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Abstract

Objectives: To assess determinants of nasal continuous positive airway pressure (CPAP) compliance when applied in a

community setting.

Background: One-third of obstructive sleep apnea patients eventually refuse CPAP therapy. Treatment outcomes may be

improved by identifying predictors of CPAP failure, including whether management by primary care physicians without sleep

consultation affects results.

Methods: Polysomnogram, chart review, and questionnaire results for regular CPAP users (n � 123) were compared with

those returning the CPAP machine (n � 26).

Results: Polysomnographic data and the presence of multiple sleep disorders were only modestly predictive of CPAP

compliance. Striking differences in questionnaire responses separated CPAP users from non-users, who reported less satisfac-

tion with all phases of their diagnosis and management. Rates of CPAP use were not signi®cantly different between patients

managed solely by their primary care physician or by a sleep consultant.

Conclusions: Polysomnographic ®ndings are unlikely to identify eventual CPAP non-compliers in a cost-effective fashion.

Improvements in sleep apnea management may result from addressing the role of personality factors and multiple sleep

disorders in determining compliance. In this practice setting, management by primary care physicians did not signi®cantly

degrade CPAP compliance. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Although nasal continuous positive airway pressure

(CPAP) is the treatment of choice for most patients

with obstructive sleep apnea (OSA) [1±3], compliance

is problematic, with 2±36% of patients refusing to try

CPAP at home and 6±35% discontinuing treatment

after a period of home use [4±8]. On average, one-

third of patients subjected to the expense of diagnostic

polysomnography, CPAP titration, and/or purchase of

the machine will decline CPAP treatment. Given the

estimated prevalence of OSA syndrome in the United

States (7±18 million patients [9]), and assuming an

average expenditure of $2500 per patient, CPAP

returns represent up to 15 billion dollars worth of

wasted health care resources.

In addition, as cost-containment pressures from

insurers build, primary care physiciansmay be increas-

ingly asked to manage sleep-disordered patients.
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Long-term CPAP compliance will be one measure of

the effectiveness of these providers in managing OSA

patients.

A major goal in the management of OSA is to

determine whether CPAP compliance can be

predicted prospectively, such that patients less likely

to comply might be offered more intensive reinforce-

ment programs or different treatment algorithms. This

paper presents data from the Walla Walla Project, a

community physician-based program of sleep disor-

ders evaluation and treatment, to assess determinants

of CPAP compliance, including whether management

by primary care physicians in comparison to experi-

enced sleep clinicians affects the outcome.

2. Materials and methods

The details of the Walla Walla Project have been

described elsewhere [10]. During the ®rst 2 years of

the project, 16 channel polysomnograms (PSGs) were

obtained locally on computerized equipment with

removable hard drive discs. The discs were then sent

to Dr German Nino-Murcia's laboratory where all

studies were hand scored in standard fashion [11±

15]. The scored study was then interpreted by a local

physician. Two internists obtained additional sleep

disorders education, and developed into local sleep

consultants [10] (one of whom has now become certi-

®ed by the American Board of Sleep Medicine).

Patients undergoing CPAP titration were therefore

from one of three groups: primary care patients of the

two sleep-interested internists, patients from other

physicians who were referred for sleep consultation,

or patients of other physicians whose sleep disorder

was managed by that physician without consultation.

2.1. Outcome assessment

In addition to the PSG data before and after CPAP

treatment, all 228 patients completing CPAP titration

during the ®rst 2 years of the Walla Walla Project

(February 1992 to February 1994) were mailed a ques-

tionnaire (in December 1994) 10±32months after their

CPAP titration, in which patients rated themselves as

either using, not using, or having returned the CPAP

machine (this status was also veri®ed by records of the

area's main home medical supplier). This paper will

compare the characteristics of two groups: CPAP users

and patients who returned their machine.

The questionnaire also contained 18 questions in

four subject groups: satisfaction with the CPAP equip-

ment (such as the mask, tubing, humidi®er, etc.); the

testing process; the degree to which the patient felt

informed about his/her condition; and the severity of

sleep apnea symptoms (see Appendix A). All items

were rated on a 100 mm visual analog scale; responses

were averaged for each of the four question groups.

The charts of all study subjects were reviewed in

1995, 1±3 years after the initial PSG, to determine the

®nal sleep disorder diagnosis(es), and the presence of

certain co-morbid conditions (such as hypertension

and coronary artery disease). A ®nal sleep disorder

diagnosis was de®ned as a condition signi®cant

enough to warrant attempts at treatment. The chart

review also determined the physician responsible for

the management of the sleep disorder, and whether

sleep consultation occurred.

For all analyses of the PSG data, patients under-

going split-night studies were excluded because the

PSG data averaged both parts of the test, and are not

comparable with a full night diagnostic or CPAP

study. Split-night patients (31 users, two returns) are

included in all other analyses (questionnaire, chart

review, and physician management). For this analysis,

only periodic leg movements in sleep (PLMS) with

associated arousal are considered. Full details of PSG

scoring are presented elsewhere [10].

2.2. Statistical analysis

The data were analyzed using Statisticaw (StatSoft,

Tulsa, OK) software. Group means (see Tables 1±4)

were compared using t-tests for independent samples,

and rates of CPAPmachine use or return with differing

physicians' management were compared using the x 2

statistic (Table 4). Forward stepwise discriminant

function analysis was employed in each data group

(Tables 1±3) to determine which variables contained

independent predictive value, and to assess the relative

power (expressed as the overall multivariate F statis-

tic) of the model developed for each data group [16].

3. Results

During the ®rst 2 years of theWallaWalla Project, a
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total of 228 patients underwent CPAP titration for a

sleep-related breathing disorder. Of these, 168 (76%;

excludes seven patients who died and one patient who

did not try CPAP at home) responded to a mailed ques-

tionnaire and reported either continued use (n � 123)

or return (n � 26) of the CPAPmachine; the remainder

were not regularly using but had not returned the

machine (n � 19). The 168 questionnaire responders

did not differ statistically from questionnaire non-

responders by demographic, PSG, or chart review

data except for being older (57.0 vs. 50.8 years,

P � 0:022), and more likely to have a ®nal diagnosis

of PLMS (17.9 vs. 5.7%with this diagnosis,P � 0:03).

CPAP users reported using their machine an aver-

age of 6.9 (^1.63 SD) h per night on 6.6 (^1.03 SD)

nights per week. They estimated an average use of

CPAP for 86.4% of their sleep hours over a duration

of 21 months.

Table 1 lists the PSG ®ndings (excluding split-night

studies) before and after treatment in those patients

who were using or had returned their CPAP equip-

ment. CPAP users exhibited signi®cantly greater

improvements in some measures of OSA severity:

respiratory disturbance index (RDI, number of

apneas1 hypopneas per hour of sleep), apnea index

(AI, number of apneas per hour of sleep), and nadir of

oxygen saturation (SaO2). The number of unasso-

ciated arousals and PLMS increased with treatment

in CPAP users, albeit each from a lower baseline

than non-users. None of the diagnostic (pre-CPAP)

PSG variables, except the number of PLMS, were

signi®cantly different between user groups.

Table 2 demonstrates that the presence of disordered

sleep hygiene in addition to OSA signi®cantly reduced
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Table 1

CPAP use and PSG variables (excludes split-night studies)a

Item User (^SD) Returned (^SD) P Value

n 92 24

Male (%) 70.6 66.7 0.71

Age (years) 56.0 (13.4) 60.0 (18.2) 0.24

Body mass index 33.9 (9.4) 31.7 (6.7) 0.29

RDI

Pre 41.5 (30.2) 31.3 (20.6) 0.12

Post 10.6 (8.6) 14.1 (15.7) 0.15

Change 230.9 (28.1) 217.2 (19.1) 0.026*

AI

Pre 21.7 (24.0) 13.0 (11.1) 0.09

Post 2.3 (4.2) 4.2 (10.4) 0.17

Change 219.4 (23.2) 28.9 (11.1) 0.033*

Nadir SaO2

Pre 79.3 (8.2) 81.7 (8.4) 0.21

Post 87.3 (4.5) 86.5 (4.9) 0.40

Change 18.0 (7.0) 14.8 (7.0) 0.045*

Delta (%)

Pre 14.2 (9.4) 17.1 (10.9) 0.18

Post 18.5 (11.0) 19.8 (13.0) 0.61

Change 14.3 (12.5) 12.7 (12.9) 0.57

REM (%)

Pre 14.6 (7.4) 14.0 (7.1) 0.72

Post 16.9 (8.4) 14.1 (7.1) 0.14

Change 12.2 (10.6) 10.3 (7.5) 0.42

Arousal (#)

Pre 16.5 (18.6) 25.6 (29.2) 0.064

Post 22.5 (16.4) 15.5 (12.0) 0.052

Change 16.0 (22.2) 210.1 (24.6) 0.003*

PLMS (#)

Pre 11.9 (21.3) 32.7 (49.0) 0.002*

Post 20.5 (40.0) 25.4 (29.5) 0.058

Change 18.6 (32.5) 27.3 (47.9) 0.057

Sleep ef®ciency (%)

Pre 76.2 (13.4) 75.0 (16.6) 0.72

Post 76.6 (14.7) 72.2 (20.4) 0.23

Change 10.4 (14.4) 22.8 (16.8) 0.34

Pressure (cmH2O) 9.8 (3.7) 9.3 (2.1) 0.49

a Polysomnographic ®ndings in CPAP users and those who

returned their machine. Data before and after CPAP titration are

designated by `pre' and `post', respectively. An asterisk (*) denotes

P , 0:05.

Table 2

CPAP use and ®nal diagnosis/co-morbid conditionsa

Disorder/condition % User % Returned P Value

OSA 97.6 96.2 0.69

Upper airway resistance

syndrome

2.4 3.8 0.88

PLMS 15.4 30.8 0.07

Insomnia 2.4 0 ±

Sleep hygiene disorder 3.3 15.4 0.01

Circadian rhythm disorder 2.6 3.9 0.47

Hypertension 43.9 26.9 0.11

Coronary artery disease 6.5 11.5 0.38

Nocturnal gastroesophagael

re¯ux

14.6 26.9 0.13

Stroke 2.4 0 ±

Motor vehicle accident 3.3 3.9 0.88

Thyroid hormone treatment 13.0 19.2 0.41

a Use (n � 123) or return (n � 26) of the CPAP machine in

comparison to the patient's ®nal sleep diagnosis, and the presence

of selected co-morbid medical conditions. Patients with more than

one diagnosis account for the total in excess of 100%.



the likelihood of CPAP compliance (P � 0:01). A

diagnosis of PLMS was marginally non-signi®cant

(P � 0:066) in reducing CPAP compliance. Co-

morbid conditions (hypertension, coronary artery

disease, etc.) did not differ signi®cantly among users

and those who returned their machine.

When patients were questioned about their satisfac-

tion with CPAP treatment, including OSA symptoms,

sleep disorders education, PSG testing and CPAP

equipment (Table 3), highly signi®cant differences

emerged, with non-compliant patients expressing

more dissatisfaction with all aspects of their evalua-

tion and treatment than CPAP users.

Finally, differences in CPAP compliance depend-

ing on whether the patient's sleep disorder was mana-

ged by a physician with signi®cant sleep expertise or

the patient's usual physician without formal sleep

specialty consultation are shown in Table 4. Patients

managed by their primary physician without consulta-

tion tended to have more severe disease by PSG

criteria and slightly lower rates of CPAP use, although

none of the differences in the rates of CPAP use

reached statistical signi®cance.

Each data group (Tables 1±3) was subjected to

discriminant function analysis in a linear model of

CPAP use. For PSG data (Table 1), six variables

combined to predict compliance with an overall multi-

variate F statistic of 3.7 (higher values indicate stron-

ger predictive power) (P , 0:002). The predictive

variables were: pre-CPAP REM (%) and PLMS

(number); post-CPAP RDI and delta sleep (%); and

change in AI and number of arousals. In the model for

®nal diagnoses and co-morbid conditions (Table 2), a

diagnosis of a sleep hygiene disorder or PLMS, and

the presence of hypertension were signi®cant predic-

tors (multivariate F � 4:0, P , 0:01). For question-

naire data (Table 3), the model's discrimination

between groups was highly signi®cant (multivariate

F � 45:0, P , 0:001), with questions on equipment,

symptoms, and the patient's sense of being informed

being powerful predictors of CPAP use.
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Table 3

CPAP use and questionnaire responsesa

Topic User Returned P Value

CPAP equipment satisfaction 70.8 19.0 0.0001

PSG testing 80.3 66.9 0.0002

OSA symptoms/improvement 75.9 38.3 0.0001

Patient education 77.3 61.6 0.0019

a Use or return of the CPAP machine according to results of a

mailed questionnaire. Responses to 18 questions are grouped into

four subject areas: satisfaction with the home use of CPAP equip-

ment (seven items); satisfaction with the process of polysomno-

graphic testing and CPAP set-up (®ve items); degree of

symptomatic impairment before, and improvement after, CPAP

treatment (three items); and the degree to which the patient felt

informed about his/her condition (three items). Ratings are based

on a visual analog scale of 0±100 mm, in which higher numbers

indicate greater satisfaction (or degree of impairment before, and

improvement after, CPAP therapy).

Table 4

CPAP use and sleep consultationa

Physician n % User % Returned Diagnostic PSG datab

RDI AI Delta (%) REM (%) Nadir SaO2 PLMS (#)

Sleep MD Pt 93 56 11 36.3 16.8 17.4 13.4 80.4 14.0

Sleep Consult 70 57 11 35.1 18.5 14.7 16.2 79.8 15.2

Primary MD 65 49 12 48.4 26.9 13.3 13.7 76.9 14.0

a Use or return of the CPAP machine in comparison to whether the patient's sleep apnea was managed by one of two community sleep-

interested internists as either their own primary care patient (Sleep MD Pt), or as a sleep consultation from another local physician (Sleep

Consult), or by the patient's usual primary care physician without consultation (Primary MD). Data from all 228 CPAP-treated patients are

presented. When questionnaire non-responders are excluded from the denominator, the percentage of CPAP users is 73, 71 and 67%,

respectively.
b Data from the diagnostic PSG study for each group are shown, excluding split-night patients. Signi®cant differences (P , 0:05) exist for %

REM sleep (Sleep MD Pt vs. Sleep Consult), RDI, AI, Nadir SaO2, % delta sleep (Sleep MD Pt vs. Primary MD), and RDI (Sleep Consult vs.

Primary MD).



4. Discussion

Our results support the conclusion that polysomno-

graphy has a limited role in the prediction of CPAP

compliance. In this study, while eventual CPAP users

tended to have more severe disease and experience

more improvement in PSG parameters with treatment,

the differences were not marked, and most of the

signi®cant differences emerged only after a second

study (CPAP titration) was performed, which would

be too late for use in a cost-containment strategy.

The most signi®cant differences in any of the

outcome measures of this study were in the question-

naire data. Patients returning their machine were

substantially more dissatis®ed with every aspect of

their management than CPAP users. The magnitude

of the differences between user groups was striking

regardless of whether the analysis was done by t-test

or by discriminant function.

It seems unlikely that non-compliant patients were

singled out in advance by everyone from their physi-

cians and the technicians to the home medical supplier

to receive reduced service or substandard equipment,

and raises the possibility that personality factors are

involved. The role of personality factors in determin-

ing CPAP compliance has been suggested by others

[17,18], including one study in which the Minnesota

Multiphasic Personality Inventory (MMPI) depres-

sion and hypochondriasis scales demonstrated predic-

tive capacity [17]. Given our study's retrospective

design, it is impossible to exclude the possibility

that patients who fail to perceive a bene®t from

CPAP treatment could subsequently develop negative

feelings towards the process. However, it seems unli-

kely that the effect of a failed treatment could have so

tainted the patient's perspective as to produce results

as dramatic and consistent as those we have observed.

Two ®ndings from this study have not been

previously described in the literature. First, our data

suggest that the presence of more than one sleep disor-

der may affect compliance with CPAP therapy.

Patients with a sleep hygiene disorder (and possibly

PLMS) in addition to their OSA had reduced compli-

ance. That the presence of sleep disorders other than

OSA might affect the treatment of OSA seems biolo-

gically plausible, since these conditions might contri-

bute to the patient's symptom burden, reducing the

proportion of symptoms resulting from sleep apnea.

In a recent study of patients complaining of persistent

daytime sleepiness despite treatment for OSA, 43%

(88/207) had signi®cant PLMS [19]. Alternatively,

sleep hygiene disorders may be an indicator of indivi-

duals with other personality or lifestyle features that

impair compliance.

Second, we report the ®rst comparison of CPAP

compliance rates between patients managed by their

primary care physician and those managed by sleep

specialists. Overall, compliance of the 228 patients

receiving CPAP treatment administered in this

community setting was comparable to that reported

in the literature [10]. When compliance rates in

patients referred for sleep consultation or diagnosed

from the primary care practices of the sleep specialists

were compared with patients managed exclusively by

their usual primary care physician, there was no

signi®cant difference. However, patients managed

by their usual physician had more severe disease,

which might have been expected to improve compli-

ance somewhat (see Table 1).

It is not possible to conclude from these ®ndings

which management strategy is superior because

patients were not randomly assigned and selection

bias may have been present. Moreover, sleep specia-

lists likely did in¯uence management of those patients

treated by the primary care physician by providing a

treatment recommendation as part of the PSG inter-

pretation, by providing informal consultation, and by

the ready accessibility of the weekly case manage-

ment conferences to primary physicians. This degree

of informal involvement by sleep specialists may not

be achievable in other settings, and may limit the

generalization of our results. Certainly, physicians

without adequate training should not be encouraged

to manage CPAP patients without consultative

support. On the other hand, primary care physicians

may be ideally suited to promote CPAP compliance,

because they have more follow-up opportunities and

can reinforce CPAP compliance more regularly than

consultants.

For primary care physicians, the learning curve for

treating sleep disorders may be relatively short. By

analogy, when survival rates of AIDS patients cared

for by primary care physicians are compared, experi-

ence with just six cases improved survival signi®-

cantly, to a level comparable with other major

centers [20].
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We determined CPAP user or returned status based

on the patient's subjective report, rather than an hour

meter. Many other investigators have used a similar

compliance de®nition [17,21±28] and studies which

compare subjective reports of CPAP use with an hour

meter rating ®nd a consistent 1 h overestimation by

the patient [10], suggesting that when averaged,

subjective reports accurately re¯ect relative CPAP

use. In addition, return of a CPAP machine does repre-

sent an unambiguous, clinically and ®nancially rele-

vant endpoint.

The number of questionnaire non-responders is

small (24%), and seems unlikely to signi®cantly

bias our results as there were no signi®cant differences

in the PSG results, co-morbid conditions, or sleep

diagnoses between the responders and non-respon-

ders, except for age and diagnosis of PLMS. In addi-

tion, the home medical company which serviced the

majority of our CPAP patients rated the suspected

CPAP compliance of patients on a 0±10 scale (10

being excellent). For the 99 home medical-rated

CPAP users, the average score was 7.28; for the 24

CPAP returns, the average score was 0.33. The aver-

age rating for their patients (n � 37) not responding to

our questionnaire was 3.41, further supporting the

conclusion that questionnaire non-responders are not

a skewed population.

During this study, 33 patients (31 users, two

returns) received CPAP after a split-night study,

usually by meeting the then-current laboratory thresh-

olds of an RDI of $40 and nadir SaO2 of #80%.

Thus, sleep apnea severity and split-night status are

co-variates. Since disease severity and CPAP compli-

ance are weakly correlated, the laboratory cut points

for instituting CPAP therapy under a split-night proto-

col may in¯uence eventual CPAP compliance,

although only a randomized, controlled trial can settle

this issue de®nitively.

Sleep apnea syndrome is a disease affecting

millions of Americans. Faced with limited health

care resources and the need to diagnose and treat a

staggering number of patients, new strategies for

health care delivery are urgently needed. This paper

highlights two areas for further study and develop-

ment: better selection of patients for CPAP treatment,

and increased involvement of primary care physicians

in the management of sleep apnea patients.
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