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Objectives: To examine if reported obstructive sleep apnea (OSA) symptom improvement, baseline depressive symptoms, or
polysomnographically measured sleep parameters are associated with adherence to continuous positive airway pressure (CPAP).
CPAP is a highly effective treatment for OSA. Low adherence to CPAP therapy is common and poorly understood. Depression and
lack of perceived benefits from CPAP are possible reasons for low adherence. Methods: Seventy-eight patients evaluated for OSA
at a sleep medicine center agreed to participate in the study; 54 patients completed all study assessments. The Beck Depression
Inventory (BDI) and the functional outcomes of sleep questionnaire (FOSQ) were administered before polysomnographic
evaluation. A card embedded in the CPAP device electronically recorded adherence. The BDI and FOSQ were administered 1 to
2 months after the baseline measurements were obtained. Results: Baseline depressive symptoms were not correlated with mean
duration of CPAP use per night. Reported improvements in OSA symptoms were correlated positively with CPAP adherence. There
were significant positive correlations between improvement in depressive symptoms and OSA symptoms after initiation of CPAP
therapy. The polysomnographic variables measured did not predict improvement in daytime OSA symptoms or CPAP adherence.
Post hoc analyses suggested that those individuals with baseline Apnea Hypopnea Index (AHI) between 40 and 80 experienced
more symptom improvement than those with AHI <40 or >80. Conclusions: Patients with the greatest level of CPAP adherence
also reported the greatest improvement in OSA symptoms. Patients who continued to experience OSA symptoms after CPAP
treatment also tended to have more depressive symptoms after CPAP treatment. Key words: sleep apnea, depression, adherence,

continuous positive airway pressure, fatigue.

AHI = Apnea Hypopnea Index; BDI = Beck Depression Inventory;
CPAP = continuous positive airway pressure; FOSQ = functional
outcomes of sleep questionnaire; OSA = obstructive sleep apnea.

INTRODUCTION

bstructive sleep apnea (OSA) is characterized by repeti-
tive interruptions in respiration during sleep, causing
excessive daytime sleepiness (1) and fatigue (2). Interruptions
in respiration result from the collapse of the upper airway
during sleep associated with hypotonia of the upper airway
muscles during sleep. Central sleep apnea also involves inter-
ruptions in breathing, but the cause is absent respiratory effort
that may result from various cardiopulmonary or neurologic
causes (2). OSA is also associated with increased risk of
automobile accidents (3), cardiovascular disease (4), hyper-
tension (5), stroke, (4,6) and insulin resistance (7). Individuals
with OSA typically show deficits in memory, attention, and
vigilance (8). The prevalence of undiagnosed OSA is esti-
mated to be 5% among adults in the United States (6).
Nasal continuous positive airway pressure (CPAP) is a
highly effective treatment for OSA (9). It significantly reduces
sleepiness (10,11) and seems to reduce hypertension (12) and
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improve sensitivity to insulin (13). The most common reason
for lack of patient benefit from CPAP is low adherence (14).
In the first study to use covert, electronic measurements of
adherence, Kribbs, Pack, Kline, Smith, and colleagues found
that only 46% of their participants used CPAP “regularly,”
defined as >4 hours per night on >70% of nights (15).
Subsequent studies have shown that low rates of CPAP ad-
herence are typical (16—18).

The determinants of nonadherence are poorly understood.
Psychological variables have been examined as possible pre-
dictors of CPAP adherence, and some significant relationships
have been identified. Internal locus of control, less belief that
powerful others controlled health, and stronger belief in the
value of health were important predictors of increased adherence
in one study (19). Stepnowsky et al. found that self-efficacy,
positive outcome expectations for CPAP, social support, knowl-
edge about CPAP, and decisional balance measured 1 week
after participants began using CPAP predicted CPAP adher-
ence at 1| month (20). Decisional balance refers to an individ-
ual’s judgment of the relative benefits and disadvantages of
CPAP. Readiness to change, self-efficacy about using CPAP
despite minor problems, and the Decisional Balance Index
measured after 1 week of CPAP use have also been found to
predict CPAP adherence at 6-month follow-up (21).

The concept of decisional balance is similar to the Health
Belief Model, which posits that patients tend to discontinue
treatments that do not produce subjective benefits that out-
weigh the negative aspects of treatment (22). This suggests
that CPAP adherence is likely to decrease if a patient tries it
but does not perceive any treatment-related improvement in
his or her daytime sleepiness or fatigue. Patients expect CPAP
to help them feel more alert during the day (23), but some
people do not experience this benefit (24,25). Bédard and
colleagues found that objectively measured somnolence levels
did not return to normal after CPAP treatment (26). In a small
study sample, some patients treated with CPAP became sleep-
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ier (27). Although a meta-analysis (10) supports the finding
that CPAP improves daytime symptoms, some patients using
CPAP fail to experience subjective benefit. The variability in
the effect of CPAP on sleepiness is poorly understood. As Black
argued, more research is needed on this lack of improvement in
daytime symptoms among patients using CPAP (28).

Depression may diminish the subjective benefits of CPAP,
thereby depriving the patient of one of the most important
reasons to maintain this intrusive treatment. Across medical
illnesses, depressed individuals report more symptoms, inde-
pendent of the physiological severity of the medical condition
(29-31). This seems to be true for individuals with OSA as
well. A recent study found higher levels of depressive symp-
toms were associated with higher levels of self-reported day-
time sleepiness (32). The severity of depressive symptoms
also independently predicts self-reported sleep quality (33).
These findings suggest that depressed individuals with OSA
may have more complaints about sleepiness and fatigue than
nondepressed individuals with OSA. The improvements in
daytime sleepiness caused by CPAP may not be as salient if
depression-related fatigue is present.

Depression may also directly impede the use of CPAP,
because it is associated with reduced adherence to medical
treatment regimens in many different patient populations (34).
Previous research has provided contradictory findings about
whether or not depression is associated with reduced adher-
ence to CPAP. Lewis and colleagues found no correlation
between the Hospital Anxiety and Depression Scale and sub-
sequent adherence to CPAP therapy among patients with OSA
(35). Stepnowsky et al. also found that baseline measures of
depressive symptoms did not predict CPAP adherence, al-
though this was an intervention study, and the intervention
may have confounded the relationship between depression and
adherence. That is, the sleep center staff’s phone calls to patients
may have influenced the CPAP adherence behavior in this study
(36). Three other studies found that adherence was predicted by
baseline levels of depression: a) Edinger et al. used self-report
measures of adherence (37), which are likely to be less accurate;
b) Sandberg et al. included patients who recently had suffered
cerebrovascular accidents (38); and c¢) Ayalon et al. included
patients with Alzheimer’s disease. Consequently, the results may
not generalize to other patient populations (39).

In summary, low adherence presents a significant obstacle
to the successful treatment of OSA, and the perception of
symptom improvement may influence adherence. Depression
is associated with a) low adherence to a variety of medical
treatments, b) increased sensitivity to symptoms, and c¢) day-
time fatigue similar to that caused by OSA. The relationships
among perception of symptom improvement, depression, and
CPAP adherence are not well understood.

This observational study investigated whether high base-
line levels of depressive symptoms predict nonadherence to
CPAP and tested the hypothesis that greater perceived im-
provement in OSA symptoms is associated with higher adher-
ence. Because it is possible that objective improvements in
sleep predict future adherence, polysomnographic measures of
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sleep quality were examined to determine if they predicted
higher CPAP adherence. To identify which patients perceived
the greatest benefits from CPAP, we examined the relation-
ships among baseline OSA severity, depressive symptoms,
polysomnographic measures of sleep quality, and subsequent
reports of benefits from CPAP.

METHODS
Participants

Participants admitted to the Multidisciplinary Sleep Medicine Center at
Washington University School of Medicine in St. Louis, Missouri, between
October 2003 and March 2004 were screened for this study. Individuals
presenting for clinical polysomnographic evaluation were recruited, and those
who were subsequently diagnosed with OSA and prescribed CPAP were
included in the study. Eligibility criteria for this study included the ability to
speak English and to complete the study questionnaires. Those who were <18
years old, who had previously used CPAP, who did not receive CPAP within
6 weeks of enrollment, or who had a comorbid sleep disorder, were excluded.
All participants completed an informed consent form approved by the Human
Studies Committee at Washington University Medical Center.

Adherence data were obtained from 78 participants, and 54 of those
participants also completed the follow-up assessment (Figure 1). The 26
participants who did not complete the follow-up assessment mailed the Smart
Card containing the adherence data, but could not be reached by telephone to
complete the follow-up assessment.

Measures
Depressive Symptoms

The Beck Depression Inventory (BDI), a 21-item questionnaire, was used
to measure self-reported depressive symptoms (40).

| Eligible to participate n = 324

Refused n =38

| Consented n =286 |

/\

No CPAP Prescribed Prescribed CPAP
n=138 n=148
p I
No adherence data v
n=068 Enrolled.
Provided
*Did not begin CPAP for misc. adherence data
reasons (e.g. family emergency, n=78
lack of insurance) (n=41)

* Did not obtain CPAP within 6
weeks of baseline BDI (n = 16)

Completed
follow-up
FOSQ
n=>54

* Lost to follow-up (n = 6)

* No Smart Card (n=5)

No follow-up FOSQ
data

Could not be
contacted n = 23
Refused follow-up
FOSQ & BDIn=1

Figure 1. Recruitment flowchart. CPAP = continuous positive airway pres-
sure; BDI = Beck Depression Inventory; FOSQ = functional outcomes of
sleep questionnaire.
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OSA-Related Impairment

The functional outcomes of sleep questionnaire (FOSQ), a 30-item ques-
tionnaire, was used to measure the severity and impact of daytime sleepiness
and fatigue caused by sleep disorders (41). The FOSQ assesses the impact of
daytime sleepiness and fatigue on activity level, the ability to remain awake
in low-stimulation environments, intimacy, and sexual relations, productivity,
and the ability to converse with family and friends. On the FOSQ, respondents
rate the amount of difficulty caused by “being sleepy or tired” during several
everyday activities such as driving, conversing with friends, exercising, and
managing finances.

Polysomnographic Measures

Standard polysomnographic techniques were used. Data from the elec-
trooculogram, electrocephalogram, electrocardiogram, electromyogram, air-
flow measurement, and pulse oximeter were recorded with Sandman digital
recording equipment (Tyco, Ottawa, Canada). The Apnea Hypopnea Index
(AHI) was calculated from the polysomnographic data, using widely accepted
criteria (42).

CPAP Adherence

Adherence to CPAP therapy was measured by Respironics Smart Cards
(Respironics, Inc., Murrysville, PA). The cards are embedded in the CPAP
device and unobtrusively record the clock times during which the CPAP
apparatus delivers positive airway pressure through the mask.

Procedure

All participants signed the informed consent document, and then completed
the BDI and FOSQ. Participants then underwent split-night or all-night poly-
somnography (PSG). The AHI was obtained either from an all-night
diagnostic polysomnogram, or from the diagnostic portion of a split-night
polysomnogram. Other variables, including arousal frequency, sleep onset
latency, and sleep efficiency were obtained from polysomnographic record-
ings during CPAP titration. During split-night studies, CPAP was initiated if
2 hours of diagnostic data were obtained and the patient’s AHI was >25. The
diagnostic portion of the PSG was truncated if oxygen saturation decreased
<70% during lateral sleep or if the attending physician had ordered a lower
AHI threshold for clinical reasons.

In accordance with the clinic’s standard practice, nurses or respiratory
therapists instructed participants on CPAP use and informed them that their
adherence would be monitored with the Smart Cards. Participants were
phoned to verify when they received the CPAP apparatus. Approximately 30
days after receiving the CPAP apparatus, participants received letters, asking
them to mail in the Smart Card. Participants were phoned to remind them to
mail the Smart Card. They were also asked to complete the follow-up FOSQ
and BDI over the phone.

Statistical Analysis

Pearson correlation coefficients were used to describe univariate relation-
ships among CPAP adherence, depressive symptoms, change in daytime OSA
symptoms, and polysomnographic variables. Significance thresholds were
corrected to control for multiple tests. Changes in daytime OSA and depres-
sive symptoms were calculated as the follow-up scores minus the baseline
scores for the FOSQ and BDI, respectively. All analyses were performed
using SPSS version 12.0 (SPSS Inc., Chicago, IL).

RESULTS

The mean age of participants was 47.9 = 10.9 (standard
deviation) years. Forty-five percent of the participants were
women. Caucasians comprised 56% of the sample, African-
Americans were 40%, and the remaining 4% were Latino.
Medical records indicated that 22% had been previously di-
agnosed with depression, and 24% were currently prescribed
antidepressants. The mean body mass index was 40.5 = 10.9,
and the mean baseline AHI was 36.3 = 33.1. Ninety-seven
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TABLE 1. Summary of Participant Characteristics at Baseline
and Follow-Up

Mean = SD
Age, years 47.6 = 10.7
BMI 40.7 =11.3
Baseline AHI 36.6 = 33.3
CPAP pressure 11.2 = 4.6
CPAP use per night, minutes 281.5 = 145.8
Baseline BDI score 12.2 £ 9.3%
Follow-up BDI score 6.2 = 8.7
Baseline FOSQ score 15.2 = 2.6
Follow-up FOSQ score 17.6 = 3.1

SD = standard deviation; BMI = body mass index; AHI = Apnea Hypopnea
Index; CPAP = continuous positive airway pressure; BDI = Beck Depression
Inventory; FOSQ = functional outcome of sleep questionnaire.

? The ¢ test difference between baseline and follow-up means is significant;
p = .0001.

10 H
Mean = 281.5
[ ] SD=145.8
N =50
8
61 -
Number of |
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-
T
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Figure 2. Mean number of minutes of CPAP use per night. SD = standard
deviation; N = number; CPAP = continuous positive airway pressure.

percent of the participants underwent split-night PSG. Partic-
ipants used CPAP 281.5 = 145.8 minutes per night (Table 1
and Figure 2). The mean number of nights recorded on the
Smart Card was 40.4 *= 22.4; on average, participants used
CPAP 77% of the nights during the follow-up period. Depres-
sive symptoms improved significantly during the follow-up
(t = 4.9; p = .0001). OSA symptoms, as measured by the
FOSQ, also improved (¢t = 6.9; p = .0001) (Table 1).

On average, participants received 4.1 = 2.6 phone calls
during the study, reminding them to mail in the Smart Card
and requesting they complete the FOSQ. The FOSQ and BDI
were completed 46 £ 19 days after the PSG and baseline
FOSQ and BDI. The 24 participants who did not complete the
FOSQ at follow-up did not differ from those who completed
the follow-up FOSQ with regard to age, gender, or racial
distributions, presence of bed partners, antidepressant pre-
scriptions, past history of depression, baseline FOSQ scores,
baseline BDI scores, baseline AHI, CPAP adherence, obesity,
or number of phone contacts with research staff.
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The first analyses examined predictors of CPAP adherence.
Baseline depressive symptoms were not correlated with mean
number of minutes of CPAP use per night. Larger reported
improvements in OSA symptoms, as measured by the FOSQ,
were associated with higher CPAP adherence (r = .50; p =
.0001). Improvements in depressive symptoms were not asso-
ciated with CPAP use. CPAP adherence was not associated
with PSG measures of sleep quality, including total sleep time,
sleep onset latency, sleep efficiency, arousals due to leg move-
ments during CPAP titration, or frequency of idiopathic arous-
als (arousals not attributed to a particular cause). Prescribed
CPAP pressure did not predict adherence.

The next group of analyses examined which variables
predicted greater reports of benefits from CPAP, as measured
by the FOSQ. More severe baseline depression scores did not
predict change in daytime OSA symptoms (r = .19; p = .17).
However, improvement in depressive symptoms during the
follow-up period was associated with more improvements in
daytime OSA symptoms (r = —.54, p = .0001).

Neither idiopathic arousals during CPAP titration, sleep
onset latency, sleep efficiency, arousals due to periodic leg
movements, baseline AHI, CPAP pressure nor time spent at
optimal CPAP pressure during CPAP titration predicted day-
time symptom improvement after CPAP use.

There was no overall association between baseline AHI and
subsequent improvement in daytime OSA symptoms (r = .16;
p = .25) (Figure 3). However, a post hoc examination of the
scatterplot suggested that the 12 patients with baseline AHI
between 40 and 80 showed more improvement in daytime
OSA symptoms than those with AHI <40 or AHI >80. All
participants with AHI between 40 and 80 reported improve-

10

-2 o0

FOSQ Change Following CPAP Treatment

-4

0 20 40 60 80 100 120 140

Baseline AHI

Figure 3. Relationship between baseline Apnea Hypopnea Index (AHI) and
subsequent change in functional outcomes of sleep questionnaire (FOSQ)
scores (n = 54; r = .17; p = .24). Positive change in FOSQ indicates
improvement in obstructive sleep apnea (OSA) symptoms.
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ments, with a mean FOSQ improvement of 4.2 = 1.8 (range =
0.35-7.1). The 35 patients with baseline AHI ranging from 0
to 40 had a variable response to CPAP. Their mean change in
FOSQ scores at follow-up was +1.9 = 2.8 and ranged from
—3.3 to +8.5. Seven of the 35 patients had a negative change
in FOSQ score, indicating their daytime symptoms worsened
with CPAP use. The seven patients with baseline AHI >80
also had a variable response to CPAP (2.3 = 1.9; range =
—0.65 to +5.3). A second-order polynomial regression was
run, and this model fit these data significantly better than the
first-order regression (difference in fit between full versus
reduced model, F';5; = 9.7, p = .003). This suggests a
curvilinear relationship between baseline AHI and OSA
symptom change.

DISCUSSION

Baseline levels of depression did not predict CPAP adher-
ence in this sample of patients. CPAP use was associated with
improvement in self-reported daytime OSA symptoms. Self-
reported depressive symptoms also improved during the fol-
low-up period, but this was not associated with the amount of
CPAP use. The improvement in depressive symptoms is both
statistically significant and clinically meaningful because the
initial mean BDI score was 12.5, consistent with mild depres-
sion, and the mean improved to 6.2 at follow-up, which is
within the normal range (43). Depressive symptoms and day-
time OSA symptoms seem to improve concurrently during
OSA treatment. Those who remain depressed after using
CPAP continue to report that daytime sleepiness and fatigue
interfere with their daytime functioning. Sleep onset, sleep
efficiency, frequency of limb movements, time spent at opti-
mal CPAP pressure, and idiopathic arousals did not predict
improvement in daytime OSA symptoms among CPAP users.

The association between daytime OSA symptoms and
CPAP adherence may reflect a “dose-response” relationship,
with higher CPAP adherence causing greater improvement.
The association may also be attributed to greater willingness
to continue CPAP use among those patients who noticed
improvement in daytime symptoms. The direction of causality
cannot be determined from this correlational study. It is pos-
sible, however, that there is a bidirectional relationship, with
adherence improving symptoms, and symptom improvement
promoting sustained adherence to CPAP.

The feedback loop between symptom improvement and
CPAP adherence may be attenuated by the presence of de-
pression. Individuals with depression tend to report more
symptoms, regardless of the severity of their illness (29-31).
The strong association between self-reports of depressive
symptoms and OSA symptoms may reflect the tendency of
depressed individuals to be unusually sensitive to symptoms
and to report more impairments of all types on self-report
measures. However, fatigue, low energy, insomnia, and al-
tered sleep architecture are also symptoms of depression (44)
and may mimic daytime OSA symptoms. Individuals with
depressive symptoms that continue during CPAP treatment
are more likely to report continued fatigue and/or sleepiness,
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even with adequate CPAP treatment. Individuals who experi-
ence an improvement in depressive symptoms also report an
improvement in OSA symptoms. Kawahara and colleagues
reported that depressive symptoms and self-reported measures
of daytime sleepiness both improved post CPAP treatment
(45). The factors that determine if depressive symptoms will
improve during CPAP treatment are unknown. Baseline de-
pression was not related to the level of CPAP adherence in the
present study. Regardless of the causal mechanism, this study
suggests that it is important to inquire about depressive symp-
toms if an individual does not report improvement in fatigue
or sleepiness after using CPAP regularly.

It is also possible that depressive symptoms may respond
differently during the course of CPAP treatment, depending
on whether they precede the onset of OSA, develop before but
are exacerbated by OSA, or are secondary to OSA. Perhaps
depressive symptoms that begin during the course of OSA
respond more readily to CPAP, although long-standing symp-
toms of recurrent major depressive disorder tend to persist
even after successful CPAP treatment.

Post hoc examination of the data demonstrated that those
patients with baseline AHI between 40 and 80 had the largest
and most consistent improvement in daytime symptoms after
CPAP use. Those with baseline AHI <40 benefited less from
CPAP, and in some cases reported more sleepiness and fatigue
after CPAP use. This finding is similar to the report by
Monasterio et al., showing that individuals with mild OSA
(AHI 10-30) had no significant improvement in FOSQ scores
after using CPAP (46), and a meta-analysis that found the
largest improvements in self-reported daytime sleepiness
when the analysis was restricted to samples with baseline AHI
>30 and Epworth Sleepiness Scores =11 (10). Perhaps the
perceived benefits of treating milder OSA do not outweigh
the annoyances of wearing CPAP for some individuals. The
individuals in this sample with AHI >80 also showed smaller
improvements in FOSQ scores than those individuals with
AHI between 40 and 80. Perhaps other health problems caused
individuals with AHI >80 to continue to sleep poorly, despite
CPAP use. The regression analyses indicate a curvilinear
relationship exists between baseline severity of OSA and
perceived improvements post CPAP treatment in this sample.
This was a post hoc analysis, however, so replication is
needed before any firm conclusions can be drawn.

This study has several limitations. Of the 78 individuals
who provided adherence data, only 54 individuals agreed to
complete the FOSQ at follow-up. Providing adherence data
only required participants to mail in the Smart Card; complet-
ing the follow-up FOSQ required a 15- to 20-minute phone
conversation, which likely accounts for some of the failure to
complete the study. Those who completed the follow-up
FOSQ did not differ from those who did not complete it in any
of the characteristics tested, but it remains possible they dif-
fered in variables that were not tested.

A randomized control trial design with sham CPAP would
provide stronger evidence than the present observation study.
However, ethical considerations prohibited the use of this
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study design in the project’s clinical setting. Performing fol-
low-up PSG or pulse oximetry would provide a measure of
how well OSA had been controlled, at least on the night of the
follow-up measures.

Another limitation comes from the measurement of day-
time OSA symptoms. The FOSQ is a self-report measure of
daytime fatigue and sleepiness and, as such, is a subjective
measure. It was chosen to gain information about the partic-
ipant’s perception of his/her daytime functioning. However, it
would be useful to repeat this study with objective measures
of wakefulness and daytime sleepiness. The BDI is also a
self-report measure and cannot be used to diagnose major
depressive disorder. Using diagnostic interviews in future
studies might provide additional data.

Daytime fatigue and sleepiness are often the most trouble-
some aspects of OSA for patients. More research is needed to
learn which patients experience improvement in these symp-
toms post CPAP therapy. When approaching this question, it
is important to consider the strong relationship between de-
pressive symptoms and reports of daytime fatigue and sleep-
iness.

We thank the volunteer participants who made this study possible,
and the staff at the Washington University Multidisciplinary Sleep
Medicine Center for their assistance.
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