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Study Objectives: Studies of continuous positive airway pres-
sure (CPAP) adherence in multi-ethnic samples are lacking.
This study explores previously described factors associated
with therapeutic CPAP use in South Florida veterans with ob-
structive sleep apnea-hypopnea syndrome (OSAHS).
Methods: We performed a retrospective, cross-sectional anal-
ysis of CPAP adherence comparing white, black, and Hispanic
veterans returning to the Miami VA sleep clinic over a 4-month
period. Participants had CPAP use download and completed
questionnaires on demographics, sleepiness, insomnia, and
social cognitive measures related to adherence. Linear regres-
sion modeling was used to explore the impact of measured
variables and potential interactions with race-ethnicity on
mean daily CPAP use.

Results: Participants (N = 248) were 94% male with mean
age of 59 £ 11 years and included 95 blacks (38%), 91 whites
(37%), and 62 Hispanic (25%) veterans. Blacks had less mean
daily CPAP use than whites (-1.6 h, p < 0.001) and Hispanics
(-1.3 h, p < 0.01). Blacks reported worse sleep onset insom-
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nia symptoms compared to whites. In the final multivariable
regression model, black race-ethnicity (p < 0.01), insomnia
symptoms (p < 0.001), and self-efficacy (p < 0.001) were sig-
nificantly associated with mean daily CPAP use. In addition,
the black race by age interaction term showed a trend towards
significance (p = 0.10).

Conclusions: In agreement with recent studies, we found that
mean daily CPAP use in blacks was 1 hour less than whites
after adjusting for covariates. No CPAP adherence differences
were noted between whites and Hispanics. Further investiga-
tions exploring sociocultural barriers to regular CPAP use in
minority individuals with OSAHS are needed.
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bstructive sleep apnea-hypopnea syndrome (OSAHS)
may affect up to 2% of women and 4% of men in the US
population.' It is associated with lower quality of life, greater
healthcare utilization, neurobehavioral deficits, and increased
risk of hypertension, cardiovascular events, and all-cause
mortality."* Continuous positive airway pressure (CPAP), the
first-line treatment for moderate to severe OSAHS, completely
or partially reverses many of these deleterious consequences
when used consistently.’ However, despite its efficacy, empiri-
cal studies suggest that rates for regular CPAP use (= 4 h daily)
range from 30% to 60%.°
Studies in predominantly white OSAHS populations have
identified demographic, polysomnographic, social, and psycho-
logical factors affecting CPAP adherence.” For example, age,
body mass index (BMI), daytime sleepiness, OSAHS severity,
CPAP pressure, optimal CPAP titration, outcome expectancies
associated with CPAP use, and perceived confidence in one’s
ability to use CPAP (self-efficacy) have all been associated
with CPAP adherence.®® Although race-ethnicity and cultural
influences have been found to be important in other health
behaviors, their role in CPAP adherence have been relatively

BRIEF SUMMARY

Current Knowledge/Study Rationale: Although CPAP adherence dif-
ferences between blacks and whites have been studied, few studies
have examined CPAP adherence of US Hispanics or the influence of
race-ethnicity on predictor variables for CPAP use. This study describes
the influence of demographics, disease severity, sleepiness, insomnia,
social cognitive measures, and the interaction of race-ethnicity with
these variables on CPAP adherence in a South Florida veteran sleep
clinic sample.

Study Impact: Our study adds to the growing awareness of the impor-
tance of insomnia symptoms and self-efficacy in CPAP use regardless
of race-ethnicity. We found an interaction of black race with age and
CPAP adherence, suggesting that generational effects may be consid-
ered when developing programs to enhance CPAP adherence in blacks.

understudied. The most well-characterized race-ethnic CPAP
differences have been those between black and white individu-
als with OSAHS. Five recent American studies (2 prospective
and 3 cross-sectional) found that blacks use CPAP at least one
hour less than whites. The etiology for this disparity in treat-
ment adherence is unclear.®!%!® There are fewer data about
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CPAP use in Hispanic individuals, the largest ethnic minority
group in the US.™

Although there are many potential sources of race-ethnic
differences in CPAP adherence, we focused on demographic/
anthropometric characteristics, OSAHS severity, CPAP treat-
ment factors (e.g., pressure, duration of CPAP ownership), and
self-reported symptoms and thoughts about OSAHS. All of the
above have been shown to impact CPAP adherence.®’” Some
American studies have found that blacks have worse OSAHS
severity and greater body mass index (BMI) than whites, fac-
tors thought to influence CPAP adherence.'"'> American stud-
ies in community and sleep clinic samples have shown that
OSAHS symptoms, including daytime sleepiness and coexist-
ing insomnia symptoms may vary by race-ethnicity."*'*'8 In
the Home-PAP study, Billings and colleagues found that sleep
onset insomnia complaints were significantly more common
in blacks than whites/Hispanics.!"” This study also reported
that participants with prolonged subjective sleep onset latency
(> 30 min) at baseline used CPAP 70 minutes less per night at
3 months than participants with shorter sleep onset latency af-
ter adjusting for apnea-hypopnea index (AHI) and study arm."
Similarly, our prospective data in US Hispanic veterans has
shown that greater baseline insomnia symptoms predict poorer
future CPAP use.'* Although social cognitive factors like self-
efficacy and outcome expectancies have been shown to be in-
dependent predictors of future CPAP use, to our knowledge, no
American study has specifically examined potential race-ethnic
differences in these measures.®’ As black and Hispanic indi-
viduals comprise approximately 20% of the veteran population,
identifying therapeutic targets for enhancing CPAP use in these
groups is an important first step in improving adherence.”® Our
study aims were (1) to examine previously established variables
(demographics, disease-severity, daytime sleepiness, insomnia
symptoms, social cognition) associated with CPAP adherence
in a culturally diverse sample, and (2) to explore race-ethnic
variation in these established factors associated with regular
CPAP use in South Florida veterans with OSAHS.

METHODS

Participants

We performed a retrospective, cross-sectional analysis of
adult white, black, and Hispanic veterans with OSAHS who at-
tended the Miami VA Healthcare System (VAHS) Sleep Clinic
from July 2011 to October 2011 for a scheduled CPAP adher-
ence visit. Inclusion criteria included: (1) OSAHS diagnosis
and CPAP prescription at the Miami VAHS within the last 5
years, (2) completion of study questionnaires, and (3) posses-
sion of CPAP > 7 days. Veterans were excluded if they (1) were
unable to read or comprehend English, (2) had previous surgery
for OSAHS, or (3) were prescribed supplemental oxygen.

Procedure

As part of their routine adherence visit to the Miami VAHS,
veterans with OSAHS treated with CPAP complete question-
naires about demographics, medical history, and residual sleep
symptoms. Race-ethnic group was determined by self-report
(non-Hispanic white, non-Hispanic black, Hispanic/Latino, or
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other). By this method of categorizing participants, individuals
with mixed race-ethnicity (i.e., black Hispanics, n = 2) were
included in the Hispanic group. Participants were asked to com-
plete validated questionnaires to determine subjective daytime
sleepiness, insomnia severity, and social cognitive factors asso-
ciated with OSAHS and CPAP treatment (described in section
below). Anthropometric measures (height and weight) were re-
corded on the day of their clinic visit and used to calculate the
BMI. Questionnaires were completed in English as all veterans
were fluent English speakers. Objective CPAP adherence was
verified as described below. The Miami VA Healthcare System
Institutional Review Board approved the protocol.

Assessments

Questionnaires

Demographic questionnaires assessed participant age on
the day of clinical visit, gender, medical history, marital status
(married or partnered vs single or widowed), and highest educa-
tional attainment (high school graduate or lower, some college,
or college graduate or higher). Medical history, comorbidities,
and medications were obtained from questionnaires and review
of medical records. Weighted medical comorbidities were cal-
culated using the Charlson Comorbidity Index (CCI).*!

Subjective daytime sleepiness was determined using the Ep-
worth Sleepiness Scale (ESS), with 8 items rated on a scale of
0-3, with higher scores indicating a greater propensity to fall
asleep in different situations.”> An ESS score > 10/24 defined
excessive daytime sleepiness.?>?

Participants completed the insomnia severity index (ISI),
a 7-item instrument measuring the individual’s perception of
his or her insomnia. The total scores range from 0 to 28, with
higher scores indicating greater insomnia severity. Its internal
consistency, concurrent validity, and sensitivity to clinical im-
provements are well established.? In this study, insomnia was
defined as a global ISI score > 15 corresponding to a level of
at least “moderate clinical insomnia.” We explored insomnia
complaint subtype (i.e., onset, maintenance, premature awak-
enings) by comparing the means of the first 3 items of the ISI
among the race-ethnic groups.

Social cognitive factors associated with treatment were
assessed with the Self-Efficacy Measure for Sleep Apnea
(SEMSA). The SEMSA is a 26-item questionnaire assess-
ing CPAP adherence-related cognitions based on principles
of social cognitive theory.?> The instrument is divided into 3
subscales that measure risk perception of OSA (e.g., cardio-
vascular risk), outcome expectancies of CPAP use (e.g., im-
proved alertness), and treatment perceived self-efficacy (the
individual’s confidence in using CPAP treatment despite chal-
lenges). Items are rated from 1 to 4 on a 4-point Likert scale.
Higher scores indicate greater risk perception, higher outcome
expectancies with treatment, and greater perceived self-effica-
cy, respectively. Social cognitive measures after using CPAP
treatment have been previously shown to be independent pre-
dictors of future CPAP adherence.®’

Polysomnography and OSAHS Diagnosis
All veterans completed diagnostic and titration PSGs per-
formed at the Miami VAHS. Attended in-lab PSGs were per-



formed using EMBLA N7000 hardware and REMLOGIC
version 1.1 software. Portable PSGs were performed with
Embletta x100 portable recording units (Embla, Thorton, CO).
We conducted diagnostic in-lab and portable PSG and manu-
al titration PSGs in accordance with standards established by
AASM.?2 A split-night PSG was performed if > 40 obstruc-
tive respiratory events were observed in the first 2 h of recorded
sleep. All individuals completed either (1) an in-lab diagnostic
PSG followed by a manual titration PSG (n = 84), (2) an unat-
tended diagnostic portable PSG followed by a manual titration
PSG (n=17), or (3) an in-lab split-night PSG (n = 147). Scor-
ing was performed manually by a certified sleep technologist,
using 30-sec epochs and standardized scoring techniques.”” Hy-
popnea scoring followed the recommended definition (> 30%
reduction in nasal pressure relative to baseline associated with
> 4% oxygen desaturation). The AHI was defined as the number
of apneas and hypopneas per hour of sleep. OSAHS diagnosis
was made per ICSD-2 criteria.?’ Polysomnography variables of
interest (diagnostic and titration study type, diagnostic AHI)
were extracted from the medical record.

CPAP Treatment

All veterans accepting CPAP treatment undergo a standard-
ized 30-min mask-fitting and equipment educational session by
our sleep-certified respiratory technologist at the time of CPAP
distribution. They were also provided with printed information
about OSA, its medical consequences, and CPAP troubleshoot-
ing techniques. After split-night or in-lab titration PSG, patients
received CPAP units (Remstar M series with C-flex and heated
humidifier, Philips-Respironics, Murrysville, PA) fixed at the
prescribed pressure obtained from the titration PSG and dis-
tributed by our laboratory staff. As a standard procedure, CPAP
units were set to a C-flex setting of 3 cm H,0O. All devices
contained software (Philips-Respironics Encore Pro 2) that
measured and recorded CPAP mask-on time onto a microchip
within a secure digital memory card.

CPAP Adherence

After CPAP distribution, veterans were scheduled for stan-
dard clinical follow up for CPAP adherence. These visits oc-
curred at varying intervals, but usually after 3-6 months of use
and then annually. Individuals were encouraged to return to our
sleep center earlier if they encountered ongoing difficulties.
The sample included recently diagnosed individuals having
their first CPAP adherence download as well as those who were
long-term CPAP users who may have had prior downloads. Ad-
herence measures included all days since initial CPAP distribu-
tion (mean of 512 + 484 days; range: 7-1,818 days). On the day
of the clinical visit, the following variables were collected from
CPAP SD memory cards: prescribed CPAP pressure, days since
CPAP distribution (duration of ownership), % of days used, %
of days used > 4 h, mean daily use, and residual AHI.

Data Analysis

Demographic and clinical characteristics, CPAP adherence
variables, and questionnaire responses were compared between
whites, blacks and Hispanics. Data are reported as means and
SDs for continuous variables. Categorical data are presented as
frequencies (%). Categorical and continuous data were com-
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pared among race-ethnic groups using y* or ANOVA, respec-
tively. Post hoc pairwise comparisons employed Tukey test. As
the duration of CPAP ownership varied widely among our par-
ticipants (7-1,818 days), duration subgroup comparisons were
performed to examine differences in the predictors and adher-
ence. Mean daily hours of CPAP use was used as the primary
outcome adherence measure. The assumptions for use of para-
metric inferential statistics were met for all variables.

Linear regression modeling was used to explore the associa-
tion of predictor variables with CPAP adherence (mean daily
hours). Hispanic and black race-ethnicity was analyzed refer-
ent to white race-ethnicity. Variables selected to predict CPAP
adherence were chosen based on previous research (age, BMI,
marital status, educational level, AHI, CPAP pressure, ESS, in-
somnia symptoms, outcome expectancies, and self-efficacy).t*
Separate linear regression models were performed assessing
2 domains: (1) demographic/anthropometric variables (race-
ethnicity, age, educational level, marital status, and BMI), (2)
disease severity, CPAP treatment factors (AHI, CPAP pressure,
duration of CPAP ownership), and sleep-related questionnaires
responses (ESS, insomnia symptoms measured by the ISI, and
SEMSA outcome expectations and perceived self-efficacy
scores). In an attempt to control across domains, a final regres-
sion model was also tested, which included variables signifi-
cantly associated with mean daily CPAP use in Models 1 and 2.

For Models 1 and 2, regression analysis was performed in 2
steps: (1) all variables in each domain were entered simultane-
ously testing for main effects, (2) the product of race-ethnicity
and each variable in the domain was entered separately to test for
interaction. These interaction terms were of primary interest to
determine if race-ethnicity moderated the relationship of the pre-
dictors with CPAP adherence. For example, does insomnia impact
CPAP adherence differentially in blacks than whites? Continuous
interaction variables were mean centered. Each interaction term
was added separately and retained in each regression model only
if found to be significantly associated with CPAP adherence.

Additional interaction terms were entered into Model 2 and
the final model. Because of the possibility of confounding of
self-efficacy and insomnia symptoms with duration of CPAP
ownership, interaction terms of CPAP ownerships with these
variables were also included in these models.

For all 3 models, multicollinearity among predictors was ex-
amined by scrutinizing their Pearson correlations, variance infla-
tion factors, eigenvalues, and condition indexes. For all analyses,
p <0.05 was defined as statistically significant. Statistical analyses
were performed with SPSS Statistics 20.0 (SPSS, Chicago, IL).

RESULTS

Characteristics of Study Participants

Two hundred forty-eight veterans (94% male, with a mean
age of 59 + 11 years) fulfilled inclusion criteria (Table 1).
Forty-six veterans were excluded (36 for incomplete question-
naires, 3 for prior OSAHS surgery, 7 for using supplemental
oxygen). Ninety-five (38%) participants self-reported as black,
91 participants (37%) as white, and 62 participants (25%) as
Hispanic/Latino. Five veterans (3 Asian, 2 Pacific Islander)
were of “Other” race-ethnicity and were also excluded from
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Table 1—Demographic and clinical characteristics by race-ethnicity

All (n =248) White (n=91) Black (n = 95) Hispanic (n = 62) p value
Demographics

Male (%) 94 91 94 97 0.40
Age (years) 59+ 11 61+ 11 58+£10 57 £ 122 0.05
BMI (kg/m?) 33+5 33+5 33+5 32+5 0.73
Education (%) <0.01

High School or Lower 30 22 43 21

Some College 33 33 36 31

College Grad or Higher 37 45 22 48
Marital Status (%) 0.04

Single or Widowed 40 38 48 29

Married or Partnered 60 62 52 71

Medical Comorbidities (%)

Hypertension 77 79 83 65 0.02
Diabetes 35 34 40 31 0.45
Heart Disease 17 22 15 15 0.36
Stroke 6 3 8 5 0.34
Mood Disorder 51 50 51 52 0.98
Posttraumatic Stress Disorder 28 21 33 31 0.16
Charlson Comorbidity Index 18+19 17+18 2021 14+19 0.17

Data presented as means + SD or frequencies (%). Bold values are significant (p < 0.05). 2Post hoc significance level: p < 0.05 for comparison between white

and Hispanic groups. BMI, body mass index.

Table 2—Comparisons of polysomnography and CPAP adherence by race-ethnicity

All (n =248) White (n=91) Black (n = 95) Hispanic (n = 62) p value
Polysomnography
AHI (events/h) 40 £ 30 42 £29 37+ 31 42 +29 0.41
CPAP Adherence Download
CPAP Pressure (cm H,0) 98+28 9.9+27 9.8+28 95+29 0.85
Residual AHI (events/h) 51+42 54+4.1 53+46 45+36 0.40
CPAP Ownership (days) 512 + 484 594 + 517 421 + 440° 515 + 481 0.04
Days Used (%) 58+ 34 66 + 35 47 + 322 63 +32 <0.001
Daily Use (h) 32+238 38+29 22+25 35+29 0.001
CPAP Adherent (%)
Mean Daily Use =4 h 32 42 17 39 <0.001

Data presented as mean + SD or frequency (%). Bold values are significant (p < 0.05). Post hoc significance levels are labeled as follows: 2p < 0.05 for
comparison between black and both other groups; °p < 0.05 for comparison between black and white group. AHI, apnea-hypopnea index; CPAP, continuous

positive airway pressure.

analysis. Sixty percent of the participants were married or part-
nered, and most (71%) had some college education or greater.
Seventy-seven percent of the sample had hypertension, 35%
had diabetes, 17% had heart disease, 51% reported depression,
and 28% posttraumatic stress disorder diagnosis (Table 1).

Demographic and Clinical Comparisons by Race-Ethnicity

Hispanics were significantly younger than whites but not dif-
ferent in age when compared to blacks. Hypertension diagnosis
and “single or widowed” status was significantly more common
among blacks than Hispanics, but not different when compared
to whites. Blacks reported lower levels of education compared
to both other groups. There were no significant group differ-
ences in gender distribution, mean BMI or mean Charlson co-
morbidity index (Table 1).
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Polysomnography and CPAP Adherence Measures by
Race-Ethnicity

Participants had a mean AHI of 40 + 30 events/h of sleep and
were prescribed a mean CPAP pressure of 9.8 + 2.8 cm H,0
(Table 2). There were no significant race-ethnic differences
in OSAHS severity, mean AHI, prescribed CPAP pressure, or
CPAP residual AHI at clinical follow-up. Averaged across all
participants, CPAP had been distributed 512 + 484 days prior
to their adherence visit. The entire cohort used CPAP on 58% +
34% of the nights, with mean daily use of 3.2 + 2.8 hours. Over-
all, about one-third of participants had mean daily use > 4 hours.

The duration of CPAP ownership was significantly shorter in
blacks than whites, but not different when compared to Hispan-
ics (Table 2). Blacks used CPAP on significantly fewer days
and used CPAP over 1 hour less daily than whites and Hispan-
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Table 3—Comparisons of CPAP adherence by duration of CPAP ownership

All (n =248) <6 months (n=75)  6-12 months (n=63) >12 months (n=110) p value
CPAP Adherence Download

Race-ethnicity (%) 0.41

White 37 29 38 41

Hispanic 25 24 25 25

Black 38 47 37 34
CPAP Pressure (cm H,0) 98+28 9.6+3.0 95+26 10128 0.43
CPAP Ownership (days) 512 + 484 105 + 332 263 + 51° 919 + 459 <0.001
Days Used (%) 58 + 34 58 £33 55+35 60 +35 0.65
Daily Use (h) 32+28 29124 28+26 34+28 0.20
CPAP Adherent (%)

Mean Daily Use =4 h 32 28 22 40 0.04

Data presented as mean + SD or frequency (%). Bold values are significant (p < 0.05). Post hoc significance levels are labeled as follows: 2p < 0.05 for
comparison between < 6 months and both other groups; °p < 0.05 for comparison between 6-12 months and both other groups. CPAP, continuous positive

airway pressure.

Table 4—Comparisons of questionnaire responses by race-ethnicity

Questionnaire All (n = 248) White (n =91) Black (n = 95) Hispanic (n = 62) p-value
Epworth Sleepiness Scale 99+56 9.3+55 106+5.8 95+54 0.25
ESS > 10, (%) 41 36 44 45 0.27
Insomnia Severity Index 13.1+£6.9 12.5+£6.9 141+£7.0 124 +£6.8 0.21
ltem Means (0-4)
Item 1: Sleep Onset 1613 13+13 18+1.3 16+£12 0.01
ltem 2: Maintenace 19+1.2 1.8+1.1 2112 1.7+£13 0.17
Item 3: Early Awakenings 18+1.2 18+13 19+£1.2 18+£1.2 0.75
Comorbid Insomnia, (%)
Insomnia (ISI = 15) 45 40 52 41 0.23
SEMSA
Risk Perception 2805 2805 2905 28+05 0.99
Outcome Expectations 3.1+06 32106 3.0+06 3205 0.1
Perceived Self-Efficacy 31107 32+07 3.0+06 3.1+£08 0.21

Data presented as mean + SD or frequency (%). Bold values are significant (p < 0.05). ESS, Epworth Sleepiness Scale; ISI, insomnia severity index; SEMSA,
Self-Efficacy Measure of Sleep Apnea. Post hoc significance levels are labeled as follows: 2p < 0.05 for comparison between black and white groups.

ics. Similarly, blacks had a significantly lower proportion of
participants with mean CPAP use > 4 h daily than whites and
Hispanics. No CPAP adherence differences were noted between
whites and Hispanics.

CPAP Adherence Measures by Duration of CPAP
Ownership

To examine the relationship between treatment duration and
variables of interest, subgroups of duration of CPAP ownership
(i.e., < 6 months, 6-12 months, > 12 months) were compared
(Table 3). Seventy-five, 63, and 110 participants had been dis-
tributed CPAP < 6 months, 6-12 months, and > 12 months prior
to study visit, respectively. There were no race-ethnic frequen-
cy differences among the CPAP ownership duration catego-
ries (Table 3). This is in contrast to the significant race-ethnic
finding above which used continuous mean CPAP ownership
duration (Table 2). This discrepancy may be due categorizing
the continuous treatment duration variable as well as using a
nonparametric statistic. Also, veterans using CPAP > 2 years

were significantly less likely to be black than non-black (18%
vs 30%, p = 0.04).

There were no differences among the CPAP ownership du-
ration subgroups in prescribed CPAP pressure, percentage of
days used, or mean daily hours of usage. However, veterans
who had owned CPAP for > 12 months had a significantly
higher proportion of mean daily CPAP use > 4 h compared
to veterans who received CPAP < 6 months and 6-12 months
prior to study visit (40% vs 28% vs 22%, p = 0.04). Based
on these findings, the interaction of CPAP ownership duration
with predictor variables (i.e., insomnia, self-efficacy) were en-
tered into the linear models.

Questionnaire Responses by Race-Ethnicity

Forty-one percent of all participants met the cutoff for sig-
nificant subjective daytime sleepiness at the adherence clinic
visit (Table 4). There were no significant race-ethnic differenc-
es in mean ESS or proportion of participants reporting daytime
sleepiness. Forty-five percent of participants reported insomnia

889 Journal of Clinical Sleep Medicine, Vol. 9, No. 9, 2013
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Table 5—Regression analysis of measures associated with mean daily CPAP use

Variable b
Model 1 Demographic/Anthropomorphic

Race-ethnicity (ref White)

Hispanic 0.05

Black -1.28
Age 0.06
Marital Status 0.02
Education 0.27
Body Mass Index 0.07
Race-ethnicity x Age

Hispanic 0.02

Black -0.08

Model 2 Disease Severity, CPAP Factors, and Questionnaires

Race-ethnicity (ref White)

Hispanic -0.20

Black -1.04
PSG AHI 0.01
CPAP Pressure 0.09
CPAP Ownership (days) 0.01
Epworth Sleepiness Scale 0.02
Insomnia Severity Index -0.10
Outcome Expectancies? -0.07

Perceived Self-Efficacy? 1.29
CPAP Ownership x Self-Efficacy -0.01
CPAP Ownership x ISI -0.02

SEb B p r? Adj. r? p
0.141 0.112 <0.001

0.43 0.01 0.99

0.38 023 <001

0.02 0.24 0.02

0.34 0.01 0.96

0.15 0.11 0.08

0.03 0.13 0.03

0.04 0.04 0.66

0.04 -0.19 0.03

0.292 0.254 <0.001

0.40 -0.03 0.62

0.37 020 <0.01

0.01 0.01 0.88

0.06 0.10 0.15

0.01 0.08 0.89

0.03 0.03 0.64

0.02 -0.28  <0.001

0.34 -0.02 0.84

0.29 0.34  <0.001

0.01 0.06 0.36

0.01 -0.03 0.80

aSelf-Efficacy Measure for Sleep Apnea subscores. Bold values are significant (p < 0.05). b, unstandardized regression coefficient; SE, standard error; 3, standardized
regression coefficient; CPAP, continuous positive airway pressure; PSG, polysomnography; AHI, apnea-hypopnea index; ISI, insomnia severity index.

symptoms (ISI > 15). There were no race-ethnic differences in
mean ISI scores. However, blacks had a significantly higher
mean ISI item for sleep onset insomnia symptoms than whites
but not significantly different from Hispanics. There were no
significant differences in the mean ISI items for sleep main-
tenance insomnia or premature awakening complaints among
the race-ethnic groups. Furthermore, there were no race-ethnic
differences in SEMSA risk perception, outcome expectations,
or perceived self-efficacy scores.

Linear Regression Models

Linear regression analyses were performed to identify vari-
ables that were significantly related to mean daily CPAP use.
The reported models used (1) previously described variables
associated with regular CPAP use, and (2) significant race-eth-
nicity interactions terms.®®* There was no significant evidence
of multicollinearity between predictors in any of the models.
The first model included demographic and anthropometric vari-
ables (race-ethnicity, age, BMI, education level, marital status,
and race-ethnicity by age). The overall model for demographic/
anthropometric characteristics explained 14.1% of the observed
variance (r* = 0.141, adj. r* = 0.112, p < 0.001; Table 5). In this
model, black race, increased age, higher BMI, and race-ethnicity
by age interaction were associated (p < 0.05) with mean daily
CPAP use. Figure 1A shows a negative age-adherence relation-
ship for blacks but positive for whites and Hispanics. No other
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interactions of race-ethnicity with other variables were found to
be significant in Model 1.

The second model included race-ethnicity, OSAHS severity
(PSG AHI), CPAP adherence download variables (CPAP pres-
sure and duration of CPAP ownership), and sleep-related ques-
tionnaire responses (ESS, insomnia severity index, and SEMSA
outcome expectancies and perceived self-efficacy scores). Be-
cause of subgroup differences in adherence (Table 3), interaction
terms were also entered to examine if the relationship between
insomnia symptoms and self-efficacy and adherence depended
on CPAP ownership duration. The overall model for disease se-
verity/CPAP download variables, sleep-related questionnaires,
and CPAP ownership interaction terms explained 29.2% of
the observed variance (> = 0.292, adj. r* = 0.254, p < 0.001;
Table 5). In this model, black race, greater insomnia symptoms,
and higher self-efficacy were associated (p < 0.05) with mean
daily CPAP use. No other interactions of race-ethnicity with
other variables were found to be significant in Model 2. Figure
1B-D shows a similar relationship between CPAP pressure, ISI,
and SEMSA perceived self-efficacy score, and predicted mean
daily CPAP use for the 3 race-ethnic groups, respectively.

In the final regression model (Table 6), we included race-
ethnicity in addition to the statistically significant variables
(p <0.05) from the 2 models (age, BMI, insomnia severity index,
SEMSA perceived self-efficacy score, and race-ethnicity by age
interaction). Educational level was also included as this showed a
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Figure 1—Regression lines for predictors and CPAP adherence
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Regression lines for predictors and CPAP adherence among whites (dotted), blacks (black) and Hispanics (gray) in Models 1-2. Each regression line is
controlled for the additional variables in each individual model (Table 5). Panel A shows a significant race-ethnicity-age interaction while Panels B-D show no
race-ethnicity-predictor interaction. All panels show significantly less CPAP use by blacks. CPAP, continuous positive airway pressure.

trend towards significance in Model 1 (Table 5) and has been as-
sociated with CPAP adherence.” In addition, we included CPAP
ownership duration, CPAP ownership by self-efficacy, and CPAP
ownership by insomnia symptoms interaction terms to control
for potential confounding effects of treatment duration. The fi-
nal model was significant and explained 31.4% of the adherence
variance at clinical follow-up (r* = 0.314, adj. r* = 0.274, p <
0.001; Table 6). In the final model, the black race by age interac-
tion term showed a trend towards significance (p = 0.10).

Black race alone accounted for 5.8% of the variance in the
final model. In all 3 models, blacks used CPAP about 1 h less
than whites after adjusting for the listed variables (Tables 5, 6).

We repeated the linear regression models employing 2 other
alternative CPAP adherence outcomes (% of days used and %
of days using > 4 h) with similar findings.

DISCUSSION

As stated previously, our goals were two-fold: (1) to examine
previously described variables associated with CPAP adherence
in a culturally diverse OSAHS sample of American veterans
in a sleep clinic sample, and (2) to determine if race-ethnicity
moderated predictors of CPAP adherence in South Florida vet-
erans with OSAHS. Limited data exist for direct comparisons
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Table 6—Final regression analysis of measures associated with mean daily CPAP use

Variable b
Final model
Race-ethnicity (ref White)
Hispanic -0.13
Black -1.01
Age 0.04
Body Mass Index 0.06
Education Level 0.18
CPAP Ownership (days) 0.01
Insomnia Severity Index -0.09
Perceived Self-Efficacy? 1.28
CPAP Ownership x ISI -0.01
CPAP Ownership x Self-Efficacy 0.01
Race-ethnicity x Age
Hispanic 0.02
Black -0.06

SEb B p r? Adj. r? ]
0.314 0.274 <0.001

0.41 -0.02 0.75

0.36 019 <0.01

0.02 0.15 0.13

0.03 0.11 0.08

0.15 0.07 0.24

0.01 -0.04 0.48

0.02 025 <0.001

0.23 0.34  <0.001

0.01 -0.02 0.78

0.01 0.02 0.78

0.03 0.05 0.55

0.03 -0.13 0.10

aSelf-Efficacy Measure for Sleep Apnea subscores. Bold values are significant (p < 0.05). b, unstandardized regression coefficient; SE, standard error;
B, standardized regression coefficient; CPAP, continuous positive airway pressure; ISI, insomnia severity index.

among these three race-ethnic groups.'> Our study findings rep-
licate those of other investigations which have noted about a
1-h adjusted difference in mean daily CPAP use between blacks
and whites.®!%12 Similar to a recent multi-city prospective study
in the US, no difference in CPAP adherence was noted between
whites and Hispanics.'? Overall, our sample of South Florida
veterans returning for objective CPAP adherence follow-up
had suboptimal CPAP adherence with mean daily use of only
3.2 £ 2.8 hours. These CPAP adherence rates are disappoint-
ingly low but within the range of reported American OSAHS
cohorts.”®!1%* In contrast with most OSAHS populations re-
ported in the literature, the majority of our OSAHS cohort was
non-white.” Two American studies (one prospective, one retro-
spective) with predominantly black samples had overall CPAP
adherence rates similar to ours (3.4 2.7 h, 3.9 £ 2.6 h).3"* In
addition, our CPAP adherence was collected after longer treat-
ment duration (mean of 512 + 484 days of CPAP use) than most
studies. Thus, our findings consist of predictors of long-term
(> 3 months) CPAP use in a diverse veteran sample.

Similar to other investigations, we found three main effects
for black race-ethnicity, insomnia severity index, and self-ef-
ficacy and CPAP adherence in South Florida veterans.®!!!14
First, black race was associated with worse CPAP adherence.
Second, a higher insomnia severity index score was associated
with worse daily CPAP use; and third, greater self-efficacy was
associated with greater daily CPAP adherence. Additionally,
we found a significant interaction between black race, age, and
CPAP adherence in one of our models. However, we did not
find interactions between race-ethnicity and insomnia symp-
toms or race-ethnicity and self-efficacy and CPAP adherence.
This indicates that the relationship between insomnia and CPAP
adherence and self-efficacy and CPAP adherence was similar
across race-ethnic groups. In the final model with covariates,
the CPAP adherence difference between blacks and whites was
attenuated (1.6 h to 1.0 h). This smaller difference indicates
that insomnia symptoms and self-efficacy partially explained
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the difference in adherence between blacks and whites. In our
final model, the combination of race-cthnicity, age, BMI, dura-
tion of CPAP ownership, ISI score, SEMSA self-efficacy, and
race-ethnicity-age interaction explained 31% of the variance
in mean daily CPAP use at clinical follow-up. Given the wide
range of CPAP ownership duration, our models were adjusted
to account for potential confounding of treatment duration with
insomnia symptoms and self-efficacy.

As we have shown previously, the South Florida Hispanic
veteran population is highly acculturated, given the require-
ments necessary to enlist for military service (i.e., minimum
high school education or equivalent, English proficiency).'*¥
Thus, from a cultural standpoint, it may not be surprising that
their CPAP adherence is similar to that of white veterans.
Whether unacculturated US Hispanic immigrants have differ-
ent CPAP adherence rates remains an unanswered question.
Our South Florida veteran population was predominantly male,
had a high prevalence of psychiatric comorbidities, and had
low-cost access to medical care. Therefore, our veteran sample
is not representative of the US population with OSAHS, and
these characteristics limit the generalization of our findings.

Black Veterans Use CPAP Less

In all of our regression models, black race was independently
associated with 1 hour less mean daily CPAP use than whites
despite adjusting for a number of factors (Tables 5, 6). In addi-
tion, blacks attempted to use CPAP on fewer days than whites
and Hispanics (Table 2). Our findings are consistent with those
of previous retrospective and recent prospective studies. In a
retrospective analysis at the Durham VA (n = 501), Means and
colleagues found that black veterans had a significantly lower
mean daily use (3.90 + 1.94 vs 4.91 + 2.07 h) and used CPAP
on significantly fewer nights (54% vs 68%) after 3 months of
treatment compared to white veterans.'' In another retrospective
analysis of 100 consecutive participants (39% black) presenting
to a Detroit sleep center, blacks were found to have a signifi-
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cantly lower CPAP daily use after 1 month than whites (4.4 +
1.5 vs 5.5 £ 2.2 h), despite similarities in other demographic
and polysomnographic variables.!” In the Home PAP study, a
randomized controlled trial in five US cities comparing home
diagnosis of OSAHS and treatment to attended in-lab care, Bill-
ings and colleagues prospectively examined the predictive value
of race, education, and SES on CPAP adherence in participants
with moderate to severe OSAHS and excessive daytime sleepi-
ness.'? After 1 month, blacks had a significantly lower mean
daily CPAP use (about 1.5 h less) than whites after adjusting for
SES, AHI, and study arm. Black race accounted for 6% to 12%
of the observed CPAP use variance at 1 and 3 months. In another
prospective study with 91 participants (57% black), Ye and col-
leagues reported that black race was the strongest predictor of
7-day CPAP adherence, independently explaining 12.9% of the
variability in the mean daily use.® In our study, black race alone
accounted for 5.8% of the variance of mean daily CPAP use.

Insomnia Symptoms and Self-Efficacy Predict CPAP
Adherence but Do Not Vary by Race-Ethnicity

We found a negative relationship between insomnia symp-
toms and CPAP adherence regardless of race-ethnicity. We did
not observe any interactions between race-ethnicity, ISI scores,
or insomnia complaints and CPAP use. The negative relation-
ship of insomnia symptoms on CPAP use was not influenced
by race-ethnicity. That is, the influence of insomnia symptoms
was equivalent across all race-ethnic groups. In our study, the
rate of coexisting insomnia symptoms in the race-ethnic groups
are similar to reported estimates (39% to 58%) in sleep clinic
cohorts with untreated OSAHS.'®3! In agreement with the Home
PAP study, we found that sleep onset insomnia complaints were
greater in blacks than whites." In our final linear regression
model, a 10-point increase in the ISI at follow-up was associated
with approximately 1 hour less of CPAP use (Table 6). In our
study, insomnia symptoms were assessed after CPAP initiation.
This is important in that it reflects the level of insomnia that may
directly affect adherence. Insomnia present prior to CPAP initia-
tion may improve or worsen with CPAP, making assessment of
insomnia a potential therapeutic target to enhance CPAP adher-
ence. Our findings provide additional data underscoring the im-
portance of assessing insomnia symptoms in all CPAP users.'*?!

Similar to insomnia symptoms, the influence of social cog-
nitive variables on CPAP adherence was equivalent across
the race-ethnic groups (Table 4, Figure 1D). Our data were
in agreement with previous investigations showing that indi-
viduals with higher self-efficacy persevere with regular CPAP
treatment.®’ Participants completed questionnaires after vary-
ing lengths of CPAP treatment; therefore, after experiencing
CPAP, they were able to accurately report cognitive percep-
tions of OSAHS and CPAP. Surprisingly, blacks did not have
lower SEMSA self-efficacy scores than whites/Hispanics, de-
spite their poorer overall adherence. Even in individuals who
have been suboptimally adherent with CPAP, assessment of
self-efficacy may identify individuals amenable to motivational
enhancement for CPAP therapy, an intervention based on the
methods of motivational interviewing.*> Other psychological
variables that have been associated with CPAP adherence (lo-
cus of control, coping strategy styles, decisional balance) await
exploration in these race-ethnic groups.®’

Association of Age, Insomnia, and Self-Efficacy with CPAP Adherence

The Influence of Age Was Moderated by Black Race

We found a significant interaction between black race, age,
and CPAP adherence in Model 1; however, this finding was at-
tenuated in the final model (Figure 1A; Table 6, p = 0.10). In
Model 1, increasing age was associated with greater mean daily
CPAP use in white and Hispanics but less CPAP use in blacks.
This attenuation was likely due to the addition of insomnia and
self-efficacy, suggesting its shared variance between age and
these variables. This “generational effect” may be mediated by
varying levels of trust in the healthcare system, perceived dis-
crimination, or other factors.>*** Further research on possible
generational issues in blacks with OSAHS could help to clarify
its contributing factors.

Race-Ethnicity and CPAP Adherence

Adherence to CPAP treatment is a complex behavior impact-
ed by multiple factors.®”’ Our model explained about 31% of
the variance in mean daily CPAP use. Although insomnia and
self-efficacy have a strong association with CPAP adherence
and the difference in CPAP use between blacks and whites/His-
panics is attenuated by adjusting for these variables, a 1-hour
difference remains to be explained. Thus, other factors contrib-
ute to the CPAP adherence differences observed between blacks
and whites/Hispanics. For example, in the Home-PAP study, re-
duced sleep duration has been recently shown to partially medi-
ate the worse CPAP adherence in blacks compared to whites/
Hispanics.'” Also, recent evidence suggests that the home sleep-
ing environments of blacks may be more disruptive than those
of whites, which may also contribute to irregular CPAP use.*
Furthermore, inadequate sleep may not be viewed as a serious
health issue in the black community, a belief which may also
interfere with regular CPAP use.*® In the 2010 National Sleep
Foundation Sleep in America Poll, fewer blacks (76%) than
whites (83%) recognized that short or poor sleep was related
to worse overall health.*® Further research is needed to identify
other cultural beliefs or healthcare system factors which may be
detrimental to CPAP use among blacks.

Limitations

Our study has several noteworthy limitations. One limita-
tion is absence of comprehensive assessments of socioeco-
nomic status, which has been associated to CPAP adherence
in diverse race-ethnic samples.'>**-” Low SES individuals have
been shown to have worse CPAP adherence.'>?**" In our sam-
ple, blacks were found to have a significantly lower educational
level than Hispanics and whites, but educational level was not
associated with CPAP adherence in our final model. Another
limitation is the cross-sectional design which precludes deter-
mining if the race-ethnic differences observed (i.e., sleep onset
insomnia complaints) were present prior to CPAP initiation or
caused by the treatment. Additionally, we used a convenience
sample of patient returning to our CPAP adherence clinic, so
we do not have data on patients who abandoned treatment alto-
gether. However, the mean daily CPAP adherence for Hispanic
veterans in this study is similar to that we observed in a recent
30-day prospective study (3.5 = 2.9 vs 3.6 = 2.0 h)."* Because
of the possibility that CPAP non-users did not return for clinical
follow-up, the sample may be biased towards better adherence
in those with longer CPAP ownership (Table 3). We did not
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measure other variables that have been associated with CPAP
adherence, including neighborhood factors, sleep duration, or
detailed measures of social support.”'>*7 Finally, limited power
may have hindered our ability to detect interactions of race-
ethnicity with variables of interest.

Given the vast health consequences OSAHS, understanding
barriers to regular CPAP use in race-ethnic groups is of eco-
nomic and public health importance.** The strong association
between insomnia symptoms, self-efficacy, and adherence sug-
gests that these behavioral factors may represent therapeutic
targets. For example, cognitive behavioral therapy for comor-
bid insomnia and motivational enhancement to improve self-
efficacy for CPAP therapy could be used in individuals with
insomnia symptoms or low self-efficacy.’*** Our finding of a
significant interaction of black race-ethnicity with age in CPAP
adherence merits further investigation. Other explanatory eti-
ologies of the disparity in CPAP adherence between blacks and
whites/Hispanics await characterization. Future studies should
examine the influence of sociocultural barriers in minority vet-
erans with OSAHS to improve CPAP use and help narrow ex-
isting health disparities within the VAHS.
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