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Study Objectives: Minimal focus has been placed on variations in health care delivery for obstructive sleep apnea (OSA). This study compared positive
airway pressure usage in developing countries (Brazil andMexico) vs. a developed country (United States) and investigated the impact of a patient engagement tool
(myAir; ResMed, San Diego, CA) on adherence.
Methods: Deidentified data from the AirView database (ResMed) for patients receiving positive airway pressure therapy with wirelessly connected Air10
(AirSense and AirCurve) devices in Brazil, Mexico, and the United States were analyzed. Adherence was defined using US Center for Medicare and
Medicaid Services (CMS) criteria (usage ≥ 4 h/night on ≥ 70% of nights in the first 90 days).
Results: The analysis included 4,181,490 patients (Brazil: 31,672; Mexico 16,934; United States: 4,132,884). CMS adherence over 90 days was slightly
lower in Latin America vs. the United States (Brazil: 71.7%; Mexico: 66.4%; United States: 74.0%). Significantly fewer patients were using the patient engagement
tool in Brazil (8.1%) and Mexico (2.8%) vs. the United States (26%; both P < .001). Patients registered to use an engagement tool had a higher rate of CMS
adherence and were twice as likely to achieve CMS adherence. Average daily usage and days with usage > 4 hours in the first week were the strongest predictors
of CMS adherence. Across all countries, > 80% of patients meeting CMS criteria at 3 months were still using positive airway pressure therapy at 1 year, with
1-year adherences rates of > 75%.
Conclusions: Short-term and long-term positive airway pressure adherence rates in Brazil and Mexico were similar to those achieved in the United States.
Patients who registered to use an engagement tool consistently had better adherence than those who did not.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Minimal focus has been placed on differences in the use of positive airway pressure (PAP) therapy for obstructive
sleep apnea in developing comparedwith developed countries. This study compared the use of PAP therapy in developing countries (Brazil andMexico) with
that in a developed country (United States) and investigated the impact of a patient engagement tool on adherence.
Study Impact: Short-term and long-term PAP adherence rates in Brazil and Mexico were similar to those achieved in the United States. Patients who
registered to use an engagement tool to track PAP therapy consistently had better adherence than those who did not.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common condition with major
neurocognitive and cardiovascular sequelae.1,2 We recently esti-
mated that up to 1 billion patients worldwide have OSA,3

emphasizing the global impact of this disease. Rates of OSA
are also high in less developed regions, with a reported prevalence
ofmoderate to severeOSA inBrazil of 32.9–38.4% depending on
the definitions used.4,5 There do not appear to be any published
data on the prevalence of OSA in Mexico, but a recent cross-
sectional study using a national probabilistic sample showed
that > 25% of adults aged > 20 years were at high risk for OSA.6

There are currently few data available regarding the use of
positive airway pressure (PAP) therapy in less developed areas. A
recent retrospectivemulticenter study conducted at 9 sleep centers
across Argentina, Brazil, Chile, Colombia, Mexico, and Peru
showed that 56% of 880 patients with moderate to severe OSA
initiated PAP and 14% discontinued therapy during the first year
(mainly due to intolerance).7 These data are limited by a lack of
objective PAP adherence, as only self-reported usewas available.7

Assessment of PAP therapy usage is complicated to some
extent by differences in health care delivery and economics as
they relate to the treatment of OSA. In the United States, di-
agnostic sleep testing and therapy is covered for some patients if
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they have adequate insurance but sometimes requires copay-
ment. In Brazil, there is minimal coverage for sleep diagnostics
and PAP therapies. Thus, patients often pay out of pocket for
OSAmanagement. In contrast, surgical therapy for OSA is often
covered in Brazil, which may favor this therapeutic approach
based on economic pressures. In Mexico, coverage for OSA
diagnostics and therapeutics is variable, leading to differences
in patient burden depending on the specific financial situation.

This study compared the use of PAP therapy in developing
countries (Brazil and Mexico) with that in a developed country
(United States) and identified predictors of PAP usage in these 3
countries. We also investigated whether a patient engagement
tool, which has been associated with improved adherence in the
United States,8,9 influenced PAP usage in the other countries.

METHODS

Study design and participants
Similar to a previous study,10 this retrospective study utilized dei-
dentified data from a large cloud-based database of PAP users to
determine adherence to therapy over the period October 2014 to
November 2018. A homemedical equipment provider (HME) was
responsible for obtaining patient consent to be enrolled to use the
AirView system; all included patients had registered to use tele-
monitoring and provided consent for their data to be used in future
analyses. The HME gave permission to deidentify protected health
information in accordance with 45 C.F.R. x 164.514(b) and to
analyze these deidentified data. Patients were included if they were
adults aged ≥ 18 but < 100 years, had started treatment on the
AirSense/AirCurve10 (ResMedCorp.)PAPplatformwithinBrazil,
Mexico, or the United States between October 1, 2014 and
November 1, 2018, were registered on the cloud database by their
HME, and had used a single PAPmodality for at least 1 session that
was ≥ 1 h during the first 90 days of therapy. The 1-hour threshold
was chosen tominimize selection biaswhile ensuring thatmachine-
calculated parameters such as the apnea-hypopnea index (AHI)
and respiratory rate were averaged over a sensible minimum
timeframe.10 The study was reviewed by an Institutional Review
Board and deemed exempt from Institutional Review Board
oversight (Pro 00031753, Advarra Institutional Review Board,
Columbia, MD). All data were analyzed in a secure, anonymized
database physically separate from the main production server.

PAP delivery characteristics by country
All PAP in Brazil is self-funded; there is no public or insurance
funding for this therapy. In Mexico, the public health system
covers a CPAP device and mask, while health insurance pro-
vides some coverage and requires a copayment. In the United
States, patients with insurance coverage receive fully funded
PAP therapy for OSA, subject to US Center for Medicare and
Medicaid Services (CMS) usage criteria for prescription re-
newal (device usage for > 4 hours on ≥ 70% of nights in a
consecutive 30-day period in the first 90 days of therapy).

Technology
AirView (ResMed Corp, San Diego, CA) is a Health Insurance
Portability and Accountability Act (HIPAA)-compliant web-based

solution for health care specialists intended to transfer and display
device and therapeutic information that has been transmitted re-
motely from a patient’s PAP device. All AirSense/AirCurve
10 platform PAP devices (ResMed Corp, San Diego, CA)
have an on-board mobile communications chip that automati-
cally connects to the secure cloud infrastructure. Patient adher-
ence and therapy data are uploaded daily, typically within 1 hour
after the end of each PAP session. All AirView communication
and storage is encrypted to meet required international privacy
and security standards. The AirView database is hosted in a
secure facility in the United States. Adherence data are auto-
matically provided to the HMEs to facilitate patient care, and the
patient can also nominate their physician to access the data. The
information provided includes usage data and therapy issues (eg,
high mask leak, high residual AHI or central apnea index).

The platform became available in August 2014 and was rapidly
adopted, such that older devices currently represent < 0.2%of those
set up in the United States. Mobile communications costs are
covered by the HME as part of their population management
process. The patient engagement tool, myAir (ResMed Corp, San
Diego, CA), became available in October 21, 2014, and the iOS
app became available August 2016. Patients do not pay for access
to myAir irrespective of HME signup. The system is designed for
patients and provides real-time daily feedback to the patient about
their PAP use, while also providing them with coaching on the
basis of the data collected. Notifications include a myAir score
(calculated based on usage hours,mask seal [as ameasure of leak],
mask on-off time, and the number of respiratory events per hour).
Personalized coaching and reinforcement messages are sent via
e-mail and are designed to increase self-management skills, rec-
ognize success, and identify and resolve basic treatment issues.
Themessages generally provide tips onmakingPAP therapymore
comfortable or provide encouragement when patients reach spe-
cific therapy milestones (eg, usage averaging > 4 h/night).

Endpoints
The primary outcome was short- and long-term overall ad-
herence rate. Short-term adherence was defined using the US
CMS criteria (device usage for > 4 hours on ≥ 70% of nights in a
consecutive 30-day period in the first 90 days of therapy). Time
to achieve CMS adherence was defined as the number of days
from the first day of PAP use to the day on which the adherence
threshold was met. Long-term adherence refers to continuation
of PAP therapy fromday 91 to 1 year. This criterionwas because
United States funding rules mean that patients who do not
achieve short-term adherence do not qualify to continue with
PAP therapy. Therefore, only those who met CMS criteria at
90 days were eligible for inclusion in the analysis of long-term
adherence. In this analysis, patients were considered to have
stopped PAP therapy (ie, therapy termination) if there were
30 consecutive days of zero device usage. Secondary outcomes
included the rate of registration to use of a patient engagement
strategy and its contribution to achievement of CMS adherence
and predictors of PAP usage.

Statistical analysis
Statistical analyses were performed using the R language
(Rdevelopment core team). Thefirst day of therapywas taken as
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the patient AirView set-up date. Missing adherence data were
imputed as zero. For other data fields, including clinical metrics
and respiratory events, missing data were not imputed and
therefore not included in calculations of mean values, standard
deviations, and proportions. Comparisons between the 3 coun-
tries were performed using chi-square, Kruskal–Wallis, and
analysis of variance tests, as appropriate. Long-term adherence
was visualized usingKaplanMeier curves. A univariate logistic
regression model was developed to determine the following:
whether registration for myAir was associated with better
achievement of CMS adherence and the therapeutic metrics
associated with CMS adherence, including initial pressure
settings and the first week of device usage, count of compliant
days, daily usage, residual AHI, obstructive apnea index,
monitoring pressure and mask leak.

RESULTS

Participants
A total of 4,181,490 patients was included in the final analysis,
representing 94% of all available AirView records (Figure 1).
Although age distribution of patients from different countries
was broadly similar (see Figure S1), the mean age of patients
from Mexico was slightly higher than that for patients from
Brazil and theUnited States (Mexico: 59.3 ±13.1; Brazil: 58.2 ±
14.1; United States: 58.2 ± 14.0 years; P < .001).

Adherence
Among individuals who used their PAP device for at least 1
session that was ≥ 1 h in duration, CMS adherence rates at
90 days were 71.7% in Brazil, 66.4% in Mexico, and 74.0% in
the United States (Table 1). Average PAP usage was also

slightly lower in Latin America (especially in Mexico) com-
pared with the United States (Table 1). The proportion of
patients who registered to use the myAir patient engagement
tool was also lower in Brazil (8.1%) and Mexico (2.8%) than in
the United States (26%; bothP < .001). Patients fromBrazil had
higher residual AHI, obstructive apnea index, and mask leak
during PAP therapy (Table S1).

The rate of CMS adherence at 90 days was consistently
higher in patients who did vs. did not have access to the patient
engagement tool (Figure 2A). Engagement tool usage was
associated with > 2-fold increase the probability of achieving
CMSadherence (Figure 2B).Across all countries, rates ofCMS
adherence varied by patient age; the lowest adherence rateswere
seen in younger adults (Figure S2). This finding was particu-
larly the case the United States and less so in Mexico based on
univariate analysis with age 55–60 years as the reference
(Figure S3). Also on multivariate analysis, the strongest pre-
dictors of CMS adherence at 90 days were average daily usage
and days with PAP usage of ≥ 4 hours, particularly during the
first week of therapy; other significant predictors of PAP usage
were residual AHI, mask leak, and inspiratory positive airway
pressure (Figure 3).

In patients who achieved CMS adherence criteria at 90 days,
1-year therapy continuation rates were 83.0% in Brazil, 82.1%
inMexico, and81.1% in theUnitedStates, and1-year adherence
rates were > 75% (Figure 4).

DISCUSSION

To our knowledge, this is the first large-scale study to assess
how PAP usage patterns differ between developing and de-
veloped countries. We found that PAP usage was similar in

Figure 1—Flow diagram.

PAP = positive airway pressure.
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Mexico and Brazil, and users in both these countries had ad-
herence rates that were only slightly lower than those in the
United States. Thesefindings suggest that PAP therapy for OSA
might be appropriate/effective even in less developed countries,
particularly given that the majority of patients who were ad-
herent at 90 dayswere still using therapy at the 1-year follow-up.
The requirement to achieve CMS criteria for device resupply
and reimbursement might have been a factor motivating higher
real-world adherence in the United States, but these criteria do
not apply in Mexico or Brazil where adherence rates were only
slightly below those achieved in the United States.

Another finding of our study was that registration to
use a patient engagement tool was associated with improved

adherence compared with usual care, consistent with existing
data from the United States.9,10 In our analyses, by far the
strongest predictors of PAP adherence in the first 90 days were
average daily usage and days with usage of > 4 h/night, es-
pecially during the first week of therapy.

The main study findings highlighted much better use of PAP
than expected based on current literature. Several observational
and randomized studies have reported fair or poor adherence
with PAP therapy, especially in OSA patients with mild to no
daytime symptoms.11–13 Such data, and the lack of multidis-
ciplinary teams to manage OSA,14 have contributed to the
belief that PAP is efficient at abolishing nocturnal respiratory
events but has suboptimal effectiveness in clinical practice.15

Table 1—Positive airway pressure usage over the first 90 days of therapy, by country.

Adherence Variables (in first 90 days) Brazil (n = 31,672) Mexico (n = 16,934) United States (n = 4,132,884) P Value

CMS adherence achieved, n (%) 22,702 (71.7) 11,251 (66.4) 3,057,187 (74.0) < .001b

Days to achieve CMS adherence, days

Mean ± SD 28.48 ± 12.41 29.20 ± 13.63 28.08 ± 12.81 < .001c

Median (IQR) 24.0 (22.0, 28.0) 24.00 (22.0, 29.0) 23.0 (21.0, 28.0) < .001d

Proportion of days with nonzero usage, %

Mean ± SD 79.7 ± 24.1 74.3 ± 28.5 80.0 ± 26.6 < .001c

Median (IQR) 90.0 (70.0, 97.8) 86.7 (57.8, 97.8) 93.3 (71.1, 98.9) < .001d

Proportion of days adherent (usage ≥ 4 h), %

Mean ± SD 67.0 ± 29.4 60.7 ± 33.9 67.5 ± 32.5 < .001c

Median (IQR) 75.6 (47.8, 92.2) 71.1 (31.1, 91.1) 80.0 (45.6, 95.6) < .001d

Average usage per session, ha

Mean ± SD 5.91 ± 1.61 5.75 ± 2.05 5.98 ± 2.03 < .001c

Median (IQR) 6.07 (5.01, 6.97) 6.01 (4.58, 7.12) 6.18 (4.77, 7.36) < .001d

Average daily usage across all days, h

Mean ± SD 4.90 ± 2.15 4.59 ± 2.55 5.13 ± 2.56 < .001c

Median (IQR) 5.23 (3.47, 6.50) 4.93 (2.53, 6.56) 5.52 (3.37, 7.04) < .001d

CMS =Centers for Medicare andMedicaid, IQR = interquartile range, SD = standard deviation. aTotal usage over 90 days/days with usage > 0; bchi-square test;
canalysis of variance test; dKruskal–Wallis test.

Figure 2—Adherence rates.

Centers for Medicare and Medicaid (CMS) adherence in patients who did vs. did not register to use the myAir tool (A) and likelihood of achieving CMS
adherence (based on a univariate logistic regression model with non-myAir registered as the reference (B).
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However, until recently, themajority of current data in the field and
experience in clinical practice are based on data manually down-
loaded fromPAPmachines. Incontrast, ourdata represent the results
of a variety of real-life influences on adherence to PAP therapy.

Use of telemonitoring is becoming an increasing part of PAP
therapy for OSA as new “connected” devices become available.
Data from a randomized trial showed that telemonitoring re-
duced the delay to first technical intervention in PAP-treated
patients and that this early activation of troubleshooting was

associated with improved adherence at 3 months.16 Neverthe-
less, the inconsistent nature of published data in this new field
means that the impact of telemonitoring on PAP adherence is
the subject of ongoing debate.17–19 Our data support a role for
telemonitoring, especially use of a patient engagement tool, in
optimizing adherence to PAP therapy. Although the number
of patients registering to use the patient engagement tool in
each country was relatively small, our data suggest that this
approach might be beneficial across a range of countries.

Figure 3—Predictors of adherence.

Predictors of Centers for Medicaid andMedicare (CMS) adherence on univariate logistic regression analysis. AHI = apnea-hypopnea index, EPAP = expiratory
positive airway pressure, IPAP = inspiratory positive airway pressure, LPM = liters/min, mdn = median, OAI = obstructive apnea index.

Figure 4—Proportion remaining on therapy.

Kaplan Meier curves showing the proportion of patients remaining on positive airway pressure therapy from day 91 to day 360 in patients who achieved
Centers for Medicaid and Medicare (CMS) adherence at 90 days. PAP = positive airway pressure.
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In termsofadherence indifferentcountries, it couldbeargued that
patients who are self-funding their PAP therapy (such as those in
Brazil) and use an engagement tool might bemoremotivated to use
thedevice than thosewhose costs are coveredby insuranceor public
health systems (as in theUnited States andMexico). If this were the
case, we might have expected better PAP usage in Brazil than
comparedwithMexico or theUnitedStates, but thisfindingwas not
the case. Perhaps the variable nature of access to therapy made the
impact of the “healthy user effect” less clear. Conversely, lack of
fundedaccess toPAPcouldhaveanegative impacton thenumberof
patients able to access therapy, and there may be a major financial
barrier to starting PAP therapy at all. Overall, the motivation pro-
vided by financial demands may not be sufficient to optimize PAP
usage, making our finding that registration to use a patient en-
gagement toolwas associatedwith robust adherence toPAP therapy
particularly important. Nevertheless, overall adherence to PAP
therapy is governed by a range of interacting factors, including
biomedical, health system, psychological, and social aspects.20

Therefore, financial factors might impact individuals differ-
ently andmaybe confoundedbyother factors (eg, socioeconomic
status). For example, the ability to obtain treatment despite fi-
nancial hurdles could be associated with other variables that
might influence adherence, including coping skills, greater re-
sourcefulness, and better health literacy. The contribution of
influences such as these to our study findings cannot be deter-
mined due to the limited data available from the database queried.
We also have nodata on thePAPcare provider (eg, sleep center or
elsewhere and publicly vs. privately funded). Therefore, our
findings should be interpreted as a high-level overview of general
differences between the 3 countries analyzed.

Another factor thatmight have influenced the results of our study
is potential differential availability of the technology required to
register and use the patient engagement tool. Patients in developing
countries with the resources to access reliable internet connectivity
andwhohaveamobiledevice for appaccessmean that the subgroup
of patients using the patient engagement tool in our study could be
more likely to come from higher socioeconomic groups, meaning
that they might not be representative of the general population in
these countries. Differential access to health care between indi-
viduals of different socioeconomic statuses in developing countries
is another factor that is likely to introduce selection bias to our
analysis. If the sample includes a greater proportion of higher so-
cioeconomic status patients from developing countries, adherence
rates in these countries might be overestimated.

Univariate analysis of our data from a very large number of
patients showed that early use of PAP therapy was the strongest
predictor of longer-term adherence. This finding is consistent
with a good body of evidence showing that the pattern of ad-
herence to PAP therapy is established early after treatment
initiation.21–29 Mask leak was another predictor of adherence in
our study, as has been documented previously.30 Furthermore,
data showing that lowermaximal PAP level was associatedwith
low PAP adherence31 are supported by our finding of a sig-
nificant association between inspiratory positive airway pres-
sure and use of PAP.

Our study has a number of strengths including its novelty and
sample size. However, we acknowledge a number of important
limitations. Firstly, we report a retrospective observational study,

not a randomized trial; thus, our findings provide information on
correlation rather than causation. However, the real-world nature
of the data means that the results should have good external
validity. Secondly, the nature of the database used in terms of
privacy issues and recorded data means that we were not able to
adjust for important covariates such as baseline AHI, socio-
economic status, race/ethnicity, and comorbidities. In addition,
differences between regions in each country and differences
between countries with respect to health care systems and fi-
nancial factors (eg, insurance and public funding) could result in
differences between the populations accessing a PAP device in
each country, meaning that those included in our study might
represent a small subset of the totalOSApopulation.Also lacking
are data on the setting for PAP delivery (ie, public vs. private).
However, homemedical equipment suppliers are not expected to
be fundamentally different between countries. We also have no
information on use of other treatments for OSA, such as weight
loss, upper airway surgery, or oral appliance use. Therefore,more
patients may be receiving acceptable treatment for OSA than our
estimates of PAP usage might suggest. As such, the adherence
rates reported in this study likely reflect a “worst-case scenario”
in terms of the number of effectively treated patients with OSA.

In conclusion, although some between-country differences
were evident, 90-day PAP adherence in Brazil andMexico in our
patient sample was close to that achieved in the United States.
Based on our findings, the best way to ensure long-term ad-
herence to PAP would be to optimize therapy in the first week.
Support programs that enable patients to track their PAP therapy
appear to be beneficial in all the countries studied and should be
further investigated and utilized. Additional research on adher-
ence rates and the effect of telemonitoring interventions across
different countries with different economic status and health care
systems is needed to clarify further the widespread applicability
of PAP therapy and telemedicine solutions in patients with OSA
and to inform approaches for optimizing treatment.

ABBREVIATIONS

AHI, apnea-hypopnea index
CMS, US Center for Medicare and Medicaid Services
CPAP, continuous positive airway pressure
HME, home medical equipment provider
OSA, obstructive sleep apnea
PAP, positive airway pressure
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