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Patients with the sleep apnea/hypopnea syndrome (SAHS) treated by nasal continuous positive air-
way pressure (CPAP) need to use CPAP long-term to prevent recurrence of symptoms. It is thus im-
portant to clarify the level of long-term CPAP use and the factors influencing long-term use. We ex-
amined determinants of objective CPAP use in 1,211 consecutive patients with SAHS who were
prescribed a CPAP trial between 1986 and 1997. Prospective CPAP use data were available in 1,155
(95.4%), with a median follow-up of 22 mo (interquartile range [IQR], 12 to 36 mo). Fifty-two (4.5%)
patients refused CPAP treatment (these were more often female and current smokers); 1,103 pa-
tients took CPAP home, and during follow-up 20% stopped treatment, primarily because of a lack of
benefit. Methods of survival analysis showed that 68% of patients continued treatment at 5 yr. Inde-
pendent predictors of long-term CPAP use were snoring history, apnea/hypopnea index (AHI), and
Epworth score; 86% of patients with Epworth 

 

.

 

 10 and an AHI 

 

>

 

 30 were still using CPAP at 3 yr. Av-
erage nightly CPAP use within the first 3 mo was strongly predictive of long-term use. We conclude
that long-term CPAP use is related to disease severity and subjective sleepiness and can be predicted
within 3 mo. 
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The sleep apnea/hypopnea syndrome (SAHS) occurs in 2 to
4% of the middle aged population (1) causing impaired day-
time functioning as a result of excessive daytime somnolence,
cognitive impairment and altered mood (2, 3). The conse-
quences of such impairments are of major concern when they
lead to accidents on the road (4, 5) and at work. There is also
increasing evidence that SAHS is an independent risk factor
for cardiovascular disease (6). Effective treatment for SAHS
can be achieved by nasal continuous positive airway pressure
(CPAP). CPAP therapy is the treatment of choice for most
patients; however, effectiveness continues only while the treat-
ment is being used (7). As SAHS is usually a lifelong condi-
tion (8), it is extremely important to ensure long-term use of
CPAP therapy.

Early studies reported high rates of long-term use (9–12);
however, most relied on questionnaire and self-reported use
rates. Subsequent studies, using data recorded from time
clocks built into the CPAP machines, have shown that early
figures were overestimates and that objective use is lower (13,
14), often irregular, and rarely meets the prescribed level (15,
16). There are few studies of objective long-term use of CPAP;
only one (17) could be found involving more than 50 patients
with a mean follow-up time of more than 1 yr. In order to clar-
ify the important determinants of long-term compliance with

CPAP therapy, we reviewed our experience of a large group
of patients with SAHS on whom we have prospective objec-
tive data on CPAP use. The determinants of compliance that
were considered to be important comprised known indices of
disease severity, e.g., apnea/hypopnea index (AHI) and com-
mon treatment-related variables (e.g., CPAP pressure) as well
as basic patient-related variables (e.g., demographics). These
variables were chosen since they are, in the main, specific to
sleep apnea and likely to be used for decision-making in the
sleep clinic setting.

 

METHODS

 

Patients

 

All patients booked for a CPAP titration night between January 1986
and February 1997 at the Scottish National Sleep Center were studied.
Data were obtained from review of all clinical records, patient and
spouse questionnaires completed at the time of the original consulta-
tion, sleep study results, and objective CPAP use records. Patients
with kyphoscoliosis or neuromuscular disorders were excluded, but
patients with SAHS were not excluded if there was coexisting chronic
obstructive airway disease if CPAP alone was the modality of treat-
ment chosen.

 

Diagnosis

 

Patients were evaluated for possible SAHS by clinical interview and
examination with involvement of a physician experienced in sleep
medicine. Results of an overnight sleep study as well as pulmonary
function tests, chest radiography, and at times other investigations
such as a multiple sleep latency test (MSLT) were reviewed prior to
deciding on the need for CPAP treatment. The decision to treat was
based on the presence of at least two major symptoms of the SAHS
(18) and an appropriate sleep study demonstrating an abnormal num-

 

(

 

Received in original form July 21, 1998 and in revised form October 9, 1998

 

)

Correspondence and requests for reprints should be addressed to Professor N. J.
Douglas, Respiratory Medicine Unit, Department of Medicine, University of Edin-
burgh, Royal Infirmary, Edinburgh EH3 9YW, UK.



 

McArdle, Devereux, Heidarnejad, 

 

et al.

 

: CPAP in Sleep Apnea/Hypopnea Syndrome 1109

 

ber of apneas and hypopneas per hour slept (AHI). Apneas were de-
fined as the absence of oronasal airflow in the presence of thoracoab-
dominal movement for at least 10 s and hypopneas as at least a 50%
reduction in thoracoabdominal movement for a minimum of 10 s (19).

Most diagnostic sleep studies were full polysomnography, per-
formed with our usual equipment, and scoring techniques (19). Lim-
ited sleep studies without electroencephalographic recording such as
the Autoset (ResMed Ltd., North Ryde, NSW, Australia) and Eden-
Tec (EdenTec Corp., Eden Prairie, MN) systems, as well as overnight
oximetry, were also used.

The cutoff for an abnormal AHI warranting treatment, when ac-
companied by appropriate symptoms, has varied over the study pe-
riod, but it has always been between more than five or more than 15
events per hour for polysomnographic studies. CPAP treatment based
on limited sleep studies required an apnea/hypopnea score of greater
than 30 events per hour in bed.

 

CPAP Titration and Follow-up

 

All patients received education prior to a CPAP titration night. This
involved an explanation of the treatment by a specialized CPAP
nurse, mask-fitting from a wide range of more than 20 mask types, an
educational video, and 20 min spent acclimatizing to CPAP on a bed
during the daytime. Most CPAP titration was performed manually to
obtain the minimum pressure that normalized breathing pattern and
minimized EEG arousals (13). Latterly, the Autoset (ResMed) system
was used occasionally. Since 1990 all patients have been issued CPAP
machines with in-built time clocks that record the time the machine is
switched on.

During the first 2 wk after taking CPAP home patients were usu-
ally contacted by the nurse specialists on one occasion. At times addi-
tional calls were made if there were on-going problems. The average
duration of these phone calls was approximately 10 to 15 min.

Patients were asked about the effect of treatment on nighttime and
daytime disease symptoms, then difficulties with use of CPAP were
sought. Interface problems were addressed by changing mask type or
headgear. The mask types most commonly used were the Respironics
mask (Respironics, Marysville, PA) in about two-thirds of patients
and the Sullivan Bubble mask (ResMed) in almost one-third. An Ad-
ams circuit (Mallinckrodt Ltd, St. Louis, MO) was used in 32 patients
to provide relief to skin pressure areas, especially to the nasal bridge.
Only 12 patients continued Adams circuits long-term. Full face masks
were used in fewer than 10 patients. Nasal/oral symptoms were treated
with topical decongestants or humidifiers, and antihistamines were
not used. Patients were reviewed in the sleep center by nursing staff if
problems could not be resolved by phone. Further support was avail-
able by 24-h access to a telephone advice line manned by the CPAP
nurse specialists. Clinic follow-up occurred initially within 3 mo of
starting CPAP. Subsequent reviews became less frequent as patients
were established on treatment, with a maximum of 12 mo between re-
views. At each review a clinical assessment was made and the CPAP
time clock was read to compute the average nightly rate of use. CPAP
machines were provided free of charge to patients. Those whose ob-
jective CPAP use was 

 

, 

 

2 h at any clinic appointment were confronted
with their usage data and encouraged to increase their CPAP use.
Any problems with CPAP side effects were addressed, and a 1-mo re-
view appointment was made. If subsequent use was still 

 

,

 

 2 h the
CPAP machine was then reclaimed by the Sleep Center.

 

Statistical Analysis

 

Statistical analysis was performed using the STATA Release 4 statisti-
cal package (Computing Resource Center, Santa Monica, CA). Non-
parametric methods (Mann-Whitney U test, chi-square, Spearman’s rank
correlation) were used in the basic descriptive statistical analyses be-
cause the variables measured were either dichotomous or categorical,
or did not approximate to a normal distribution. The primary depen-
dent variable of interest was possession and continued use of a CPAP
machine. The methods of survival analyses (Kaplan-Meier) were used
(20) to allow for variable follow-up times. Additionally, the methods
of Kaplan-Meier allow use of “censored” data, so that all information
gathered up to the time of a censored event can be used. Death, trans-
fer of care, and loss to follow-up were entered as “censored” vari-
ables. This provides maximal use of available data because survival

information can be analyzed even though the event of interest (delib-
erate stopping of CPAP treatment) is never reached (20). Univariate
analyses (log-rank test) were used to identify possible explanatory
variables influencing continued CPAP use. To explore the indepen-
dent effects of explanatory variables Cox’s proportional hazards model
was used (20, 21) and expressed as hazard ratios. The use of Cox’s
method for survival analysis is analogous to the use of multiple regres-
sion as an extension of linear regression. Kaplan-Meier analysis allows
the use of both continuous and categorical data. For simplicity and
relevance to clinical practice, many of the results have been presented
using categorical data.

The study had the approval of the local ethics advisory committee.

 

RESULTS

 

Study Population

 

A total of 1,211 patients were booked in for CPAP titration
nights, and data were available for 1,155 (95.4%). Follow-up
data were unavailable in the remaining 56. Comparison of
baseline data on the unavailable patients showed that they
were not different from the rest of the group in terms of age,
body mass index (BMI), AHI, Epworth score (Mann-Whitney
U test, all p 

 

.

 

 0.1), or sex (chi-square, p 

 

5

 

 0.18).
Fifty-two patients (4.5%) who were booked for a CPAP ti-

tration study subsequently refused CPAP treatment. These
patients either repeatedly failed to attend the titration night
(n 

 

5

 

 16) or were unable to tolerate CPAP on the titration
night and refused to take CPAP home (n 

 

5

 

 36). When com-
pared with patients who accepted CPAP therapy, patients
who refused CPAP were more often female (31 versus 14%,
p 

 

5

 

 0.002), current smokers (55 versus 32%, p 

 

5

 

 0.003), and
referred by a specialist rather than by a family practitioner (80
versus 61%, p 

 

5

 

 0.01). Conversely, these patients were less
likely to have a history of witnessed apneas (65 versus 83%,
p 

 

5

 

 0.004) and had a lower weekly alcohol consumption (0.5
versus 6 units, p 

 

5

 

 0.008). Neither severity of sleep apnea, in
terms of AHI, nor degree of subjective sleepiness as measured
by the Epworth scale were significant predictors of CPAP ac-
ceptance (Table 1).

 

Patients Who Commenced CPAP Therapy

 

There were 1,103 patients who were commenced on home
CPAP therapy; 86% were male and the median age was 50 yr
(interquartile range [IQR] 

 

5

 

 43 to 58 yr); BMI, 30 (IQR 

 

5

 

 27
to 35) kg/m

 

2

 

; AHI, 31 (IQR 

 

5

 

 18 to 53) events/h; Epworth
score, 12 (IQR 

 

5

 

 8 to 16). The most common clinical features
were a history of snoring (98%), witnessed apneas (83%), and
excessive daytime somnolence (EDS) (81%). A self-rated Ep-
worth score of greater than 10 was present in 60% of patients,
and 36% of patients reported difficulties because of sleepiness
while driving (Table 1).

Most cases of SAHS were diagnosed with full night poly-
somnography (933, 80%) with a small number undergoing a
split-night of diagnostic polysomnography followed by CPAP
titration (45, 4%). The remainder underwent studies using
EdenTec (n 

 

5

 

 135, 12%), Autoset (n 

 

5

 

 23, 2%), or oximetry
alone (n 

 

5

 

 19, 2%) for diagnosis. Patients were treated with a
median CPAP pressure of 8 cm H

 

2

 

O (IQR 

 

5

 

 7 to 10).
The maximum follow-up duration was 139 mo, with 281 be-

ing followed for 3 yr or more and 61 for 5 yr or more. The me-
dian follow-up was 22 mo (IQR 

 

5

 

 12 to 36), reflecting the ex-
ponential rise in referrals during the time of the study. During
follow-up 38 patients (3.5%) died (a further two patients who
refused CPAP are known to have died), another nine (0.8%)
patients had their care transferred to another center, and 217
(20%) stopped CPAP. Of these 217 who stopped CPAP, 167
(77%) independently decided to terminate treatment, and 50
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(23%) had their machine reclaimed. Of these 50 patients rea-
sons for reclamation were due to either persistent use less
than 2 h per night (n 

 

5

 

 47) or CPAP-induced severe side ef-
fects such as recurrent epistaxis (n 

 

5

 

 3). Reasons why patients
stopped using CPAP include lack of benefit (n 

 

5

 

 112), dis-
comfort (including noise and feelings of claustrophobia) (n 

 

5

 

102), and other reasons (cure as a result of weight loss, recur-
rent epistaxis, alternative diagnosis, and unknown reasons)
(n 

 

5

 

 28). There was more than one reason documented in 20
(18%) patients.

The median use per night at the most recent clinic visit for
all patients who started home CPAP therapy was 5.6 h (IQR 

 

5

 

3.8 to 7.0) per night and in patients continuing to use CPAP it
was 5.7 h (IQR 

 

5

 

 3.9 to 7.0) per night. In the latter group,
76% of patients used their CPAP machine for an average of
3.7 h or more per night.

A Kaplan–Meier plot of the percentage of patients started
on CPAP who continue using their machine over time shows
that 84% were still using CPAP at 12 mo and the use of CPAP
reached a plateau at around 4 yr when 68% continued with
treatment (Figure 1).

 

Determinants of Long-term CPAP Use

 

We sought determinants of long-term compliance with CPAP
therapy from baseline data and from computed CPAP use at
the first clinic follow-up after commencing CPAP therapy (al-
ways 

 

<

 

 3 mo). Baseline data comprised patient-related (age,
sex, occupation, and referral source), disease-related (symp-
toms, Epworth score, AHI, arousal index, collar size, BMI, al-
cohol consumption, smoking status, and coexisting COPD),
and treatment-related (diagnostic study type, method of
CPAP titration, and CPAP pressure) variables. This analysis
indicated that continued use of CPAP therapy was associated
with male sex, lower age, absence of COPD, and increasing
values for Epworth score, AHI, arousals, BMI, and CPAP
pressure. A history of snoring, witnessed apneic episodes, day-
time somnolence, and problems with somnolence during driv-
ing were also associated with continued use of CPAP therapy.
Rate of use of CPAP at the first follow-up visit correlated with
long-term CPAP use. The data were also analyzed with con-
tinuous variables being categorized by commonly used clinical
cutoffs or by median values (Table 2).

Cox’s proportional hazards models indicated that the inde-
pendent predictors of long-term CPAP use were snoring his-

Figure 1. Percentage of patients using CPAP versus time.

 

TABLE 1

BASELINE DATA ON PATIENTS REFUSING CPAP COMPARED
WITH PATIENTS TAKING CPAP HOME

 

Patients
Refusing CPAP*

Patients Taking
CPAP Home* p Value

Patients, n 52 1,103
Female, % 31  14 0.002
Median age, yr 44 (32–57) 50 (43–58) 0.08
Median BMI, kg/m

 

2

 

30 (27–36) 30 (27–35)

 

.

 

 0.1
Median AHI, events/h slept 22 (13–53) 31 (18–53) 0.07
Median arousals events/h slept 25 (17–43) 32 (20–50) 0.08
Median Epworth score 12 (6–17) 12 (8–16)

 

.

 

 0.1
Current smoker, % 55  32 0.003
Median alcohol consumption, units/wk 0.5 (0–7) 6 (1–16) 0.008
Hospital referral, % 80  61 0.01
History of snoring, % 100  98

 

.

 

 0.1
History of apneas, % 65  83 0.004
History of daytime somnolence, % 84  81

 

.

 

 0.1
History of driving problems, % 48  36

 

.

 

 0.1

 

Definition of abbreviations

 

: AHI 

 

5

 

 apnea/hypopnea index; BMI 

 

5

 

 body mass index; CPAP 

 

5

 

 continuous positive airway pressure.
* Values in parentheses are interquartile ranges.

 

TABLE 2

UNIVARIATE ANALYSIS: VARIABLES INFLUENCING
CONTINUED CPAP USE

 

Hazard Ratio* p Value

Women versus men 1.48 0.03
Age 

 

>

 

 50 versus age 

 

,

 

 50 1.43 0.001
BMI 

 

<

 

 30 versus BMI 

 

.

 

 30 1.65 0.0003
Epworth 

 

<

 

 10 versus Epworth 

 

.

 

 10 1.89

 

,

 

 0.0001
AHI 

 

,

 

 15 versus AHI 

 

>

 

 15 2.29

 

,

 

 0.0001
AHI 

 

,

 

 30 versus AHI 

 

>

 

 30 2.26

 

,

 

 0.0001
Arousals 

 

,

 

 32 versus arousals 

 

>

 

 32 1.55 0.0036
Nonsnorer versus snorer 2.6 0.006
No apneas versus apneas 2.25

 

,

 

 0.0001
No somnolence versus somnolence 2.23

 

,

 

 0.0001
No driving problems versus driving problems 2.25

 

,

 

 0.0001
Coexisting COPD versus no COPD 1.6 0.01
CPAP pressure 

 

,

 

 8 cm H

 

2

 

O versus 

 

.

 

 8 cm H

 

2

 

O 1.53 0.002
CPAP usage at 3 mo 

 

,

 

 2 h versus 

 

>

 

 2 h 12.7

 

,

 

 0.0001

For definition of abbreviations, 

 

see

 

 Table 1.
* Relative risk of stopping CPAP.
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tory (p 

 

5

 

 0.009), AHI 

 

>

 

 15 (p 

 

,

 

 0.001), and Epworth score 

 

.

 

10 (p 

 

,

 

 0.001) (Table 3). Kaplan-Meier plots show the com-
bined role of AHI and Epworth score on CPAP use at com-
monly used cutoffs (Figure 2). AHI and Epworth score were
independent predictors of continued CPAP use when ana-
lyzed as continuous variables, predicting use across the range
of their values. CPAP use at the first follow-up clinic visit was
also a strong independent predictor of continued CPAP use
(Table 3 and Figure 3). Using a cutoff of 2 h or more per night
at the first visit, the hazard ratio for continuing CPAP is 13
(Table 3).

A number of patients had obstructive sleep apnea and co-
existing COPD requiring therapy (n 

 

5

 

 110, 10%). We have
analyzed the effect of coexisting COPD on CPAP compliance.
Of those patients refusing CPAP treatment, seven (13%) had
coexisting COPD and there was no difference in CPAP accep-
tance rate between patients with COPD and other pa-
tients (p 

 

5

 

 0.3). In the univariate analysis there was an odds
ratio of discontinuing CPAP of 1.6 at a significance level of
0.01 for patients with COPD. The multivariate analysis
showed no independent influence from COPD (p 

 

.

 

 0.2).
Most of the patients with COPD had mild to moderate dis-

ease and only eight of those started on CPAP had coexisting
chronic respiratory failure (defined as a Pa

 

CO2

 

 greater than 45
mm Hg or a Pa

 

O2

 

 less than 60 mm Hg). Some of these eight
have been subsequently transferred to bilevel positive airway
pressure, and this has been allowed for by the use of “cen-
sored” variables in our survival analyses. Bilevel treatment
has not been analyzed in this study.

The significant determinants of the number of hours per
night that CPAP was used were increasing AHI (p 

 

5

 

 0.004),
BMI (p 

 

5

 

 0.004), Epworth score (p 

 

5

 

 0.046), and age (p 

 

5

 

0.03). There was no difference in CPAP use rate between
those diagnosed by polysomnography and limited sleep stud-
ies (p 

 

.

 

 0.5).

 

DISCUSSION

 

This large follow-up study with a high rate of ascertainment
shows that continuing CPAP usage is related to the severity of
subjective sleepiness and to the apnea plus hypopnea fre-
quency. Continuing CPAP usage at 3 yr occurred in 86% of
patients with an AHI 

 

>

 

 30 and an Epworth sleepiness rating
of 

 

.

 

 10. Our previous studies have shown that patients with
mild SAHS and AHI between 5 and 15/h benefit from treat-
ment (22), but this study showed that many such patients
abandon CPAP, especially if they are not “subjectively”
sleepy. Further, long-term use can be predicted most reliably
by the average nightly use of the CPAP machine during the
first 3 mo. The study also showed that patients using CPAP for
less than 2 h per night at 3 mo are unlikely to continue with
long-term treatment. Overall CPAP use in those taking CPAP
home was 68% at 5 yr. Patients continued to abandon CPAP

during the first 4 to 5 yr of treatment, in contrast to our clinical
impression that those who continued using CPAP after the
first few months tended to use it long-term. Although patients
are less likely to abandon CPAP the longer they have been us-
ing it, many (n 

 

5

 

 63; 29%) stop the treatment after 1 yr. Simi-
larly, Krieger and colleagues (17) found that 20% of those
who stop treatment do so after 1 yr.

In the analysis of continued use the outcome of interest is
deliberate stopping of CPAP treatment and includes stopping
because the patient abandoned treatment (15.5%) or because
the machine was reclaimed for reasons of poor compliance or
serious side effects. CPAP machines were reclaimed on 50 oc-
casions (4.5%). Patients were warned about their poor use
with the threat of having their machine reclaimed if use did
not improve. This threat led to improved use in some patients,
whereas others remained unwilling to increase use. The choice
of 2 h as a cutoff is a somewhat arbitrary value as there is no
known lower limit of average nightly use below which CPAP
is ineffective (17, 22, 23). Kribbs and colleagues (16) used a
criterion of minimal acceptable duration of use as at least 4 h
use per night on 

 

> 

 

70% of nights monitored. This equates to
an average nightly use figure of 2.8 h. Krieger and colleagues

 

TABLE 3

MULTIVARIATE ANALYSIS: INDEPENDENT VARIABLES
INFLUENCING CONTINUED CPAP USE

 

Hazard Ratio* 95% CI

 

†

 

p Value

AHI 

 

,

 

 15 versus AHI 

 

>

 

 15 2.48 1.79–3.46

 

,

 

 0.001
Epworth 

 

<

 

 10 versus Epworth 

 

.

 

 10 1.92 1.41–2.61

 

,

 

 0.001
Nonsnorer versus snorer 2.76 1.29–5.95 0.009
CPAP use at 3 mo 

 

,

 

 2 h versus 

 

>

 

 2 h 13.8 8.86–21.5

 

,

 

 0.001

For definition of abbreviations, 

 

see

 

 Table 1.
* Relative risk of stopping CPAP.

 

†

 

 95% confidence interval.

Figure 2. (Top panel) patients with Epworth score . 10 and vary-
ing AHI: percentage using CPAP versus time. (Bottom panel) pa-
tients with Epworth score < 10 and varying AHI: percentage using
CPAP versus time.
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(17) used a 1-h cutoff (after attempts to improve compliance)
for withdrawal of CPAP treatment.

A number of smaller studies, some using only subjective re-
ports of CPAP use (24, 25), have attempted to establish the
important determinants of long-term CPAP usage with var-
iable results (14, 17, 24, 25). Our results confirm that the se-
verity of breathing abnormality during sleep (14, 17) and the
degree of subjective sleepiness (24, 25) are predictors of con-
tinued CPAP use and shows that age, arousals, BMI, coexist-
ence of COPD, and CPAP pressure are also relevant factors.
As a lack of snoring history was rarely found (2%) among our
patients this is not a very helpful discriminator in routine clini-
cal practice. The study also shows for the first time that AHI
and Epworth sleepiness score are the independent predictors
of long-term CPAP use. These predictors are relatively weak,
as can be seen from their hazard ratios (Table 3), but they can
be combined to give a better prediction (Figure 2).

We found that continued CPAP use was greater in patients
with higher CPAP pressures. One might expect increased
pressure would increase mouth leak and thus nasal symptoms
(26), thus worsening compliance. Because CPAP pressure was
not an independent predictor of continuing use, presumably
the relationship between pressure and use resulted from cova-
riance of CPAP pressure with AHI, which was an independent
predictor of use. The 95th centile of CPAP pressure was 14.2
cm. We are unable to comment with confidence on the effects
of pressure on compliance at high pressures (higher than 14
cm). Further, there was no significant correlation between the
CPAP pressure used and mean nightly CPAP use (p 

 

5

 

 0.09).
Lack of benefit and side effects from CPAP were cited by

patients as the main reasons for stopping treatment. Although
side effects are reported equally in compliant and noncompli-
ant groups (25, 27), tolerance of these side effects may differ.
Evidence for this view was found by Pepin and colleagues (27)
as CPAP was considered to be noisier by patients with mild
SAHS. It is probable that the balance of benefits to side effects
from CPAP is important in determining continued CPAP use.

In contrast to baseline information, data on rates of CPAP
use obtained within 3 mo of starting CPAP is strongly predic-
tive of long-term use. Our findings extend those of Kribbs and
colleagues (16) who found that the pattern of CPAP use dur-
ing the first 3 mo is established in the first month for most pa-
tients. Although early rate of use data are predictive as a con-

tinuous variable, an arbitrary cutoff of 2 h per night will
separate most long-term CPAP users from those who have
stopped (Figure 3). The likelihood of stopping is much higher
for those who at 3 mo use CPAP for less than 2 h per night
than for those who use it for 2 h or more, with a hazard ratio
of 13. Long-term use of CPAP occurs in only 22% of patients
with early time clock readings less than 2 h compared with
78% of the remaining patients. The importance of early use
data in predicting continuing CPAP use may mean that there
is a window of opportunity, shortly after starting CPAP, to in-
fluence future compliance. Increased patient education and
support may be one way in which this could be done as sug-
gested by a number of studies showing improved compliance
with more intensive educational strategies (28, 29). There
may, however, be a number of patients who are unable to tol-
erate CPAP treatment and who will not continue using CPAP
long-term. Early identification of these patients would be use-
ful so that resources could be deployed elsewhere and alterna-
tive treatments tried instead.

Only 4.5% of patients refused CPAP treatment, less than
the 15 to 50% reported by other investigators (17, 25, 30). In
this study we used comprehensive pre-CPAP education. As
the acceptance rate was better than that reported by others
(17, 25), where there was unknown or limited pretreatment
education, it is postulated that the education provided by our
center may be a reason for the high acceptance rate found.
Free CPAP provision could also be a factor in initial accep-
tance, but Rauscher and colleagues (30) offered CPAP free to
unselected patients with AHI 

 

.

 

 15 with an acceptance rate of
only 50%. Thus, patient selection may be another important
factor as all our patients had to be symptomatic to be offered
CPAP. In this study and in another (25), some patients may
have been advised to begin CPAP treatment in the clinic but
refused, without therefore being booked for CPAP titration.
The exact number of these patients remains unknown in this
study; however, either N.J.D. or T.M. directly made the deci-
sion to offer CPAP in all patients, and this number was very
small (estimate 

 

,

 

 10 patients).
A higher number of female patients refusing CPAP treat-

ment has not been reported by others (17, 25, 30), and the rea-
son for this is unknown. Witnessed apneas may provoke a de-
gree of anxiety in the patient about their disease that results
in them persevering at least beyond a CPAP titration night.
The finding that CPAP refusers were more often specialist-
referred probably results from 38% of such patients being re-
ferred from ENT specialists, and many of these presented with
snoring as the main complaint. Presumably, many such pa-
tients will be less concerned about their own symptoms, per-
haps decreasing motivation for therapy (17, 24). CPAP refus-
ers also drank less alcohol and were more often current
smokers, but the reasons for these relationships are unclear.

The median average nightly use of CPAP determined from
clocks built into the machine was 5.7 h in those who continue
with CPAP therapy. No lower threshold for effectiveness of
CPAP is known; however, Engleman and colleagues (31) were
able to show improvements in objective daytime sleepiness,
symptom scores, mood, and cognitive function in a group of
consecutive patients with SAHS with an average CPAP use of
3.7 h per night. Seventy-six percent of our patients used their
CPAP machine for an average of 3.7 h or more per night. The
rates of use quoted above refer to time the machine is running,
not time at the preset therapeutic pressure. These data are not
known for most of our patients; however, a number of studies
have shown that a correction factor of 0.9 will give a reason-
able estimation of time at therapeutic mask pressure (13, 15,
16). As demonstrated by Kribbs and colleagues (16), average

Figure 3. Percentage using CPAP versus time with varying average
nightly CPAP run time at first follow-up visit (always < 3 mo).
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nightly CPAP use figures may result from a wide range of pat-
terns of actual nightly use and do not indicate whether use has
been regular or irregular.

Automatic CPAP titration using the Autoset was per-
formed on 106 of the patients studied. Autoset CPAP titration
produces an accurate assessment of the optimal CPAP pres-
sure (32). All of the remaining patients (n 

 

5

 

 1,105) had man-
ual CPAP titrations. These two groups of patients were both
predominantly male and similar in terms of age (median 

 

5

 

 50
yr, Autoset versus 50 yr; manual), BMI (median 

 

5 30 versus
30.5), AHI (median 5 32 versus 31), and Epworth score (me-
dian 5 13 versus 12). Two of the patients receiving Autoset
CPAP titration refused to take CPAP home. Kaplan-Meier
survival plots of continued use were similar (log-rank test, p 5
0.11) and the median CPAP run time at the last visit for those
continuing CPAP was similar (5.0 versus 5.7 h). Thus, the pa-
tients titrated using Autoset were similar to those titrated
manually and had similar compliance and are therefore in-
cluded in the analysis.

One of the potential criticisms of this study is that it in-
volved 46 comparisons. Therefore, by chance alone, two to
three relationships would be expected to be significant at the
0.05 level, whereas 23 significant relationships were found.
There is no universally accepted statistical solution to this
problem, and most statisticians feel that the Bonferroni cor-
rection for multiple comparisons is an overly conservative ap-
proach for such correlational data. However, even if this were
used, there are still significant univariate relations between
continued CPAP use and age, BMI, Epworth score, AHI,
symptoms of SAHS, and CPAP pressure, with the indepen-
dent determinants being unchanged except that snoring his-
tory is no longer significant.

This study was conducted in a health care system where
there was no treatment cost for the patient. Although cost is a
potential determinant of compliance in systems where treat-
ment is not free the available evidence suggests that it may not
significantly affect continued use. Studies in cost-free systems
of subjective continued use (12) and objective short-term use
(13) had similar levels of use to those in the United States, ar-
guing against a significant effect of cost. Furthermore, Rolfe
and colleagues (24) assessed reasons for discontinuing CPAP
treatment in Australia where patients were asked to buy their
CPAP machine and cost was not commonly given as a reason
for discontinuing CPAP treatment (six of 61 patients). It is
therefore likely that most of the findings of this study are also
applicable to health systems that involve costs to the patient
for CPAP treatment.

The effects of a strongly supportive system on long-term
use are uncertain. Waldhorn and colleagues (25) reported
their findings of subjective compliance in a system with lim-
ited follow-up support (“A follow-up home visit was provided
by a respiratory care company on initiation of home ther-
apy”). They found 76% of patients starting CPAP were still
using it at 14 mo, comparable to the 82% in our center at 14
mo. Hence, our findings on long-term use of CPAP may apply
to centers with a less supportive system than our own.

Other limitations of this study include the failure to contact
4.6% of patients and uncertainty about the number of patients
who declined a CPAP trial before it was ever booked. How-
ever, we believe that selection bias has been minimized by the
availability of data from nearly all patients in the study group.
Furthermore, the remaining patients do not appear to be dif-
ferent from the study group in important baseline determi-
nants of CPAP use. All of the objective data used in the study
were accrued prospectively, thus avoiding potential bias from
retrospective evaluation of data.

Other limitations include the facts that the Epworth sleepi-
ness scale has only been in use since 1991 (33), and objective
data from in-built clocks were not available in the early years
of the study (pre-1990), although patients were all subse-
quently changed over to these CPAP machines. There are
only five patients who started CPAP before 1990 and then
stopped before being changed to machines with built-in time
clocks. We therefore have objective data on compliance on
the vast majority of patients starting CPAP before 1990. In ad-
dition, as we successfully followed up only 281 patients at 3 yr
and 61 patients beyond 5 yr, longer-term studies will be re-
quired in the future.

In conclusion, this study found that in a cost-free system,
with comprehensive pre-CPAP education very few symptom-
atic patients refused CPAP treatment, and they were more of-
ten women, were more often specialist-referred, and less often
had a history of witnessed apneas. Just over two thirds of pa-
tients who took CPAP home continued with CPAP at 5 yr,
with a median nightly use of 5.7 h. Although AHI, subjective
daytime sleepiness, and snoring history have an independent
role in predicting long-term CPAP use, they are weak predic-
tors and should not be used in isolation to determine who
merits a trial of CPAP treatment. Early CPAP use data are
strongly predictive of continuing use and may help decisions
about perseverance with CPAP treatment and allow early
identification of patients who might benefit from more inten-
sive education and support. It also suggests (28) that efforts to
improve CPAP compliance should be targeted to the initial
3 mo.
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