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Study Objectives: The study aimed to document the neurobehavioral outcomes of patients referred to and treated by a sleep medicine service for
moderate to severe obstructive sleep apnea (OSA). In particular, we aimed to establish the proportion of patients who, while appearing to have op-
timal continuous positive airway pressure (CPAP) adherence, did not normalize their daytime sleepiness or neurocognitive function after 3 months
of CPAP therapy despite effective control of OSA.

Design: Multicenter clinical-effectiveness study.

Setting: Three academic sleep centers in Australia.

Participants: Patients referred to a sleep medicine service with moderate to severe OSA (n = 174).

Intervention: CPAP.

Measurements and Results: Participants were assessed pretreatment and again after 3 months of CPAP therapy. At the beginning and at the
conclusion of the trial, participants completed a day of testing that included measures of objective and subjective daytime sleepiness, neurocogni-
tive function, and quality of life. In patients with symptomatic moderate to severe OSA (i.e., apnea-hypopnea index > 30/h), we found a treatment
dose-response effect for CPAP in terms of Epworth Sleepiness Scale scores (P < 0.001). Several key indexes of neurobehavior (e.g., Functional
Outcomes of Sleep Questionnaire, Epworth Sleepiness Scale) currently used to assess treatment response failed to normalize in a substantial
group of patients after 3 months of CPAP treatment, even in those who were maximally compliant with treatment. Forty percent of patients in this
trial had an abnormal Epworth Sleepiness Scale score at the conclusion of the trial. In addition, we showed no dose-response effect with the
Maintenance of Wakefulness Test, raising doubts as to the clinical utility of the Maintenance of Wakefulness Test in assessing treatment response
to CPAP in patients with OSA.

Conclusions: Our study suggests that a greater percentage of patients achieve normal functioning with longer nightly CPAP duration of use, but
a substantial proportion of patients will not normalize neurobehavioral responses despite seemingly adequate CPAP use. It is thus crucial to ad-
equately assess patients after CPAP therapy and seek alternate etiologies and treatments for any residual abnormalities.
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CONTINUOUS POSITIVE AIRWAY PRESSURE (CPAP)
HAS BEEN SHOWN TO REDUCE DAYTIME SLEEPINESS
IN PATIENTS WITH OBSTRUCTIVE SLEEP APNEA (OSA)
and is widely accepted as the most efficacious therapy for OSA.
Patel and colleagues performed a meta-analysis showing that
CPAP reduced the Epworth Sleepiness Scale (ESS) score an av-
erage of 2.9 points more than did placebo (P <0.001) in patients
with OSA. Patients with moderate to severe OSA had a greater
fall in ESS than did those with mild OSA."

What is less well understood is the dose-response relation-
ship of CPAP treatment in patients with OSA and the propor-
tion of patients who return to normal neurobehavioral function
after CPAP therapy. These are important questions because it is
known that CPAP adherence varies widely among patients.> For
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example, in an early study, Weaver et al. reported that, among 32
patients using CPAP, half were consistent users, applying CPAP
on more than 90% of nights for an average of 6.2 hours per
night, whereas the other half were intermittent users who had a
wide range of daily use, averaging 3.5 hours per night.* In ad-
dition, although many patients present with excessive daytime
sleepiness (EDS), this is a relatively nonspecific symptom.* In
the Sleep Heart Health study, the percentage of subjects with
EDS, defined as an ESS score greater than 10, was increased
from 21% in subjects with an AHI of less than 5 to 35% in
those with an AHI of at least 30. Thus, many people without
OSA were still subjectively reporting EDS.’ It is likely that,
in a proportion of patients with OSA, sleep apnea may not be
the dominant cause of sleepiness, and, thus, CPAP therapy may
only partially improve EDS. In a population-based study, Bixler
and colleagues® found that depression was the most significant
risk factor for EDS, followed by, in decreasing levels of impor-
tance, body mass index, age, typical sleep duration, diabetes,
smoking, and finally OSA. The same group noted in an earlier
study that obesity itself may be associated with EDS indepen-
dent of OSA.™?

Finally, recent evidence suggests that OSA may lead to per-
manent structural brain abnormalities.”!® If these abnormalities
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contribute to the neurobehavior deficits found in patients with
OSA, symptoms and cognitive function may not be fully revers-
ible with CPAP therapy, even if adherence is optimal.

Weaver et al. assessed quality of life and subjective and ob-
jective sleepiness measurements before and after CPAP therapy
in a group of patients with severe OSA. Neurocognitive tests
were not part of their study design. They found a linear CPAP
usage (dose) versus outcome response curve for objective and
subjective sleepiness measures, but the curve flattened at CPAP
use of 7 hours per night for quality-of-life measures. The au-
thors also noted that, even among those patients using CPAP for
more than 7 hours per night, at 3 months, only 30% of patients
had normal results on the multiple sleep latency test (MSLT)
and only 50% had normal results on the Functional Outcome
of Sleep Questionnaire (FOSQ)." Thus, it appears that even the
most optimally treated patients with OSA may not experience
a complete reversal of daytime symptoms and functional ab-
normalities.”? Zimmerman and colleagues' reported a similar
finding with verbal memory. They found a dose-response rela-
tionship between the level of CPAP adherence and the extent of
improvement in verbal memory scores after 3 months among
58 memory-impaired patients with OSA, but approximately a
third of patients who had CPAP adherence levels greater than
6 hours per night did not have normal verbal memory scores.

Although dose-response relationships are expected, these
data support that there are important differences in dose-re-
sponse sensitivity to treatment and the degree of normalization
among key clinical outcomes. It is also likely that some tests
used to assess treatment outcomes in OSA are more sensitive
to change than are others. Given that clinical decisions must
ultimately be guided by a firm understanding of the dose-re-
sponse relationships in the key clinical outcome measurements,
such as EDS, quality of life, and neurocognitive performance
the present study was designed to further explore the impact of
CPAP adherence on clinical outcomes in OSA. We investigated
patients with moderate to severe OSA, similar to the population
studied by Weaver and colleagues, but expanded the number of
daytime functional measures to include several tests of cogni-
tion and measures of general, as well as disease-specific, qual-
ity of life. We also explored the relationship between CPAP use
and outcomes on the Maintenance of Wakefulness Test (MWT).

METHODS

The measurements reported in this study were obtained dur-
ing the course of a randomized, controlled, open-label clinical
trial, the main results of which have been reported previously.'*
Patients were recruited at 3 separate sleep medicine services,
the Adelaide Institute for Sleep Health (Adelaide, SA, Aus-
tralia), Alfred Hospital (Melbourne, Victoria, Australia), and
John Hunter Hospital (Newcastle, NSW, Australia). Approval
was granted by the ethics committee at each site, and the study
was registered with the Australian Clinical Trials Registry (ID
012605000064606).

Participants

Referrals to the sleep medicine services at all 3 sites were re-
viewed. Patients referred with a clinical suspicion of OSA were
interviewed to assess their eligibility for the trial. Inclusion cri-
teria were (1) an ESS score of at least 8, (2) a history of snor-
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ing “most nights” or “every night,” (3) age 18 to 75 years, and
(4) the patient was willing to try CPAP. We excluded patients
with (1) unstable cardiovascular diseases (e.g., recent unstable
angina, myocardial infarction, stroke, or transient ischemic
attack within the previous 6 months or severe left ventricular
failure), (2) neuromuscular disease affecting or potentially af-
fecting respiratory muscles, (3) moderate to severe respiratory
disease (i.e., breathlessness affecting activities of daily living)
or documented hypoxemia or awake SaO, less than 92%, or
(4) psychiatric disease that limited the ability to give informed
consent or complete the study. Patients were recruited between
March 2004 and September 2006 and followed for 3 months
after randomization to place.

Interventions

All patients who met these criteria and consented to partici-
pate in the study had overnight home oximetry (Masimo Radi-
cal oximeter, Masimo, Irvine, CA). The oximeter was set to
average, acquire, and store finger SaO, data at 2-second inter-
vals. Masimo oximetry data were downloaded using Download
2001 software (Stowood Scientific, Oxford, UK), and greater
than 2%, greater than 3%, and greater than 4% O, desaturation
dip rates were computed. Home oximetry was performed on all
trial participants; the oximetry had been validated against in-
laboratory polysomnography, as described in a previous study.'
Patients were eligible for inclusion in this study if their SaO,
desaturation rate exceeded twenty-seven > 2% dips per hour.

Polysomnography was performed on the 50% of patients,
who were randomly selected for a sleep study, and included a
standard sleep montage: electroencephalography, electromyog-
raphy, electrooculography, and respiratory signals of thoracic
and abdominal effort and their sum (inductance coils), nasal
airflow (pressure transducer) and oximetry. Polysomnography
records were transferred to the Adelaide site for scoring by a
single BRPT-registered and experienced sleep technician. Sleep
architecture was scored in the standard fashion,' and sleep ap-
neas and hypopneas were scored using agreed-upon interna-
tional standards and definitions.'¢!”

Polysomnographystudies were conducted using Compumed-
ics E Series equipment (Melbourne, Australia) at the Adelaide
and Melbourne sites. The Newcastle site used Sensormedics
equipment (Florida, USA) and transferred data to an EDF file
to enable conversion to a Compumedics file for review.

The 2 arms of care in the trial were Model A (nurse led) and
Model B (physician led). Detailed information about the pro-
tocols in Models A and B have been published previously.'*
Briefly, all patients had overnight oximetry, but only patients
randomly assigned to Model B had polysomnography. All pa-
tients were treated with CPAP (S6 Elite lightweight, ResMed),
with optional humidifier; records from both groups of patients
were reviewed by an experienced nurse at 1 and 3 months.
CPAP adherence was measured objectively by a built-in CPAP
meter and daily average adherence calculated for the 3-month
duration of the trial. The investigation and management of these
2 arms of care were conducted over equal time periods.

Outcome Measures
ESS scores were determined before and after 3 months of
CPAP therapy.'s:"
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Short Form 36

The Short Form 36 (SF-36) score has been used widely in
OSA studies.”®?? Subscales in the SF-36 of mental health and
vitality were separately analyzed because these have been
shown to be the most sensitive to CPAP therapy.?

The FOSQ

Patients completed the FOSQ before and after CPAP treat-
ment. The FOSQ is a sleep-specific self-report questionnaire
designed to assess the impact of disorders of excessive sleepi-
ness on multiple activities of everyday living. It has excellent
internal validity and test-retest reliability.”

The MWT

The MWT?* was performed only at the conclusion of the
study. Normal values for the MWT were based on a study from
our laboratory to establish normative values for a group of indi-
viduals from the community who did not have sleep disordered
breathing and in whom the mean sleep latency to the first epoch
of unequivocal sleep during the 40-minute trial (MWT) was 36.9
+ 5.4 minutes. The lower normal limit, defined as 2 SD below the
mean, was therefore 26.1 minutes.** Specific details of the MWT
testing procedure are detailed in the supplemental material.

Neurocognitive testing

Detailed neurocognitive testing before and after 3 months of
CPAP was conducted using Brain Resource Company Integneu-
ro testing via a touch-screen computer with a linked headphone
set to provide instructions (BRC, Sydney, Australia). Because the
testing process required some manual dexterity and significant
comprehension of English, some patients were excluded from the
neurocognitive testing on the basis of the following exclusion
criteria: (1) previous significant head injury (loss of conscious-
ness of more than 15 minutes in the last 5 years), (2) illicit drug or
alcohol abuse (more than 8 standard drinks per day on most or all
days of the week), (3) significant active psychiatric illness (e.g.,
major depression, active psychosis), (4) manual-dexterity prob-
lem (e.g., broken arm or hemiplegic and thus unable to perform
tests), and (5) English not the primary language spoken at home.

Key data such as age, sex, and years of education were col-
lected to enable comparison with a BRC database of matched
controls.”® The tests performed as part of the assessments of
patient outcomes were different that the baseline tests to limit
the potential for learning effects. Representative neurocognitive
parameters from each domain of neurocognitive function were
chosen as follows: verbal recall, choice reaction time, and execu-
tive maze errors and time to completion of the executive maze.
More details regarding individual tests are presented in the sup-
plemental material. These tests were selected from 58 available
measurements because they are representative of the key neuro-
cognitive domains previously reported to be affected by OSA >
namely, verbal memory, executive function, and vigilance. Over-
all pre-CPAP and post-CPAP results were compared with data
from a control group matched for age, sex, and years of educa-
tion; pre-CPAP and post-CPAP effects were examined as a func-
tion of CPAP compliance category for each of the selected tests.

All of the questionnaires and measurements were admin-
istered by research assistants who had no involvement in the
clinical care of the patients.
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Table 1— Characteristics of 174 patients at baseline
Characteristic Results
Men 74.9
Age,y 50.1+£12.0
BMI, kg/m? 347+6.8
Weight, kg 105.2 £22.0
Height, cm 1741+ 8.9
Neck circumference (cm) 441442
0D, dips/h
= 2% 509+2438
= 3% 36.2 £22.1
> 4% 280+214
Sa0, nadir, % 732+13.8
ESS, score 134 +£40
FOSQ, total score 149+26
SF-36, total score 99.0 + 8.6
Nightly CPAP duration, h 43+27
With the exception of the proportion of men in each group, all values are
mean + SD. BMI refers to body mass index; ODI, oxygen desaturation
index; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of
Sleep Questionnaire; CPAP, continuous positive airway pressure.

Statistical Methods

Patients were grouped into average nightly CPAP compli-
ance categories of 2 or fewer hours, more than 2 but less than
4 hours, at least 4 but less than 5 hours, at least 5 hours but
less than 6 hours, at least 6 but less than 7 hours, and 7 or
more hours per night. To test for differences in the distribution
of patients between CPAP compliance categories in groups
A versus B, y? tests were used. Pre-CPAP versus post-CPAP
treatment effects, and the effect of compliance category on
the various outcome measures, were examined using analysis
of variance for repeated measures, with treatment as a within-
subject repeated factor and compliance category (grouped ac-
cording to nightly hours of use) as a between-subject factor.
Where applicable, treatment effects within compliance cat-
egory subgroups were identified on the basis of non overlap-
ping 95% confidence limits. Neurocognitive measures were
compared between age, sex, and years of education-matched
controls from a database of more than 5000 people® and pa-
tients with OSA before and after CPAP treatment using in-
dependent-sample t tests adjusted for multiple comparisons
using the Dunn-Sidak procedure. Values are reported as mean
+ SEM, unless otherwise indicated. P values if less than 0.05
were considered significant.

RESULTS

Baseline characteristics of the patients are shown in Table 1.
Patients were generally obese, middle aged, and male and, thus,
typical of clinical populations of patients with moderate to se-
vere OSA. The oxygen desaturation index was consistent with
moderate to severe OSA, and there was significant self-reported
sleepiness. In the 95 patients who were randomly assigned to
the specialist-led arm of the study, polysomnography revealed
a mean (+ SEM) apnea-hypopnea index (AHI) of 67.9 + 2.8
events per hour.
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Figure 1—Continuous positive airway pressure (CPAP) adherence in
Model A (nurse led) and Model B (physician led) care (A) and in the whole
group (B). Values are percentage of patients in each category of mean
CPAP compliance (hours per night).

CPAP Adherence

The percentages of patients within each hour of CPAP use
per night category in the 2 models of care and in the total
sample are shown in Figure 1. As might be expected, there
was considerable variability in CPAP adherence, with a coef-
ficient of variation of CPAP compliance in excess of 50%.
There were no significant differences in CPAP compliance or
in the distribution of patients between compliance categories
between Model A (nurse led) and Model B (physician led),
such that data from both groups were combined for all remain-
ing analyses.

ESS Scores

The ESS showed substantial and dose-dependent improve-
ment following CPAP treatment (P < 0.001, Figure 2A), with
significantly greater improvement in more-adherent patients
(compliance and treatment by compliance effects P=0.018 and
P = 0.004 respectively). Of the patients who used CPAP for
more than 7 hours per night, 80.6% had a normal ESS score
after treatment (Table 2), leaving 1 in 5 patients with abnormal
ESS values despite optimal CPAP compliance. A smaller pro-
portion (52.4%) of those using CPAP for between 2 and 4 hours
per night reported normal ESS values after treatment. Across
the whole patient cohort, only 59.5% exhibited a normal ESS
score after treatment.
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Among those who had abnormal ESS scores (> 10) before
treatment, only 48% had normal ESS scores after 3 months of
treatment, and only 66% of those who used CPAP for more than
5 hours per night over the 3 months and had abnormal ESS val-
ues at baseline had a normal ESS score at the conclusion of the
trial (Figure 3 and Table 2).

The MWT

Approximately 70% of patients exhibited normal mean sleep
latencies (> 26.1 min) on the MWT after treatment, and there
was no effect of CPAP-adherence category on MWT results
(P=0.36, Figure 2B).

The FOSQ

The FOSQ scores showed significant improvements after
treatment in all domains (activity, vigilance, intimacy, general
productivity, social outcome, and total score, all P < 0.001).
The FOSQ total and activity-level scores showed significant
treatment-by-compliance interactions (P =0.021 and P = 0.002
respectively, Figure 2C), indicating greater improvements in
more-adherent patients. There was a similar trend in general
productivity (P = 0.053) but no statistically significant compli-
ance effects in other domains. In the absence of published nor-
mative data for the FOSQ,'" a cutoff value of 17.9 or greater,
as described by Weaver et al. (based on unpublished normative
data), was used. Using this cutpoint, only 35% of all patients
had normal FOSQ scores after treatment (Figure 3 and Table 2).

The SF-36

Of the SF-36 subscales, only vitality showed significantly
greater improvements in more-adherent patients (treatment-
by-compliance category interaction P = 0.006, Figure 2D), al-
though role-physical and role-emotional approached statistical
significance (P = 0.051 and P = 0.062, respectively).

Neurocognitive Data

Thirty three of 174 patients eligible were excluded as a re-
sult of the 5 additional exclusion criteria relevant to this aspect
of the study, with a complete dataset collected in 141 patients.
The most common reason for exclusion was that English was
not the primary language spoken at home. Overall pretreatment
and posttreatment results were compared with the control group
matched for age, sex, and years of education (Table 3), and
pretreatment versus posttreatment effects were examined as a
function of CPAP-compliance category for each of the selected
tests (e.g., Figure 4). Verbal memory and executive function
tests showed significant improvement after 3 months of CPAP
(all P<0.001), but vigilance (as assessed by average reaction-
time measurement) was not statistically significantly improved
after CPAP (Table 3). Although there were statistically sig-
nificant overall treatment effects in most of the neurocognitive
measures examined, there were no adherence category or treat-
ment-by-adherence category interaction effects in any measure.

DISCUSSION

The 2 main findings of this study are that (1) neurobehavioral
responses to CPAP in patients with moderate to severe OSA
varied markedly depending on the particular test used to mea-
sure the response and (2) although there was a treatment dose-
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Figure 2—(A) Pretreatment and posttreatment Epworth Sleepiness Scale (ESS) scores, (B) posttreatment maintenance of wakefulness test (MWT, min)
mean sleep latency, and pretreatment and posttreatment (C) total Functional Outcomes of Sleep Questionnaire (FOSQ) and (D) SF-36 vitality scores as a
function of continuous positive airway pressure (CPAP) compliance category. Values are mean + SEM. The unbroken ESS horizontal line indicates the cutoff
of 10 usually used to distinguish normal from abnormal results.' The unbroken MWT horizontal line corresponds to the mean sleep latency cutoff value used
to distinguish normal from abnormal results.?* *Indicates P < 0.05 pretreatment vs posttreatment. A, C, D: Totaln =174 (£2n=46;>2,<4n=21;24,<5
n=12;25<6n=26,26,<7n=39;27n=30),CTotaln=123(<2n=23;>2,<4n=14;24,<5n=10;25,<6n=21,26,<7n=30;27n=25).

Table 2—Percentage of patients with normal values before and after treatment and according to CPAP compliance

Post-treatment

Measure Patients with normal
(normal cutoff) value before treatment, % Mean CPAP hours per night
<2 >2-<4 24-<5 25-<6 26-<7 27 Total
ESS 26.2 35.9 524 417 76.9 64.1 80.6 59.5
(=10) (44/168) (14/39) (11/21) (512) (20/26) (25/39) (25/31) (100/168)
MWT i 60.9 714 60.0 61.9 80.0 68.0 68.3
(=26.1 min) (14/23) (10/14) (6/10) (13/21) (24/30) (17/25) (84/123)
FOSQ Total 13.9 27.0 33.3 25.0 34.6 35.9 48.4 34.9
(=17.9) (23/166) (10/37) (7/21) (3112) (9/26) (14/39) (15/31) (58/166)
%Patients with abnormal pre-treatment values achieving normal values after treatment
ESS 26.2 25.0 412 12.5 70.6 58.6 714 48.4
(=10) (44/168) (8/32) (7117) (1/8) (12/17) (17/29) (15/21) (60/124)
FOSQ Total 13.9 15.4 278 18.2 32.0 324 38.5 28.7
(=17.9) (23/166) (4/26) (5/18) (2111) (8/25) (12/37) (10/26) (41/143)

Values are presented as percentages with parenthetical numbers depicting the number of patients showing normal values versus the total number of patients
within the relevant category.
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response relationship observed for many, but not all behavioral
measures, a substantial proportion of patients, even those who
appeared to be optimally treated (i.e., CPAP compliance > 7 h/
night), did not achieve normal functional status after 3 months
of treatment.

The variation in response to CPAP among different tests of
neurobehavioral function is well illustrated by the observation
that 60% of patients had a normal ESS value after 3 months of
CPAP, whereas only 35% had a normal FOSQ total score. Also,
there were markedly different results for tests of subjective and
objective sleepiness/vigilance. A clear dose-response relation-
ship for CPAP therapy was evident in the posttreatment ESS
results, whereas no dose-response relationship was evident for
posttreatment MWT sleep latencies. By study design, a high
proportion of patients were in the abnormal ESS range at base-
line (74%), and this proportion decreased significantly, to 42%,
after treatment. In contrast, the mean choice reaction time of
patients with OSA to 1 of 4 targets activated at random, con-
sidered to be a more objective measure of vigilance, was not
different from that control subjects before treatment and did not
change as a result of CPAP treatment.

The failure of CPAP treatment to normalize ESS and FOSQ
values in all patients might be due to a number of factors. The
first and most obvious was the variable and generally low over-
all nightly CPAP use relative to the expected normal sleep time.
However, even the 19% of patients with abnormal ESS pre-
treatment values in the subgroup that used CPAP for more than
7 hours per night failed to have normal ESS scores after treat-
ment. Second, it is possible that treatment of OSA by CPAP was
incomplete, perhaps as a result of incomplete control of upper
airway obstruction or the development of “complex sleep ap-
nea” 2 on CPAP. We consider these to be unlikely explanations,
however, as the AHI averaged over 3 months was less than 10
per hour, as recorded by the CPAP machine and only 2 of the
95 patients in the in-laboratory CPAP-titration arm had a cen-
tral apnea index of 5 or more per hour during the in-laboratory
CPAP titration.' A third consideration is whether the normal
values used were appropriate. There is no well-established nor-
mal range for the FOSQ. To enable our results to be compared
with those of Weaver et al.,'"' we used the same normal cutoff
value. The commonly used normal cutpoint for ESS of 10 was
derived by Johns'® in a study in a younger healthy population
(mean age 36.4) in which the mean + SD ESS score was 5.9
+ 2.2. However, a study by Bixler et al.® showed self-reported
EDS to be twice as common in 20-year-olds as in 50-year-
olds. Thus the age-appropriate normal ESS cutoff for the pa-
tient group we studied may have been lower than 10. However,
this would have resulted in an even higher, rather than a lower,
proportion of patients failing to have normal ESS values af-
ter CPAP therapy. A fourth possible explanation for failure of
CPAP therapy to normalize ESS and FOSQ scores in all pa-
tients is that patients had other sleep disorders or comorbidities
that contributed to EDS (e.g., sedating medications, depression,
obesity itself, chronic sleep restriction) or that OSA causes hy-
poxic brain damage.”'° We found a very low prevalence of cen-
tral sleep apnea and periodic limb movements in the patients
enrolled in this study.' A current major depressive illness was
an exclusion criterion, but lesser degrees of mood disturbance
were not excluded. It will be important in future studies to sys-
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tematically assess the contribution of
mood disturbance and other medical
comorbidities to the persistence of
neurobehavioral disturbance follow-
ing CPAP treatment.

The lack of a dose-response effect
for CPAP on the mean sleep latency 1
(as determined by the MWT) was 7
surprising. Although it is a limitation
that the MWT was only performed
at the end of the trial, these results
do raise some doubt as to the clini-
cal utility of the MWT as a measure
of sleepiness and treatment effects,
particularly given that several other

Parameter

Executive maze

Total errors

Table 3—Selected Neurocognitive parameters before and after CPAP, and compared with a control group

Choice Average Reaction Time, msec
Verbal recall, words recalled

Time to complete, min

Values are mean + SD. 2P < 0.05 versus controls; °P < 0.05 vs pretreatment. Verbal Recall 1 and 7; ability to
correctly recall a set of words given immediately after the words are given (1), and again at a later time (7).

Control Subjects (n=113)  Patients with OSA (n = 141)

Pretreatment Posttreatment

0.78 £0.25 081+038  0.84+0.29
11.05 £ 1.35 9.62+£1.91° 10.82+1.75

6.78+2.14 582+237% 6.52+2.38

4.16 +2.38 487+298% 397261
69.67 + 92.51 61.05+64.91 43.83 +45.482°

outcomes showed dose-response ef-

fects. In their meta-analysis of the effect of CPAP on daytime
sleepiness, Patel et al.! pooled results from studies that had in-
cluded the MSLT or MWT as part of their testing regimen and
found a mean increase in mean sleep latency of 0.93 minutes
across all studies (MSLT and MWT). Six of the 12 studies ana-
lyzed included patients with an AHI of more than 30 per hour.
Given these small changes, use of the MWT as an objective
marker of treatment effect on CPAP must be queried. There are
several possible explanations for an apparent lack of a treat-
ment effect in the MWT sleep latency in this and in previous
studies. First, it may be that the test is not sufficiently sensitive
to detect improvements in sleepiness after CPAP. Second, it is
known that the MWT can be affected by patient motivation.”
Our patients were referred to a sleep clinic and volunteered to
participate in a research study. There may, therefore, have been
subtle factors motivating subjects to try harder to stay awake
(e.g., volunteers’ willingness to please researchers or fear that
the test result might have implications for driver licensing). A
third possible explanation is that the subjective quality-of-life
measures improve after CPAP because of a placebo effect, but
more objective measures do not improve. Whatever the reason,
our study findings bring into question the use of the MWT as a
test to demonstrate CPAP treatment efficacy in OSA.

In the SF-36 subscales, only vitality showed significantly
greater improvements in more-adherent patients. This is consis-
tent with other published results showing the therapeutic effect
size to be greatest for the vitality subscale of the SF36.2>* The
bodily pain subscale improved the least, and, in both the study
by Jenkinson et al.*® and this study, there was no evidence of
any dose-response effect.

There were significant improvements after CPAP across
the neurocognitive domains of executive function and verbal
memory, but no CPAP dose-response effect. This raises the pos-
sibility that some (or all) of the improvement seen after CPAP
was related to patient-learning effects, although we attempted
to minimize learning effects by administering different tests 3
months apart. The potential for practice effects was evaluated in
a study by Cooper et al. using the same test battery and equip-
ment used in the present study to assess dose-dependent effects
of methylphenidate.’! Participants completed the neurocogni-
tive test battery 3 times per day, 1 day per week, for 6 weeks.
None of the tests reported in the current study were shown to
have a significant learning effect. 3!

SLEEP, Vol. 34, No. 1, 2011

We believe our results both complement and add to the re-
port by Weaver et al."" Our sample population was remarkably
similar with respect to age, sex distribution, body mass, sleep
apnea severity, degree of baseline sleepiness (i.e., ESS score),
sleep-related quality of life (FOSQ), and nightly CPAP compli-
ance. Both studies report the results after 3 months of CPAP
treatment. Our study differed in that patients were studied as
part of a 3-center randomized controlled trial that compared 2
different OSA-management pathways (shown to have equiva-
lent patient outcomes),'* whereas Weaver et al. studied patients
across 7 centers during routine clinical care. We found a CPAP
dose-response curve for ESS similar to that reported by Weaver
et al. However, whereas our mean pretreatment FOSQ scores
were virtually identical to those of Weaver et al., we found that
our patients had a flatter CPAP dose-response curve and that a
smaller proportion of patients with abnormal baseline values
had normal FOSQ scores after treatment (49% vs 72%).

To determine whether different results between this study
and that of Weaver et al. may have been explained by the type
of statistical analysis used, we undertook a posthoc analysis
of posttreatment ESS and FOSQ in subjects with abnormal
scores before treatment using piecewise linear regression,*as
had been conducted by Weaver et al. Similar to Weaver et al.,
we found that posttreatment ESS score was optimally fit with a
join point at 4.2 hours of CPAP use, but this did not provide a
superior fit to that of linear regression, suggesting greater ben-
efit with increasing CPAP use. In contrast with the findings of
Weaver et al., piecewise regression did not provide a better fit
of posttreatment FOSQ scores compared with linear regression
(Fy 4= 0.14, P = 0.936), and the slope of the linear regression
fit was also not statistically significant (0.149 SE = 0.08 change
in FOSQ per hour of CPAP use, P =0.072), such that there was
little evidence for improvement in FOSQ scores with increas-
ing CPAP use.

Some other notable differences between our study and that of
Weaver et al.’s study include nearly twice as many patients in
this study (174, compared with a range of 85-120 in the Weaver
study) and the inclusion of objective neurocognitive measure-
ments and MWT rather than MSLT performed on more subjects
(123 vs 85). The MWT is frequently used to assess treatment
response to CPAP and, thus, potentially has more clinical rel-
evance than the MSLT. The American Academy of Sleep Medi-
cine has determined that the MSLT is not routinely indicated in
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the initial evaluation and diagnosis of OSA or in the assessment
of change following treatment with nasal CPAP, whereas the
MWT may be indicated in patients with EDS to assess response
to treatment. Although evidence remains limited, in the US, the
Federal Aviation Administration uses the MWT in the evalua-
tion of pilots with OSA treated with CPAP. Our lack of dose-re-
sponse effect on the MWT raises the question as to whether it is
an appropriately sensitive test to be used in these circumstances.

The exclusion criteria applied by Weaver et al.'' were more
stringent than ours, with all psychiatric illness and all other
sleep disorders excluded from their trial. Our cohort may, there-
fore, be more representative of a clinical sleep medicine service
where psychiatric illness is a common comorbidity, reported to
be present in up to 40% of patients referred to a sleep service
for assessment of OSA and with nearly all (98%) receiving an-
tidepressant medication.™

Methodologic Considerations

There are some important methodologic considerations rel-
evant to this study. The study was designed as a randomized
controlled trial to assess 2 arms of care, and thus, there was
no control arm. It is likely that some of the positive respons-
es to CPAP therapy reflect a placebo effect, and, had we had
data from a placebo-control group, we would have been able
to quantify this effect. As noted above, although participants in
our study were referred to a sleep clinic, they were also willing
to participate in a clinical trial and, thus, may not fully represent
usual clinic patients. The MWT was performed only at the con-
clusion of the study because it was felt that to ask the patients
to do this test also at the beginning of the study would have ad-
versely affected recruitment, particularly given the other com-
plexities of data collection. Only 50% of our patients had a full
polysomnogram prior to therapy, but, given that patients were
randomly assigned to 1 of the 2 arms of care after overnight
oximetry testing and that there was no significant difference be-
tween the 2 groups in any baseline or outcome measurements,
it seems unlikely that this study design would alter the main
findings in any important way.

In conclusion, this study in patients with symptomatic (ESS
> 8) moderate to severe OSA (AHI > 30/h) showed that several
key indexes of neurobehavior (e.g., FOSQ, ESS) currently used
to assess treatment response failed to normalize in a substan-
tial group of patients after 3 months of CPAP treatment, even
in those who were maximally compliant. In future studies of
cohorts of patients with OSA, detailed data collection of total
sleep time, residual sleep disordered breathing, or prevalence of
depression should be carefully assessed.

Although there were trends for improvement noted with in-
creasing CPAP adherence, only the ESS, FOSQ, and some mea-
sures of neurocognitive function (verbal memory and executive
function) showed significant improvement with greater CPAP
adherence. Thus, some of the tests used clinically to assess re-
sponse to treatment in OSA (MWT) and in research settings
(SF-36) may not be sufficiently sensitive to make meaningful
observations. It should be noted, however, that the SF-36 is a
generic quality-of-life measurement tool and, thus, may be less
responsive than a disease-specific instrument. Use of the sub-
scales of the SF-36 (e.g., vitality) tests may overcome some of
these limitations.
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These data identify that careful thought and follow-up are
needed when treating a patient with OSA. Other comorbidities
frequently exist, and even optimal CPAP compliance may not
normalize quality-of-life and EDS measures. It is important that
the health professional assessing the patient does not rely sim-
ply on the numeric CPAP adherence value, because whether or
not EDS and quality of life improve or normalize may depend
on a number of other complex and often interrelated factors.
Other comorbidities (e.g., depression) and treatments (e.g.,
sedating medication) should be considered, particularly in the
setting of ongoing symptoms. It is also important to consider
that OSA and EDS are both common problems that may coexist
without necessarily a direct cause-and-effect relationship.

ACKNOWLEDGMENTS

The authors want to thank the staff at the 3 sleep medicine
centers for their help with this study and Mr. Denzil Paul for
his help with manuscript preparation. This study was supported
by National Health and Medical Research Council of Australia.
Oximeters were donated by Masimo Corporation (Irvine, CA).
CPAP equipment was loaned by ResMed for the duration of
the trial. Neurocognitive tests were partially funded by ResMed
(Sydney, Australia).

DISCLOSURE STATEMENT

This was not an industry supported study. Dr. Naughton has
participated in research funded by ResMed and Respironics.
Dr. McEvoy has received research support from Philips Respi-
ronics and ResMed. Ms. Rowland has participated in research
in which ResMed supplied the use of equipment. Dr. Antic has
received research support from ResMed and Respironics. Dr.
Catcheside has participated in research in which equipment was
supplied by Philips Respironics and in research supported by
Apnex Medical. The other authors have indicated no financial
conflicts of interest.

REFERENCES

1. Patel SR, White DP, Malhotra A, Stanchina ML, Ayas NT. Continuous
positive airway pressure therapy for treating sleepiness in a diverse popu-
lation with obstructive sleep apnea: results of a meta-analysis. Arch Intern
Med 2003;163:565-71.

2. Weaver TE, Grunstein RR. Adherence to continuous positive airway pres-
sure therapy: the challenge to effective treatment. Proc Am Thorac Soc
2008;5:173-8.

3. Weaver TE, Kribbs NB, Pack Al, et al. Night-to-night variability in CPAP
use over the first three months of treatment. Sleep 1997;20:278-83.

4. Gottlieb DJ, Whitney CW, Bonekat WH, et ak. Relation of sleepiness to
respiratory disturbance index: the Sleep Heart Health Study. Am J Respir
Crit Care Med 1999;159:502-7.

5. Huang SG, Li QY. Prevalence of obstructive sleep apnea-hypopnea syn-
drome in Chinese adults aged over 30 yr in Shanghai. Zhonghua Jie He
He Hu Xi Za Zhi 2003; 26:268-72.

6. Bixler EO, Vgontzas AN, Lin HM, Calhoun SL, Vela-Bueno A, Kales
A. Excessive daytime sleepiness in a general population sample: the role
of sleep apnea, age, obesity, diabetes, and depression. J Clin Endocrinol
Metabol 2005;90:4510-5.

7. Vgontzas AN, Bixler EO, Chrousos GP. Sleep apnea is a manifestation of
the metabolic syndrome. Sleep Med Rev 2005;9:211-24.

8. Veasey SC, Davis CW, Fenik P, Zhan G, Hsu YJ, Pratico D, Gow A. Long-
term intermittent hypoxia in mice: protracted hypersomnolence with oxi-
dative injury to sleep-wake brain regions. Sleep 2004;27:194-201.

9. Macey PM, Henderson LA, Macey KE, et al. Brain morphology as-
sociated with obstructive sleep apnea. Am J Respir Crit Care Med
2002;166:1382-7.

The Effect of CPAP on Neurobehavior in OSA—Antic et al

2202 1snbny 0z uo1sanb Aq ZGLEEVZ/L L L/L/YE/eIe/dos|s/woo dnoolwapede//:sdny wol) pepeojumo(d



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Morrell MJ, McRobbie DW, Quest RA, Cummin AR, Ghiassi R, Corfield
DR. Changes in brain morphology associated with obstructive sleep ap-
nea. Sleep Med 2003;4:451-4.

Weaver TE, Maislin G, Dinges DF, et al. Relationship between hours of
CPAP use and achieving normal levels of sleepiness and daily function-
ing. Sleep 2007;30:711-9.

Santamaria J, Iranzo A, Ma Montserrat J, de Pablo J. Persistent sleepiness
in CPAP treated obstructive sleep apnea patients: evaluation and treat-
ment. Sleep Med Rev 2007;11:195-207.

Zimmerman ME, Arnedt JT, Stanchina M, Millman RP, Aloia MS. Nor-
malization of memory performance and positive airway pressure adher-
ence in memory-impaired patients with obstructive sleep apnea. Chest
2006;130:1772-8.

Antic NA, Buchan C, Esterman A et al. A randomized controlled trial of
nurse-led care for symptomatic moderate-severe obstructive sleep apnea.
Am J Respir Crit Care Med 2009;179:501-8.

EEG arousals: scoring rules and examples: a preliminary report from the
Sleep Disorders Atlas Task Force of the American Sleep Disorders As-
sociation. Sleep 1992;15:173-84.

Sleep-related breathing disorders in adults: recommendations for syn-
drome definition and measurement techniques in clinical research. The
Report of an American Academy of Sleep Medicine Task Force. Sleep
1999;22:667-89.

Rechtscaffen A, Kales A. A Manual of Standardized Terminology: Tech-
niques and Snoring Systems for Sleep Stages of Human Subjects. Los
Angeles, CA: UCLA Brain Information Services/Brain Research Insti-
tute; 1968.

Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 1991;14:540-5.

Johns MW. Reliability and factor analysis of the Epworth Sleepiness
Scale. Sleep. 1992;15:376-381.

Baldwin CM, Griffith KA, Nieto FJ, O’Connor GT, Walsleben JA, Red-
line S. The association of sleep-disordered breathing and sleep symp-
toms with quality of life in the Sleep Heart Health Study. Sleep 2001;
24:96-105.

Massie CA, McArdle N, et al. Comparison between automatic and fixed
positive airway pressure therapy in the home. Am J Respir Crit Care Med
2003;167:20-3.

SLEEP, Vol. 34, No. 1, 2011

19

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jenkinson C, Davies RJ, Mullins R, Stradling JR. Comparison of thera-
peutic and subtherapeutic nasal continuous positive airway pressure for
obstructive sleep apnoea: a randomised prospective parallel trial. Lancet
1999;353:2100-5.

Weaver TE, Laizner AM, Evans LK, et al. An instrument to measure func-
tional status outcomes for disorders of excessive sleepiness. Sleep 1997;
20:835-43.

Banks S, Barnes M, Tarquinio N, Pierce RJ, Lack LC, McEvoy RD.
The maintenance of wakefulness test in normal healthy subjects. Sleep
2004;27:799-802.

Gordon E, Cooper N, Rennie C, Hermens D, Williams LM. Integrative
neuroscience: the role of a standardized database. Clin Electroencepha-
logr Neurosci 2005;36:64-75.

Aloia MS, Arnedt JT, Davis JD, Riggs RL, Byrd D. Neuropsychologi-
cal sequelae of obstructive sleep apnea-hypopnea syndrome: a critical
review. J Int Neuropsychol Soc 2004;10:772-85.

Beebe DW, Groesz L, Wells C, Nichols A, McGee K. The neuropsycho-
logical effects of obstructive sleep apnea: a meta-analysis of norm-refer-
enced and case-controlled data. Sleep 2003;26:298-307.

Morgenthaler TI, Kagramanov V, Hanak V, Decker PA. Complex sleep
apnea syndrome: is it a unique clinical syndrome? Sleep 2006;29:1203-9.
Shreter R, Peled R, Pillar G. The 20-min trial of the maintenance of
wakefulness test is profoundly affected by motivation. Sleep Breathing
2006;10:173-9.

Jenkinson C, Stradling J, Petersen S. Comparison of three measures of
quality of life outcome in the evaluation of continuous positive airways
pressure therapy for sleep apnoea. J Sleep Res 1997;6:199-204.

Cooper NJ, Keage H, Hermens D, et al. The dose-dependent effect of
methylphenidate on performance, cognition and psychophysiology. J In-
tegr Neurosci 2005;4:123-44.

Vieth E. Fitting piecewise linear regression functions to biological re-
sponses. J Appl Physiol 1989;67:390-6.

Schwartz DJ, Kohler WC, Karatinos G. Symptoms of depression in indi-
viduals with obstructive sleep apnea may be amenable to treatment with
continuous positive airway pressure. Chest 2005;128:1304-9.

The Effect of CPAP on Neurobehavior in OSA—Antic et al

2202 1snbny 0z uo1sanb Aq ZGLEEVZ/L L L/L/YE/eIe/dos|s/woo dnoolwapede//:sdny wol) pepeojumo(d



