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a b  s t  r a  c t

Introduction:  Randomized  controlled  trials (RCT) have  not  demonstrated a  role for  continuous  positive

airway pressure (CPAP) on the  secondary prevention  of  major cardiovascular events  in obstructive  sleep

apnea (OSA) patients.  However,  participants  in RCTs are  substantially  different  from  real-world  patients.

Therefore, we  aimed to assess  the  effect  of CPAP  treatment  on major cardiovascular events  in real-world

OSA  patients.

Methods: Population-based  longitudinal  observational  study including  all OSA patients with  an  active

CPAP  prescription at the  beginning  of 2011 in  Catalonia,  Spain, that  terminated  CPAP treatment  dur-

ing  2011  and  did not  have  CPAP prescriptions  between 2012-2015;  and propensity-score-matched  OSA

patients  that  continued  CPAP treatment  until the  end  of 2015  or  death.  Adjusted hazard ratios were  used  to

assess the  association  between CPAP  treatment  and  overall and  cardiovascular mortality,  cardiovascular

hospitalizations,  or  major  adverse  cardiovascular  events (MACEs).

Results:  3638 CPAP terminators  and 10,914  propensity-score-matched  continuators  were  included

(median  age  67 [57–77]  years,  71.4% male).  During  a  median follow-up of 47.9  months  CPAP continuators

showed  a lower  risk of cardiovascular death  than  terminators  (hazard ratio  [HR]:  0.61;  95%  confidence

interval  [CI]:  0.50–0.75) after  adjusting  by  age,  sex  and  key  comorbidities.  Similar  results  were  found for

cardiovascular hospitalizations  (HR:  0.87;  95%  CI:  0.76–0.99)  and MACEs (HR:  0.84;  95%  CI: 0.75–0.95).

Conclusion:  CPAP  treatment  continuation  could  be  associated  with  a significantly  lower  risk  of major

cardiovascular  events  in real-world  OSA patients.  This result  highlights  the  importance  of including  real-

world  patients  in studies  on OSA.

©  2024  SEPAR. Published by  Elsevier España,  S.L.U. All  rights  are  reserved,  including those for  text

and  data  mining,  AI training,  and similar  technologies.

Introduction

Obstructive sleep apnea (OSA) affects 20-30% of the adult

population.1 OSA is  characterized by  upper airway collapse dur-

ing sleep and encompasses increased morbidity and mortality due

to its association with cancer, hypertension, and cardiovascular

(CV), cerebrovascular, and metabolic diseases2; with increased
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inflammation, oxidative stress, sympathetic activation and hyper-

coagulability being the main involved mechanisms. Nocturnal

continuous positive airway pressure (CPAP) is  the standard treat-

ment for OSA.3 CPAP improves daytime sleepiness and quality of

life. It  also improves several OSA severity markers like the apnea-

hypopnea index (AHI), and moderately decreases arterial blood

pressure in patients with resistant hypertension.3,4

CPAP treatment has long been suggested to  have a  role in the

secondary prevention of CV complications.5 However, key ran-

domized controlled trials (RCTs) did not support a  role for CPAP

in the secondary prevention of CV events in OSA patients with
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previous cerebrovascular and coronary heart disease,6 previous

coronary heart disease,7 or previous acute coronary syndrome.8

Nevertheless, it should be  noted that  RCTs may  face difficulties in

replicating real-life scenarios. Due to the strict criteria for inclusion

and exclusion, as well as ethical considerations, such as the need

to randomize patients to  receive or not receive CPAP treatment,

the participants in RCTs may  not accurately represent the entire

population of individuals who use CPAP.9 For instance, a  recent

meta-analysis on the three major RCTs on  the topic included an

on-treatment analysis using marginal structural models showing a

reduced risk of major adverse cardiac and cerebrovascular events

associated with good adherence to CPAP (hazard ratio, 0.69 [95%

CI, 0.52-0.92]),10 but the overall adherence to CPAP in the RCTs

was very low (3.1 h/night) as compared with data from subjects

in research studies in the literature (4.5 h/night)11 or real-world

patients attended in  US Centers of Medicare & Medicaid Services

(4.7 h/night).12 As a result, the generalizability of RCT results may  be

affected, and options such as observational designs using propen-

sity scores in real-world patients have been proposed.13 In this

sense, studies using population-based data have shown an asso-

ciation of CPAP treatment with lower overall mortality rates,14,15

but they did not tackle the topic of cardiovascular outcomes. In

contrast, a recent large observational study including OSA patients

prescribed with PAP showed a  dose-response relationship between

PAP adherence and the incidence of major CV events (MACEs).16

However, this study exclusively focused on PAP users, thereby

excluding non-utilizers of PAP, and while effectively investigat-

ing whether a high adherence level to treatment yields superior

outcomes compared to low adherence, it remained inconclusive

regarding scenarios where PAP treatment is entirely absent. There-

fore, a large population-based study on OSA patients, including

CPAP users and non-users, tackling cardiovascular outcomes, is  still

missing.

Considering the conflicting previous evidence, we  aimed to

assess the effect of long-term CPAP treatment on major CV events

in real-world OSA patients in a  population-based longitudinal

observational study. This approach benefited from the additional

external validity of population-based studies at the cost of the lim-

ited data availability of real-world data.

Methods

Study Design and Population

This was a population-based longitudinal observational study

including all OSA patients older than 30 with an active CPAP

prescription at the beginning of 2011 in Catalonia, Spain, that  termi-

nated CPAP treatment during 2011 and did not have any other CPAP

prescriptions between 2012-2015 (CPAP terminators); and simi-

lar propensity-score-matched OSA patients that continued CPAP

treatment until Dec 31st 2015 or their death (CPAP continuators).

The follow-up time included the period between Jan 1st 2012 and

Dec 31st 2015. The present analysis did not include patients who

received CPAP treatment through private health services.

Propensity Score Matching

CPAP terminators were matched 1:3 with CPAP continuators

using the nearest neighbour propensity score matching method

based on age, sex, and baseline comorbidities including chronic

obstructive pulmonary disease (COPD), diabetes, chronic heart

failure, ischemic heart disease, high blood pressure, and chronic

renal failure. Propensity scores were estimated using a  generalized

linear model.

Variables and Data Collection

The current study is fully based on registry data provided by  the

Agency for Healthcare Quality and Evaluation of Catalonia (AQuAS

- PADRIS program), which is a public entity attached to the Depart-

ment of Health of the Government of Catalonia. CPAP prescriptions

were identified based on invoiced services. Baseline information

included age, gender, health region, date of CPAP prescription, and

comorbidities (ICD-9). Outcome variables included occurrence and

date of all-cause death and CV death (as coded using ICD-10 in  the

Catalan Statistical Bulletin of Death), CV hospitalizations, and major

adverse cardiovascular events (MACEs) defined as a  composite of

CV death and CV hospitalization.

Statistical Analysis

Participants’ baseline characteristics are  described by  mean (SD)

or number (%). Cox proportional hazards regression models were

used to estimate hazard ratios (HRs) and 95%  confidence intervals

for the association between CPAP treatment group and all-cause

mortality, CV mortality, CV hospitalization, or major CV events.

Models were adjusted by age, sex and baseline comorbidities (dia-

betes, chronic heart failure, COPD, high blood pressure, chronic

renal failure, and ischemic heart disease). Kaplan-Meier curves

were plotted to show the survival probability for the different out-

comes through the follow-up. Stratified analysis according to sex,

age (<70 or ≥70 years), baseline high blood pressure, and baseline

chronic heart failure or ischemic heart disease were performed.

Models including an interaction between CPAP treatment and sex

were used to  assess potential sex differences in  the association

between CPAP treatment and the outcomes. Similar models were

done for older age (<70 or ≥70 years), baseline high blood pressure,

and baseline chronic heart failure or ischemic heart disease. No

models could be  done for younger age (<40 or ≥40 years) due to  the

low number of events. The proportional hazards assumption was

satisfied in  all models. The statistical level of significance was fixed

at 0.05. All analyses were performed using R  statistical software,

version 4.2.2.

Ethics and Data Protection

The ethics committee of University Hospital Arnau de Vilanova

from Lleida (Catalonia) approved this study (2015, CEIC-1430).

Patient informed consent was  not required since all data were

anonymized. All data was handled in agreement with national and

international law.

Results

Up to 3,638 CPAP terminators and 44,996 CPAP continuators

were available in the 2011 Catalan registries provided by AQuAS.

Table E1, in the online data supplement, summarizes the propen-

sity score matching process, which included 48,634 observations.

Finally, 3,638 CPAP terminators and 10,914 propensity-score-

matched continuators were included in the current analyses.

Included subjects had a median age 67 (57–77) years and 71.4%

were male. The characteristics of the included patients are shown

in Table 1,  which also includes the outcome events recorded during

the median 47.9 months of follow-up. Statistically significant dif-

ferences were detected for all-cause death, CV  death, and MACEs,

but not for CV hospitalizations (p =  0.112).

Figure 1 shows the Kaplan-Meier curves and adjusted HR 95% CI,

of the survival probability for all-cause death, CV death, CV  hospital-

ization and MACEs through the follow-up, adjusted by age, sex and

baseline comorbidities (diabetes, chronic heart failure, COPD, high
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Table  1

Patients’ baseline characteristics and events during the follow-up according to CPAP termination or continuation.

CPAP terminators N = 3,638 CPAP continuators N = 10,914 p-value

Baseline characteristics

Age 66.5 (13.5) 66.4 (13.3) 0.949

Sex,  male 2,597 (71.4%) 7,796 (71.4%) 0.975

Chronic heart failure 413 (11.4%) 1,240 (11.4%) >0.999

Ischemic  heart disease 607 (16.7%) 1,805 (16.5%) 0.857

High  blood pressure 2,399 (65.9%) 7,209 (66.1%) 0.920

Chronic renal failure 315 (8.66%) 946 (8.67%) >0.999

COPD  743 (20.4%) 2,229 (20.4%) >0.999

Diabetes  1,174 (32.3%) 3,527 (32.3%) 0.976

Follow-up events

All-cause death 417 (11.5%) 781 (7.16%) < 0.001

CV  death 138 (3.79%) 267 (2.45%) < 0.001

CV  hospitalization 314 (8.63%) 850 (7.79%) 0.112

Major CV event 374 (10.3%) 977 (8.95%) 0.018

Mean (SD) or n (%). Follow-up from Jan 1st 2012 to Dec 31st 2015.

CPAP: continuous positive airway pressure; COPD: chronic obstructive pulmonary disease; CV: cardiovascular.

Figure 1. Kaplan-Meier curves and adjusted Hazard Ratios (HR) 95% CI, of the survival probability for All-cause death, Cardiovascular (CV) death, CV hospitalization and

Major  CV event through the follow-up. All  models are  adjusted for age, sex and baseline comorbidities (diabetes, chronic heart failure, COPD, high blood pressure, chronic

renal  failure, and ischemic heart disease). Number of subjects at risk at each time point are  reported under each plot.

blood pressure, chronic renal failure, and ischemic heart disease).

All scenarios showed a  statistically significant protective effect of

CPAP on the outcomes: all-cause death (hazard ratio [HR]: 0.59;

95% CI: 0.53–0.67), CV death (HR: 0.61; 95% CI: 0.50–0.75); CV hos-

pitalization (HR: 0.87; 95% CI:  0.76–0.99) and MACEs (HR: 0.84; 95%

CI: 0.75–0.95).

Stratified models for all-cause death and CV death according to

age (<70 or ≥70 years), sex, baseline high blood pressure (HBP), and

baseline chronic heart failure or ischemic heart disease (CHF/IHD)

are  shown in  Figure 2.  Although no statistically significant differ-

ences were found in any of the scenarios, a  higher protective effect

of CPAP on all-cause death was  suggested among patients with-

out baseline HBP; and lower protective effect of CPAP on CV death

was  suggested among patients without baseline CHF/IHD. These

results remained non-statistically-significant in models including

interaction terms (figure 3).
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Figure 2. Hazard ratios of stratified models for the effect of CPAP treatment on cardiovascular (CV) and all-cause death according to  age (<70 or ≥70 years), sex, baseline high

blood  pressure (HBP), and baseline chronic heart failure or ischemic heart disease (CHF/IHD). Models for age and sex are crude. Models for HBP and CHF/IHD are adjusted for

age  and sex.

Discussion

The longitudinal analysis of all OSA  patients terminating CPAP

treatment in Catalonia in  2011 and similar propensity-score-

matched CPAP continuators showed a significant protective effect

of CPAP on all-cause death, CV death, CV hospitalizations, and major

CV events during the period 2012-2015. No statistically significant

differences were found when stratifying by age, sex, baseline HBP,

and baseline CHF/IHD.

On the one hand, the current results are  in  contrast with the

primary results of the main randomized controlled trials assessing

the usefulness of CPAP for the secondary prevention of CV events in

OSA patients, which reported null results.6–8 Furthermore, a  meta-

analysis of RCTs on this issue by  Labarca et al. confirmed the null

results, and hinted that issues with study design and implemen-

tation, including potential biases, variations in CPAP adherence,

and study population characteristics, may  have weakened the

findings.17 Only when the results have been analysed in  terms of

having a good treatment adherence (thus resembling the majority

of CPAP users in  Catalonia), CPAP treatment has been associated

with reduced MACE recurrence.10 It is key to notice that patients

enrolled in RCTs may  not  be comparable to real-world patients,9

mostly due to tight inclusion and exclusion criteria and ethical con-

siderations on the need to  randomize patients to not  receiving CPAP

treatment. Therefore, the generalizability of RCT results may  be

limited, and alternative approaches such as observational designs

using propensity scores in  real-world patients, like in the current

analyses, could provide results with a higher external validity.13 In

contrast, RCTs do  avoid healthy adherer and healthy user biases (as

long as being analysed as intention to treat18), which may  affect

other study designs.19

On the other hand, the results are well-aligned with those of

real-world data studies involving large populations of CPAP-treated

OSA patients. In  this sense, the relationship between CPAP termina-

tion and all-cause mortality has already been demonstrated using

data from a French nationwide database,15 with CPAP continuation

being associated with reduced all-cause mortality (HR: 0.61; 95%

CI: 0.57–0.65), exactly in the same magnitude as reported in  the

current analyses (HR: 0.59; 95% CI: 0.53–0.67). Similarly, results of

a study on the effect of long-term CPAP use on mortality and mor-

bidity showed that it could reduce mortality and incidence of  type

II diabetes mellitus and CV disease.20 Although no similar approach

has tackled the association for CV death, CV hospitalizations or

major CV events, several real-world data studies have  assessed

whether CPAP adherence could reduce CV events. In 2022, Bailey

et al. reported that CPAP adherence could reduce the risk of 30-

day hospitalization readmission of hospitalized patients with OSA

and CVD.21 Similarly, real-life clinical data from the Pays de la Loire

Cohort, including more than five-thousand OSA patients, showed

that high PAP treatment adherence (6–7 h/night) and very high

adherence (>7 h/night) were associated with lower incidence of

major adverse CV events when compared to non-adherent patients

(0–4 h/night), HR: 0.75; 95% CI: 0.62–0.92, and HR: 0.78; 95% CI:

0.65–0.93, respectively.16

The current results did not show significant differences in the

relationship between CPAP and the studied outcomes according to

age, sex, baseline HBP, and baseline CHF/IHD. Results for HBP and

CHF/IHD imply that CPAP could have a  role in  both the primary

and secondary prevention of MACEs although we could only anal-

yse overall and CV mortality. Other real-world data analyses have

reported differences according to sex,16,22 or  previous CV disease,16

and could hint the existence of different OSA phenotypes which are

4
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Figure 3. Hazard ratios of the interaction terms for CPAP treatment and sex (men), age (≥70), baseline high blood pressure (HBP), and baseline chronic heart failure or

ischemic heart disease (CHF/IHD); in relation to  cardiovascular (CV) and all-cause death. Models for sex and age are crude. Models for HBP and CHF/IHD are adjusted for age

and  sex. Hazard ratios for the interaction terms with 95% confidence intervals crossing the  dashed vertical line indicate that the association between CPAP treatment and

CV/all-cause death was  not statistically different in the two categories of the stratified variable (i.e. age < 70 and ≥70 years).

not easily established in  large registry-based real-world data stud-

ies. Indeed, results from Hong Kong support a potential role for

OSA phenotypes on the association between CPAP treatment and

CV outcomes.23 In this sense, it would be desirable to enrich cur-

rent population-based registries with further variables that could

allow for better patient characterization. Overall, it seems plausible

that CPAP could potentially act in  a  primary prevention scenario,

where it could revert some underlying mechanisms when they are

still reversible or partially reversible; and, in  secondary prevention

scenarios, but most likely only in certain profiles of patients such

as those reported in the Hong Kong cohort.23

The link between OSA and CV  disease has been widely

recognized.2,24,25 Multiple studies have identified CPAP treatment

as effective in relation to different aspects of CV disease such as

blood pressure,26,27 echocardiographic parameters,28 left ventric-

ular function,29 or venous thromboembolisms,30 among others.

Therefore, the current and previous results from real world data

analyses have a  solid research evidence backing their plausibility.

The current results confirm that  overall, at the population level,

the continued use of CPAP is  associated with reduced CVD out-

comes. However, it cannot be inferred that all OSA patients would

benefit of an added CV protection by regularly using CPAP. Large

RCTs have shown that  their targeted participants do not  benefit

from CPAP treatment in terms of CV outcomes. Although we do

know that only up to  20% of real-world OSA patients meet eligibil-

ity criteria for RCTs,9 this proportion should not be underestimated.

Therefore, the need for adequate OSA patient characterization is

as important as ever, especially when trying to  understand which

patients could benefit the most of the CV  protection offered by

adequately treating OSA.31–33

The current study’s approach was  intended to circumvent the

restrictions imposed by randomized controlled settings, such as

stringent inclusion and exclusion criteria, or ethical considera-

tions surrounding the withholding of CPAP treatment from patients

in  the control group. The use of a large population-based public

dataset had two  main advantages. First, it ensured an accurate

picture of CPAP-treated OSA patients in  Catalonia, as all patients

prescribed with CPAP therapy through the Catalan Health System

in 2011 were considered for the propensity-score matching, thus

enhancing external validity. Second, and given the median follow-

up of 47.9 months, it allowed for a  sufficient number of  recorded

events. In contrast, several drawbacks should be noticed. First, the

limited number of available variables in  the public dataset did

not  allow controlling for potentially important confounding fac-

tors such as OSA severity (either in terms of AHI or other indices),

OSA  symptoms (sleepiness), adherence to CPAP treatment, the

level of systolic blood pressure, body mass index, tobacco expo-

sure, alcohol, physical activity, and the baseline severity of  each

comorbidity. In fact, comorbidity assessment was limited to  ICD-

9 codes, which could be a  source of bias on its own. Some of the

abovementioned shortcomings in  terms of available variables can

be partially overcome by population-based information from Cat-

alonia. For instance, official data provided by AQuAS states that

the overall CPAP compliance in Catalonia is high (>80% of treated

patients with >3  hours/night), which is in  line with historic data

showing that 80% of patients have a  compliance above 4 h/night

in the Health Region of Barcelona.34 Second, the results may be

affected to  a certain degree by healthy adherer or  healthy user

bias,19 which could not be tackled by the propensity score match-

ing as the study database did not have information on adherence

5
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to other treatments that could be used as a  surrogate. However, as

previously discussed, the results from the Pays de la Loire Cohort,

considering CV active drug adherence as a proxy of healthy adherer

effect, were very similar to those reported here in both direction

and magnitude of the associations.16 Third, the study database did

not include subjects who  were prescribed CPAP therapy from pri-

vate medical centres. However, in Catalonia, nearly 90% of complex

treatments, including CPAP therapy, are prescribed through the

public health system. Fourth, no information on the motivation for

CPAP termination was available. Potential biases related to this fac-

tor were mitigated by deciding to start the follow-up period in 2012,

so CPAP termination was not motivated by  a  worsening of health

status during the follow-up. Finally, the limited number of variables

available for propensity score matching could not suffice to rule

out potential residual confounding by known or  unknown factors,

such as socioeconomic status or level of health literacy and self-

care. Overall, the current manuscript presents results with a high

external validity, as this is  the very first population-based study on

this topic, but with a  higher potential risk of biases. Therefore, the

results should be interpreted cautiously and in  the light of the rest

of the literature.

In conclusion, the analysis of all OSA patients terminating

CPAP treatment in Catalonia during 2011, and similar propensity-

score-matched CPAP continuators, suggests that CPAP treatment

continuation could be associated with a  significantly lower risk

of all-cause death, CV death, CV  hospitalizations, and MACEs. The

results of other real-world studies added to  those reported here,

which are especially valuable given their population-based nature,

as well as those of RCTs when analysed in the light of good treat-

ment adherence suggest that CPAP treatment continuation and

adherence could lower the risk of CV events. Moreover, the com-

bined results of  RCTs and real-world studies suggests the existence

of different OSA patient phenotypes in  which CPAP treatment

would be differently associated to CV outcomes. Therefore, OSA

patient characterization either with new or conventional metrics

is as important as ever, especially when trying to understand which

patients could benefit the most of the CV protection offered by

adequately treating OSA.
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