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Abstract

Study objectives: Continuous positive airway pressure (CPAP) is the gold standard of treatment for patients diagnosed with
significant obstructive sleep apnea (OSA). It has been estimated that approximately 30%-50% of patients diagnosed with OSA
reject CPAP immediately and 80% of patients prescribed CPAP are noncompliant within a year after starting CPAP therapy.
Nonadherence with CPAP greatly reduces the overall effectiveness of treatment of OSA, leaving these patients at an increased
risk for comorbid conditions, impaired daily functioning and decreased quality of life. The purpose of this study was to improve
CPAP adherence by implementing an intervention that consisted of an education program and increased patient support options
as well as increased provider education.

Methods: This study was a quasi-experimental study design. CPAP adherence rates on 660 patients at an academic sleep center
in New York City were collected, 326 patients at baseline and 334 post-intervention. Interventions, included provider education
on OSA and CPAP adherence; an improved and actively supported, individualized, patient education program; and additional
individual and group support options were available for patients.

Results: Increased provider education, individualized intense patient education and patient support options increased CPAP
adherence by 21%. Increase in adherence between baseline and post-intervention group was statistically significant (p = .005).

Conclusions: A targeted program of increased patient education and intensive patient support was effective at increasing CPAP
adherence. The use of similar approaches may improve CPAP adherence in other centers. It is crucial to improve CPAP
adherence among patients diagnosed with significant OSA in order to improve outcomes.

Key Words: Obstructive sleep apnea, Continuous positive airway pressure, Adherence, Compliance, Adult, Education, Sleep
apnea, Positive airway pressure

1 Introduction

Obstructive sleep apnea (OSA) is a common sleep disor-
der that requires chronic care. Continuous Positive Air-
way Pressure (CPAP) is a highly effective treatment for
OSA. CPAP delivers constant positive pressure to the air-
way through a mask, splinting the airway open throughout
the night, eliminating breathing disruptions.!"-?! CPAP is

currently the first line treatment for patients with moderate
to severe sleep apnea; yet despite its effectiveness, adher-
ence with the treatment plan is poor.["?! Proper education
and follow up is extremely important for all patients; how-
ever, it is paramount for patients with OSA, as CPAP can
be challenging to adapt to. There are various obstacles that
CPAP patient’s face that may lead to nonadherence, ranging
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from lack of proper education of diagnosis to physical dis-
comfort from CPAP. It is estimated that 24% of the United
States population suffers from OSA, however only about 4%
have been diagnosed.* The population of patients diag-
nosed with OSA is growing exponentially each year, a con-
sequence of increased public awareness and provider educa-
tion about OSA.[3-3-61 Although CPAP is an extremely effec-
tive treatment for OSA, adherence is a critical problem and
is widely recognized as a significant limiting factor in suc-
cessful treatment.[* Research shows that 30%-50% of pa-
tients diagnosed with OSA, where CPAP is recommended,
reject CPAP immediately and approximately 80% of CPAP
patients are noncompliant within a year after starting CPAP
therapy.[”! Nonadherence with CPAP significantly reduces
the overall effectiveness of treatment of OSA, leaving these
patients at an increased risk for comorbid conditions, im-
paired daily functioning, and decreased quality of life.!’

OSA has a significant impact on patients if not treated
properly. Untreated significant OSA is associated with an
increased risk of cardiovascular and cerebrovascular dis-
eases.’]  Untreated, it leaves patients with a three-fold
increase in risk for hypertension, diabetes mellitus and
stroke.[®!  Patients are also at an increased risk for is-
chemic heart disease, cardiac arrhythmia, congestive heart
failure, peripheral vascular disease and valvular cardiac dis-
ease.[®! Excessive daytime sleepiness, a consequence of the
sleep fragmentation due to recurrent airway closures, has
been shown to adversely impact quality of life.>® Pa-
tients with untreated OSA often experience excessive day-
time sleepiness, impaired cognition and memory, decreased
functional and occupational capacity as well as mood alter-
ations, which significantly decrease quality of life.[>®! Be-
sides affecting the patients quality of life and health out-
comes, it has been shown that untreated OSA patients have
up to two times greater health care costs than similar indi-
viduals without OSA."!

Improvements in CPAP adherence would positively impact
patients physiologically, psychologically and socially.®!
By improving CPAP adherence, patients may decrease
their risk of comorbid conditions associated with untreated
OSA.I% The patient’s quality of life, cognitive function
and occupational function would also improve, as daytime
symptoms decrease when effectively treated by CPAP.1-©!
With increased CPAP adherence, patients may experience
less hypersomnia, consequently reducing their increased
risk of accidents and poor job performance. It has been es-
timated that 567,000 collisions and 980 fatalities annually
could be avoided by effective CPAP treatment.!'”) Addition-
ally, effective treatment of OSA will decrease health care
system costs as it decreases the care required for associated
aforementioned comorbitities.”! It is extremely important
to implement the evidence-based practice changes that are
most effective in increasing CPAP adherence among adult
patients diagnosed with OSA.

Published by Sciedu Press

1.1 Literature review

A literature review was undertaken to better understand the
most effective published method of increasing CPAP adher-
ence. Many mechanical, psychological and educational in-
terventions have been proposed to increase CPAP adherence
in patients diagnosed with OSA. The search terms that were
used were “Obstructive Sleep Apnea”, “Continuous Positive
Airway Pressure”, “Nonadherence” and “Noncompliance”.

After the search was completed a total of 8,618 articles were
produced. The articles were then evaluated for duplicates,
English language and inclusion/exclusion criteria. After the
review, 28 articles were left for evaluation.

1.2 Synthesis of evidence

After the evaluation of each article two overall themes were
identified in improving CPAP adherence in adults diagnosed
with OSA: increased patient education and intensive patient
support.l'!l The delivery of intensive patient education was
looked at in many different ways.['*~!7! Within each method
of communicating patient education information there were
three parts: the diagnosis of OSA, the treatment of OSA and
remedies to CPAP problems that patients may experience.
Education was given on the definition and pathophysiology
of OSA. The procedure to diagnose OSA was also high-
lighted. Side effects and consequences of untreated OSA
were communicated to patients at length. The consequences
of untreated OSA that were targeted included health risks as
well as personal costs. The purpose and definition of CPAP
was then highlighted. Finally, remedies to common CPAP
problems were discussed at length. Overall, the evidence
showed a strong link to intensive patient education and in-
creased CPAP adherence.!'!13-17]

The next theme of improving CPAP adherence was intensive
patient support. Each type of intensive support had similar
activities that were performed during these sessions.!!8-2?]
The activities consisted of CPAP adherence, assessing for
the presence of any side effects with CPAP, equipment re-
view and finally, a mask fitting was performed. Over-
all patient education and intensive support were the two

most effective interventions shown to increase CPAP adher-
ence.[11:18-22]

2 Methods
2.1 Study design

This was a quasi-experimental study design and there were
two research questions: 1) Will the interventions of in-
creased patient education and increased patient support in-
crease CPAP adherence? 2) Will an educational program
geared towards the providers increase provider’s knowledge
of CPAP treatment? The study was conducted at an aca-
demic sleep center in New York City. The purpose of this
study was to improve CPAP adherence among adult patients
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at the sleep center. The intervention consisted of an individ-
ualized patient education program, increased patient support
options including a CPAP Clinic and CPAP group support
session as well as a provider education session.l'!! Prior to
the intervention, 326 patients seen between October 2012
and December 2012, who were diagnosed with OSA and
prescribed CPAP served as the baseline group. After the in-
tervention was implemented CPAP adherence was evaluated
in a group of 334 patients between November 2013 and Jan-
uary 2014. For the purpose of this study CPAP adherence
will be defined as 70% usage for over four hours per night
in any given thirty day period which is tracked internally
in CPAP devices. This definition was chosen, as it is the
definition that Medicare uses to define CPAP adherence.!'?)

2.2 Participants and procedure

There were 326 patients prescribed CPAP, between October
2012 and December 2012, serving as comparison partici-
pants, and 334 patients prescribed CPAP, between Novem-
ber 2013 and January 2014, serving as intervention par-
ticipants. Potential participants had a history and physi-
cal, as well as objective testing which was either an in-
laboratory polysomnography (PSG) or home testing with

portable monitors (PM). The diagnosis of sleep apnea was
confirmed if the number of obstructive respiratory events
on the PSG or PM was greater than 15 events per hour or
greater than five events per hour with reports of hypersom-
nia, unrefreshing sleep, fatigue, gasping or choking for air
at night.!!" All patients who met the inclusion criteria of a
diagnosis of OSA, had been advised to use CPAP as their
treatment for OSA during these time periods, and were over
the age of 18 were included as participants.

The medical center’s Institutional Review Board deemed the
study as “exempt” as it was a quality improvement study.
There were 650 charts which were reviewed for the study.
The patients’ charts were reviewed to obtain the following
variables: CPAP adherence, age, sex, type of CPAP mask
worn, provider, and date of CPAP titration. All variables
were measured in a three-month time frame from before
the intervention as well as three months post intervention.
CPAP adherence was the outcome measure, which was col-
lected for all CPAP patients who were seen at the sleep cen-
ter between October 2012 and December 2012. The partic-
ipant’s demographics for pre and post-intervention are pro-
vided in Table 1.

Table 1: Patient population characteristics at baseline and post intervention-Mean (SD) or Percent

Baseline Group

Intervention Group

(n = 326) (n = 334) P

Demographics

Age 60.1 (14.70) 60.7 (14.10) .633

Female 32.2% 28.4% 293

Male 67.8% 71.6% 293

Length of time on CPAP (yr) * 2.8 (2.34) 1.7(1.74) .000
Documentation of Mask Type

Nasal Pillows 29.8% 30.8% .762

Nasal Mask* 15.6% 28.4% .000

Full Face Mask* 8.3% 15.9% .003

Not Documented* 46.3% 24.9% .000

*Statistically significant p < .05 (continuous variables tested with independent t-test and proportions tested with chi square)

Table 1 looks at the distribution of the demographics in the
pre and post-intervention participants. The distribution of
patient age, sex, length of time on CPAP (in years), and doc-
umentation of mask type.

Table 1 compares the intervention and comparison patient
group characteristics. There was no significant difference
between patient ages or patient gender between the inter-
vention and comparison group. The length of time on CPAP
in the comparison and intervention group was compared us-
ing an independent t test. The comparison group had a mean
of 2.83 years on CPAP, and the intervention group’s mean of
1.67 years on CPAP (p < .001). There was also a significant
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difference between groups on patient mask type (compared
with a chi square), likely due to the increase in documenta-
tion in the post-intervention group. In the comparison group
43.7% of charts had documentation of type of mask used as
compared to 75.1% in the intervention group (p < .000).

The providers at the sleep center were also targeted, which
consisted of two full time and two part time medical doctors,
two full time doctors of psychology, and two full time nurse
practitioners were given and educational session to improve
knowledge of OSA and CPAP. The practitioners’ participa-
tion was voluntary and no identifying or demographic infor-
mation was collected.
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2.3 Intervention protocol

All patients who were using CPAP during the intervention
period of October 2013 through January 2014 were given
an individualized patient education program. This program
included education given by the provider as well as an
overview of OSA and CPAP in a brochure specifically cre-
ated for patients with OSA and using CPAP. Detailed educa-
tion was provided on the definition, pathophysiology and di-
agnosis of OSA, side effects and consequences of untreated
OSA, the purpose and definition of CPAP, and remedies to
common CPAP problems were all discussed.

All patients during the intervention time period were also
offered individualized CPAP support, which was termed a
“CPAP clinic appointment”. The patient could request a
CPAP clinic appointment or a provider could request that
the patient have a CPAP clinic appointment. The CPAP
clinic appointments were focused only on OSA and CPAP,
and served as an “urgent care” for CPAP users. During the
CPAP clinic visit the provider discussed all of the follow-
ing that pertained to the patient: OSA, CPAP, CPAP ad-
herence, remedies to CPAP issues, ways to improve CPAP
adherence, mask fitting, review of machine and equipment
and answered all patient questions. The CPAP clinic ses-
sions were held twice a week, during designated times, if
additional time was needed it was scheduled at the patients
convenience.

A CPAP group support session was also offered to all pa-
tients using CPAP, free of charge. The support session was
held after work hours at the sleep center and was moderated
by the two nurse practitioners. Patients were able to have
open conversations about OSA and CPAP with providers as
well as other patients who are using CPAP. If a patient had
an individual issue that came up, it was addressed with the
group if possible, and if not a CPAP clinic appointment was
made.

The second intervention consisted of a provider educational
session. Each provider was asked to fill out an anonymous
assessment of knowledge of OSA and CPAP before the in-
tervention. The assessment was emailed to all providers,
and the provider was asked to fill out the assessment elec-
tronically and anonymously. The provider was asked to
print the assessment and put it in a locked box. The assess-
ments were scored by percent of “always” answers chosen.
A provider educational session was then given at a manda-
tory provider meeting. After the meeting the same assess-
ment was redistributed by email. Each provider completed
the assessment anonymously and electronically and placed
it in a locked box inside a locked office. The assessments
were again scored using the same criterion.

2.4 Statistical analysis

Descriptive statistics were used to analyze and compare
CPAP adherence between the comparison and intervention

Published by Sciedu Press

groups. The dependent variable was the percentage of pa-
tients who were effectively managing their OSA, and the
independent variable was the total number of patients. A
chi square test was used to evaluate the difference between
the intervention and comparison group. In order to evaluate
the provider’s assessment scores pre and post-intervention
each assessment was analyzed individually and then com-
bined. The dependent variable was the providers’ mean as-
sessment score and the independent variable was the number
of providers who participated. Statistical testing could not
be completed as the provider assessments were not paired.

3 Results

There were a total of 660 patients included in the study,
326 patients in the comparison group and 334 patients in
the intervention group. To evaluate adherence, each of the
660 patient’s charts was evaluated. Patient’s age, gender,
CPAP adherence status, type of CPAP mask, length of time
on CPAP as well as patient provider was evaluated (see
Table 1). There were no significant differences between
the comparison and intervention patient groups in the cat-
egories of age of patient (p = .633) or gender of patient
(p = .293). There was a significant difference in length of
time on CPAP, the distribution of patient providers between
the comparison and intervention groups as well as the doc-
umentation of the type of mask worn by patients between
the comparison and intervention group. Patient adherence
status was evaluated in both the comparison and interven-
tion groups; 54.6% of patients were compliant with CPAP in
the comparison group and 65.9% of the intervention patients
were compliant with CPAP (see Figure 1). A chi square test
of proportions was used to analyze the difference in CPAP
adherence between the comparison and intervention groups,
which was significant (p = .005). An improvement in CPAP
adherence in the intervention group demonstrates the inter-
vention improved CPAP adherence.

70%

60%

50%

40%

30%

20%

COMPLIANCE WITH CPAP

10%

0%

BASELINE POST-INTERVENTION

Figure 1: CPAP at baseline and post-intervention

Figure 1 shows the CPAP adherence in both the comparison
and intervention groups. In the comparison group 54.6%
of patients were compliant with CPAP. In the intervention

113



www.sciedu.ca/jnep

Journal of Nursing Education and Practice

2015, Vol. 5, No. 2

group 65.9% of patients were compliant with CPAP. After
the intervention there was a 21% increase in CPAP adher-
ence (p =.005).

Direct logistic regression was performed to assess the im-
pact of patient length of time on CPAP, patient mask type
as well as patient provider on the likelihood that partici-
pants would be compliant with CPAP (see Table 2). The
full model containing all the predictors was statistically sig-
nificant, X2(8, N = 660) = 55.20, p < .001, indicating that
the model was able to distinguish between participants who
were compliant and noncompliant with CPAP. The model
as a whole explained between 6.7% (Cox & Snell R Square)
and 9% (Nagelkerke R Square) of the variance in compli-
ance, and correctly identified 65% of the cases. As shown in
Table 2 only two variables made a uniquely statistically sig-
nificant contribution to the model (length of time on CPAP
and patient provider). The strongest predictor of compli-
ance, recording an odds ratio of 3.7 was provider 1, indi-
cating that the patients whom saw provider 1 were over 3
times more likely to be compliant with CPAP controlling
for other factors in the model. The odds ratio for length
of time on CPAP was 1.1 indicating that patients who were
on CPAP longer were 1.1 times more likely to be compli-
ant with CPAP, controlling for other factors in the model.
After adjusting for confounders the intervention remained
effective in significantly improving CPAP compliance post
intervention.

Table 2: Logistic regression predicting likelihood of
patient being compliant with CPAP

B SE. Wad Df P Odds
Ratio
Length of time
124 .04 7.172 1 .007 1.132
On CPAP (yrs) 046 00 8
Type of CPAP
2.232 3 .526
Mask
Patient Provider 28.998 6 .000
Intervention -640 .188 11643 1 .001 527
Constant -.020 488 .002 1 .968 .980

Table 2 shows the results of the logistic regression that was
performed to assess the impact of variables (length of time
on CPAP (in years), type of patient mask as well as patient
provider) on compliance.

There were six providers included in the study; descrip-
tive data was not obtained for the provider group. To eval-
uate the knowledge improvements in providers an assess-
ment was completed both pre and post-intervention. As
the assessments were not paired statistical analysis could
not be completed. The provider’s average assessment score
pre-intervention was 70% and the post-intervention average
score was 86.67%; which was a 23.8% increase in the mean
of the providers score. In evaluating the type of masks be-
tween the pre and post-intervention group a significant dif-
ference was seen in the documentation of masks worn by
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patient. In the pre-intervention group 53.7% of patients in-
cluded did have type of CPAP mask used documented in
their chart as compared to 75.1% in the post-intervention
group, which showed a significant difference (p < .000) (see
Figure 2).

70%

60%

50%

40%

30%

20%

COMPLIANCE WITH CPAP

10%

0%

BASELINE POST-INTERVENTION

Figure 2: Mean assessment score on the assessment

Graph 2 shows the provider mean assessment score pre
and post-intervention. The mean assessment score pre-
intervention was 70% and 86.7% in the post-intervention

group.

4 Discussion

This study found significant improvement in CPAP adher-
ence in patients who received the intervention of intensive
patient education, increased patient support options as well
as a provider education session, as compared to the com-
parison group (p = .005). This finding is consistent with
what is currently in the literature. Many studies have shown
significant increases in CPAP adherence after an increased
education program was given to CPAP patients.!'3-17] Mul-
tiple studies have also shown that increased patient support
significantly increases CPAP adherence.!'!:18-22] Currently,
there are not any guidelines or policies in place for sleep
centers to implement in order to improve patient adherence
with CPAP. After searching the literature there were various
different articles on interventions which have been shown
to improve CPAP adherence, however very few have been
replicated and even fewer were generalizable. As untreated
sleep apnea is not only detrimental to a patient’s health but it
also can affect the health care system as a whole as well, it is
imperative that research on interventions to improve CPAP
adherence be conducted, replicated and disseminated.

This study also found improvement in provider knowledge
of OSA and CPAP after a focused educational session. This
demonstrated the necessity of continued provider education.
Currently, there is not a policy stating the frequency that the
provider must attend continued education in their specialty,
however this is something that should be further evaluated
as it may improve both provider knowledge as well as pa-
tient outcomes.
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A limitation of this study was that a provider was on leave
during the post-intervention time period and therefore only
six out of the seven providers (85.7%) were able to partici-
pate in the intervention. The assessments given to providers
were not paired therefore in did not allow for statistical test-
ing which was another limitation. As a provider was out of
the office each of the other providers had some increased
responsibility, which may have underestimated the effect
of the study. Another potential limitation of the study was
that, originally CPAP group support sessions were to be held
monthly, however due to time constraints, only one was held
during the intervention time period. Although one session
was held it was very well received and well attended by pa-
tients. The time intervals to measure CPAP adherence may
not have been sufficient to see the full benefit of the inter-
vention, and it is also plausible that CPAP adherence may
have increased at a larger percent if the subjects in compar-
ison and intervention group had been the same. Lastly, as
this study was a held in a single setting it is not generaliz-
able to all sleep centers.

5 Conclusion

CPAP is an effective treatment for OSA, however adherence
to CPAP is often low which puts patients at an increased risk

for comorbid conditions, increased health care costs and de-
creased quality of life. An intervention aimed at patients and
providers, focusing on increased patient education and in-
tensive patient support, was shown to significantly increase
CPAP adherence. Nurses can have a large role in providing
provider education, patient education as well as patient sup-
port. It is essential to empower nurses to help implement
these programs in order to effectively treat patients whom
are diagnosed with OSA. Further research should aim to cre-
ate programs which other sleep centers could implement to
increase CPAP adherence. In addition, it is also necessary to
carry out longitudinal studies to look at the long-term effects
of these interventions.
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