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Abstract

Rationale: Randomized controlled trials do not support a role for
continuous positive airway pressure (CPAP) in preventing major
cardiovascular events or mortality in patients with obstructive sleep
apnea (OSA). However, these trials’ setting does not apply to most
CPAP-treated patients.

Objectives: We aimed to assess the effect of CPAP on mortality in
real-world patients.

Methods: We performed a population-based longitudinal
observational study including all patients with OSA prescribed
CPAP during 2011 in Catalonia, Spain, and non-OSA control
subjects matched (1:2) by sex, 5-year age group, and region who
were followed from 2011 to 2016.

Results: A total of 9,317CPAP-treated patients withOSA and 18,370
control subjects without OSA were included (median age, 67 [57–72]
years; 74%male). During amedian follow-up of 5.5 years, 2,301 deaths

were recorded. After adjustment by a composite of diagnosed
comorbidities and previous use of healthcare resources, CPAP-treated
patients showed a lower risk of death than control subjects (hazard
ratio [HR], 0.67; 95% confidence interval [CI], 0.61–0.74), with the
association not being statistically significant in women. Cancer-related
deaths were the main drivers of this association (men: HR, 0.44; 95%
CI, 0.36–0.54; women: HR, 0.44; 95% CI, 0.28–0.68). No significant
associations were found for cardiovascular-related deaths. CPAP-
treated women had an increased risk of respiratory-related death (HR,
2.41; 95% CI, 1.37–4.23).

Conclusions: CPAP-treated patients had a lower mortality rate
than control subjects. This relationship was driven by cancer-
related, but not cardiovascular-related, deaths. Results suggest a
role for sex when prescribing CPAP, especially considering
respiratory-related deaths, and foster a debate on the relationship
between OSA and cardiovascular outcomes.
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Obstructive sleep apnea (OSA) is a common
disease, caused by the collapse of the upper
airway during sleep, that affects 20–30%of the
adult population (1). OSAhas been associated
with increased morbidity andmortality
because of its association with hypertension,
cancer, and metabolic, cardiovascular, and
cerebrovascular diseases (2); in OSA,
increased oxidative stress, inflammation,
sympathetic activation, and
hypercoagulability are the main mechanisms
causing these associations.

Nocturnal continuous positive airway
pressure(CPAP) is themosteffective treatment
forOSA (3). CPAP improves quality of life and
daytime sleepiness, reduces OSA severity
markers, such as the apnea–hypopnea index
(AHI), andmoderately decreases arterial blood
pressure (mainly in patients with resistant
hypertension) (3, 4).However, the SAVEstudy
(5)anda2017meta-analysis(6)didnotsupport
a role for CPAP in preventingmajor
cardiovascular events or OSA-related
mortality. In this sense, the ISAACC study
confirmed that CPAP does not significantly
reduce the rate of cardiovascular events and/or
deaths among patients with OSA and acute
coronary syndrome, and this study questioned
the link between OSA and an increased rate of
cardiovascular events (7). However, it must be
noticed that randomized controlled trials
(RCTs) may struggle to capture what happens
in real-life scenarios. The tight inclusion and
exclusion criteria combined with ethical
constrains (i.e., the need of being able to
randomize a patient to not receive CPAP
treatment) can cause the participants in RCTs
tonotberepresentativeofthewholepopulation
using CPAP. This may have an impact on the
generalizability of RCT results. RCTs will
always be the gold standard for assessing
efficacy but may not be suited for assessing
effectiveness. In this sense, more recent studies
have shown that CPAP treatment is related to
lower overall mortality over long follow-up
times (8) or in population-based data (9).

Considering the high prevalence ofOSA,
and thus theextensiveuseofCPAP(CPAPuse
prevalencehasreached1%ofthepopulationin
Catalonia (9), Spain), it is of paramount
relevance to analyze the potential effect of
CPAP treatment on mortality at the
population level while considering the specific
causes of death and potential sex differences.

Methods

Thiswas a longitudinalprospective studyof all
patients with OSA with a CPAP prescription

during 2011 inCatalonia, Spain, that included
control subjectswithoutOSAwhohadcontact
with the Catalan Health System during the
same year and did not use CPAP throughout
the whole follow-up. The selection of this
comparator group responded to the reality of
population-based health registries, in which
almost all subjectswithanOSAdiagnosishave
had, are having, or will eventually initiate
CPAP treatment during a follow-up period.
Therefore, a set of patients with OSA without
CPAP treatment could not be used as
comparator group. However, given that OSA
is a highly prevalent condition with
remarkable levels of underdiagnosis,
comparisonsagainstpatientswithoutOSAata
similar risk of dying indeed include a
substantial proportion of nondiagnosed
subjects experiencing OSA and not being
treatedwithCPAP (this is further discussed in
the discussion section). CPAP prescription
was identifiedon thebasis of invoiced services.
Patients with OSA and control subjects were
matched (1:2) by sex, 5-year age group, and
health region. All subjects were followed from
2011 to2016oruntil death.Collectedvariables
included age; sex; health region; date of CPAP
prescription; date and cause of death, as coded
using International Classification of Diseases,
Tenth Revision (ICD-10) in the Catalan
Statistical Bulletin of Death; comorbidities
International Classification of Diseases, Ninth
Revision (ICD-9); and adjusted morbidity
group (AMG), which is a morbidity
measurement based on diagnosed
comorbidities and previous use of healthcare
resources (visits and prescriptions) that allows
patient risk stratification (10, 11). An accurate
description of how AMG is generated can be
found in the online supplement of a
manuscript byMonterde and colleagues (10).
Briefly, the AMG algorithm is based on
identification of neoplasia, identification of
diseases associated with pregnancy and/or
childbirth, identification of acute diseases,
number of chronic diseases, number of organ
systems affected by chronic diseases, total
relative complexity weight (population-based
measures of mortality, healthcare needs, and
prescriptions), and the list of relevant disease
labels (if any). The output of this algorithm is
an average AMG score and a risk stratum
(baseline, low, moderate, or high risk). The
current analyses included the AMG score as a
continuous variable. Patients receiving CPAP
treatment via private health services were
excluded from the current analyses.

Available data included72 specific causes
of death, which were further grouped into the

following five categories: cancer;
cardiovascular; nervous system and mental
illness; respiratory; and other. Unfortunately,
the registry of the specific causes of death
started in2012; therefore, all subjectswhodied
during 2011 had anunspecified cause of death
and were grouped together.

Participants’ baseline characteristics are
described by the number (percentage) or
median (interquartile range), as appropriate.
Cox proportional hazards regression models
were used to estimate hazard ratios (HRs) for
the association between CPAP treatment and
overall mortality as well as the grouped causes
of death. All models were adjusted by the
5-year age group and AMG (continuous) and
were stratified by sex. Models including an
interaction between CPAP treatment and sex
were used to assess potential sex differences in
the association between CPAP treatment and
mortality. Similarly, adjusted Kaplan-Meier
curves of the time to death were plotted. To
reduce the chance of reverse causality, all
models considering cancer as the main cause
of deathwere also runwhile excluding thefirst
2 years of follow-up. In addition, sensitivity
analyses excluding patients with an ICD-9
code for cancer at baseline were also
performed. The proportional hazards
assumption was satisfied in all models. The
statistical level of significancewasfixedat 0.05.
All analyseswere performedusingR statistical
software, version 3.5.2.

All the data for the current study were
obtained fromAgency for Healthcare Quality
and Evaluation of Catalonia (AQuAS; Public
Data Analytical Program for Health Research
and Innovation), which is a public entity
attached to the Department of Health of the
Government of Catalonia. Patient informed
consentwasnot requiredbecause all datawere
anonymized. The ethics committee of
Hospital Arnau de Vilanova approved this
study (2015, CEIC-1430).

Results

Table 1 shows the baseline characteristics of
the 9,317 patients withOSA prescribed CPAP
in 2011 in Catalonia and the 18,369 control
subjects without OSA who had contact with
the Catalan Health System in 2011. The
median age at enrollmentwas 67 years, andup
to 74% of the subjects were male. The
morbidity of the two groups is represented by
the AMG, which was significantly higher
among the subjects prescribed CPAP than
among the control subjects; thus, the CPAP-
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treated patients had a worse overall health
status than the control subjects and were at a
higher risk of death during the follow-up.
Additional information on the main baseline
comorbidities of the subjects in the database
can be found in the online supplement (Table
E1 in the online supplement).

A total of 2,301 deaths were recorded
during amedian follow-upof 5.52 years.Table
2 describes the deaths during the follow-up.
Themaingroupedcausesofdeathwerecancer
(27%), cardiovascular causes (19%), and
respiratory causes (11%). Up to 21% of the
causes of death were considered unspecified,
which corresponded with all deaths during
2011. A full description of the deaths during
the follow-up, including all 74 registered
causes of death, can be found in the online
supplement (Table E2).

The adjusted Kaplan-Meier survival
curves for CPAP-treated patients and control
subjects as well as the curves for men and
women are shown in Figure 1. The Kaplan-
Meier survival curves for each of the grouped
causes of death can be found in the online
supplement (Figure E1). Adjusted Cox
proportional hazards regression models
assessing the association between CPAP
treatment and overall mortality and the
grouped causes of death, whichwere stratified
by sex, are shown in Table 3 and Figure 2.
CPAP treatment was associated with
significantly lower adjusted mortality rates
(HR, 0.67; 95% CI, 0.61–0.74), and this
relationshipwas statistically significant inmen
(HR, 0.61; 95% CI, 0.56–0.69) but not in
women (HR, 0.87; 95% CI, 0.73–1.05). This
differencewas confirmed inamodel including
a CPAP treatment–sex interaction term
(P = 0.004). The analysis of the specific causes
of death showed that the main drivers of this
association were the lower mortality due to
cancer and nervous system and mental
illnesses. The sensitivity analysis excluding the

first 2 years of follow-up in the models
considering cancer as themain cause of death
showed similar results formen (cancer deaths:
247;HR, 0.59; 95%CI, 0.45–0.78) andwomen
(cancer deaths: 53; HR, 0.61; 95% CI,
0.33–1.14), although the results in women did
not reach statistical significance because of the
reducednumber of recordedevents. Similarly,
sensitivity analysis excluding the 268 patients
with an ICD-9 code for cancer in 2011 showed
similar results (HR, 0.47; 95% CI, 0.39–0.56).
Finally, the inclusion of baseline smoking
status as an additional covariate reported very
similar results, as shown in the online
supplement (Table E3). Similarly, the
inclusion of baseline comorbidities related to
each cause of death also reported very similar
results, as shown in the online supplement
(Table E4).

Discussion

The longitudinal analysis of all patients with
OSAprescribedCPAP treatment inCatalonia
during 2011 showed that, during the period
from 2011 to 2016, these patients had an
overall lower mortality rate than the matched
controlsubjectsafterappropriateadjustments.
However, this association was not significant
inwomen.Theanalysisof thespecificcausesof
death showed that the main drivers of the
reported association were the lower mortality
from cancer and, to a lesser extent, from
nervous system and mental illnesses.
Interestingly, no differences were found
between CPAP-treated patients and control
subjects regarding cardiovascular-related
deaths. Finally, CPAP-treated women were at
a significantly higher risk of respiratory-
related death than control subjects.

Theresults fromthe18yearsof follow-up
of theWisconsinSleepCohort established that
untreated patients with severe (AHI> 30)

sleep-disordered breathing (SDB) were at a
higher risk of overall mortality (HR, 3.8; 95%
CI,1.6–9.0) andcardiovascularmortality (HR,
5.2; 95% CI, 1.4–19.2) than subjects without
SDBafter adjustment (12).On theother hand,
the 20 years of follow-up of the Busselton
Health Study cohort showed that moderate to
severe OSAwas related to an increased risk of
all-cause mortality (HR, 4.2; 95% CI, 1.9–9.2)
and cancer mortality (HR, 3.4; 95% CI,
1.1–10.2) but not to an increased number of
cardiovascular events (13). Finally, the results
from the Sleep Heart Health Study were
significantly milder, with patients with severe
SDB showing increased all-cause mortality
(HR, 1.5; 95% CI, 1.1–1.9) and cardiovascular
mortality being significantly increased only in
men with moderate to severe OSA (HR, 1.7;
95%CI,1.1–2.5)butnot inwomen(14). In this
sense, most of the RCTs assessing the effect of
CPAP on cardiovascular mortality reported
null results (6, 7). The current study shows
lower adjusted mortality rates among CPAP-
treated patients with OSA than population-
based matched control subjects without OSA
treated by the Catalan Health System, but,
most interestingly, this study shows that the
overall reduction in mortality was not driven
byaneffect oncardiovascularmortality.These
results, together with a report that OSA is not
associated with an increased rate of
cardiovascular events among patients with
acute coronary syndrome (7) and the
heterogeneity reported in observational
studies, (in terms of the impact of CPAP on
cardiovascular mechanisms, cardiovascular
diseases, and mortality) (15), should foster a
profound debate on the relationship between
OSA and cardiovascular outcomes.

The reported lower mortality rates
among CPAP-treated patients in the current
study were driven by an effect on cancer-
related deaths and, to a lesser extent, on
nervous system– and mental illness–related

Table 1. Baseline characteristics

All (N = 27,686) Control (n = 18,369) CPAP (n = 9,317) P Value

Male sex, n (%) 20,472 (73.9) 13,574 (73.9) 6,898 (74.0) 0.813
Age, median (IQR), yr 67 (57–72) 67 (57–72) 67 (57–72) 0.746
AMG, median (IQR) 4.14 (1.47–9.25) 3.31 (1.12–7.35) 6.42 (2.86–13.4) ,0.001
AMG stratified, n (%) ,0.001
Baseline risk 12,366 (44.7) 9,510 (51.8) 2,856 (30.7) —
Low risk 8,487 (30.7) 5,454 (29.7) 3,033 (32.6) —
Moderate risk 5,049 (18.2) 2,680 (14.6) 2,369 (25.4) —
High risk 1,784 (6.44) 725 (3.95) 1,059 (11.4) —

Definition of abbreviations: AMG = adjusted morbidity group; CPAP = continuous positive airway pressure; IQR = interquartile range.
Baseline risk [0–3.503]; Low risk [3.504–9.360]; Moderate risk [9.361–22.098]; High risk [22.099–100].
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deaths. Although in a cohort of�5.6 million
individuals, patients with OSA had increased
cancer risk for only a very limited number of
cancer types (16), epidemiological and clinical
studies have established an association
between OSA and cancer in humans (17–19).
Interestingly, experimental studies using the
intermittent hypoxia model in mice (20) not
only confirmed that this association is
biologically plausible but also indicated a
three-part effect of intermittent hypoxia on
tumors, as follows: 1) accelerated tumor
progression, 2) promotion of metastases, and
3) increased resistance to treatment.
Therefore, CPAP treatment could effectively
reduce cancer-related mortality. When
considering the present results, the possibility
of patients with life-threatening advanced
tumors not being referred for sleep tests and

thus not being prescribed CPAP should be
considered. However, the sensitivity analysis
excluding the first 2 years of follow-up or
patients with a baseline ICD-9 code for cancer
in models considering cancer as the main
cause of death showed similar results and
supports the validity of these results. Finally,
the fact that all control subjects had contacted
theCatalanHealth Systemduring 2011makes
it unlikely that patients prescribed with CPAP
could have greater odds of having an early
diagnosis of cancer, and thus have a better
prognosis, given the higher interaction with
the health system. On the other hand,
concerning the findings for the nervous
system– andmental illness–related deaths,
CPAP treatment has long been suggested to
have an effect on cognitive function and early
cognitive decline in patients with OSA. In this

sense, although the evidence so far has not
been sufficiently strong (21), it could be
hypothesized thatCPAP effect would bemore
relevant in those patients with themost severe
cognitive decline. Therefore, the current
results focusing on mortality would precisely
target those subjects at ahigher riskof dyingof
nervous system– and mental illness–related
causes that constitute themost severe patients
with such pathologies.

The current results, together with
previous nonlongitudinal results from a
similar population (9), suggest a role for sex in
OSA, especially in terms of treatment
effectiveness and mortality. OSA is a
predominantly male disease, with the most
recent reviews estimating a male:female ratio
of 1.5:1 (22).Womenhaveamore stableupper
airway and a less OSA-prone body fat

Table 2. Main causes of death in the studied population in each group and stratified by sex

All [n (%)]
Men [n (%)] Women [n (%)]

N = 2,301 Control n = 1,123 CPAP n = 601 Control n = 298 CPAP n = 279

Cancer 629 (27.3) 369 (32.9) 150 (25.0) 73 (24.5) 37 (13.3)
Cardiovascular 447 (19.4) 187 (16.7) 131 (21.8) 57 (19.1) 72 (25.8)
Respiratory 244 (10.6) 88 (7.84) 89 (14.8) 21 (7.05) 46 (16.5)
Nervous system and mental illness 175 (7.61) 88 (7.84) 28 (4.66) 42 (14.1) 17 (6.09)
Metabolic 63 (2.74) 27 (2.40) 16 (2.66) 7 (2.35) 13 (4.66)
Other 254 (11.0) 120 (10.7) 55 (9.15) 34 (11.4) 45 (16.1)
Unspecified* 489 (21.3) 244 (21.7) 132 (22.0) 64 (21.5) 49 (17.6)

Definition of abbreviation: CPAP = continuous positive airway pressure.
*Corresponding with all deaths during 2011, as the registry of causes of death began in 2012.
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distribution thanmen, and both factors could
protect women fromOSA to a certain extent
(22). Symptom differences among sexes,
combined with the reluctance toward seeking
treatment and the male-driven diagnosis of
OSA by medical professionals, result in a

significant underdiagnosis and
undertreatment of OSA among women, with
the current results showing a 3:1 male:female
ratio in CPAP prescription. Overall, these
factors have caused women to be
underrepresented in most CPAP treatment

effectiveness trials. After appropriate
adjustment, our results show an overall lower
mortality rate among CPAP-treated patients
than in matched control subjects, but this
result was not observed in women. This
differencewasdrivenby respiratorymortality.

Table 3. Cox proportional hazard models for all causes of death and for each specific cause of death and CPAP treatment, stratified
by sex

Men (n=20,472) Women (n=7,214)

Crude Adjusted Crude Adjusted

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

All causes of death 1.06 (0.96–1.17) 0.285 0.62 (0.56–0.69) ,0.001 1.91 (1.63–2.25) ,0.001 0.87 (0.73–1.05) 0.146
Cancer 0.80 (0.66–0.97) 0.022 0.44 (0.36–0.54) ,0.001 1.03 (0.69–1.53) 0.879 0.44 (0.28–0.68) ,0.001
Cardiovascular 1.38 (1.10–1.73) 0.005 0.82 (0.65–1.04) 0.098 2.57 (1.82–3.64) ,0.001 0.99 (0.67–1.46) 0.961
Respiratory 1.99 (1.48–2.68) ,0.001 1.05 (0.77–1.43) 0.775 4.45 (2.65–7.45) ,0.001 2.41 (1.37–4.23) 0.002
Nervous system and

mental illness
0.63 (0.41–0.96) 0.032 0.45 (0.29–0.7) ,0.001 0.83 (0.47–1.45) 0.505 0.48 (0.26–0.88) 0.019

Metabolic 1.17 (0.63–2.17) 0.622 0.52 (0.27–1.00) 0.050 3.78 (1.51–9.46) 0.005 1.28 (0.46–3.57) 0.640
Other 0.90 (0.66–1.24) 0.532 0.50 (0.36–0.70) ,0.001 2.69 (1.73–4.21) ,0.001 1.13 (0.69–1.87) 0.621
Unspecified 1.07 (0.87–1.32) 0.534 0.74 (0.59–0.92) 0.007 1.60 (1.10–2.32) 0.014 0.85 (0.56–1.28) 0.441

Definition of abbreviations: CI = confidence interval; CPAP = continuous positive airway pressure; HR = hazard ratio.
Adjusted for age and adjusted morbidity group.
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Interestingly, aclusteranalysis showedthat the
largest number of women (53%)was found in
the asthma-driven cluster (23), and asthma is
one of the main drivers of respiratory
mortality, together with chronic obstructive
pulmonary disease, bronchitis, and
emphysema, accounting for 30% of deaths.
Previous research has suggested the existence
of an OSA–asthma overlap syndrome that
would bemore prevalent in women thanmen
(24, 25). However, the fact that CPAP
treatment could potentially be detrimental in
this scenario is novel and deserves further
studying. These findings suggest a need for
research involving precision medicine (26),
especially research that considers the role of
sex; initiatives attempting to tailor CPAP
treatmentprescriptionandadjustmentsonthe
basis of sex should be fostered (27).

The current study was designed to
determine the effect of CPAP treatment on
mortality at the population level (real-world
patients) in an attempt to avoid the limitations
of controlled settings such as the strict
inclusion and exclusion criteria or the ethical
implications of not treating patients in the
control group with CPAP. To do so, we
proposed the use of a large public dataset and
conceived a novel approach consisting in the
choice of a nonconventional comparator
group (patients without OSA from the same
dataset). This setting was based on two
premises. First, if CPAP was an effective
treatment capable of mitigating OSA
consequences, the mortality rates in CPAP-
treated patients and patients withoutOSA at a
similar risk of decease would be similar.
Second, provided that OSA has a high
prevalence in the adult population and a
remarkable level of underdiagnosis,
comparisonsagainstpatientswithoutOSAata
similar risk of dying would indeed include an
unneglectable proportion of patients with
nondiagnosed OSA potentially requiring
CPAP treatment (estimated by the authors to
be�7% on the basis of Spanish OSA
prevalence data [28] and the population
pyramidofCatalonia in2011). Inthisscenario,
the amount of underdiagnosed patients with
OSA in the control group could potentially be
sufficient to tip thescales towardareducedrisk
of mortality by OSA-related causes among

CPAP-treated patients. This setting and
premises are key for the interpretation of the
current manuscript and sustain its
conclusions.

This study has several potential
limitations that should be noted. First, the
current study design, comparing CPAP-
treated patients tomatched subjects whowere
in contact with the Catalan Health System for
non–OSA-related causes, implies difficulties
in disentangling the effect of CPAP treatment
from the effects of being a patient with OSA.
Second, the data used in this study did not
include information about CPAP adherence.
Therefore, our results constitute an intention-
to-treat analysis in which data on CPAP
compliance (hours/night) were not available.
However, it must be stated that, according to
AQuAS, the overall CPAP compliance in
Catalonia is high (.80% of treated patients
with.3 h/night), which is in line with 80% of
patients having a compliance above 4 hours in
the Health Region of Barcelona (29). Third, it
was not possible to control for undiagnosed
OSA in control subjects. Fourth, the
observational design could not rule out
potential residual confounding by known or
unknown factors, such as socioeconomic
status, the level of health literacy and self-care,
or the level of delivered health care. Fifth,
subjects prescribed with CPAP therapy in
private medical centers were not included in
the studied database. However, in Catalonia,
up to 90% of complex treatments such as
CPAP therapy, are prescribed through the
public health system. Sixth, the matching of
CPAPusersandcontrolsubjectswas limitedto
sex, age, and health region, as this is the
standard method of AQuAS for supplying
matched control subjects, and thus it was
beyond the research team’sdecisions. Seventh,
the study database did not include the main
cause of contact with the health system that
caused each of the patients to be in the
database; this variable, if included in adjusted
models, could have contributed to reducing
potential selection bias. Finally, it could be
argued that OSA diagnosis could be a marker
of a better access to public healthcare
providers; inthisregard, itmustbenoticedthat
the Catalan Health System provides public,
universal, freely availablehealth coverage toall

citizens of Catalonia and ensures a common
standard of services and quality across all the
territory, and, moreover, matching by
healthcare region should attenuate this
potential bias. On the other hand, this study
has several strengths. First, the inclusion of all
patientsprescribedCPAPtherapy through the
Catalan Health System in 2011 allowed an
accurate picture of real life inCatalonia aswell
as provided sufficient statistical power to
performsex-stratifiedanalysesandtoconsider
different causes of mortality. Moreover, this
population-based approach granted adequate
generalizability of the results to western
populations. Second, the 5-year follow-up
allowed the measurement of the short-term
andmidtermeffectsofCPAPprescriptionand
is a significant improvement over previous
cross-sectional resultsof thegroup (9).Finally,
the use of the AMG variable, which combines
data on comorbidities and the past use of
health resources, allowed us to adjust the
results in terms of the risk of dying of each
cause.

In conclusion, the analysis of all
patients with OSA prescribed CPAP
treatment in Catalonia during 2011 showed
that CPAP-treated patients had a lower
mortality rate than matched control subjects
after a 5-year follow-up. However, this
relationship was not related to
cardiovascular diseases but rather to cancer
and, to a lesser extent, nervous system and
mental illnesses; furthermore, the
relationship was not as clear in women as in
men. Overall, these results suggest that there
is a need to embrace precision medicine
when considering treatment for individual
patients with OSA, especially for women,
and should foster a debate on the
relationship between OSA and
cardiovascular outcomes. �

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank the
Catalan Health Quality and Assessment Agency
and its Public Data Analytical Program for Health
Research and Innovation for kindly providing all
required data at the request of the Master Plan
for Respiratory Diseases (Ministry of Health,
Catalonia).

References

1 SenaratnaCV, Perret JL, LodgeCJ, LoweAJ,Campbell BE,MathesonMC,
et al. Prevalence of obstructive sleep apnea in the general population: a
systematic review. Sleep Med Rev 2017;34:70–81.

2 S�anchez-de-la-Torre M, Campos-Rodriguez F, Barb�e F. Obstructive
sleep apnoea and cardiovascular disease. Lancet Respir Med 2013;
1:61–72.

3 Iftikhar IH, Bittencourt L, Youngstedt SD, Ayas N, Cistulli P, SchwabR, et al.
Comparative efficacy of CPAP, MADs, exercise-training, and dietary

ORIGINAL RESEARCH

de Batlle, Bertran, Turino, et al.: Causes of Mortality in CPAP-Treated Patients 1395

 

http://www.atsjournals.org
http://www.atsjournals.org/doi/suppl/10.1513/AnnalsATS.202007-888OC/suppl_file/disclosures.pdf


weight loss for sleep apnea: a network meta-analysis. Sleep Med 2017;
30:7–14.

4 Mart�ınez-Garc�ıaMA, Capote F, Campos-Rodr�ıguez F, Lloberes P, D�ıaz de
Atauri MJ, Somoza M, et al.; Spanish Sleep Network. Effect of CPAP on
blood pressure in patients with obstructive sleep apnea and resistant
hypertension: the HIPARCO randomized clinical trial. JAMA 2013;310:
2407–2415.

5 McEvoy RD, Antic NA, Heeley E, Luo Y, Ou Q, Zhang X, et al.; SAVE
Investigators and Coordinators. CPAP for prevention of cardiovascular
events in obstructive sleep apnea. N Engl J Med 2016;375:919–931.

6 Yu J, Zhou Z, McEvoy RD, Anderson CS, Rodgers A, Perkovic V, et al.
Association of positive airway pressure with cardiovascular events and
death in adults with sleep apnea: a systematic review andmeta-analysis.
JAMA 2017;318:156–166.

7 S�anchez-de-la-Torre M, S�anchez-de-la-Torre A, Bertran S, Abad J, Duran-
Cantolla J, Cabriada V, et al.; Spanish Sleep Network. Effect of
obstructive sleep apnoea and its treatment with continuous positive
airway pressure on the prevalence of cardiovascular events in patients
with acute coronary syndrome (ISAACC study): a randomised controlled
trial. Lancet Respir Med 2020;8:359–367.

8 LisanQ, Van Sloten T,Marques Vidal P, HabaRubio J, Heinzer R, Empana
JP. Association of positive airway pressure prescription with mortality in
patientswith obesity and severe obstructive sleep apnea: theSleepHeart
Health study. JAMA Otolaryngol Head Neck Surg 2019;145:509–515.

9 de Batlle J, Bertran S, Turino C, Escarrabill J, S�anchez-de-la-Torre M,
Woehrle H, et al. Mortality in patients treated with continuous positive
airway pressure at the population level.AmJRespir Crit CareMed 2018;
197:1486–1488.

10 Monterde D, Vela E, Cl�eries M, Garcia-Eroles L, Roca J, P�erez-Sust P.
Multimorbidity as a predictor of health service utilization in primary care: a
registry-based studyof theCatalan population.BMCFamPract2020;21:
39.

11 Monterde D, Vela E, Cl�eries M; grupo colaborativo GMA. [Adjusted
morbidity groups: a new multiple morbidity measurement of use in
primary care] [in Spanish]. Aten Primaria 2016;48:674–682.

12 YoungT, Finn L, PeppardPE,Szklo-CoxeM,AustinD,Nieto FJ,et al.Sleep
disordered breathing and mortality: eighteen-year follow-up of the
Wisconsin sleep cohort. Sleep 2008;31:1071–1078.

13 Marshall NS, Wong KK, Cullen SR, Knuiman MW, Grunstein RR. Sleep
apnea and 20-year follow-up for all-cause mortality, stroke, and cancer
incidence andmortality in theBusseltonHealth Study cohort. JClinSleep
Med 2014;10:355–362.

14 Punjabi NM, Caffo BS, Goodwin JL, Gottlieb DJ, Newman AB, O’Connor
GT, et al. Sleep-disordered breathing and mortality: a prospective cohort
study. PLoS Med 2009;6:e1000132.

15 Peker Y, Balcan B. Cardiovascular outcomes of continuous positive airway
pressure therapy for obstructive sleep apnea. J Thorac Dis 2018;10:
S4262–S4279.

16 Gozal D, Ham SA, Mokhlesi B. Sleep apnea and cancer: analysis of a
nationwide population sample. Sleep (Basel) 2016;39:1493–1500.

17 Mart�ınez-Garc�ıa MA, Campos-Rodriguez F, Dur�an-Cantolla J, de la Pe~na
M, Masdeu MJ, Gonz�alez M, et al.; Spanish Sleep Network. Obstructive
sleep apnea is associated with cancer mortality in younger patients.
Sleep Med 2014;15:742–748.

18 Nieto FJ, Peppard PE, Young T, Finn L, Hla KM, Farr�e R. Sleep-disordered
breathing and cancer mortality: results from the Wisconsin Sleep Cohort
Study. Am J Respir Crit Care Med 2012;186:190–194.

19 Pataka A, Bonsignore MR, Ryan S, Riha RL, Pepin JL, Schiza S, et al.;
ESADA study group. Cancer prevalence is increased in females with
sleep apnoea: data from the ESADA study. Eur Respir J 2019;53:
1900091.

20 Almendros I, Martinez-Garcia MA, Obeso A, Gozal D. Obstructive sleep
apnea and cancer: insights from intermittent hypoxia experimental
models. Curr Sleep Med Rep 2017;3:22–29.

21 Zhou J, Camacho M, Tang X, Kushida CA. A review of neurocognitive
function and obstructive sleep apnea with or without daytime sleepiness.
Sleep Med 2016;23:99–108.

22 Theorell-Hagl€owJ,MillerCB,Bartlett DJ, YeeBJ,OpenshawHD,Grunstein
RR. Gender differences in obstructive sleep apnoea, insomnia and
restless legs syndrome in adults - what do we know? A clinical update.
Sleep Med Rev 2018;38:28–38.

23 Turino C, Bertran S, Gavald�a R, Teixid�o I, Woehrle H, Ru�e M, et al.
Characterization of the CPAP-treated patient population in Catalonia.
PLoS One 2017;12:e0185191.

24 MadamaD, Silva A, Matos MJ. Overlap syndrome–Asthma and obstructive
sleep apnea. Rev Port Pneumol (2006) 2016;22:6–10.

25 Teodorescu M, Barnet JH, Hagen EW, Palta M, Young TB, Peppard PE.
Association between asthma and risk of developing obstructive sleep
apnea. JAMA 2015;313:156–164.

26 Martinez-Garcia MA, Campos-Rodriguez F, Barb�e F, Gozal D, Agust�ı A.
Precision medicine in obstructive sleep apnoea. Lancet Respir Med
2019;7:456–464.

27 McArdle N, King S, Shepherd K, Baker V, Ramanan D, Ketheeswaran S,
et al. Study of a novel APAP algorithm for the treatment of obstructive
sleep apnea in women. Sleep (Basel) 2015;38:1775–1781.

28 Dur�an J, Esnaola S, Rubio R, Iztueta A. Obstructive sleep apnea-hypopnea
and related clinical features in a population-based sample of subjects
aged 30 to 70 yr. Am J Respir Crit Care Med 2001;163:685–689.

29 Rold�an N, Castell�o V, Costansa G, Cerda P, Pascuas A, Humke L, et al.
CPAP compliance according to hospitals in Barcelona health region. Eur
Respir J 2013;42:2576.

ORIGINAL RESEARCH

1396 AnnalsATS Volume 18 Number 8 | August 2021

 


