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BACKGROUND: CPAP effectiveness is limited by suboptimal adherence. Prior studies of
adherence have focused on middle-aged men.

RESEARCH QUESTION: Does CPAP adherence vary by age and sex?

STUDY DESIGN AND METHODS: Telemonitoring data from a CPAP manufacturer database
were used to assess adherence in patients initiating CPAP therapy between November
2015 and October 2018. Analyses were restricted to patients in the United States aged 18
to 90 years.

RESULTS: Across 789,260 patients initiated on CPAP (mean age, 55 £ 14 vyears;
58.2% male), overall adherence by US Centers of Medicare & Medicaid Services criteria
was 72.6%, but it varied dramatically by age and sex, ranging from 51.3% in 18- to 30-
year-old women to 80.6% in 71- to 80-year-old men. Patterns of use over the first
90 days demonstrated that younger age groups had peak CPAP use by the
a subsequent decay in use, including abandonment of CPAP, which was greatest among
18- to 30-year-old women. In contrast, older patients steadily increase use, taking more
than a week to maximize usage, and then they have much slower decays in use over time.
Younger, but not older, patients have lower use of CPAP on weekends compared with
weekday nights.
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INTERPRETATION: CPAP adherence rates vary substantially by demographics, with 18- to
30-year-old women having the lowest adherence. The pattern of use over the first
90 days also varies substantially by age and sex. Further research to understand and
address the causes of disparities will be crucial to maximizing the benefits of CPAP

therapy.
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OSA is a common disorder that adversely impacts sleep
quality and daytime alertness as well, resulting in
increased risk for motor vehicle accidents and
cardiovascular disease." The most common OSA
therapy, CPAP, is highly efficacious in normalizing
breathing, but its effectiveness in improving health
outcomes is limited by adherence.

Adherence to CPAP among research participants
varies from 17% to 71%.” The cause of this
heterogeneity is unclear, and evidence is
conflicting regarding whether demographic factors
such as age and sex influence adherence. A
systematic review over a 20-year period reported
mean CPAP usage across studies of 4.5 h/night.’
These data are limited in generalizability,
however, because all of the CPAP users were
participating in clinical research.

In 2008, the US Centers for Medicare & Medicaid
Services (CMS) instituted a policy whereby long-term
coverage for CPAP is denied if patients do not meet an
adherence threshold of =4 hours of use on 70% of
nights in a consecutive 30-day period within the first
90 days. This policy has been subsequently adopted by
most private US insurers, leading durable medical
equipment (DME) providers to implement widespread
telemonitoring of CPAP adherence with early
troubleshooting to achieve CMS adherence thresholds.
Recent data from a large clinical cohort suggest that
74.6% of patients initiated on CPAP now meet CMS
adherence criteria.* How adherence varies across
demographic groups remains unclear. The goal of this
work was to understand the distribution of adherence in
a contemporary clinical population of patients initiating
CPAP in the United States, including how adherence
varies by age and sex.

Methods

Our sample consisted of individuals who had been registered in a large
cloud-based database of CPAP therapy, Encore Anywhere (Philips
Respironics). Demographic data were entered by the DME company
caring for each patient. We limited our analyses to patients who
began using a Philips machine between November 1, 2015 and
October 31, 2018, because this is a time frame during which DME
companies were regularly using Encore Anywhere to monitor all
patients as standard of care. To the extent possible, we excluded
those who had previously used positive airway pressure based on
duplicate patient records. We limited the study population to those
who were initiated on either fixed or auto-titrating CPAP, so as to
prevent inclusion of patients with diseases other than OSA. We
included only patients with at least 30 seconds of usage to prevent
inclusion of accounts created as a demonstration or in error. We
further limited the study population to patients who had a valid date
of birth, sex, and zip code, and restricted to those aged 18 to 90
years and in a zip code within the 50 US states plus the District of
Columbia.

A deidentified dataset was generated by Philips and transmitted to the
University of Pittsburgh for statistical analysis. Because of the
deidentified nature of the dataset, the University of Pittsburgh
institutional review board deemed this research to be exempt from
human subjects research review.

Nightly usage was used to calculate mean adherence across the first
90 days as well as to determine whether each individual met CMS
adherence criteria. Dates with missing usage were input as 0 hours.
A weekly trend was assessed by categorizing each day of use by day
of the week. Age was categorized by decade and sex as men and

women. Mean adherence levels as well as proportion meeting
minimal adherence thresholds were estimated for each age and sex
stratum where results were standardized to the overall sex
distribution for each age stratum and to the overall age distribution
for each sex.”

Summary adherence data were calculated for each individual and
then mixed-effects linear regression was performed to assess the
impact of age and sex on mean adherence levels, where DME
provider was modeled as a random effect. Similarly, mixed-
effects logistic regression was used to assess the impact of age
and sex on achieving CPAP adherence based on CMS criteria,
with DME provider modeled as a random effect. We used the
sandwich variance estimator for this random effect because it is
robust to distributional assumptions.® For temporal data,
multilevel modeling was used to model daily usage as a
function of day of the week, clustering on individual to account
for within-subject correlation. Effect modification was evaluated
both by assessing the magnitude of age-by-sex and age-by-day-
of-week interaction terms as well as by conducting analyses
stratified by age, by sex, and by day of the week. Likelihood
ratio tests were used to formally test the statistical significance
of interaction comparing models with and without interaction
terms. Because the amount of missing demographic data varied
greatly by DME provider, sensitivity analyses were conducted,
limited to patients of those DME providers where fewer than
10% of patient accounts had missing date of birth, sex, or zip
code. Given the very large sample size, we focus on effect sizes
and CIs rather than P values in interpreting differences.” All
analyses were conducted in Stata 16.0 (StataCorp; College
Station, TX).

Results

Between November 1, 2015 and October 31, 2018,
1,666,927 patients in the United States had a first CPAP
account in the Encore database with at least 30 seconds

of use. Of these, 161,859 accounts were excluded because
of missing or out-of-range age, 521,585 because of

missing sex, and 194,223 because of missing or invalid
zip code. Thus, data from 789,260 patients cared for by
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Figure 1 — CPAP adherence rates by age and sex. The proportion of
patients meeting CMS criteria (4 or more hours of use per night on
70% of nights in a consecutive 30-day period within the first 90 days) for
long-term CPAP coverage by age group plotted separately for women
and men. Error bars display 95% CIs. Results displayed are the output
from mixed-effects logistic regression models accounting for durable
medical equipment provider. CMS = Centers for Medicare ¢~ Medicaid
Services.

1,523 DME providers were included in this analysis.
Mean (SD) age of this cohort was 55 (14) years, with
58.3% men. Sensitivity analyses focused on the 221,471
patients from 323 DME providers where the rate of any
missing demographic data was below 10% (mean
missingness in these providers was 4.3%).

Overall, mean (SD) nightly usage of CPAP at 7 days and
90 days was 4.8 (2.6) hours and 4.7 (2.6) hours,
respectively. A total of 72.6% of patients met CMS
adherence criteria. Among those patients cared for by
DME providers with low rates of missing demographic
data, the CMS adherence rate was 73.7%.

Figure 1 displays the proportion of patients achieving
CMS adherence criteria as a function of age and sex,
with adherence rates ranging from 80.6% in 71- to 80-
year-old men to 51.3% in 18- 30-year-old women. The
proportion of individuals meeting CMS adherence
criteria increases substantially from 54.7% in those aged
18 to 30 years to 79.0% in those aged 61 to 70 years, and
then falls slightly to 73.1% in those aged 81 to 90 years.
In age-standardized analyses, the proportion of women
achieving CMS adherence was lower than that for men
(71.3% vs 73.2%). This difference existed across ages but
was more marked at younger ages (P < .001 for age-by-
sex interaction). Among 51- to 60-year-olds, the
absolute difference in the proportion achieving CMS
adherence was 2.2% (72.0% in women vs 74.2% in men)
but in those younger than 30 years of age, the absolute
difference was 5.2% (51.3% in women vs 56.5% in men).
A very similar pattern of adherence by age, sex, and age

by sex interaction was observed in the sensitivity
analysis (e-Fig 1), in which the sex difference in the
proportion of 51- to 60-year-olds achieving CMS
adherence was 2.1% (73.4% in women vs 75.5% in men)
compared with 9.3% in those younger than 30 (50.7% in
women vs 60.0% in men).

Mean hours of CPAP use also varied substantially by age
and sex, with 90-day nightly average ranging from 5.4
hours in 71- to 80-year-old men to 3.4 hours in 18- to
30-year-old women (Fig 2). Average nightly use evolved
in substantially different patterns by age and sex, going
from the initial 7 days to 90 days. Both younger and
older age groups had lower nightly CPAP use at 7 days
compared with 61- to 70-year-olds. Over 90 days,
however, the differences between 61- to 70-year-olds
and older age groups diminished, suggesting that those
older than age 70 take longer than a week to become
tully proficient with CPAP. In contrast, the reduced
usage in younger age groups at 7 days further declined
over time, leading to even larger differences at 90 days
relative to 61- to 70-year-olds. In the initial 7 days, sex
differences in usage were minimal up to age 60, but in
older age groups, women had substantially lower CPAP
use than men (4.4 h in women vs 4.8 h in men aged 81
to 90 years). By 90 days, both older women and men
have improved usage, although the sex disparity
persisted (mean 90-day use among 81- to 90-year-olds
was 4.6 h in women vs 5.1 h in men). In contrast, among
younger age groups, where only small sex differences
existed at 7 days, there was a widening gap between
women and men by 90 days. Among 18- to 30-year-olds,
mean use at 7 days was 4.3 hours in both women and
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Figure 2 — Evolution of CPAP use from 7 days to 90 days by age and sex.
Average CPAP use (h/night) by age group plotted separately for men and
women over the first 7 days (solid line) and 90 days (dashed line). Error
bars display 95% Cls. Results displayed are the output from mixed-
effects linear regression models, accounting for durable medical equip-
ment provider.
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men, whereas mean use at 90 days was 3.4 hours in
women vs 3.8 hours in men.

To better understand demographic differences in CPAP
usage, we also explored the proportion of low adherers
(<1 h/night), which represents people effectively
abandoning CPAP. A strong U-shaped age relationship
was observed in the likelihood of being a low adherer at
90 days, with the risk lowest in 61- to 70-year-olds (e-Fig
2). Young women in particular were the most likely to be
low adherers (25.2% of 18- to 30-year-old women at
90 days), and in general, the sex disparity in being a low
adherer was greater at both ends of the age spectrum.

Figure 3 displays mean nightly CPAP use over the first
90 days by age and sex. In those younger than age 60,
CPAP use increases rapidly, peaking by night 2 and then
decaying to give a concave contour. The most rapid
decay was observed in women aged 18 to 30 years. In
older age groups, CPAP use trajectory has a convex
contour, increasing more gradually than in younger age
groups, peaking as late as a week after initiation, and
then declining much more gradually than for younger
age groups as well. The observed decline in nightly usage
between day 7 and day 90 ranged from 1.4 (95%ClI, 1.4-
1.5) hours in 18- to 30-year-old women to only 0.4 (95%
CI, 0.3-0.5) hours in 81- to 90-year-old women.

Figure 4 displays the proportion of individuals in each

age and sex category with no use of CPAP on each night
over the first 90 days. Across all groups, a steady rise in
abandonment of CPAP occurs with time, but the rate of
increase in non-use varies considerably, being steepest in

younger age groups. Furthermore, the disparity between
women and men in slopes is also much greater in
younger ages. Only 44.8% of women aged 18 to 30 years
turned on their CPAP machine by day 90.

CPAP use was lower on weekends than on weeknights
over the first 90 days, with highest use on Sunday nights
and lowest use on Friday nights (Fig 5). These effects
varied significantly by age (P < .001 for age-by-day of
week interaction), which is also evident by observing the
scalloped pattern in Figures 3 and 4 that is more
pronounced in 18- to 30-year-olds and becomes
gradually less obvious with increasing age. There was
virtually no variation across the week among those older
than age 60 years. In contrast, among those aged 18 to
30 years, use varied from 3.7 hours on Tuesdays to 3.4
hours on Saturdays. Weekend effects were similar in
women and men. A similar pattern was observed for
likelihood of no CPAP use, which varied from 33.6% on
Tuesday nights to 40.6% on Saturday nights in those
aged 18 to 30 years (Fig 6). These patterns were virtually
identical in sensitivity analyses restricting to those DME
providers with low missing data rates (e-Figs 3, 4).

Discussion

Overall, in this analysis of 789,260 patient records, we
found that CPAP adherence over the first 90 days varies
substantially by age and sex, ranging from 51.3% in 18-
to 30-year-old women up to 80.3% in 71- to 80-year-old
men. Given insurance coverage policies regarding
CPAP, this suggests the proportion of young women
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Figure 3 — Average nightly CPAP use over the first 90 days plotted by age and sex. Nightly use (h) of CPAP over each of the first 90 days for each age

and sex category. Results displayed are unadjusted.

chestjournal.org

385



http://chestjournal.org

18-30 31-40 41-50 51-60
60% - 1 1 1

% M ] PPV o
40% T T
20%_£ézg.ﬂf" _W | _M

()]
(<))
(1]
(2]
=]
g 0 - T T T T - T T T T - T T T T - T T T T
s 0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90
H
% 61-70 71-80 81-90
S 60% - 1 1
[=
8
S 40% - . .
o ® \Nomen
/ 'W/M ® Men
20% - - | '_‘.’-”/ 13
O - l- T T T - l. T T T - l. T T T
0 30 60 90 0 30 60 90 O 30 60 90

Day from Set up

Figure 4 — Non-use of CPAP over the first 90 days plotted by age and sex. Proportion with no use of CPAP over each night of the first 90 days for each
age and sex category. Results displayed are unadjusted.

being denied long-term CPAP therapy is more than CPAP adherence varies by age has been mixed®'’;
double the proportion among older men. however, these past studies have been limited in
reporting results from single academic medical centers
Interestingly, the patterns of use over the first 90 days  with relatively small sample sizes. The largest prior
also vary by demographics. Younger age groups study, including 4,281 patients across multiple sites in
quickly achieve their maximal CPAP use by the Germany, reported greater long-term adherence in

second night but then have relatively steep declines in patients older than age 60 years but did not examine
adherence. In contrast, older age groups take up to a patterns over time."’

week to master regular use of CPAP. From that point,

usage remains fairly consistent over time with only Our current understanding of CPAP adherence suggests
slight declines out to 90-days. Prior research on how that adherence can be conceived as the interplay
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Figure 5 — Average nightly CPAP use by day of week. Mean nightly use (h) of CPAP over the first 90 days by day of the week plotted by age and
stratified by sex. Error bars display the 95% Cls. Results displayed are model estimates accounting for within-subject clustering.
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Figure 6 — Non-use of CPAP by day of week. Percentage of nights where CPAP was not used over the first 90 days by day of the week plotted by age and
stratified by sex. Error bars display the 95% Cls. Results displayed are model estimates accounting for within-subject clustering.

between self-efficacy, treatment expectancy, and risk
perception.'” One of the potential explanations for
reduced usage at younger ages is the lower adherence to
CPAP on weekends vs weeknights. This variability in
younger patients may be related to employment,
whereby retired individuals have more regular sleep
schedules across the week. Because working adults are
more likely to sleep longer on weekends, one might
hypothesize that CPAP use would be longer on
weekends; however, we find the opposite result. This
suggests that the decisional balance to use CPAP shifts
substantially toward nonadherence on weekends in
younger age groups. Potential reasons for this change
include the salience attached to socializing and staying
out late on weekends, resulting in not having a regular
bedtime and bedtime routine, sleeping away from home,
and increased partner intimacy on weekends.

Similarly, decisional balance on using CPAP may differ
because of age differences in the presence of a supportive
bed partner. Younger age groups are more likely to be in
less secure relationships, in which use of CPAP may be
embarrassing. In contrast, older patients are more likely
to be in stable relationships with a partner who is
supportive and encouraging of CPAP use.'” This social
support may be lost at the oldest ages, where patients are
more likely to be widowed. Other possibilities for
decreased use at the oldest age groups are difficulties in
operating or caring for CPAP. Our finding that peak
CPAP usage happens much later in older patients is
congruent with the notion that older patients may have
lower self-efficacy with CPAP use, taking longer to

master the technology in a modern CPAP device.
Possibly the weaker relationship between OSA and
sleepiness at older ages'* may result in decreased
symptomatic responses to CPAP therapy, leading to
decreased positive feedback to continued use. In
addition, not only may actual symptom response differ
but outcome expectations may differ. To the extent that
clinicians frame treatment benefits around sleepiness or
other symptoms that are most salient to middle-aged
men, expectations of the benefits to be gained from
CPAP may vary widely by age and sex and contribute to
the adherence differences observed.

In addition to age differences, we found a small but
consistently reduced level of adherence in women
compared with men across all ages, but this difference
was magnified at extremes of age. Interestingly, the time
course of the sex disparity also varies by age. In those
younger than age 30, women have rates of use nearly
identical to those of men during the first week, but their
usage declines much more steeply than that for men
over time. This steeper decline is associated with a larger
proportion of young women abandoning CPAP use. The
pattern seen in those older than age 70 years was much
different. Women had substantially reduced usage of
CPAP in the first week, and this disparity remained
fairly constant out to 90 days.

Prior research has not found a consistent disparity in
CPAP use by sex.” '’ This may be due to relatively small
sample sizes as well as a narrow age range focused on
middle-aged populations, whereas our data suggest that
the sex disparity is magnified at younger and older ages.
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Nevertheless, the largest prior study examining sex
differences in CPAP did find a similar reduction in
CPAP adherence among women compared with men."’
Reasons for the sex disparity cannot be fully elucidated
from this analysis, but a number of explanations are
possible. To the extent that OSA is viewed as a male
disease, women may have greater reluctance to admit
they have the disease and so may be less accepting of
treatment. Societal expectations that place a greater
emphasis on the appearance of women also may
adversely impact the decisional balance for women such
that they are less accepting of a treatment that may be
viewed as unattractive. Concerns about image change
while wearing CPAP have been identified as a barrier to
CPAP adherence.'” Specific challenges related to CPAP
use such as claustrophobia may be more common in
' Another possibility is that the
symptoms more commonly associated with OSA in
women, such as insomnia and fatigue, may be less
responsive to CPAP therapy, preventing the positive

women than men.

feedback from symptom resolution. Again, this
difference in symptoms also may lead to differences in
outcome expectations if clinicians frame treatment
benefits around male symptoms. Differences in OSA
pathophysiology also may explain our findings, because
the OSA phenotype differs by sex, with women not only
tending to have lower severity as assessed by the apnea-
hypopnea index, but also greater evidence of rapid eye
movement predominant disease as well as more flow-
limited events that do not meet standard criteria for
scoring hypopneas.'”'® These differences may lead to
disparities in the ability of clinicians to identify the
optimal CPAP settings to normalize breathing during
sleep in women as well as differences in efficacy of auto-
titrating algorithms."”

One important finding of our work was that women
made up over 40% of those initiated on CPAP in this
large database. This is a far more balanced sex
distribution compared with that reported in patients
referred for clinical evaluation in studies of patients 20
to 30 years ago,””' suggesting that attempts to increase
clinician awareness about the existence of OSA in
women have been effective. Unfortunately, suboptimal
adherence likely results in continued disparities in OSA-
related health outcomes.

Our findings provide novel insights into the
epidemiology of CPAP adherence by identifying
demographic groups who have systematically lower
adherence rates. These groups—both younger and
elderly age groups as well as women—have been

traditionally underrepresented in OSA and CPAP
adherence research. This work highlights the need to
understand the specific challenges faced by these
groups and develop strategies designed to address
those obstacles. For example, the steep decline in
CPAP use in younger patients suggests that
interventions to increase motivation need to occur
almost immediately after initiation in this group.
Similarly, our finding of decreased adherence on
weekends among younger patients suggests that
troubleshooting interventions that operate only on
weekdays are less likely to be effective in this age
group. Just as behavioral weight loss interventions
include specific strategies to address the challenges of
eating out,”> behavioral interventions for CPAP may
benefit by explicitly addressing the challenges of using
CPAP when going out.

The overall level of adherence observed in this study
matches closely the proportion reported in a
contemporaneous large national cohort.” These rates
above 70% contrast substantially with data from
earlier periods. A recently published analysis reported
a CMS adherence rate of only 43% of patients
initiating positive airway pressure therapy from 2000
to 2016.”° This timeframe is before or during the
period of institution and enforcement of CPAP
adherence requirements by CMS and then adoption
by private insurers. In addition, before 2015, the use
of remote monitoring was not uniform practice, with
many DME providers reserving this technology only
in higher-risk patients, creating biases that would
decrease observed adherence rates.

Although there are many strengths to this work,
including the large, nationally representative population
that allows for adequate assessment of relatively small
subgroups, limitations should be noted. Chief among
these is the limited information regarding factors such as
disease severity, symptoms, prior OSA treatments such
as surgery, race, and socioeconomic status, which all
may impact CPAP adherence. Future research merging
electronic health records with CPAP datasets would
allow for a more comprehensive understanding of the
factors associated with adherence. In addition, our
findings are limited to users of only one brand of CPAP,
although it should be noted that a recent report of 90-
day adherence from a competing manufacturer reported
very similar population-level adherence rates."
Furthermore, our analyses were limited to the first

90 days of CPAP use, because this timeframe
corresponds to CMS criteria for long-term coverage
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determination. Modeling adherence patterns over
extended timeframes would be helpful in understanding
predictors of long-term adherence but this is beyond the

scope of this analysis. Although potential for selection

bias exists in the substantial portion of individuals
missing demographic data, this missingness is due to
procedures in place at the level of the DME provider
rather than individual patient factors, lessening the
potential for bias unless DME providers served different
population demographics. In fact, our sensitivity

adherence.

analyses restricting to those DME providers with
minimal missing data demonstrate the same overall
patterns, suggesting that our findings are robust.

In summary, short-term adherence rates to CPAP vary
widely by age and sex, with the lowest rates observed in
young women. Substantial differences in patterns of use
are seen over the first weeks by age and sex, suggesting
the need for individualizing interventions to maximize
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