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Background and Objective Among patients suffering from obstructive sleep apnea, there is
a group with surprisingly high adherence (> 90%) to automatic positive airway pressure (APAP)
treatment. This study aims to evaluate the characteristics of these patients.

Methods  Medical records of 4757 patients, who received APAP prescriptions between July
2018 and December 2019, were reviewed retrospectively. After the exclusion of patients not meet-
ing the study criteria, a total of 103 patients were included in the study, and patients were divided
into a very good adherence (VGA; adherence > 90%) group and a poor adherence (PA; adherence
< 70%) group, based on nine months of APAP adherence. Patient demographics, medical history,
body mass index, and pretreatment polysomnography (PSG) results, as well as APAP therapy ad-
herence-related variables (percentage of total days of APAP usage, and the mean time of APAP us-
age), the 90th percentile pressure (P90), residual apnea-hypopnea index (AHI), and the type of de-
vices or company managers were compared between the two groups.

Results  Median age was significantly higher in the VGA group than in the PA group (p =
0.032). The Beck Depression Inventory (BDI) also differed significantly (p = 0.017) between the
two groups. There were significant differences in the total sleep time (p = 0.003): 309.04 + 64.96
min in the VGA group and 345.47 + 53.06 min in the PA group. Patient sleep efficiency was ob-
served and differed significantly (p = 0.003) 74.46 + 13.73% in the VGA group and 82.09 +
10.82% in the PA group. Other parameters, such as a pretreatment PSG and sleep-related ques-
tionnaires, did not show significant differences between the two groups. The device-related data
at 1, 3, and 9 months were similar, and there were significant differences in the mean usage time
(p < 0.001) and the number of days on which the device was used for more than 4 hours a day
(p < 0.001) between the two groups. However, the two groups had no significant differences in
mean pressure, residual AHI, and the P90.

Conclusions  The total sleep time, sleep efficiency, and BDI were the main determinants of
adherence in patients in the VGA group. To find additional factors which affect adherence, fur-
ther studies will be needed. Sleep Med Res 2022;13(3):140-147

Keywords Patient adherence; Obstructive; Sleep apnea.

INTRODUCTION

Obstructive sleep apnea (OSA) is a potentially life-threatening disorder that is charac-
terized by repetitive (partial or complete) upper airway obstruction during sleep [1], which
results in a cessation or reduction of airflow. OSA is often associated with a higher preva-
lence of cardiovascular disease [2], cognitive impairment [3], and changes in personality
and behavior [4], as well as an increased prevalence in psychiatric disorders such as major
depressive disorder and post-traumatic stress disorder [5].

Until now, continuous positive airway pressure (CPAP) has been considered as the gold
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standard in the treatment of OSA [6,7]. Multiple studies have
demonstrated that daily use of CPAP machines effectively de-
creases daytime sleepiness, reduces apnea-hypopnea index (AHI)
scores, and improves the quality of life [8]. Despite the defini-
tive advantages of OSA treatment, poor adherence remains a
major cause of treatment failure in patients using a CPAP ma-
chine. Therefore, it is essential to determine the factors that can
predict good adherence. Although there have been many stud-
ies on the factors related to adherence, the results have been
varied and conflicting [9,10].

In a previous study, we found that mean pressure and the 90th
percentile pressure (P90) were the main factors of adherence in
patients who passed a 3-month compliance assessment conduct-
ed by the Korean National Institute of Health (KNIH) [11]. In
addition, we observed that there were patients with high adher-
ence to automatic positive airway pressure (APAP) treatment,
and further study is required to elucidate these characteristics.
Therefore, we examined the 9-month adherence to APAP ther-
apy in OSA patients after completion of the 3-month compli-
ance period required by the KNIH and evaluated the character-
istics of patients with adherence of greater than or equal to 90%.

Factors Affecting in = 90% Adherence
Kim M, et al.

METHODS

Subjects
We obtained data from 4757 patients diagnosed with OSA

(AHI = 5/h) by an otolaryngologist at a single tertiary hospital
between January 2018 and December 2021. The medical re-
cords of these patients were reviewed retrospectively. In this
data, overlapping patient records and patients’ records who
started using PAP before July 2018 or did not pass the 3-month
compliance were excluded. In addition, patients who under-
went surgery (uvulopalatopharyngoplasty, septoplasty, tongue
base surgery, etc.) or had factors that could affect the adherence
to PAP treatment, such as severe septal deviation, chronic rhi-
nosinusitis, and severe cardiopulmonary conditions were ex-
cluded. Patients with insufficient device data were also exclud-
ed from the study.

To clearly characterized the ‘very good’ adherence (VGA)
group, the moderate adherence (greater than or equal to 70%
and less than 90%) group was excluded, and the VGA group was
compared with the poor adherence (PA) group (less than 70%).
These two groups (the VGA and the PA group) were defined
and divided according to data from the 9-month APAP device
study. A total of 103 patients were included in this study (Fig. 1),
after excluding those which did not meet the necessary criteria.

The institutional review board approved the study protocol

From January 2018 to December 2021
Department: ‘Otorhinolaryngology’
Patients diagnosed with obstructive sleep apnea
(n = 4757)

Excluded (n = 4507)

Overlapping patients,

A

people diagnosed befre July 2018,
patients who did not pass 3-months of complicance

Patients who started PAP treatment as covered by
National Heath Insurance in 2018
(completed the 3-month compliance assessment)
(n =250)

Excluded (n = 49)

Patients who have underwent surgery (uvulopalatopharyngoplasty,

Y

Patients who had completed the 3-month
compliance assessment
(n=201)

| septoplasty, tongue base surgery, etc.) & patients with factors (severe septal
deviation, chronic rhinosinusitis, severe cardiopulmonary
conditons etc.) that could affect adherence to PAP treatment

» Excluded (n = 42)

\4
Patients who had completed the 3-month
compliance assessment

with no loss of device data
(n=159)

Patients with insufficient device data

Excluded (n = 56)
Patients with a 9-month adherence of greater than or

> equal to 70% and less than 90%
(moderate adherence)

Y

A

Very good adherence group
(n=38)

Poor adherence group
(n=65)

Fig. 1. Flow diagram showing the inclusion and exclusion of patients in the study. PAP, positive airway pressure.
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of the Chungnam National University Hospital (CNUH 2022-
05-086). As it was a retrospective review of medical charts,
written informed consent was not obtained from each patient
before the inclusion of their data in the study.

Methods

VGA was defined as the regular use of a PAP device for more
than 4 hours/night for > 90% of the recorded period, and PA
was defined as the regular use of a PAP device for more than
4 hours/night for < 70% of the recorded period. We reviewed
patient demographics, medical history, body mass index (BMI,
kg/m?), pretreatment polysomnography (PSG) results, and the
results of four questionnaires (the Pittsburgh Sleep Quality In-
dex [PSQI], the Epworth Sleepiness Scale [ESS], the Beck De-
pression Inventory [BDI], and the Beck Anxiety Inventory [BATI]).
During APAP therapy, follow-ups were conducted at 1, 3 and 9
months. Clinical symptoms, APAP-adherence related variables
(number of hours of use per night, percentage of total days of
APAP usage, and mean time of APAP usage), the P90, and re-
sidual AHI were assessed using data from the ventilator mem-
ory card. Three types of APAP devices (Philips, ResMed, and
F&P) were used and managed by three different companies that
were randomly allocated. APAP-adherence-related variables were
assessed nine months after treatment initiation.

Sleep Questionnaires

The Pittsburgh Sleep Quality Index

The PSQI was used to assess sleep quality. The questionnaire
comprises 18 questions in seven categories (subjective sleep
quality, sleep incubation period, sleep duration, sleep efficiency,
degree of sleep disturbance, use of sleeping pills, and daytime
activity disorders). Each item was scored on a scale of zero to
three to obtain a total score of zero to 21 points, with higher
scores indicating poorer sleep quality.

The Epworth Sleepiness Scale

The ESS was used to measure the degree of daytime sleepiness.
Each item was scored on a scale of zero to three, and the total
score ranged from zero to 24. A higher score reflected a greater
likelihood that the patient was sleepy in daily life. Daytime sleepi-
ness was present in cases with a total score of 11 or higher.

The Beck Depression Inventory and the Beck Anxiety
Inventory

The BDI and BAI are questionnaires used to measure symp-
toms of depression and anxiety, respectively. We included these
questionnaires in the analysis because previous studies have
reported symptoms of depression in patients with OSA. Each
questionnaire consists of 21 items, and each item is scored on a
scale of zero to three, resulting in a total score of zero to 63
points. In the BDI, symptoms of depression are classified as
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minimal (0-13), mild (14-19), moderate (20-28), or severe (29—
63). In the BAI, anxiety is classified as minimal (zero-7), mild
(8-15), moderate (16-25), or severe (26-63).

Statistical Analysis

The data is presented as means + standard deviation or as
the numbers of patients as percentages. Statistical significance
was assessed mainly using the chi-square test or independent t-
test. Pearson correlation analysis of the significant determinants
(p < 0.05) with adherence to APAP therapy was performed. We
used IBM SPSS software (version 22, SPSS Statistics; IBM Corp.,
Armonk, NY, USA) for all analyses, and a p-value of < 0.05 in-
dicated statistical significance.

RESULTS

Demographics According to Adherence Status

Of the total 103 patients, 38 were in the VGA group, and 65
were in the PA group. The numbers (as percentages) of male pa-
tients were 37 (97.4%) in the VGA group and 65 (100%) in the
PA group. The median age was 49.5 years in the VGA group
and 38 years in the PA group, which showed a significant differ-
ence between the two groups. BMI values in the VGA and PA
groups were 26.69 + 3.45 kg/m” and 28.22 + 4.95 kg/m?, re-
spectively. The septal deviation was 13 patients (34.2%) in the
VGA group and 18 patients (28.1%) in the PA group, hyperten-
sion (HTN) was 13 (34.2%) patients in the VGA group and 21
(32.8%) patients in the PA group, and diabetes mellitus (DM) was
four patients (10.5%) in the VGA group and six patients (9.4%) in
the PA group. There was no significant difference in sex, BMI,
septal deviation, HTN, or DM between the VGA and PA groups
(Table 1).

Automatic Positive Airway Pressure-Therapy-
Related Data at 9 Months According to Adherence
Status

The mean device usage times and numbers of days on which
the device was used more than 4 hours a day (%) in the VGA
and PA groups were 396.44 + 56.26 min and 205.52 + 61.37 min,
94.87 + 2.81%, and 48.39 + 16.09%, respectively. There were
significant differences (p = 0.001) between the two groups. The
mean pressure, residual AHI, and P90 were present in 6.27 +
2.02 cm H,O and 7.03 £ 1.93 cm H,0, 2.33 £ 2.16 and 2.94 +
2.48,7.98 £ 2.26 cm H,O and 8.94 + 2.50 cm H,O, respectively,
and there were no significant differences (p = 0.060, p = 0.212,
and p = 0.056, respectively) between the two groups (Table 2).

Polysomnography Parameters and Sleep

Questionnaire Scores According to Adherence Status
PSG data was also compared between the groups (Table 3).

We found no significant differences between the VGA and PA
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Table 1. Automatic positive airway pressure user demographics and information

Study population Very good adherence group Poor adherence group )
(n=103) (n=38) (n=65) prvalue ()
Sex 0.189 (1.727)
Male 102 37(97.4) 65 (100)
Female 1 1(2.6) 0(0)
Median age, yr (range) 40.5 (5-76) 49.5 (23-76) 38.0 (5-71) 0.032
BMI (kg/m?) 26.69 + 3.45 28.22+4.95 0.097
Septal deviation 0.518 (0.417)
Yes 31 13 (34.2) 18 (28.1)*
No 71 25(65.8) 46 (71.9)*
HTN 0.885(0.021)
Yes 34 13 (34.2) 21(32.8)
No 68 25 (65.8) 43 (67.2)
DM 0.850 (0.036)
Yes 10 4(10.5) 6 (9.4)
No 92 34 (89.5) 58 (90.6)

Values are presented as n (%) or mean + standard deviation unless otherwise indicated.
*1 out of 65 patients in the poor adherence group was excluded from the underying disease analysis due to lack of medical information (sep-

tal deviation, HTN, DM).

BMI, body mass index; HTN, hypertension; DM, diabetes mellitus.

Table 2. Device data at the time of using automatic positive airway
pressure for 9 months

Very good Poor
adherence adherence
p-value
group group
(n=38) (n=65)

Mean usage time (min) 396.44 +56.26 205.52 +61.37 0.001

Mean pressure (cm HO)  6.27 +£2.02 7.03+1.93 0.060
Days >4 hoursa day (%) 94.87 +2.81 48.39 £ 16.09 0.001
Residual AHI 2.33+2.16 294+248 0212
90% pressure (cm H,O) 7.98 £2.26 894+250 0.056

Values are presented as mean + standard deviation.
AHI, apnea-hypopnea index.

groups in terms of the AHI (47.4 + 20.03 vs. 44.78 + 27.43), rap-
id-eye-movement (REM) AHI (47.96 + 25.05 vs. 47.33 + 24.19),
non-REM AHI (47.02 + 22.01 vs. 42.87 + 30.28), supine AHI
(56.18 + 21.97 vs. 52.73 + 29.11), and non-supine AHI (25.61 +
23.72 vs. 26.66 + 28.66). Patients in each group were divided
into mild, moderate, and severe OSA according to severity, and
the ratios were compared. However, there were no significant
differences (p = 0.139) in the ratio between the two groups.
The minimal O, saturation (min SpO,) values (79.40 + 7.58%
vs. 78.34 £ 9.31%), sleep latencies (17.62 + 17.77 min vs. 12.56 +
21.93 min), REM sleep latencies (124.82 + 66.11 min vs. 122.61
+ 84.38 min), and wake time after sleep onset (WASO) (82.25 +
140.69 vs. 81.45 + 304.55) did not differ significantly between
the two groups. For the total sleep times (309.04 + 64.96 min

vs. 345.47 + 53.06 min), and sleep efficiency data (74.46 + 13.73%
vs. 82.09 + 10.82%), significant differences were found (p = 0.003
and p = 0.003, respectively) between the two groups.

In terms of sleep questionnaire scores, the PSQI (9.37 + 3.70
vs. 8.39 + 3.45), ESS (10.50 + 6.35 vs. 8.88 + 4.47), BDI (8.34 +
6.14 vs. 8.20 £ 7.63), and BAI (14.17 £ 12.42 vs. 15.77 + 12.73)
scores did not differ significantly between the two groups.

The Beck Depression Inventory and Beck Anxiety
Inventory According to Adherence Status

The BDI and BAI were compared by dividing the patients,
within each group, into minimal, mild, moderate, and severe ac-
cording to the severity and were compared by the ratio (Table 4).
There was a significant difference in the BDI between the two
groups (p = 0.017). The numbers (as percentages) of minimal
patients were 32 (84.2%) in the VGA group and 44 (78.6%) in
the PA group; mild patients were two (5.3%) in the VGA group
and 10 (17.9%) in the PA group; moderate patients were four
(10.5%) in the VGA group and zero (0.0%) in the PA group; se-
vere patients were zero (0.0%) in the VGA group and two (3.6%)
in the PA group. However, the two groups had no significant dif-
ference in BAI (p = 0.462). The numbers (as percentages) of min-
imal patients were 11 (31.4%) in the VGA group and 18 (34.6%)
in the PA group; mild patients were 14 (40.0%) in the VGA group
and 13 (25.0%) in the PA group; moderate patients were three
(8.6%) in the VGA group and eight (15.4%) in the PA group;
severe patients were seven (20.0%) in the VGA group and 13
(25.0%) in the PA group.
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Table 3. Polysomnography data before automatic positive airway pressure treatment

Very good adherence group (n = 38) Poor adherence group (n = 65) p-value (%)

AHI 47.40 £ 20.03 4478 £27.43 0.582
Severity* 0.139 (3.945)

Mild 2(5.4) 5(7.8)

Moderate 5(13.5) 19 (29.7)

Severe 30 (81.1) 40 (62.5)
REM AHI 47.96 £ 25.05 47.33 £24.19 0.900
Non-REM AHI 47.02 £22.01 42.87 £30.28 0.430
Supine AHI 56.18 +21.97 52.73 £ 29.11 0.503
Non-supine AHI 25.61 £23.72 26.66 + 28.66 0.854
Min SpO: (%) 79.40 £ 7.58 78.34+9.31 0.555
Sleep latency (min) 17.62+17.77 12.56 +21.93 0.235
REM sleep latency (min) 124.82 + 66.11 122.61 + 84.38 0.892
WASO 82.25 + 140.69 81.45 + 304.55 0.988
Total sleep time (min) 309.04 £+ 64.96 345.47 £ 53.06 0.003
Sleep efficiency (%) 74.46 + 13.73 82.09 +10.82 0.003
PSQI 9.37+£3.70 8.39+£3.45 0.231
ESS 10.50 £ 6.35 8.88 +4.47 0.177
BDI 8.34+6.14 820+ 7.63 0.922
BAI 1417 £ 12.42 15.77 £12.73 0.564

Values are presented as mean + standard deviation or n (%).

*One person from each group lacked AHI information, so they were excluded from the AHI severity analysis (severity analysis conducted

with very good adherence group; n = 37, poor adherence group; n = 64).

AHI, apnea-hypopnea index; REM, rapid-eye-movement; WASO, wake time after sleep onset; PSQL Pittsburgh Sleep Quality Index; ESS, Ep-
worth Sleepiness Scale; BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory.

Table 4. Comparison of adherence by BDI and BAI

Very good Poor

Stud}f adherence adherence 5
population p-value (X))
(n=103) group group
(n=38) (n=56)
BDI 0.017 (10.154)
Minimal 32(842) 44 (78.6)
Mild 2(53)  10(17.9)
Moderate 4(10.5) 0(0)
Severe 0(0) 2(3.6)
BAT* 0.462 (2.576)
Minimal 11(314)  18(34.6)
Mild 14 (40.0) 13 (25.0)
Moderate 3(8.6) 8(15.4)
Severe 7(20.0) 13 (25.0)

Values are presented as n (%).

*In each group, the very good adherence patients (n = 3) and the
poor adherence patients (n = 4) lacking BAI information were
excluded from BAI severity analysis (severity analysis conducted
with very good adherence group; n = 35, poor adherence group;
n=>52).

BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory.
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Automatic Positive Airway Pressure-Therapy-
Related Data at 1-month and 3-months According
to Adherence Status

Device-related data at 1-month and 3-months were also com-
pared between the VGA and PA groups (Table 5). As with the
data at the 9-month time, there were significant differences be-
tween the two groups at each time point in the variables, mean
usage time, and numbers of days on which the device was used
more than 4 hours a day (%). The device-related data (VGA
group vs. PA group) at 3-months were as follows: mean usage
time, 400.63 + 65.24 min vs. 249.28 + 67.46 min (p = 0.001);
mean pressure, 6.49 + 1.96 cm HO vs. 6.90 + 1.82 cm H,O (p =
0.292); days on which the device was used for more than 4 hours,
93.95 £ 6.02% vs. 60.89 + 18.95% (p = 0.001); residual AHI, 2.48
+2.31 vs. 3.08 £ 2.57 (p = 0.274); and P90, 8.06 + 2.25 cm H,O
vs. 8.74 £ 2.35 cm H,O (p = 0.155).

The device-related data (VGA group vs. PA group) at 1-month
were as follows: mean usage time, 398.50 + 76.93 min vs.
253.70 £ 93.30 min (p = 0.001); mean pressure, 6.31 + 1.75 cm
H,O vs. 6.82 £ 1.76 cm H,O (p = 0.161); days on which the device
was used for more than 4 hours, 91.89 + 10.04% vs. 60.83 +
24.27% (p = 0.001); residual AHI, 2.78 + 2.58 vs. 3.29 £ 2.65 (p =
0.347); and P90, 8.06 + 2.11 cm H,O vs. 8.69 + 2.40 cm H,O
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Table 5. Device data at the time of using automatic positive airway pressure for 3 months and 1 month
Very good adherence group (n = 38) Poor adherence group (n = 65) p-value

At first 3-month

Mean usage time (min) 400.63 + 65.24 249.28 + 67.46 0.001

Mean pressure (cm H,O) 6.49 +1.96 6.90 + 1.82 0.292

Days > 4 hours a day (%) 93.95 + 6.02 60.89 + 18.95 0.001

Residual AHI 248 +2.31 3.08 £ 2.57 0.274

90% pressure (cm H,O) 8.06 +2.25 8.74 +2.35 0.155
At first 1-month

Mean usage time (min) 398.50 +76.93 253.70 + 93.30 0.001

Mean pressure (cm H,O) 6.31+1.75 6.82+1.76 0.161

Days > 4 hours a day (%) 91.89 +10.04 60.83 +24.27 0.001

Residual AHI 2.78 £ 2.58 3.29+2.65 0.347

90% pressure (cm H,O) 8.06 +2.11 8.69 +2.40 0.190

Values are presented as mean + standard deviation.
AHI, apnea-hypopnea index.
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Fig. 2. Correlation between adherence and BDI, total sleep time, and sleep efficiency. BDI, Beck Depression Inventory.

(p = 0.190). Notably, the device-related data at 1, 3, and 9 months
were similar.

Adherence Status According to Automatic Positive
Airway Pressure Device Manager and Type of
Automatic Positive Airway Pressure Device

The patients were managed by three managers from differ-
ent companies (managers A, B, and C). The number of patients
managed by manager C was too small to compare with those
handled by the other managers, so they were excluded from the
comparison. The numbers (as percentages) of patients managed
by manager A were 15 (40.5%) in the VGA group and 35 (53.8%)
in the PA group, whereas manager B worked with 22 (59.5%) pa-
tients in the VGA group and 30 (46.2%) patients in the PA group
(Supplementary Table 1 in the online-only Data Supplement).

The patients used three devices (A, B, and C). Device A was
used by 9 patients (23.7%) in the VGA group and 25 patients
(38.5%) in the PA group, and device B was used by 19 patients
(50.0%) in the VGA group and 26 patients (40.0%) in the PA
group, and device C was used by 10 patients (26.3%) in the
VGA group and 14 patients (21.5%) in the PA group. There

were no significant differences between the VGA and PA groups
in terms of managerial responsibility (p = 0.196) or the type of
device used (p = 0.306) (Supplementary Table 1 in the online-
only Data Supplement).

Correlation to Automatic Positive Airway Pressure
adherence

When Pearson correlation analysis between APAP adher-
ence and significant determinants (p < 0.05) was performed,
the total sleep time (p < 0.001) and sleep efficiency (p < 0.001)
showed a negative correlation with adherence. However, there
was no correlation between BDI and adherence (Fig. 2).

DISCUSSION

In this study, patients who passed the three months compli-
ance assessment for Korean national insurance coverage were
divided into the VGA and PA groups according to their adher-
ence status in the ninth month. During the initial assessment
period, only these patients were enrolled as some patients may
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feel pressured to use the device, and the device managers may
intervene in the use of the device. Therefore, we expected that
evaluating adherence during the six months after the comple-
tion of the initial assessment would more accurately reveal the
factors affecting adherence. However, our results indicated that
the patients who showed very good adherence at nine months
also showed good adherence even in the early stage (Table 5).

Although we tried to elucidate the characteristics of patients
with very good adherence, there were no significant differences
in sex, BMI, septal deviation, and underlying diseases such as
HTN and DM between the two groups. However, the median
age was significantly higher in the VGA group than in the PA
group (p = 0.032) (Table 1). In a previous study, adherence to
PAP use was found to be decreased in elderly patients [12], but
in a recent study, it was observed that CPAP users over 70 years
old did not show a decrease in adherence when compared to
younger patients [13]. However, our study may have different
results because the median age is more youthful than in previous
studies. Because memory loss may interfere with therapy adher-
ence [14], it must be confirmed, through the mini-mental state
examination, that there is no memory loss due to age.

In the previous study, among the device-related parameters,
the mean pressure and P90 (cm H,O) had significant differenc-
es in adherence [11], but no significant difference was observed
in this study. However, it was found that the difference between
the VGA group and the PA group increased as the usage period
increased (more significant differences at nine months than at
one or three months) (Tables 2 and 5). Therefore, to determine
whether treatment pressure affects adherence, a longer-term
study is needed in the future.

There were significant differences in the total sleep time and
sleep efficiency between the two groups in the PSG data before
APAP treatment (Table 3). As total sleep time and sleep effi-
ciency increased, adherence seemed to decrease. This suggests
that good adherence is correlated with subjective discomfort
caused by low sleep quality [15], which may lead to efforts to
improve adherence. Except for the total sleep time and sleep ef-
ficiency, other PSG data, including AHI, were not significantly
different between the two groups. This result may be because
the study was conducted with patients who had already com-
pleted the 3-month compliance period.

Previous studies reported associations between OSA, and the
sleep questionnaire scores, such as BDI, BAI, ESS, and PSQI
[16,17]. We may not have found any significant differences in
PSQI and ESS scores based on PAP therapy adherence status be-
cause the patient had already completed the 3-month compli-
ance period.

We considered that the APAP adherence and the emotional
factors of the patients were related, so the BDI and BAI were di-
vided according to the severity and compared between groups
(Table 4). There was a significant difference (p = 0.017) in BDI
between the two groups. It can be considered that the more se-
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vere the depression is, the lower the adherence due to the low-
ered expectations for the effect of PAP device use. In previous
studies, mood disorders like depression may decrease adher-
ence to APAP and complicate titration [18]. Also, in the rela-
tionship between depression and drug adherence study; severely
depressed patients were 3.7 times more likely to be nonadher-
ent than non-depressed patients after controlling for potential
confounders [19]. It was found that adherence increased in pa-
tients with improved symptoms of depression and with wors-
ening symptoms of depression in decreased adherent patients.
Therefore, if patients use PAP after treatment for symptoms of
depression, it can be expected that adherence will increase. How-
ever, to achieve this result, it will be necessary to perform addi-
tional tests for depression (ex., Minnesota Multiphasic Personal-
ity Inventory [MMPI]) since results from previous studies have
shown a positive correlation between lower depression scores
on the MMPI before treatment and CPAP adherence [20].

The data for months one and three for the VGA and PA groups
(Table 5) were similar to those for month nine, as shown in Ta-
ble 2. These results indicate that adherence at months one and
three were as crucial as at the ninth month.

A previous study reported that the device manager was an im-
portant factor influencing PAP adherence [21]. Although we
evaluated compliance according to device managers from differ-
ent companies, our results indicate that the manager did not af-
fect PAP adherence (Supplementary Table 1 in the online-only
Data Supplement). Also, there were no significant differences in
the type of device used (devices A, B, and C) between the two
groups in adherence to PAP treatment.

The correlation between APAP adherence and BDI (Fig. 2)
may look different from the results in Table 4. This can be con-
sidered a characteristic of VGA because it only showed statisti-
cal differences between the VGA group and the PA group.

To our knowledge, no studies have examined patients with
adherence of greater than or equal to 90% (indicated as very
good adherence in this paper). Based on patients with very
good adherence, various aspects of factors affecting adherence
could be seen.

The limitation of this study is as follows: our study was ret-
rospective, so the number of patients included in the VGA and
PA groups differed significantly. Therefore, bias may occur in
the analysis. It is well known that there is a relationship between
depression and excessive daytime sleepiness (EDS). Consequent-
ly, we decided to analyze data with EDS information when re-
ferring to depression. It was also regarded as essential to check
the improvement of symptoms before and after PAP therapy.

In conclusion, although various factors were associated with
APAP therapy adherence, total sleep time, sleep efficiency, and
BDI were the main determinants of adherence in patients with
adherence of greater than or equal to 90%. The data on adher-
ence at 1, 3, and 9 months were similar. In addition to the factors
identified in this study; it is believed that there may be many



other factors that characterize patients with very good adher-
ence. Therefore, further studies, including neuropsychiatric ex-
amination, are needed.
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Supplementary Table 1. Comparison of adherence by manager

and device
Very good Poor
adherence adherence )
group group p-value (X'
(n=38) (n=65)
Manager* 0.196 (1.670)
Manager A 15 (40.5)" 35(53.8)
Manager B 22 (59.5)F 30 (46.2)
Device 0.306 (2.370)
Device A 9(23.7) 25 (38.5)
Device B 19 (50.0) 26 (40.0)
Device C 10 (26.3) 14 (21.5)

Values are presented as n (%).

*In the manager data, one patient from the very good adherence
group belonging to manager C is excluded; '1 out of 38 patients in
the very good adherence group was excluded from the manager
analysis due to a lack of manager information.



