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1 | INTRODUCTION

| Patrick J. Strollo Jr>3 | Erik Thunstrom®® | Yiiksel Peker®*¢

Background: Excessive daytime sleepiness is a frequent symptom of obstructive sleep apnea
(OSA) and has been proposed as a motivator for adherence to continuous positive airway pres-
sure (CPAP) therapy. However, excessive daytime sleepiness is absent in many patients with
coronary artery disease (CAD) and concomitant OSA. We evaluated long-term use of CPAP
and predictors of CPAP use in nonsleepy and sleepy OSA patients from a CAD cohort.
Hypothesis: Long-term CPAP use is lower in CAD patients with nonsleepy OSA vs sleepy OSA.
Methods: Nonsleepy (Epworth Sleepiness Scale [ESS] score < 10) OSA patients randomized to
CPAP (n = 122) and sleepy (ESS >10) OSA patients offered CPAP (n = 155) in the RICCADSA
trial in Sweden were included in this substudy. The median follow-up was 4.8 years for the
main trial, with a predefined minimum follow-up of 2 years.

Results: The probability of remaining on CPAP at 2 years was 60% in nonsleepy patients and
77% in sleepy patients. Multivariate analyses indicated that age and hours of CPAP use per
night at 1 month were independently associated with long-term CPAP use in nonsleepy
patients. In the sleepy phenotype, body mass index, acute myocardial infarction at baseline,
and hours of CPAP use per night at 1 month were predictors of long-term CPAP use.
Conclusions: Long-term use of CPAP is likely to be challenging for CAD patients with non-
sleepy OSA. Early CPAP use is an important predictor of continued long-term use of CPAP, so
optimizing patients' initial experience with CPAP could promote adherence.
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perceive a lack of benefit that could jeopardize CPAP adherence.
Almost two-thirds of CAD patients with OSA do not report EDS,2

Obstructive sleep apnea (OSA), characterized by repetitive upper-
airway obstruction during sleep, is highly prevalent in coronary artery
disease (CAD) and is associated with poor long-term prognosis in this
patient population.!™> Continuous positive airway pressure therapy
(CPAP) is effective in eliminating apneas and hypopneas, improving
quality of life, and reducing potential cardiovascular (CV) consequences
when used consistently.®1° Excessive daytime sleepiness (EDS), a fre-
quent symptom of OSA, has been proposed as a factor motivating
CPAP adherence, given the reductions in daytime sleepiness with
CPAP treatment.!%'? On **the other hand, those without EDS may

which can contribute to lack of diagnosis and treatment of OSA and
potentially poor adherence among those receiving treatment.

A recent meta-analysis found CPAP to have no overall beneficial
effect on systolic blood pressure or risk for CV events and minimal
reductions in diastolic blood pressure in OSA patients without EDS.*®
Similarly, findings from randomized controlled trials of CPAP in CAD
patients with minimal sleepiness reported no reduction in long-term
CV event rates.2*'> Poor CPAP adherence may partially account for
these negative findings in OSA patients without EDS, given subgroup

analyses revealing reductions in CV events in those with CPAP use of
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24 hours per night.!>® Consequently, it is clinically important to
evaluate CPAP usage and potential correlates of use among CAD
patients with OSA, for whom CV benefits of CPAP are particularly
important. The aims of this study were to examine long-term use of
CPAP in nonsleepy and sleepy OSA patients from a CAD population
and evaluate predictors of long-term CPAP use in this cohort.

2 | METHODS

2.1 | Study population

Patients were part of a larger randomized controlled trial, Random-
ized Intervention with Continuous Positive Airway Pressure in CAD
and OSA (RICCADSA), conducted to determine whether CPAP treat-
ment will reduce the risk of cardiovascular events in patients with
CAD and nonsleepy OSA. Patients from Skaraborg County, West
Sweden, were recruited between December 2005 and November
2010, and follow-up was completed in May 2013.

Methodological details and patient characteristics have been
previously described.r” Briefly, a total of 511 patients with
angiography-verified CAD who had undergone percutaneous coro-
nary intervention (PCl) or coronary artery bypass grafting (CABG)
and had an apnea-hypopnea index (AHI) of <5 or 215 were enrolled.
Patients with existing OSA, an AHI of 5 to 14, and predominantly
central apneas with Cheyne-Stokes respiration were excluded. For
the purpose of this substudy, analyses were conducted on 122 CAD
patients with nonsleepy OSA (AHI =15, Epworth Sleepiness Scale
[ESS] <10) randomized to CPAP, and 155 CAD patients with sleepy
OSA (AHI 215, ESS >10) who were offered CPAP (for the flow dia-
gram for patient recruitment and randomization, see Supporting
Information, Figure, in the online version of this article). This study
conformed to the principles defined in the Declaration of Helsinki.
Local ethics committee approval was obtained, and all patients pro-
vided written informed consent.

2.2 | Procedures

OSA diagnosis was based on a portable, limited sleep study per-
formed with the Embletta PDS (Portable Digital System) device
(Embla Systems, Broomfield, CO). Details of sleep recording proce-
dures have been previously described.'®> Apneas were defined as an
almost complete (290%) cessation of airflow. Hypopneas were
defined as a > 50% reduction in thoracoabdominal movement and/or
a 2 50% decrease in the nasal pressure amplitude for 210 seconds.
Events with a 2 30% reduction in thoracoabdominal movement
and/or with a nasal pressure amplitude of 230% for 210 seconds
were also scored as hypopneas if there was significant oxygen desa-
turation (24%).1® Patients with an AHI 215 per hour of estimated
sleep time, independent of symptom occurrence, were defined as
having OSA. All CAD patients with OSA diagnosis during home sleep
testing underwent an unattended overnight polysomnography in hos-
pital at baseline. Details of the in-hospital polysomnography have

been previously described.*®

EDS was assessed using the ESS.Y? The ESS contains 8 items
evaluating the chance of dozing off in 8 scenarios in the past month.
Each item is rated on a scale of O to 3 (O for would never doze, 1 for
slight chance of dozing, 2 for moderate chance of dozing, and 3 for
high chance of dozing). Total scores range from O to 24. EDS was
defined as an ESS score > 10.

Nonsleepy OSA patients allocated to CPAP treatment and sleepy
OSA patients offered CPAP treatment were provided autotitrating
CPAP (S8 or S9; ResMed, San Diego, CA) by trained staff. All patients
were evaluated at 1 month, 3 months, 6 months, 12 months, and
yearly to end of main study. At each follow-up visit, necessary adjust-
ments of the CPAP device and mask fittings were done and hours of
CPAP use per night were obtained from the device and recorded.
The CPAP data used in this study were from the start of treatment to
the 24-month follow-up, date of death, CPAP dropout, or loss to
follow-up.

2.3 | Outcome measure

The endpoints of interest were continued use of CPAP treatment
and variables associated with continued CPAP use. Whenever a
patient returned the device, CPAP dropout was recorded along with
reasons for stopping CPAP. A CPAP dropout was recorded whenever
a patient discontinued treatment. Data was censored at the date of
the last visit for patients who died, were lost to follow-up, or dropped
out, and the data collected up to that point were used to analyze
adherence.

24 | Statistical analysis

Categorical variables were summarized as counts and percentages,
and continuous variables were presented as median (interquartile
range). Comparisons of variables between sleepy and nonsleepy
patients were performed using the Mann-Whitney U test or Xz
test. Kaplan-Meier survival analyses were used to estimate the
proportion of patients still on CPAP. The log-rank test was used
to compare rates of continuation of CPAP treatment between
sleepy and nonsleepy patients. Univariate Cox regression analysis
was used to test the association between continued use of CPAP
treatment and clinically important baseline factors (age, sex, body
mass index [BMI], smoking, ESS, AHI, percentage of nighttime
spent with oxygen saturation < 90%, hypertension [HTN], diabe-
tes mellitus [DM], acute myocardial infarction [AMI], type of
revascularization, previous revascularization, and average hours of
CPAP use per night at 1 month). Age, sex, and variables found on
univariate analyses to have a P value <0.20 were included in a
multivariate Cox regression model to evaluate independent associ-
ations with continued use of CPAP treatment. The proportional
hazards assumption was tested by the distribution of Schoenfeld
residuals. Separate univariate and multivariate Cox regression ana-
lyses were conducted for sleepy and nonsleepy patients. A P value
of <0.05 was considered statistically significant. SPSS 24 for
Windows (IBM Corp., Armonk, NY) was used to conduct the sta-

tistical analyses.
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Nonsleepy OSA, n = 122 Sleepy OSA, n = 155 Total, N = 277 P Value
Age, y 66.2 (60.4-71.4) 62.0 (57.5-68.0) 63.9 (58.9-69.5) 0.001
Female sex 2 (18.0) 17 (11.0) 39 (14.1) 0.09
BMI, kg/m2 27.9 (25.7-30.2) 29.0 (26.3-32.2) 28.9 (25.9-31.3) 0.01
Obesity 4 (27.9) 64 (41.3) 98 (35.4) 0.02
Current smoker 2 (18.0) 27 (17.4) 49 (17.7) 0.89
AHI 23.7 (18.0-36.6) 27.9 (18.7-40.2) 26.0 (18.4-37.7) 0.09
oDl 13.6 (9.1-21.7) 15.8 (8.8-27.4) 15.1 (8.8-23.5) 0.02
% of nighttime spent with oxygen saturation < 90% 3(0.3-5.3) 2.5(0.4-7.9) 1.8 (0.3-6.7) 0.05
ESS score 0 (3.0-8.0) 11.0 (10.0-14.0) 10.0 (6.0-12.0) <0.001
Treated HTN 4 (68.9) 89 (57.4) 173 (62.5) 0.05
History of AF 5(12.3) 29 (18.7) 44 (15.9) 0.15
AMI at baseline 5 (53.3) 76 (49.0) 141 (50.9) 0.48
CABG at baseline 3(27.0) 40 (25.8) 73 (26.4) 0.82
Previous PCI or CABG 7 (22.1) 31 (20.0) 58 (20.9) 0.67
DM 4 (27.9) 39 (25.2) 73 (26.4) 0.61
CPAP hours/night at 1 month? 9 (2.2-6.2) 5.2 (3.0-6.4) 4.9 (2.5-6.3) 0.06

Abbreviations: AF, atrial fibrillation; AHI, apnea-hypopnea index; AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass
grafting; DM, diabetes mellitus; ESS, Epworth Sleepiness Scale; HTN, hypertension; IQR, interquartile range; MI, myocardial infarction; ODI, oxygen desa-
turation index; OSA, obstructive sleep apnea; PCl, percutaneous coronary intervention. Data are presented as n (%) or median (IQR).

@ Data available for n = 105 nonsleepy and n = 147 sleepy patients.

3 | RESULTS

3.1 | Study population

Baseline characteristics of the 122 nonsleepy and 155 sleepy patients
are detailed in Table 1. Groups were similar in sex, smoking habit,
AHI, % nighttime spent with oxygen saturation < 90%, comorbidities,
type of revascularization, and previous revascularization. Nonsleepy
patients had a higher median age (66.2 years; IQR, 60.4-71.4 years),
lower median BMI (27.9 kg/m? IQR, 25.7-30.2 kg/m?), and lower
oxygen desaturation index (ODI; median, 13.6; IQR, 9.1-21.7) than
did sleepy patients (median age, 62.0 years [IQR, 57.5-68.0 years];
median BMI, 29.0 kg/m? [IQR, 26.3-32.2 kg/m?]; median ODI, 15.8
[IQR, 8.8-27.4], respectively).

During the 24-month follow-up period, of the 122 nonsleepy
patients allocated to CPAP at baseline, 49 (40.2%) patients were CPAP
dropouts, 2 (1.6%) died, and 1 (0.8%) was lost to follow-up. As for the
155 sleepy patients provided CPAP at baseline, 37 (23.9%) patients
were CPAP dropouts, 2 (1.3%) died, and 1 (0.7%) was lost to follow-up.
The Figure shows the Kaplan-Meier plot of the proportion of sleepy
and nonsleepy patients who were still on CPAP therapy over 24-month
follow-up. As shown, the proportion still on CPAP was significantly
lower in the nonsleepy patients, with 86% still on CPAP at 1 month,
63% at 12 months, and 60% at 24 months (compared with 95% at
1 month, 78% at 12 months, and 77% at 24 months among sleepy
patients; log-rank P = 0.001). The median use of CPAP at 1 month,
3 months, 6 months, 12 months, and 24 months was not significantly

different between nonsleepy and sleepy patients (Table 2).

1.0
3.2 | Predictors of long-term CPAP use in sleepy
patients
E 7 In univariate analyses, BMI, AHI, % nighttime spent with oxygen satu-
[ 8] » ) ’
g ration < 90%, AMI at baseline, and CPAP usage at 1 month were
8 0.8 associated with continued CPAP use (Table 3). Higher BMI, higher
"E AHI, greater % nighttime spent with oxygen saturation < 90%, AMI
,E;_ . at baseline, and higher hours of CPAP use at 1 month were associ-
& 07 :--. ated with continued CPAP use. Age, sex, current smoking at baseline,
Rl - ESS score, HTN, DM, type of revascularization, and previous revascu-
______ I"'-"-.‘___. larization were not associated with continued CPAP use (Table 3).
S Multivariate analyses (including age and sex) indicated that BMI
o s s s 1 15 1 a (hazard ratio [HR]: 0.87, 95% confidence interval [CI]: 0.77-0.99),
Months after starting CPAP AMI at baseline (HR: 0.34, 95% Cl: 0.14-0.81), and hours of CPAP
FIGURE 1 Kaplan-Meier plot showing the proportion of sleepy and use at 1 month (HR: 0.56, 95% ClI: 0.46-0.69)—but not AHI or %

nonsleepy patients using CPAP therapy vs time. Abbreviations:
CPAP, continuous positive airway pressure

nighttime spent with oxygen saturation < 90%—remained signifi-

cantly associated with continued CPAP use (Table 3).



LUYSTER ET AL.

el wiLEy e

TABLE 2 Nightly CPAP use in nonsleepy and sleepy OSA patients

Month 1 Month 3 Month 6 Month 12 Month 24

Nonsleepy OSA

No. of patients 105 92 83 77 70

Nightly CPAP use, h 4.1(2.4) 4.9 (2.2) 5.4 (2.0) 5.7 (1.8) 5.9(1.9)

Nightly CPAP use, h 3.9 (2.2-6.2) 5.2 (3.3-6.8) 5.8 (4.1-6.8) 5.9 (4.8-7.0) 6.1(5.1-7.2)
Sleepy OSA

No. of patients 147 137 127 121 115

Nightly CPAP use, h 4.7 (2.4) 5.0(2.1) 5.3(1.9) 5.5(1.7) 5.7 (1.8)

Nightly CPAP use, h 5.2 (3.0-6.4) 5.5 (3.6-6.7) 5.8 (4.1-6.8) 5.8 (4.3-6.9) 6.0 (4.8-7.0)

Abbreviations: CPAP, continuous positive airway pressure; IQR, interquartile range; OSA, obstructive sleep apnea; SD, standard deviation.

Data are presented first as mean (SD) and then as median (IQR).

TABLE 3 Univariate and multivariate Cox regression analyses for association between baseline variables and continued CPAP use in CAD

patients with sleepy OSA

Univariate Multivariate

HR (95% Cl) P Value HR (95% Cl) P Value
Age, y 1.03 (0.98-1.08) 0.22 1.03 (0.98-1.08) 0.20
Female sex 0.93 (0.33-2.63) 0.89 0.49 (0.13-1.87) 0.30
BMI, kg/m? 0.93 (0.85-1.01) 0.08 0.87 (0.77-0.99) 0.04
Current smoker 1.00 (0.41-2.40) 0.99 — —
AHI 0.98 (0.96-1.01) 0.16 1.00 (0.97-1.03) 0.90
% time spent with oxygen saturation < 90% 0.94 (0.88-1.01) 0.07 0.99 (0.94-1.04) 0.62
ESS score 1.06 (0.94-1.19) 0.35 - —
Treated HTN 1.26 (0.65-2.45) 0.50 — —
DM 1.02 (0.49-2.12) 0.97 — -
CABG at baseline 1.40 (0.70-2.79) 0.35 — —
AMI at baseline 0.28 (0.13-0.60) 0.001 0.34 (0.14-0.81) 0.02
Previous CABG or PCI 1.45 (0.68-3.09) 0.34 — —
CPAP hours/night at 1 month 0.61 (0.52-0.73) <0.001 0.56 (0.46-0.69) <0.001

Abbreviations: AHI, apnea-hypopnea index; AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coro-
nary artery disease; Cl, confidence interval; CPAP, continuous positive airway pressure; DM, diabetes mellitus; ESS, Epworth Sleepiness Scale; HR, hazard
ratio; HTN, hypertension; OSA, obstructive sleep apnea; PCl, percutaneous coronary intervention.

3.3 | Predictors of long-term CPAP use in nonsleepy
patients

In univariate analyses, the only variables associated with continued
CPAP use were previous revascularization and hours of CPAP use at
1 month (Table 4). Having a previous CABG or PCl and higher hours
of CPAP use at 1 month were associated with continued CPAP use.
Age, sex, BMI, current smoking at baseline, AHI, % nighttime spent
with oxygen saturation < 90%, ESS score, HTN, DM, type of revascu-
larization, and AMI were not associated with continued CPAP use
(Table 4).

Multivariate analyses (including age and sex) indicated that age
(HR: 1.07, 95% CI: 1.02-1.12) and hours of CPAP use at 1 month
(HR: 0.57, 95% CI: 0.47-0.69)—but not previous revascularization—

remained significantly associated with continued CPAP use (Table 4).

4 | DISCUSSION

This study compared long-term use of CPAP between sleepy and

nonsleepy OSA patients from a CAD cohort and identified predictors

of long-term CPAP use within these groups. The main findings of this
study are as follows: (1) a significantly lower proportion of nonsleepy
patients was continuing to use CPAP at 2 years as compared with
sleepy patients; (2) younger age and hours of CPAP use at 1 month
predicted long-term CPAP use in nonsleepy patients; and (3) BMI,
AMI at baseline, and hours of CPAP use at 1 month predicted long-
term CPAP use in sleepy patients.

CPAP adherence is presumed to be problematic in OSA patients
without EDS due to a lack of subjective benefits from treatment.
Given the risk of recurrent CV events among patients with cardiovas-
cular disease and OSA, CPAP treatment has been recommended in
this population, although many do not have EDS.?° In our cohort of
CAD patients with OSA, a significantly lower proportion of nonsleepy
patients was still using CPAP at 2-year follow-up compared with
sleepy patients, and 13% of nonsleepy patients had discontinued
CPAP by 1 month (vs 5% of sleepy patients). It should be noted that
although a lower proportion of nonsleepy patients was still using
CPAP at 2 years, a significant proportion of nonsleepy (60%) and
sleepy patients (77%) was still using CPAP at 2-year follow-up. No
significant difference in median CPAP hours of use was found
sleepy patients (5.3 vs 5.5 hours,

between nonsleepy and
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TABLE 4 Univariate and multivariate Cox regression analyses for association between baseline variables and continued CPAP use in CAD

patients with nonsleepy OSA

Univariate Multivariate

HR (95% ClI) P Value HR (95% Cl) P Value
Age, y 1.01 (0.98-1.05) 0.44 1.07 (1.02-1.12) 0.009
Female sex 1.12 (0.52-2.39) 0.78 0.64 (0.19-2.19) 0.48
BMI, kg/m? 1.00 (0.94-1.08) 0.91 - -
Current smoker 0.80 (0.37-1.70) 0.56 — —
AHI 1.00 (0.98-1.03) 0.82 — -
% time spent with oxygen saturation < 90% 1.01 (0.97-1.04) 0.72 — —
ESS score 0.93 (0.82-1.05) 0.23 — —
Treated HTN 1.10 (0.59-2.04) 0.78 — —
DM 1.01 (0.53-1.90) 0.98 - —
CABG at baseline 1.37 (0.75-2.52) 0.31 — —
AMI at baseline 0.94 (0.54-1.65) 0.83 — -
Previous CABG or PCI 0.61 (0.29-1.30) 0.20 0.80 (0.33-1.94) 0.61
CPAP hours/night at 1 month 0.64 (0.53-0.77) <0.001 0.57 (0.47-0.69) <0.001

Abbreviations: AHI, apnea-hypopnea index; AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coro-
nary artery disease; Cl, confidence interval; CPAP, continuous positive airway pressure; DM, diabetes mellitus; ESS, Epworth Sleepiness Scale; HR, hazard
ratio; HTN, hypertension; OSA, obstructive sleep apnea; PCl, percutaneous coronary intervention.

respectively), consistent with usage reported in prior studies.?1"22

However, in contrast to our study, CPAP use was lower in patients
with cardiovascular disease and OSA with minimal sleepiness from
the Sleep Apnea Cardiovascular Endpoints (SAVE) trial (median,

3.3 hours per night at 4 years).*

Our findings suggest that cardiolo-
gists managing CAD patients with nonsleepy OSA could be chal-
lenged with the task of getting these patients to accept and adhere
to CPAP. Educating this population about the seriousness of the CV
risk of CPAP nonadherence may help motivate patients to use their
CPAP more consistently.

Greater hours of CPAP use during the first month of treatment
independently predicted long-term continued use of CPAP in both
sleepy and nonsleepy patients, which is consistent with previous
studies.'*?472% |n our CAD population, >2x nonsleepy OSA patients
(13%) had discontinued treatment by 1 month compared with sleepy
patients (5%). Patterns of CPAP use have been shown to be estab-
lished very early, within the first few days of use.?”?® Our results
suggest that CAD patients with OSA, particularly those without EDS,
should have their early CPAP usage monitored and be seen soon
after CPAP initiation to address potential problems that may deter
continued use.

In contrast to other studies,**?1?2242? we found higher BMI to
be a predictor of long-term CPAP use among sleepy patients and
younger age to be associated with continued CPAP use in nonsleepy
patients. Younger patients in our study population may have been
motivated to continue usage of CPAP treatment given their recent
and potentially first CV event and the potential CV benefits of treat-
ing their OSA. The sleepy group had a significantly higher BMI than
the nonsleepy group, which also was associated with increased ESS.
Thus, decreasing ESS in the sleepy group could have been a motiva-
tor for continued CPAP use. Other baseline variables including OSA
severity and ESS score did not predict long-term CPAP use in non-
sleepy or sleepy patients. These findings are consistent with previous

investigations.?22429-32

AMI at baseline was an independent predictor of continued
long-term CPAP use in our sleepy patients. Among the nonsleepy
patients, previous revascularization was associated with long-term
CPAP use in univariate analyses but was no longer associated with
long-term use when other confounders were adjusted for. Prior
studies examining CV comorbidities as predictors of CPAP adher-
ence in nonsleepy and sleepy OSA patients have found conflicting
results.?1?22* Patients with previous cardiac events may have
received more direct education from their medical provider about
cardiac risk factors and/or may be more concerned about their car-
diac condition and are therefore more motivated to engage in risk-

reducing behaviors.

4.1 | Study limitations

A limitation of our study is that the ESS was used to categorize
patients as “nonsleepy” based on ESS threshold. This approach does
not provide objective measurement of daytime sleepiness, as do

other methods such as the Multiple Sleep Latency Test.>®

However,
the ESS is a widely used subjective measure of sleepiness. Addition-
ally, this was a Swedish cohort, so the findings may not be generaliz-

able to other geographic areas.

5 | CONCLUSION

This study found that CAD patients with nonsleepy OSA are more
likely to discontinue treatment than sleepy patients and that a greater
proportion will discontinue CPAP therapy within the first year of
treatment. Long-term use of CPAP treatment may be particularly
challenging for cardiac populations with nonsleepy OSA. Thus, inter-
ventions aimed at optimizing patients' early experience with CPAP
may help promote CPAP acceptance and establish optimal usage pat-

terns that can be maintained long-term.
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