
489 Journal of Clinical Sleep Medicine, Vol. 8, No. 5, 2012

behavior models21 demonstrate that psychological factors (e.g., 
outcome expectations, self-effi cacy, risk perception) signifi -
cantly infl uence CPAP adherence. Interventions such as educa-
tion (centered around OSAHS, CPAP treatment, and machine 
management22), supportive phone calls,23 group sessions,24 and 
frequent offi ce visits,22,25 as well as technologies aimed at re-
ducing pressure intolerance (auto-titrating devices,26 bilevel 
CPAP, and expiratory pressure reduction27,28), have all been 

Study Objectives: Adherence to CPAP therapy is low in 
patients with obstructive sleep apnea/hypopnea syndrome 
(OSAHS). The purpose of the present study was to evaluate 
the utility of measures of sleep architecture and sleep continu-
ity on the CPAP titration study as predictors of both short- and 
long-term CPAP adherence.
Methods: 93 patients with OSAHS (RDI 42.8 ± 34.3/h) under-
went in-laboratory diagnostic polysomnography, CPAP titration, 
and follow-up polysomnography (NPSG) on CPAP. Adherence 
to CPAP was objectively monitored. Short-term (ST) CPAP ad-
herence was averaged over 14 days immediately following the 
titration study. Long-term (LT) CPAP adherence was obtained 
in 56/93 patients after approximately 2 months of CPAP use. 
Patients were grouped into CPAP adherence groups for ST 
(< 2 h, 2-4 h, and > 4 h) and LT adherence (< 4 h, > 4 h). Sleep 
architecture, sleep disordered breathing (SDB) indices, and 
daytime outcome variables from the diagnostic and titration 
NPSGs were compared between CPAP adherence groups.
Results: There was a signifi cant relationship between ST 
and LT CPAP adherence (r = 0.81, p < 0.001). Neither ST 
nor LT adherence were related to demographic variables, 

baseline severity of untreated SDB, sleep architecture, or 
measures of daytime impairment. Good CPAP adherence 
groups had signifi cantly lower %N2 and greater %REM on 
the titration NPSG. A model combining change in sleep effi -
ciency and change in sleep continuity between the diagnos-
tic and titration NPSGs predicted 17% of the variance in LT 
adherence (p = 0.006).
Conclusions: These fi ndings demonstrate that characteristics 
of sleep architecture, even on the titration NPSG, may predict 
some of the variance in CPAP adherence. Better sleep quality 
on the titration night was related to better CPAP adherence, 
suggesting that interventions to improve sleep on/prior to the 
CPAP titration study might be used as a therapeutic interven-
tion to improve CPAP adherence.
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Untreated obstructive sleep apnea/hypopnea syndrome 
(OSAHS) signifi cantly affects quality of life and cardio-

vascular/cerebrovascular morbidities and mortality.1-4 CPAP 
therapy has been shown to be effective in treating sleep disor-
dered breathing (SDB) by reducing the apnea/hypopnea index 
(AHI)5 and by reducing excessive daytime somnolence (EDS).6

Despite this, CPAP acceptance and adherence are disappoint-
ingly low. A signifi cant number of patients (ranging from 30% 
to 80% in various studies) demonstrate an average CPAP usage 
of less than 4 hours per night.7,8 Several reviews have empha-
sized the need to identify patients who are at the greatest risk 
for non-adherence, with the goal of developing techniques to 
maximize overall adherence.9,10

Studies have suggested that CPAP adherence can be cor-
related to characteristics of patients at baseline, such as the 
severity of OSAHS,11-13 the level of EDS,14 and anatomical 
factors (smaller nasal cross-sectional area, reduced nasal vol-
ume, and high nasal resistance15,16), but the strength of these 
correlations has been weak. Drake et al. showed that patients 
whose sleep effi ciency on the CPAP titration night improved 
most had the greatest CPAP compliance at 47 days.17 More 
recently, studies using social cognitive theory18-20 and health 
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at the time of diagnosis and titration of CPAP, thereby providing po-
tential for early intervention.
Study Impact: Our data show that better sleep quality (greater % REM) 
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CPAP titration study may be useful in improving CPAP adherence.
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inconsistent in improving long-term adherence. Nevertheless, 
the consistent observation has been that early adherence and 
acceptance of CPAP has a relatively significant predictive val-
ue for long-term adherence.7,13,29,30

The purpose of the present study was to evaluate the utility 
of measures of sleep architecture and continuity on the CPAP 
titration study as predictors of both short-term and long-term 
CPAP adherence. In addition to traditional metrics of sleep 
such as total sleep time, sleep efficiency, and time in sleep 
stages and wake, we also examined sleep continuity using sur-
vival (of sleep) analysis, which has been shown to be useful in 
characterizing sleep in OSAHS.31 These data were collected 
as part of a larger research study examining the relationship 
of SDB to daytime function, in which patients with OSAHS 
underwent standardized evaluation and management of their 
SDB, objective monitoring of CPAP adherence, and evaluation 
of daytime outcomes.

METHODS

For the present study, 106 patients (72 male/34 female; > 18 
years of age) were prospectively recruited from all patients seen 
at the NYU Sleep Disorders Center between 2006 and 2009 who 
presented with complaints of EDS and/or snoring and were all 
eligible for a clinical trial of CPAP based on usual medical criteria. 
All patients had a primary diagnosis of OSAHS or upper airway 
resistance syndrome. In 99 patients, the respiratory disturbance 
index (RDI; see definition in data analysis) was > 10/h from an 
in-laboratory full-night diagnostic nocturnal polysomnography 
(NPSG). In 7 patients, RDI was < 10/h, but these patients had long 
periods of inspiratory flow limitation and snoring, EDS, or REM-
related or supine RDI > 15/h, and were prescribed a therapeutic 
CPAP trial. We excluded subjects who were pregnant, had medi-
cally unstable conditions, congestive heart failure, change in med-
ications during the trial, recent or confirmed history of alcohol or 
recreational drug abuse, inability to provide informed consent, or 
inability to perform the psychomotor vigilance test (PVT). Nine-
ty-three (61 male/32 female) of 106 recruited patients completed 
the initial recruitment protocol that included the CPAP titration 
study and objective evaluation of CPAP adherence. Six patients 
did not return for the CPAP titration study; CPAP adherence data 
were not available in 3 patients due to technical problems with 
the CPAP machine; 3 patients withdrew from the study after their 
CPAP titration; one patient was removed from the protocol due to 
the patient’s inability to follow instructions. This protocol was ap-
proved by NYU School of Medicine Institutional Review Board, 
and all patients signed informed consent.

Protocol Summary
The study was divided into 3 phases: diagnostic evaluation, ti-

tration, and follow-up. First, all patients underwent a full clinical 
evaluation for sleep disorders, which included a sleep-specific 
interview and a physical exam performed by a sleep physician 
at the NYU Sleep Disorders Center. Following this, all patients 
underwent a full in-laboratory diagnostic NPSG, including ob-
jective and subjective assessment of sleepiness and a separate 
standard in-laboratory CPAP titration study. On the morning after 
CPAP titration, patients filled out a questionnaire assessing their 
subjective response to the CPAP therapy. Patients were then giv-
en a custom CPAP machine (Fisher & Paykel HealthCare, NZ) to 
use at home with enhanced adherence monitoring capability (see 
below). A follow-up NPSG at therapeutic CPAP and concurrent 
daytime testing were repeated at the end of an average of 9 weeks 
of CPAP use (range 6 weeks- 3 months). Adherence to CPAP use 
in the home was assessed using data from the CPAP machine 
download over 2 distinct 14-day periods. The short-term (ST) 
adherence was evaluated in the 14-day period immediately fol-
lowing dispensing the CPAP machine (usually within one week 
of the laboratory CPAP titration). Long-term (LT) adherence was 
evaluated for the 2 weeks prior to the follow-up study. Figure 1 
shows a flow chart of the protocol.

Procedures

In-Laboratory Polysomnography (NPSG)
All in-laboratory NPSGs were performed according to 

AASM guidelines and included full sleep and respiratory mon-

•	History and Physical exam
•	In Laboratory NPSG
•	ESS, FOSQ, PVT, MSLT

Clinical Intake
DIAGNOSTIC STUDY

N = 106

TITRATION STUDY
N = 100

Excluded (n = 6)
•	6 subjects did not return for 

CPAP NPSG

2 WEEKS

SHORT-TERM CPAP 
ADHERENCE (ST Hours)

N = 93
Excluded (n = 7)

•	3 withdrew
•	3 with no CPAP data due to 

technical problems
•	1 dropped- other reasons

WITHIN 1 WEEK

LONG-TERM CPAP 
ADHERENCE (LT Hours)

N = 56
Excluded (n = 37)

•	2 bariatric surgery
•	1 withdrew
•	34 dropped for parent 

protocol violation
◦◦ 13 zero hours CPAP use
◦◦ 21 < 2 hours CPAP use

6-12 WEEKS

•	CPAP use per night over last 
2 weeks before f/u CPAP 
study

•	f/u NPSG on therapeutic 
CPAP

•	CPAP use per night over 2 
weeks

•	CPAP efficacy

•	In Laboratory NPSG with 
CPAP titration

•	Morning Subjective 
Questionnaire

•	Custom built CPAP machine 
given to patient

Figure 1—Flow chart of study protocol
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tages.32 During the Diagnostic NPSG, respiratory airflow was 
assessed with a nasal cannula connected to a pressure trans-
ducer (Protech PTAF2) and an oral thermistor, whereas during 
CPAP titration NPSG respiratory airflow was assessed from the 
CPAP analog output.

The CPAP titration study was performed manually by an ex-
perienced sleep technician according to AASM guidelines dur-
ing a separate full-night NPSG. Pressure was raised until all 
SDB events (including obstructive apneas, hypopneas, and runs 
of inspiratory flow limitation) were eliminated. A single optimal 
pressure was identified for each patient following review of the 
study by a physician. Per protocol, patients were educated about 
the function, purpose, and maintenance of CPAP and given a 
custom CPAP machine (Fisher & Paykel Healthcare) that was 
capable of continuously recording the raw signals of delivered 
airflow and pressure at 50 Hz on a portable USB memory card 
for prolonged periods. This machine provided heated humidi-
fication but did not provide bilevel pressure, expiratory pres-
sure relief, or a pressure ramp. Using this CPAP machine, data 
were collected and downloaded, after which the raw tracings 
could be visualized and manually scored for respiratory events. 
The device could also be programmed to change pressure at a 
predetermined date and time. All patients had a scheduled re-
turn visit with the research coordinator after 2 weeks on CPAP, 
during which time CPAP use was reviewed and problems with 
the equipment or mask fitting were addressed. Patients then 
used the CPAP machine set at their fixed therapeutic pressure 
for the remainder of the study. Follow-up thereafter consisted 
of a phone call once a month by the research coordinator to 
discuss CPAP use and schedule additional visits. Patients were 
encouraged to call the research coordinator at any time during 
the study period if they experienced problems with therapy.

In 74 patients, the CPAP device was programmed to deliv-
er CPAP in a sequence that began with an initial period of 2 
nights at the prescribed therapeutic pressure. This was followed 
by multiple nights at fixed pressures covering a total range of 
2-3 cm H2O above and below the prescribed therapeutic pres-
sure. Pressures were changed every 2 days over 2 weeks in a 
sequence that alternated increases or decreases of pressure with 
a return to prescribed therapeutic pressure. In 12 patients, the 
initially prescribed pressure was low, and hence pressures be-
low therapeutic were not tested. Data files containing the CPAP 
pressure and airflow were downloaded and reviewed. From 
these, we confirmed or modified the prescription of CPAP based 
on the efficacy of each pressure to obtain an optimal setting, 
which was used thereafter. ST adherence was evaluated over 
the entire 2-week period (during which time pressures were 
varying). In 19 patients, only one pressure (optimal determined 
by physician) was used for the entire 2-week period due to un-
availability of the CPAP device with programming capabilities. 
CPAP adherence was defined as the total time that airflow was 
observed visually at the prescribed pressure.

In a minority of patients (n = 14), side effects such as im-
proper fitting of mask, dryness requiring humidification, or 
travel preventing CPAP use needed to be addressed, and collec-
tion of ST data was initiated only after these complaints were 
addressed. Despite the fact that pressure fluctuated around the 
optimal pressure, “ST adherence” was defined as the average 
hours of use from all nights, regardless of pressure, including 

nights in which the patient chose to not use CPAP. In order to 
evaluate the effect of varying CPAP pressure across nights in 
a patient (in those subjected to these changes), we also calcu-
lated the hours of use at each separate pressure. Figure 2 plots 
hours of use against the deviation from the optimal pressure and 
shows there was no trend for an effect of pressure on CPAP ad-
herence. This allowed us to pool these data, providing a single 
value per subject over all pressures to define ST adherence. Af-
ter ST data collection, patients were switched to a commercial 
CPAP generator (with conventional adherence monitoring) set 
to the therapeutic CPAP pressure, and no further changes were 
made in CPAP pressure delivered.

LT adherence was obtained in only 56 patients due to the 
design of the parent study, which was intended to evaluate for 
follow-up only those patients who showed adequate ST CPAP 
use. Patients without LT adherence data collected include one 
patient who withdrew from the study, 2 patients who underwent 
bariatric surgery and 34 patients who were excluded because 
they showed zero hours of use (13 patients) or < 2 h average 
use per night (21 patients) on the ST adherence monitoring. 
Towards the end of the study enrollment period, these criteria 
were relaxed, and 4 patients with ST adherence < 2 h average 
per night were restudied at LT. All statistical tests were run with 
and without these 4 patients included, with no effect on the re-
sults. All of the LT data reported in the results section includes 
the 4 patients.

Measurement of Sleepiness
Subjective assessment of sleepiness consisted of the Epworth 

Sleepiness Scale (ESS),33 and the Functional Outcomes of Sleep 
Questionnaire (FOSQ).34 Objective tests consisted of a 20-min 
psychomotor vigilance task (PVT)35 and the multiple sleep la-
tency test (MSLT).36 The objective tests were administered 4 
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Figure 2

Graph plots data of pressure deviation from therapeutic pressure on 
the x-axis versus CPAP use (h) at that pressure in patients who were 
subjected to multiple pressures (± 2-3 cm H2O above or below) during 
the short-term adherence period. No relationship was seen between 
adherence and pressure (r = 0.07, p = ns).
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times across the day at 2-h intervals beginning at 09:00. Average 
PVT lapses (transformed as √lapses + √(lapses + 1) and mean 
sleep latency were calculated as the average from the 4 tests.

Data Analysis
Sleep stages, arousals, periodic leg movements, and respi-

ratory events (apneas, hypopneas, respiratory effort-related 
arousals [RERAs]) were scored by a single technician (in order 
to minimize interscorer variability) using American Academy 
of Sleep Medicine guidelines.32 In particular, hypopnea was de-
fined by the “preferred” AASM definition: airflow reduction > 
30% of baseline and associated with a 4% drop in oxygen satu-
ration. AHI4% was defined as the sum of apneas and hypopneas 
divided by the total sleep time (TST). RDI was defined as the 
sum of apneas, hypopneas, and RERAs divided by the TST. 
Summary data included conventional methods for quantifying 
the quality of sleep (e.g., TST, sleep efficiency, time and %TST 
spent in sleep stages and wake). We also evaluated sleep con-
tinuity using the survival analysis technique described by Nor-
man et al. and calculated the average run length of continuous 
sleep defined as the time (in minutes) between the first occur-
rence of stage 1 and the return to stage wake or stage 1 (if stage 
N2 sleep was observed).31

Comparisons between diagnostic, titration, and follow-up 
NPSG parameters were made using paired t-tests. ST and LT 
adherence were compared by Pearson correlation analysis. Sig-
nificance of this relationship was tested at the 0.05 level, as it 
was the primary predetermined variable of the study.

For other continuous variables, we examined the relationship 
between each variable and ST adherence, and similarly each 
variable and LT adherence, using Pearson correlation coeffi-
cients. In addition, the 93 patients who underwent ST assessment 
were divided into 3 groups as per usual clinical practice based 
on the average ST hours of CPAP use (< 2 h, 2-4 h, > 4 h) and 

compared using ANOVA. Data are presented as mean ± stan-
dard deviation and data analyses were conducted using SPSS 
17. The patients who underwent LT adherence assessment were 
divided into 2 groups (< 4 h and > 4 h), as there were only 
4 patients with LT adherence < 2 h, and differences between 
groups were examined using independent sample t-tests. We 
applied χ2 tests to compare frequencies and proportions. For all 
comparisons (other than between ST and LT adherence), we 
used a significance level of < 0.005 due to the large number of 
variables examined. The term “trend” is used when the p values 
were between 0.05 and 0.005.

The total data set (n = 93) consisted of 61 male and 32 female 
patients, with body mass index (BMI mean ± SD): 35.7 ± 9.6 
kg/m2, age: 47.9 ± 11.7 years (range = 56). Racial breakdown 
was as follows: 40% of patients were White, 27% Black, 7% 
Asian, and 26% not reported/other. Ethnicity was 19% Hispanic.

RESULTS

Table 1 shows summary data for the entire group for SDB 
indices and sleep architecture variables obtained from the di-
agnostic, CPAP titration (before short-term compliance as-
sessment) and final follow-up (after long-term compliance 
assessment) laboratory NPSG on therapeutic CPAP. As expect-
ed, SDB and sleep architecture variables improved significantly 
from the baseline diagnostic NPSG to the CPAP titration NPSG. 
In addition, from the CPAP titration NPSG to the final CPAP 
NPSG, AHI4% and RDI decreased and changes were observed 
in %N2 and %N3 sleep. We did not analyze TST or change in 
TST among the 3 NPSGs, as this variable is confounded by the 
design of our protocol: on the CPAP titration NPSG patients 
were allowed to leave as early as 07:00 (at their discretion), 
whereas on the diagnostic and final follow-up CPAP NPSG, 
they were encouraged to sleep ad libitum because they were 

Table 1—Demographic, sleep, and SDB variables in all subjects from diagnostic, titration, and follow-up NPSGs (Mean ± SD)
Diagnostic (n = 93) Titration (n = 93) Follow-up on CPAP (n = 56)

Age 47.9 ± 11.7 47.9 ± 11.7 47.0 ± 12.4 
BMI 35.7 ± 9.3 35.7 ± 9.3 36.4 ± 9.4 
Gender (% female) 34%   34%   38% 
AI (#/h) 26.0 ± 29.6 2.6 ± 4.7** 1.3 ± 2.6#

AHI 4% (#/h) 37.3 ± 35.5 4.4 ± 5.8** 2.2 ± 3.4##

RDI (#/h) 42.8 ± 34.3 7.2 ± 6.5** 3.9 ± 3.6##

% Sleep Below 90% O2 Sat. 14.1 ± 20.2 0.8 ± 1.9** 0.2 ± 0.5#

Total Sleep Time (min) 415.1 ± 76.6 360.3 ± 90.8 434.0 ± 82.1
Stage N1 (%) 32.5 ± 16.2 16.0 ± 8.8** 15.0 ± 5.6 
Stage N2 (%) 48.0 ± 13.1 53.5 ± 11.1** 57.6 ± 7.3##

Stage N3 (%) 4.3 ± 5.4 8.8 ± 9.3** 5.9 ± 7.0##

Stage REM (%) 15.2 ± 6.2 21.6 ± 9.9** 21.5 ± 6.3 
WASO (min) 89.1 ± 64.8 61.0 ± 44.8** 57.2 ± 46.9 
Sleep Efficiency (%) 79.6 ± 13.1 79.6 ± 13.7 82.7 ± 13.7 
Arousal Index (/h) 35.1 ± 22.7 13.8 ± 8.2** 11.7 ± 4.8#

Mean Sleep Continuity (min) 3.8 ± 2.0 7.7 ± 4.2** 7.9 ± 3.0 

**p < 0.005 diagnostic vs. titration. ##p < 0.005 titration vs. follow-up on CPAP. #p < 0.05 titration vs. follow-up on CPAP. AI, apnea index; AHI4%, apnea 
hypopnea index; RDI, respiratory disturbance index; WASO, wake after sleep onset.
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expected to remain in the laboratory for daytime testing. Thus, 
any prolongation of TST on the final NPSG could have reflect-
ed the longer time in bed than the CPAP titration night.

Table 2 and Figure 3A show average ST CPAP adherence 
data in the 93 patients. The average ST adherence was 3.2 ± 2.3 h 
(range = 8.6 h). Thirteen of these patients had zero hours of short-
term use. Average ST adherence excluding these 13 patients was 
3.9 ± 1.1 h/night. The number of days on which CPAP was used 

(> 0 h) was correlated (r = 0.73, p < 0.001) to the average hours 
of use per day, supporting the use of the latter as our metric of 
adherence. Subjects with poor (< 2 h), moderate (2-4 h), or ade-
quate (> 4 h) CPAP usage did not differ in age, BMI, gender, race, 
or level of therapeutic CPAP. Table 2 and Figure 3B also show 
average LT CPAP adherence in the 56 patients who completed 
this part of the protocol. The average LT adherence was 4.8 ± 2.1 
h (range = 8.6 h). For these same 56 patients, the ST adherence 

Table 2—Short-term and long-term adherence

ST Adherence (average of 14 days) Total (n = 93)
Group 1

< 2 hours (n = 26)
Group 2

2-4 hours (n = 28)
Group 3

> 4 hours (n = 39) p-value
Average Total Hours 3.2 ± 2.3 0.6 ± 0.7 2.8 ± 0.7 5.2 ± 1.7 –
Average Hours only on days when 
CPAP device was used

4.3 ± 2.4 1.6 ± 1.9 4.3 ± 0.8 6.2 ± 1.5 < 0.005**

Percent of nights with > 4 h usage 40.9 ± 32.1 4.1 ± 6.1 33.9 ± 13.4 70.3 ± 22.0 < 0.005**
Therapeutic Pressure (cm H2O) 9.3 ± 3.5 8.7 ± 3.5 9.2 ± 3.0 9.8 ± 3.9 0.46
Age (years) 47.9 ± 11.6 45.7 ± 9.8 53.0 ± 11.7 45.7 ± 11.9 0.02*
BMI (kg/m2) 35.7 ± 9.3 35.4 ± 10.1 35.2 ± 8.7 36.3 ± 9.2 0.87
Gender (% Female) 34 27 39 36 0.62
Race # (%)

White 37 (40%) 11 (42%) 12 (43%) 14 (36%) 0.66
Black 25 (27%) 6 (23%) 11 (39%) 8 (21%)
Other 23 (25%) 8 (31%) 3 (11%) 12 (31%)
Not Reported 8 (8%) 1 (4%) 2 (7%) 5 (13%)

LT Adherence (average of 14 days) Total (n = 56)
Group 1-2

< 4 hours (n = 21)
Group 3

> 4 hours (n = 35) p-value
Average Total Hours 4.8 ± 2.1 2.7 ± 1.1 6.2 ± 1.3
Average Hours only on days when 
CPAP device was used

5.4 ± 1.8 3.7 ± 1.2 6.5 ± 1.2 < 0.005**

Therapeutic Pressure (cm H2O) 9.8 ± 3.5 9.5 ± 3.5 9.9 ± 3.5 0.64
Age (years) 47.0 ± 12.3 46.0 ± 11.3 47.5 ± 13.1 0.66
BMI (kg/m2) 36.5 ± 9.4 35.5 ± 8.0 37.0 ± 10.3 0.58
Gender (% Female) 38 33 40 0.79

The skew in the age groups was due to the presence of a single outlier. **p < 0.005. *p < 0.05; numbers in bold type = statistically significant difference 
between groups.
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Number of patients grouped by CPAP adherence is shown for (A) short-term (n = 93) and (B) long-term (n = 56) data.
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had been 4.4 ± 1.8 hours. Subjects with moderate (< 4 h) and ad-
equate (> 4 h) CPAP usage did not differ in age, BMI, or gender.

Table 3A shows data from the initial diagnostic NPSG and 
the concurrent daytime assessments. Groups of poor, moderate, 
and adequate ST users did not show statistically significant dif-
ferences in SDB, sleep architecture, or daytime outcome vari-
ables. Moderate and adequate LT CPAP users are compared in 
Table 3B. Although no statistically significant differences (as-
sessed at p < 0.005) were seen for SDB, sleep architecture, or 
daytime outcome variable, an interesting trend (p = 0.03) sug-

gests that poor LT adherence was associated with shorter TST 
and lower RDI (p = 0.04) on the diagnostic laboratory NPSG.

Tables 4A and 4B show data from the titration NPSG for 
poor, moderate, and adequate CPAP user groups in the short-
term, and moderate and adequate user groups in the long-term, 
respectively. These data show there was no difference between 
the groups in TST on the titration NPSG, despite the differences 
in their home usage, suggesting that under supervision all pa-
tients were able to use CPAP therapy similarly, and that this did 
not clearly reflect variation in their usage in the home. However, 

Table 3
A ST Adherence – Hours/night (n = 93)
Diagnostic Study 0-2 hours (n = 26) 2-4 hours (n = 28) > 4 hours (n = 39) p-value

AI (/h) 19.5 ± 25.3 26.1 ± 29.7 30.3 ± 32.1 0.36
AHI 4% (/h) 30.3 ± 30.8 36.7 ± 34.1 42.4 ± 39.2 0.41
RDI (/h) 37.2 ± 30.3 41.7 ± 33.3 47.3 ± 37.5 0.50
% time O2Sat < 90% 9.9 ± 16.4 12.7 ± 18.9 17.8 ± 23.1 0.29
Total Sleep Time (min) 421.1 ± 65.4 395.2 ± 86.5 425.3 ± 75.2 0.26
Stage N1 (%) 30.1 ± 15.9 33.3 ± 17.5 33.4 ± 15.7 0.68
Stage N2 (%) 51.6 ± 13.5 48.1 ± 13.4 45.5 ± 12.3 0.18
Stage N3 (%) 3.9 ± 4.9 3.6 ± 4.7 5.1 ± 6.3 0.50
Stage REM (%) 14.3 ± 5.7 15.0 ± 6.9 15.9 ± 6.1 0.61
WASO (min) 67.1 ± 35.7 108.8 ± 87.6 89.6 ± 57.1 0.06
Sleep Efficiency(%) 83.8 ± 8.4 75.9 ± 17.3 79.6 ± 11.5 0.08
Arousal Index (/h) 31.2 ± 19.9 33.2 ± 20.8 39.0 ± 25.6 0.35
Mean Sleep Continuity (min) 3.9 ± 1.47 4.1 ± 2.68 3.6 ± 1.65 0.57
ESS 10.8 ± 6.3 12.1 ± 5.6 12.3 ± 5.1 0.56
FOSQ 14.1 ± 3.7 14.1 ± 3.2 14.4 ± 2.4 0.86
PVT(Transformed Lapses) 5.6 ± 4.6 6.5 ± 5.6 5.5 ± 3.9 0.71
MSLT (latency in min) 7.1 ± 5.6 7.0 ± 4.3 6.9 ± 4.0 0.98

B LT adherence – Hours (n = 56)
Diagnostic Study 0-4 hours (n = 21)  > 4 hours (n = 35) p-value

AI (/h) 23.2 ± 31.1 33.5 ± 29.9 0.26
AHI 4% (/h) 28.8 ± 32.7 48.0 ± 35.7 0.06
RDI (/h) 33.6 ± 31.3 53.6 ± 33.6 0.04*
% time O2Sat < 90% 9.7 ± 19.2 19.0 ± 21.6 0.13
Total Sleep Time (min) 388.4 ± 63 423.1 ± 70.6 0.03*
Stage N1 (%) 29.2 ± 18.1 35.5 ± 14.8 0.17
Stage N2 (%) 49.0 ± 15.5 45.0 ± 11 0.26
Stage N3 (%) 4.7 ± 6.1 4.5 ± 5.6 0.95
Stage REM (%) 17.1 ± 6.6 14.8 ± 6 0.23
WASO (min) 94.8 ± 70.8 89.5 ± 44.1 0.80
Sleep Efficiency 77.2 ± 13.6 80.0 ± 9.1 0.39
Arousal Index (/h) 30.8 ± 22.7 40.8 ± 24.1 0.13
Mean Continuity (min) 4.4 ± 2.8 3.3 ± 1.5 0.06
ESS 11.4 ± 5.4 12.9 ± 5.6 0.36
FOSQ 14.4 ± 3 14.7 ± 2.7 0.66
PVT(Transformed Lapses) 4.7 ± 3.9 6.1 ± 4.1 0.30
MSLT (latency in min) 5.9 ± 3.2 6.9 ± 3.9 0.36

(A) Data from diagnostic NPSG and daytime tests (mean ± SD). Subjects grouped by ST adherence. (B) Data from diagnostic NPSG and daytime tests (mean 
± SD). Subjects grouped by LT adherence. *p < 0.05. AI, apnea index; AHI4%, apnea hypopnea index; ESS, Epworth Sleepiness Scale; RDI, respiratory 
disturbance index; PVT, psychomotor vigilance test; WASO, wake after sleep onset; FOSQ, Functional Outcomes of Sleep Questionnaire; MSLT, multiple 
sleep latency test; numbers in bold type = statistically significant difference between groups.
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there was a statistically significant difference observed between 
the adherence groups for %time in stage N2 sleep (p = 0.002) on 
the titration NPSG. There was also a trend for adequate CPAP 
users to have a higher %time in REM sleep (p = 0.008) on the 
titration NPSG. Table 4B shows the same titration NPSG data 
broken down when the patients were grouped by their long-
term CPAP usage. Differences between LT adherent groups in 
%Stage N2 (p = 0.005) and in %REM sleep (p = 0.003) on the 
titration NPSG are still evident. Sleep continuity (mean duration 
to arousal) on the titration NPSG was greater in the adequate LT 
adherence group than the moderate adherence group, but this 
did not reach statistical significance (p = 0.061). All results were 
unchanged when the ST adherence data were analyzed combin-
ing poor and moderate ST adherence groups (n = 54) compared 
to subjects with adequate CPAP use (n = 39).

Thirty-six of the 93 subjects were on medications that could 
have affected sleep architecture (SSRIs, β-blockers, anti-psy-

chotic agents, and anti-epileptic agents), particularly the dura-
tion of REM sleep. However, we found no difference between 
the 3 ST adherence groups, in the number of subjects who were 
on medications (46%, 36%, and 36%, respectively, p = 0.45). 
Interestingly, and contrary to our expectation, we also found 
no significant differences in any sleep variables between the 
subjects with or without medications on the diagnostic and ti-
tration NPSGs (data in supplement Tables S2A and S2B). The 
only medication-related significant finding in our data was that 
those subjects on medication had a worse FOSQ score than 
those without medications. Despite our inability to show a 
difference in sleep architecture related to medication use, we 
did re-analyze our data excluding the 36 subjects who were on 
medications; for the remaining 57 subjects we showed the same 
findings (or trends) in sleep percentages between ST adherence 
groups (lower %N2 and trend for higher %REM, higher sleep 
efficiency and sleep continuity on the CPAP titration night in 

Table 4
A ST adherence – Hours/night (n = 93)
Titration Study < 2 hours (n = 26) 2-4 hours (n = 28) > 4 hours (n = 39) p-value

AI (/h) 1.5 ± 2.1 1.7 ± 2.1 3.9 ± 6.7 0.06
AHI 4% (/h) 2.7 ± 3.2 3.3 ± 3.2 6.3 ± 7.8 0.02*
RDI (/h) 5.4 ± 4.2 6.5 ± 4.8 8.9 ± 8.3 0.09
% time O2 Sat < 90% 0.4 ± 1.2 1.0 ± 2.6 0.9 ± 1.6 0.43
CPAP Pressure 8.7 ± 3.5 9.2 ± 3.0 9.8 ± 3.9 0.12
Total Sleep Time (min) 364.6 ± 93.6 377.3 ± 54.8 360.3 ± 90.8 0.12
Stage N1 (%) 15.0 ± 10.0 17.9 ± 8.9 15.4 ± 7.8 0.42
Stage N2 (%) 58.7 ± 9.4 54.5 ± 11.4 49.3 ± 10.6 0.002**
Stage N3 (%) 8.0 ± 8.6 8.0 ± 8.5 10.0 ± 10.4 0.58
Stage REM (%) 18.4 ± 10.0 19.5 ± 7.7 25.3 ± 10.3 0.008*
WASO (min) 49.6 ± 31.7 75.8 ± 55.6 58.1 ± 41.8 0.09
Sleep Efficiency 77.6 ± 16.0 78.4 ± 14.7 81.7 ± 11.3 0.43
Arousal Index (/h) 13.4 ± 10.9 14.9 ± 7.2 13.3 ± 6.7 0.70
Mean Sleep Continuity (min) 7.6 ± 2.80 7.0 ± 5.2 8.3 ± 4.3 0.46

B LT adherence – Hours (n = 56)
Titration Study < 4 hours (n = 21) > 4 hours (n = 35) p-value

AI (/h) 2.8 ± 3.4 3.0 ± 5.4 0.96
AHI 4% (/h) 4.3 ± 4.6 5.4 ± 6.4 0.55
RDI (/h) 8.0 ± 5.9 8.3 ± 7.2 0.95
% time O2 Sat < 90% 0.4 ± 0.8 1.0 ± 2.4 0.28
CPAP Pressure 9.2 ± 3.1 10.1 ± 3.4 0.78
Total Sleep Time (min) 369.4 ± 99.6 375.2 ± 61.1 0.78
Stage N1 (%) 17.9 ± 7.9 15.8 ± 7.6 0.31
Stage N2 (%) 56.4 ± 9.1 48.3 ± 9.4 0.005**
Stage N3 (%) 7.1 ± 9 10.3 ± 9.7 0.25
Stage REM (%) 18.6 ± 8 25.6 ± 7.9 0.003**
WASO (min) 68.5 ± 48 60.2 ± 42 0.43
Sleep Efficiency 79.8 ± 11.7 80.8 ± 12.8 0.70
Arousal Index (/h) 15.8 ± 7.1 13.3 ± 6.8 0.19
Mean Sleep Continuity (min) 6.1 ± 2.8 8.2 ± 4.3 0.06

(A) Data from titration NPSG (mean ± SD). Subjects grouped by ST adherence. (B) Data from titration NPSG (mean ± SD). Subjects grouped by LT 
adherence. **p ≤ 0.005. *p < 0.05. AI, apnea index; AHI4%, apnea hypopnea index; RDI, respiratory disturbance index; WASO, wake after sleep onset; 
numbers in bold type = statistically significant difference between groups.
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the adequate users compared to the poor CPAP users data in 
supplement Tables S3A and S3B).

Figure 4 examines the impact of subjective patient as-
sessment of satisfaction with CPAP on the morning after the 
CPAP titration on ST CPAP adherence in the 85/93 patients 
who filled out the morning questionnaire. ST CPAP adherence 
was not different when patients were separated into groups by 
their answers to 2 questions “How would you rate your sleep 
after using CPAP?” and “How would you rate your CPAP 
treatment?” However, answering “yes” to “Would you like to 
continue to use CPAP therapy at home?” was associated with 
higher ST CPAP adherence (4.0 ± 2.1 h/night vs. 2.1 ± 2.2 h/
night, p < 0.001). When subjects were grouped based on re-
sponse to this question (Tables S4A and S4B in supplement) 
no differences were observed in demographics or on the diag-
nostic NPSG. Those subjects who reported willingness to use 
CPAP also had significantly longer TST, greater %REM, and 
better sleep efficiency on the CPAP titration NPSG. Figure 5 
shows that the better short-term CPAP users tended to con-
tinue on to become better long-term users; i.e., there was a 
significant correlation between ST and LT home CPAP adher-
ence (r = 0.81, p < 0.001). Because this correlation was per-
formed including subjects with zero CPAP usage, we repeated 
the analysis with these subjects excluded and were still able to 
show a significant relationship (r = 0.61, p = 0.05; not shown 
on figure).

In order to assess the relationship between CPAP adherence 
and the change in sleep parameters from diagnostic to titra-
tion NPSG (∆ = titration NPSG value minus diagnostic NPSG 
value), we examined these for each CPAP adherence group. In 
the ST data, no ∆variable was significantly different between 
groups, although ∆Sleep_Efficiency showed a trend (−6.2% ± 
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Figure 4

(A) The graph shows the ST adherence grouped by subject responses 
to the question “How would you rate your sleep after using CPAP?” the 
morning after the titration study. No significant differences were seen 
between groups. (B) The graph shows the ST adherence grouped 
by subject responses to the question “How would you rate your CPAP 
treatment?” the morning after the titration study. No significant differences 
were seen between groups. (C) The graph shows the ST adherence 
grouped by subject responses to the question “Would you like to continue 
to use CPAP therapy at home?” The group that answered “yes” had a 
significantly (p < 0.001) higher CPAP adherence that the group who 
answered “No/Not Sure.” The graphs shows the mean and SD of ST 
CPAP adherence in each group.
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Figure 5

Graph shows short-term CPAP adherence (x-axis) plotted against long-
term adherence (y-axis) (r = 0.81, p < 0.001). Each data point represents 
one subject.
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16.4% for < 2-h adherence, +2.5% ± 16.4% for 2- to 4-h adher-
ence, +2.1% ± 11.7% for > 4-h adherence, p = 0.045). In the LT 
data, only ∆%REM (+1.5% ± 10.0% for < 4 h, +10.4% ± 9.8% 
for > 4 h, p = 0.002) was significantly different between groups, 
with the adequate users showing a bigger change in %REM 
between diagnostic and titration NPSG.

We also examined the strength of a linear regression model 
predicting ST and LT adherence from all sleep and SDB vari-
ables obtained on the titration NPSG. We found that the %N2 
sleep on the titration NPSG had a significant correlation to both 
ST adherence (r = 0.32, p = 0.002) and LT adherence (r = 0.38, 
p = 0.001), and addition of other variables did not improve the 
fit beyond that of a model with %N2 alone. We further exam-
ined models using the ∆ in sleep variables between titration 
and diagnostic NPSGs. No significant models could be found 
that adequately predicted ST adherence. A model combining 
∆Sleep_Continuity (r = 0.29) and ∆Sleep_Efficiency (r = 0.23) 
predicted LT adherence (r2 = 0.17, p = 0.006), although it did 
not satisfy the null-hypothesis α limit of 0.005 for significance.

DISCUSSION

Our data confirm that there is a significant relationship be-
tween short-term and long-term CPAP adherence,7,29,30 and that 
short-term CPAP use observed in the first two weeks at home 
is largely predictive of long-term adherence. Importantly, we 
were able to demonstrate a new finding: variables addressing 
aspects of sleep architecture (%N2 and %REM) on the titration 
NPSG were correlated to short-term and long-term CPAP home 
use. Sleep continuity on the titration NPSG did not correlate 
with either ST or LT adherence. However, in subjects with LT 
adherence data, a regression model combining change in sleep 
continuity and change in sleep efficiency between the diagnos-
tic and titration nights was predictive of LT adherence (r2 = 0.17, 
p = 0.006). These findings are in accord with and supplement 
published findings,17,37 which demonstrate that characteristics 
of sleep, even on the CPAP titration NPSG, can help predict 
long-term adherence.

Despite observing the expected improvement in SDB and 
all sleep parameters on CPAP, the overall mean ST adherence 
was 3.2 h and the LT adherence (which excluded most of the 
patients with ST adherence < 2 h) was 4.8 hours. Although 
these values are slightly lower than average adherence in some 
studies27,28 they are in the same range as most studies reporting 
CPAP adherence.19,38,39

The only differences we found between adequate and poor 
ST CPAP adherents were that the good users had lower %N2 
sleep and higher %REM sleep on the titration laboratory NPSG. 
At the present time there is no consensus as to the underlying 
purpose of sleep, and thus it is difficult to define “better” sleep 
quality without assessing a behavioral outcome. In the sleep lit-
erature it is often assumed that increases in %REM and %N3 
sleep, even within the normal range, may suggest “better” sleep. 
Both REM disruption and a reduction in %REM and %N3 sleep 
are generally seen in diseases that reduce the well-being of a 
subject through sleep-disrupting mechanisms, with correspond-
ing increases in other stages of sleep. This pattern has been in-
voked as a measure of poor sleep quality in aging40 and insomnia 
literature,41 and also when describing the “first-night” effect in 

the laboratory. Furthermore in CPAP-treated OSA, increases in 
%REM and/or %N3 sleep are generally interpreted as indicat-
ing a beneficial effect of CPAP on sleep. The effect of CPAP 
on %REM sleep was seen in our own data (Table 1 compar-
ing CPAP NPSGs to the diagnostic NPSG). The average %REM 
sleep on the titration CPAP night was within the normal range, 
but was highest in the subjects with the highest ST CPAP adher-
ence. We interpret this as consistent with the idea that these par-
ticular subjects may have had better sleep on CPAP than those 
who eventually showed lower CPAP adherence.

With the above assumptions about sleep quality, our data 
suggest “better sleep” on the titration night is related to bet-
ter home CPAP adherence, but this observation is consistent 
with at least two interpretations: (1) Subjects with a “better” 
first night on CPAP may be more likely to continue using CPAP 
because of the good quality of their first exposure to CPAP (or, 
stated conversely, poor initial sleep caused by CPAP discom-
fort during early use limits CPAP adherence). Alternatively, (2) 
Subjects with better sleep pre-CPAP may be less susceptible to 
the discomfort of CPAP use (or, stated conversely, preexisting 
poor sleep limits CPAP adherence). Because we cannot sepa-
rate the impact of CPAP on quality of sleep from CPAP’s effect 
on the underlying SDB, our data do not allow us to distinguish 
between these two possible explanations. Only knowing the pa-
tients’ quality of sleep prior to their having SDB would directly 
address this issue.

Our findings are in agreement with the Drake et al.17 who re-
ported that a patient’s initial experience with CPAP (and the de-
gree of improvement in sleep efficiency on the titration) was a 
significant predictor of future CPAP adherence. Lewis et al.42 also 
showed that those patients who reported problems on the first 
night of CPAP showed worse CPAP adherence. In support of the 
hypothesis that better sleep on the titration night predicts better 
adherence, Colleen et al.43 and Lettieri et al.37 showed that use of 
a sedative hypnotic on the titration study night was associated 
with longer TST and higher sleep efficiency on that night and 
was also a significant predictor of higher short-term CPAP adher-
ence. These authors suggest that “medication use may improve 
the patients’ overall experience in the sleep laboratory setting.”

Previous studies have produced conflicting data about the re-
lationship of age, gender, degree of sleepiness, and severity of 
SDB with short or long-term CPAP use.13,20,44-48 Our data, which 
include subjects with a wide range of SDB severity and sleepi-
ness as well as wide ranging racial and gender distribution, are 
in agreement with studies that showed no relationship between 
these demographic variables and short-term or long-term CPAP 
use. In our dataset with 27% Black subjects, we failed to show a 
difference in ST CPAP adherence based on race (Black subjects: 
3.2 ± 2.0 h/night vs White subjects: 3.2 ± 2.4 h/night, p = 0.99). 
Other studies have showed significantly reduced CPAP adher-
ence in black subjects,30,46,47 although most of these studies did 
not report socioeconomic status, which has been shown to be an 
independent predictor of CPAP adherence regardless of race.45,49

In our dataset, patients who stated that they would not or 
were not sure they would use CPAP following their titration 
night had significantly lower ST adherence: adherence in 
these subjects was almost 50% less than in those who stated 
that they would use CPAP (2.1 vs. 4.0 h/night). Of note, these 
same patients had significantly lower TST and sleep efficien-
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cy on the titration laboratory NPSG (sleep efficiency 71% ± 
14% for “no/not sure” vs. 83% ± 13% for “yes,” p < 0.001). 
These data show that the initial subjective, as well as objec-
tive, experience with CPAP (positive or negative) is associ-
ated with subsequent adherence. The questionnaire responses 
may be related to the domain of self-efficacy and our finding 
is in keeping with some recent studies examining psychologi-
cal factors that include patient’s beliefs and perceptions of 
OSA and CPAP (risk perception, outcome expectancies, and 
self-efficacy) that have been shown to explain up to 25% of 
the variance in CPAP adherence. However, we are not able to 
distinguish whether poor sleep while on CPAP caused poor 
adherence or a patient’s preconception against CPAP caused 
both poor sleep on the titration night and poor adherence. One 
potential implication of the relationship between sleep quality 
on the CPAP titration night and CPAP adherence is that home 
CPAP titration might produce “better” sleep and therefore en-
hance CPAP adherence. However, there are conflicting results 
regarding whether CPAP adherence is higher or lower when 
home titration is performed compared to in-laboratory titra-
tion,50-52 and the present data do not allow us to address this 
issue directly.

The strengths of our study are that data were obtained in a 
group of subjects with a wide range of severity of SDB, with 
objective monitoring of both the efficacy of the pressure and of 
usage. All subjects were given comprehensive education about 
their need for CPAP and were encouraged to use it with intense 
feedback and follow-up from a research coordinator. Changes 
to masks and need for humidity were attended to promptly 
prior to data collection. While there is some evidence in the 
literature that sub-therapeutic pressures can influence adher-
ence, it is also possible that excessive pressure may impact 
adherence.44 In our study, we titrated therapeutic CPAP to the 
lowest effective pressure using multiple full nights of home 
monitoring at varying pressures above and below the thera-
peutic prescription pressure in the 2 weeks following the in-
laboratory CPAP titration NPSG. Thus “optimal” CPAP was 
ensured for the long-term treatment and poor titration is not 
likely to have affected adherence. In a subset of patients there 
was a delay in implementation of CPAP that could have af-
fected ST adherence results (n = 14 subjects where delay was 
> 2 weeks). However, there were no demonstrable differences 
in age, BMI, gender, ST, and LT hours between this subset and 
the remaining subjects.

Our study also had limitations. First, we did not obtain in-
formation on psychosocial factors that could have impacted 
adherence. Social factors such as socioeconomic status, social 
support, and partner involvement have been shown in some 
studies to affect adherence, although not in a simple man-
ner.42,45,53 Similarly, psychological factors have also been shown 
to predict adherence in many studies,18-20 although not in all.47,49 
Most of the current literature focuses on the use of psychologi-
cal interventions to promote CPAP usage (CBT,54 motivational 
interviewing55), but these are time and resource intensive, so 
that identifying who would or would not benefit from these 
interventions may be useful. Our data focus on the earliest 
possible identification of these subjects using measurements 
routinely collected in a sleep laboratory for clinical purposes 
(e.g., the CPAP titration NPSG).

Second, LT data were not collected in all patients due to the 
study design of the parent protocol. However, there were no 
differences in demographic or diagnostic NPSG data between 
those subjects who did not have LT data and those who were 
studied long term (see supplemental data Table S1A and S1B). 
On the titration night, there was also a trend to worse sleep 
(more %N2 and less %REM) in those who did not complete the 
LT data collection; this would be consistent with our adherence 
result if all of these ST dropout subjects went on to be poor LT 
users (as opposed to just not being restudied).

Although we show a statistically significant correlation of 
adherence to sleep variables on the titration NPSG, the propor-
tion of explained variance of this finding is small (5% to 15%). 
Thus, adherence to CPAP appears to be driven primarily by ad-
ditional factors beyond those seen on the PSG. This is in accord 
with work on adherence to other medical therapies, suggesting 
that physiological disease may be less important in determin-
ing adherence to therapy than psychosocial factors.56 It is dif-
ficult to say from our data whether good sleepers become good 
CPAP users or whether initial CPAP tolerance and good sleep 
on the titration night promotes LT adherence. If therapeutic in-
terventions to improve adherence are to be considered, separat-
ing these causal pathways to CPAP adherence has implications 
beyond making a prediction of LT adherence. In the second 
scenario, an intervention could be targeted at improving sleep 
during the titration night (e.g., giving sedatives or anxiolytics), 
whereas in the former, the goal would be to improve sleep inde-
pendent from the CPAP intervention (e.g., by treating insomnia 
itself, as by using CBT prior to a CPAP trial or to rescue poor 
CPAP users). In either case, the close correlation between ST 
and LT adherence and the difficulty in predicting who will be 
poorly compliant before the first exposure to CPAP suggests 
that improvements to CPAP adherence are most likely to come 
from interventions before, rather than after a patient identifies 
him/herself as poorly adherent. This, of course, does not apply 
to interventions aimed at specific conditions related to CPAP 
discomfort that appear when therapy is initiated (e.g., mask fit, 
nasal congestion), but, by the above reasoning, the data we and 
others have collected suggest that interventions after the first 
exposure to CPAP may not be the only method to impact on LT 
CPAP adherence.

ABBREVIATIONS

OSAHS, obstructive sleep apnea hypopnea syndrome
SDB, sleep disordered breathing
AHI, apnea hypopnea index
EDS, excessive daytime somnolence
CPAP, continuous positive airway pressure
NPSG, nocturnal polysomnogram
RDI, respiratory disturbance index
AI, apnea index
N1, sleep stage N1
N2, sleep stage N2
N3, sleep stage N3
WASO, wake after sleep onset
ESS, Epworth Sleepiness Scale
FOSQ, Functional Outcomes of Sleep Questionnaire
PVT, psychomotor vigilance test
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MSLT, multiple sleep latency test
TST, total sleep time
ST, short-term
LT, long-term
BMI, body mass index
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Table S1A—Diagnostic NPSG data comparing subjects included in the LT cohort versus the subjects who dropped out
Diagnostic NPSG Dropped (n = 37) LT Cohort (n = 56) p-value

AI Index (/hr) 21.4 ± 28.2 29.1 ± 30.4 0.18
AHI 4% Index (/hr) 32.8 ± 35.7 40.2 ± 35.4 0.21
RDI Index (/hr) 38.7 ± 35.0 45.5 ± 33.8 0.23
% time O2Sat < 90% 12.3 ± 19.2 15.2 ± 20.9 0.49
Total Sleep Time (min) 415.0 ± 86.8 415.1 ± 69.9 0.88
Stage N1 (%) 31.6 ± 16.4 33.0 ± 16.1 0.49
Stage N2 (%) 50.2 ± 13.3 46.5 ± 12.8 0.10
Stage N3 (%) 3.9 ± 5.1 4.6 ± 5.7 0.70
Stage REM (%) 14.3 ± 6.1 15.8 ± 6.3 0.23
WASO (min) 84.1 ± 77.8 92.4 ± 55.1 0.45
Sleep Efficiency 80.9 ± 15.8 78.8 ± 11.0 0.28
Arousal Index (/hr) 32.1 ± 20.8 37.0 ± 23.9 0.24
Mean Sleep Continuity (min) 4.0 ± 1.7 3.7 ± 2.1 0.39

All values mean ± SD.

Table S1B—Titration NPSG data comparing subjects included in the LT cohort versus the subjects who dropped out
Titration NPSG Dropped (n = 37) LT Cohort (n = 56) p-value

AI Index (/hr) 2.1 ± 4.8 2.8 ± 4.6 0.48
AHI 4% Index (/hr) 3.6 ± 5.9 4.9 ± 5.7 0.29
RDI Index (/hr) 5.9 ± 6.0 8.1 ± 6.7 0.13
% time O2Sat < 90% 0.7 ± 1.7 0.8 ± 2.0 0.85
Total Sleep Time (min) 340.7 ± 107.1 373.2 ± 76.6 0.11
Stage N1 (%) 15.3 ± 10.2 16.5 ± 7.7 0.55
Stage N2 (%) 56.3 ± 12.2 51.6 ± 10.1 0.06
Stage N3 (%) 8.6 ± 9.2 9.0 ± 9.4 0.79
Stage REM (%) 19.7 ± 11.6 22.8 ± 8.6 0.16
WASO (min) 59.0 ± 46.2 62.4 ± 44.2 0.58
Sleep Efficiency 77.9 ± 15.7 80.7 ± 12.3 0.45
Arousal Index (/hr) 13.3 ± 9.8 14.2 ± 7.0 0.57
Mean Sleep Continuity (min) 8.2 ± 4.8 7.4 ± 3.9 0.38

Supplemental Material
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Table S2A—Data from diagnostic NPSG and daytime tests
Diagnostic NPSG No Medications (n = 57) With Medications (n = 36) p-value

Average ST adherence hrs 3.5 ± 2.2 3.2 ± 2.4 0.65
Age (yrs) 46.3 ± 11.9 50.3 ± 11.0 0.10
BMI (kg/m2) 35.7 ± 9.3 35.8 ± 9.3 0.96
Gender (% female) 32% 39% 0.48
AI Index (/hr) 25.4 ± 27.8 27.0 ± 32.8 0.80
AHI 4% Index (/hr) 37.7 ± 33.8 36.6 ± 38.5 0.88
RDI Index (/hr) 43.8 ± 32.3 41.2 ± 37.7 0.73
% time O2Sat < 90% 14.4 ± 21.3 13.6 ± 18.6 0.86
Total Sleep Time (min) 418.2 ± 72.7 410.2 ± 83.2 0.63
Stage N1 (%) 31.8 ± 15.0 33.6 ± 18.0 0.60
Stage N2 (%) 47.8 ± 12.0 48.2 ± 14.8 0.88
Stage N3 (%) 4.9 ± 5.4 3.5 ± 5.4 0.22
Stage REM (%) 15.5 ± 6.2 14.7 ± 6.3 0.59
WASO (min) 83.8 ± 57.9 97.4 ± 74.5 0.33
Sleep Efficiency % 80.7 ± 11.8 78.0 ± 14.9 0.32
Arousal Index (/hr) 34.9 ± 22.5 35.4 ± 23.4 0.91
Mean Sleep Continuity (min) 3.8 ± 2.1 3.8 ± 1.7 0.99
ESS 11.5 ± 5.8 12.4 ± 5.3 0.44
FOSQ 15.0 ± 2.5 13.0 ± 3.3 0.002
MSLT (latency in min) 6.4 ± 4.4 8.0 ± 4.6 0.09
PVT (XFM) 5.4 ± 4.3 6.5 ± 5.2 0.29

All values mean ± SD. Subjects separated into groups based on whether subjects were on medications that could affect sleep architecture.

Table S2B—Data from titration NPSG
Titration NPSG No Medications (n = 57) With Medication (n = 36) p-value

AI Index (/hr) 2.0 ± 2.5 3.4 ± 6.8 0.16
AHI 4% Index (/hr) 3.7 ± 3.7 5.5 ± 8.0 0.14
RDI Index (/hr) 6.6 ± 4.7 8.2 ± 8.6 0.23
% time O2Sat < 90% 0.7 ± 2.0 0.8 ± 1.7 0.94
Total Sleep Time (min) 361.3 ± 97.9 358.7 ± 79.7 0.89
Stage N1 (%) 15.4 ± 9.3 17.1 ± 7.8 0.37
Stage N2 (%) 52.6 ± 10.8 54.9 ± 11.7 0.34
Stage N3 (%) 10.1 ± 9.8 6.9 ± 8.1 0.10
Stage REM (%) 21.9 ± 9.1 21.1 ± 11.3 0.70
WASO (min) 59.6 ± 47.0 63.3 ± 41.7 0.71
Sleep Efficiency 79.8 ± 14.6 79.1 ± 12.4 0.80
Arousal Index (/hr) 13.5 ± 8.7 14.4 ± 7.4 0.58
Mean Sleep Continuity (min) 7.9 ± 4.0 7.4 ± 4.6 0.59

All values mean ± SD. Subjects separated into groups based on whether subjects were on medications that could affect sleep architecture.
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Table S3A—Data from Diagnostic NPSG and daytime tests in 57 subjects with no medications

Diagnostic NPSG
ST adherence – Hrs/night (N = 57)

0-4 hrs (n = 35) > 4 hrs (n = 22) p-value
Average Hours/night 2.1 ± 1.7 5.6 ± 0.8
Age (yrs) 46.8 ± 12.5 45.6 ± 11.1 0.71
BMI (kg/m2) 35.2 ± 8.6 36.5 ± 10.5 0.62
Gender (%Female) 26% 41% 0.24
AI Index (/hr) 21.2 ± 25.3 32.2 ± 30.7 0.15
AHI 4% Index (/hr) 31.8 ± 28.3 47.1 ± 39.9 0.10
RDI Index (/hr) 38.3 ± 27.2 52.5 ± 38.1 0.11
% time O2Sat < 90% 10.0 ± 16.7 21.3 ± 26.0 0.05
Total Sleep Time (min) 411.5 ± 65.2 428.8 ± 83.9 0.39
Stage N1 (%) 30.0 ± 14.6 34.5 ± 15.6 0.27
Stage N2 (%) 50.2 ± 11.9 44.0 ± 11.2 0.06
Stage N3 (%) 4.2 ± 4.7 5.9 ± 6.4 0.26
Stage REM (%) 15.5 ± 5.9 15.4 ± 6.9 0.92
WASO (min) 84.6 ± 55.9 82.5 ± 62.3 0.91
Sleep Efficiency % 80.1 ± 11.8 81.6 ± 11.9 0.64
Arousal Index (/hr) 30.7 ± 17.5 41.6 ± 27.8 0.07
Mean Sleep Continuity (min) 4.1 ± 2.3 3.5 ± 1.7 0.28
ESS 10.9 ± 5.9 12.4 ± 5.6 0.35
FOSQ 15.0 ± 2.7 14.5 ± 2.2 0.23
MSLT (latency in min) 6.4 ± 4.6 6.3 ± 4.2 0.94
PVT (XFM) 5.0 ± 4.2 6.1 ± 4.4 0.37

All values mean ± SD. Subjects grouped by ST CPAP adherence.

Table S3B—Data from Titration NPSG in 57 subjects with no medications

Titration NPSG
ST adherence – Hrs/night (N = 57)

0-4 hrs (n = 35) ≥ 4 hrs (n = 22) p-value
CPAP Pressure (cmH2O) 8.6 ± 2.7 10.6 ± 3.7 0.02
AI Index (/hr) 1.4 ± 2.0 3.0 ± 3.0 0.02
AHI 4% Index (/hr) 2.7 ± 3.2 5.3 ± 4.1 0.01
RDI Index (/hr) 5.7 ± 4.7 7.9 ± 4.4 0.087
% time O2Sat < 90% 0.4 ± 1.9 1.2 ± 2.0 0.129
Total Sleep Time (min) 345.5 ± 115.0 386.3 ± 55.4 0.127
Stage N1 (%) 16.2 ± 9.9 14.1 ± 8.3 0.420
Stage N2 (%) 56.0 ± 10.2 47.2 ± 9.6 0.002
Stage N3 (%) 8.4 ± 8.3 12.8 ± 11.5 0.099
Stage REM (%) 19.4 ± 8.1 25.9 ± 9.3 0.008
WASO (min) 64.01 ± 49.4 52.7 ± 43.0 0.786
Sleep Efficiency % 76.8 ± 15.9 84.7 ± 11.0 0.04
Arousal Index (/hr) 14.5 ± 10.2 11.8 ± 5.6 0.246
Mean Sleep Continuity (min) 6.8 ± 2.7 9.6 ± 5.1 0.01

All values mean ± SD. Subjects grouped by ST CPAP adherence.
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Table S4A—Data from Diagnostic NPSG and daytime tests

Diagnostic NPSG
Response to Question “Would you continue to use CPAP treatment at home?” (N = 77)

Yes (n = 50) No/Not Sure (n = 27) p-value
Average Hours/night 4.0 ± 2.1 2.4 ± 2.3 0.003
Age (yrs) 47.4 ± 10.2 49.0 ± 13.7 0.55
BMI (kg/m2) 35.0 ± 9.0 35.1 ± 8.6 0.96
Gender (%Female) 26% 33% 0.50
AI Index (/hr) 30.7 ± 31.6 20.0 ± 28.1 0.14
AHI 4% Index (/hr) 43.4 ± 37.0 28.8 ± 32.1 0.09
RDI Index (/hr) 48.7 ± 36.0 34.7 ± 30.9 0.09
% time O2Sat < 90% 17.3 ± 22.3 8.8 ± 15.0 0.08
Total Sleep Time (min) 431 ± 69 395 ± 89 0.05
Stage N1 (%) 35.7 ± 16.9 29.1 ± 15.3 0.10
Stage N2 (%) 45.0 ± 13.3 51.0 ± 13.0 0.06
Stage N3 (%) 3.8 ± 5.3 5.1 ± 5.6 0.32
Stage REM (%) 15.5 ± 6.3 14.7 ± 5.4 0.61
WASO (min) 83.5 ± 55.3 92.9 ± 84.0 0.55
Sleep Efficiency % 80.8 ± 11.5 78.8 ± 16.4 0.54
Arousal Index (/hr) 39.9 ± 24.9 28.9 ± 19.5 0.05
Mean Sleep Continuity (min) 3.5 ± 1.8 4.3 ± 2.4 0.07
ESS 12.1 ± 6.0 10.4 ± 4.6 0.19
FOSQ 13.8 ± 3.1 15.2 ± 3.0 0.06
MSLT (latency in min) 6.5 ± 4.2 7.1 ± 4.6 0.58
PVT (XFM) 6.1 ± 4.5 5.1 ± 4.8 0.34

All values mean ± SD. Subjects grouped by response to morning questionnaire.

Table S4B—Data from Titration NPSG

Titration NPSG
Response to Question “Would you continue to use CPAP treatment at home?” (N = 77)

Yes (n = 50) No/Not Sure (n = 27) p-value
CPAP Pressure (cmH2O) 9.9 ± 3.9 8.1 ± 2.6 0.03
AI Index (/hr) 3.4 ± 6.0 1.8 ± 2.3 0.16
AHI 4% Index (/hr) 5.6 ± 6.9 3.5 ± 4.4 0.16
RDI Index (/hr) 8.4 ± 7.6 6.4 ± 5.1 0.23
% time O2Sat < 90% 0.8 ± 2.1 0.7 ± 1.6 0.80
Total Sleep Time (min) 390.1 ± 76.0 303.8 ± 99.6 < 0.005
Stage N1 (%) 15.4 ± 7.7 17.8 ± 10.9 0.28
Stage N2 (%) 51.3 ± 11.1 54.9 ± 9.3 0.16
Stage N3 (%) 9.1 ± 8.9 9.4 ± 10.1 0.90
Stage REM (%) 24.2 ± 10.3 18.0 ± 8.8 0.01
WASO (min) 56.4 ± 46.6 76.9 ± 46.5 0.07
Sleep Efficiency % 83.1 ± 12.6 71.4 ± 14.4 < 0.005
Arousal Index (/hr) 13.6 ± 6.5 15.7 ± 11.0 0.29
Mean Sleep Continuity (min) 7.9 ± 4.3 6.7 ± 2.9 0.21

All values mean ± SD. Subjects grouped by response to morning questionnaire.


