impaired daytime function in
adult CF patients was determined by examining the
relationship between two parameters of daytime
function (sleepiness and neurocognitive function)
and the polysomnographic variables that were sig-
nificantly different between CF patients and control
subjects (oxygenation and sleep loss). Daytime sleepi-
ness, reflected by reduced sleep latency (MSLT), was
not significantly related to oxygenation during sleep
or to indices of sleep loss such as sleep efficiency.
Although there was a trend for an inverse relationship
between sleep latency (MSLT) and awake Pa,0,, this
did not reach statistical significance (r=-0.47, p=0.09),
which may have been partly due to the small patient
population. These findings are consistent with those in
patients with COPD, where daytime sleepiness has not
been found to be related to hypoxaemia [21], but,
nevertheless, indicate that nocturnal hypoxaemia pro-
motes sleep loss, reflected by reduced sleep efficiency
(fig. 1). Neurocognitive function in CF patients was
unrelated to nocturnal or daytime oxygenation. This
differs from patients with COPD and chronic res-
piratory failure, where nocturnal and daytime hypox-
aemia have been found to play a significant role in
the development of impaired neurocognitive function
[22-27]. It is possible that neurocognitive function is
less sensitive to hypoxaemia in young adult CF
patients than older patients with COPD. This may
also explain why neurocognitive function was not
improved by oxygen supplementation in a group of
CF patients comprising mainly children [13].

Conversely, there was an association between sleep
loss, reflected by reduced sleep efficiency, and sub-
jective alteration of neurocognitive function, namely
reduced activation and happiness, and increased

depression and anger. Although the impairment of
objective neurocognitive tests in adult CF patients
was not clearly related to polysomnographic changes,
they were internally consistent with the subjective
assessment of fatigue and activation. Similar changes
have been reported in association with sleep depriva-
tion in normal subjects [28]. Sleep-deprived indivi-
duals also appear to slow their response rate in order
to maintain accuracy, which is how the CF patients in
this study performed on serial neurocognitive tests
(fig. 4c). This suggested that the neurocognitive
deficits experienced by the CF patients may be more
related to the long-term impact of chronic sleep
deprivation. The finding that the MSLT scores were
not significantly different between the control subjects
and CF patients supports the notion that the short-
term impact of sleepiness (as noted in the control
subjects) is not a likely explanation.

This study has a number of limitations, which
should be addressed. Firstly, the sample size was
small. Despite the fact that the adult cystic fibrosis
clinic is large, the recruitment criteria significantly
restricted the number of potentially eligible patients.
Secondly, the statistical analyses were limited by the
fact that multiple outcome variables were assessed.
Thirdly, as already discussed, the control group was
sleepier than expected for a healthy population, which
hindered some of the comparisons to the cystic
fibrosis population. Despite this, significant differ-
ences in neurocognitive function were still detected.
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