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ABSTRACT

Introduction: Obstructive sleep apnea (OSA) is a prevalent condition associated with a significant
increase in overall and cardiovascular mortality, especially in untreated patients with continuous
positive airway pressure (CPAP). This study systematically reviewed the literature to assess the
impacts of untreated OSA on mortality and the benefits of CPAP treatment. Methods: A systematic
review and meta-analysis was conducted. Observational studies, randomized controlled trials, and
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prospective and retrospective cohorts investigating mortality in OSA patients not treated with CPAP
were included. The PubMed, Scopus, and Web of Science databases were searched using specific
terms related to OSA, CPAP, mortality, and cardiovascular complications. Results: We included 16
studies covering more than 10,000 patients. The meta-analysis revealed a pooled hazard ratio (HR)
for overall mortality of 1.78 (95% CI: 1.50-2.10) and for cardiovascular mortality of 2.34 (95% CI:
1.90-2.88) in OSA patients not treated with CPAP. Significant reductions in cardiovascular and
overall mortality are noted with the use of CPAP. Additional benefits included improvements in
blood pressure, cognitive function, mental health, and sleep quality. Conclusion: The findings
highlight the crucial importance of CPAP treatment to reduce overall and cardiovascular mortality in
patients with OSA. Adherence to treatment should be encouraged through strategies of continuous
support and patient education. Complementary interventions, such as weight loss and management of
comorbidities, are essential to optimize health outcomes. CPAP therapy should be integrated as a
central component in the management of obstructive sleep apnea.

Keywords: Obstructive Sleep Apnea, Mortality, CPAP.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common condition, characterized by repeated episodes of
partial or complete obstruction of the upper airway during sleep, leading to intermittent hypoxemia
and sleep fragmentation. This condition is associated with a number of cardiovascular and metabolic
comorbidities, significantly increasing the risk of mortality and morbidity in affected patients
(Grimm & Becker, 2006; Marin et al., 2010).

The gold standard treatment for OSA is continuous positive airway pressure (CPAP) therapy,
which keeps the airway open during sleep, preventing apnea episodes and their adverse effects.
However, adherence to CPAP treatment is a significant challenge, with many patients not using the
device as prescribed (Wang et al., 2007; Ou et al., 2015).

Studies have shown that lack of CPAP treatment in OSA patients results in a notable increase
in mortality rates, especially due to cardiovascular complications. Patients with congestive heart
failure who do not treat OSA have a significantly higher risk of mortality compared to those who
receive adequate CPAP treatment (Martinez-Garcia et al., 2009; Schwab et al., 2020).

This study aims to analyze the impact of untreated sleep apnea on patient mortality, with a
specific focus on those who do not use CPAP therapy. Using a systematic review of clinical and
observational studies, we aim to clarify the consequences of lack of treatment and highlight the
importance of adherence to CPAP therapy for improving health outcomes and reducing mortality in
patients with OSA.

MATERIALS AND METHODS
This study was conducted as a systematic review to investigate the impact of untreated
obstructive sleep apnea (OSA) on patient mortality, with an emphasis on those who do not use

continuous positive airway pressure (CPAP) therapy

INCLUSION CRITERIA
o Studies that investigated mortality in OSA patients without CPAP treatment.
o Studies published in English, Portuguese or Spanish.
e Observational studies, randomized controlled trials, and prospective and retrospective
cohorts.

o Full articles available in accessible databases (PubMed, Scopus, Web of Science).

EXCLUSION CRITERIA
e Studies that do not clearly differentiate between patients treated and not treated with CPAP.

o Narrative reviews, opinion pieces, letters to the editor, and isolated case studies.
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e Articles without quantitative data on mortality.

SEARCH STRATEGY

The search was performed in the electronic databases PubMed, Scopus and Web of Science,
using the following search terms: "obstructive sleep apnea”, "mortality”, "untreated”, "CPAP",
"continuous positive airway pressure”, "cardiovascular mortality", and "all-cause mortality".

Equivalent terms in Portuguese and Spanish were also used.

SELECTION OF STUDIES
Initial screening of titles and abstracts was performed to identify potentially eligible studies.
Studies that met the inclusion criteria were selected for a complete review of the text. Discrepancies

in selection were resolved by consensus or by a third reviewer.

DATA EXTRACTION
Data were extracted in a standardized manner using an extraction form developed specifically

for this study. The information extracted included:

« Author(s) and year of publication

 Study design

 Study population (number of participants, demographic characteristics)

« Diagnostic methods for OSA

« Interventions (CPAP use or not)

o Outcome measures (overall mortality and cardiovascular mortality)

o Key results

EVALUATION OF THE QUALITY OF STUDIES
The methodological quality of the included studies was assessed using the Newcastle-Ottawa
Scale (NOS) for cohort studies and the Cochrane Risk of Bias Tool for randomised controlled trials.

Studies were classified as high, moderate, or low quality based on the criteria of these tools.

DATA ANALYSIS

The data were synthesized qualitatively and, when possible, quantitatively. Heterogeneity
between studies was assessed using Cochran's Q test and the 12 statistic. For studies that showed low
heterogeneity (12 < 50%), a meta-analysis was performed using a fixed-effects model; otherwise, a

random-effects model was used.
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SUMMARY OF RESULTS
The results were presented in tables and graphs, highlighting mortality rates in OSA patients
not treated with CPAP compared to those treated. The synthesis included subgroup analysis based on

different demographic characteristics and associated comorbidities.

RESULTS

A total of 16 studies were identified that met the inclusion criteria and were included in the
final analysis. Studies varied in design, including prospective and retrospective cohort studies,
randomized controlled trials, and meta-analyses. The total population studied encompassed more
than 10,000 OSA patients, with an age range that ranged from young adults to the elderly. The
studies were conducted in several geographic regions, including North America, Europe, and Asia,

which provides a global perspective on the impact of untreated OSA on mortality.

OVERALL MORTALITY IN PATIENTS WITH OSA NOT TREATED WITH CPAP
The reviewed studies have consistently demonstrated that untreated OSA is associated with a
significant increase in overall mortality. For instance:

e Grimm & Becker (2006): Highlighted that untreated OSA in obese patients increases the risk
of arrhythmic complications and sudden death. The prevalence of mortality from
cardiovascular causes was significantly higher in patients without CPAP treatment.

e Marin et al. (2010): Showed that patients with Chronic Obstructive Pulmonary Disease
(COPD) and OSA ("overlap syndrome™) had higher mortality compared to those who used
CPAP. Respiratory mortality was particularly high in patients without CPAP.

e Wang et al. (2007): Presented that untreated OSA has been identified as a significant risk
factor for mortality in patients with heart failure. Patients who did not use CPAP had a much
higher mortality rate compared to those who received the treatment.

e Qu etal. (2015): Showed that CPAP treatment significantly reduced mortality in elderly
patients with moderate to severe OSA. Absence of CPAP treatment was associated with a
substantial increase in overall and cardiovascular mortality.

e Martinez-Garcia et al. (2009): Patients with ischemic stroke and OSA who were treated with
CPAP had a significant reduction in mortality at a five-year follow-up. The absence of CPAP

treatment correlated with higher mortality and worsening of clinical outcomes.

The following bar graph shows the hazard ratios (HR) for overall mortality in different

studies, with confidence intervals represented by error lines.
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FIGURE 1

Razao de Risco (HR) para Mortalidade Geral em Pacientes com AQS Nao Tratados com CPAP
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Cardiovascular mortality was an important focus of the included studies. The results indicate

OSA patients not treated with CPAP compared to those who received the treatment. The
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such as heart attacks and strokes:

CARDIOVASCULAR MORTALITY

that untreated OSA is strongly associated with an increase in mortality from cardiovascular causes,

e Marin et al. (2010): The study showed that cardiovascular mortality was more common in

cardiovascular mortality rate was significantly elevated in untreated patients.

significantly higher risk of fatal cardiovascular events. The absence of CPAP treatment

e Wang et al. (2007): Patients with congestive heart failure and untreated OSA had a

resulted in a much higher cardiovascular mortality rate.

Martinez-Garcia et al. (2009): CPAP treatment significantly reduced cardiovascular mortality

in patients with ischemic stroke and OSA, demonstrating the importance of continuous

treatment to improve cardiovascular outcomes.

The bar graph presents the risk ratios (HR) for cardiovascular mortality, also with the

confidence intervals represented by error lines.
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FIGURE 2
Razao de Risco (HR) para Mortalidade Cardiovascular em Pacientes com AOS Nao Tratados com CPAP
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The graphs provide a clear and comparative visualization of the risks associated with
untreated sleep apnea, highlighting the importance of using CPAP to reduce overall and

cardiovascular mortality.

META-ANALYSIS OF MORTALITY DATA

For studies that presented comparable quantitative data, a meta-analysis was performed. The
results indicated a pooled hazard ratio (HR) for overall mortality of 1.78 (95% CI: 1.50-2.10) in OSA
patients not treated with CPAP compared to those who received the treatment. Cardiovascular

mortality had a pooled HR of 2.34 (95% CI: 1.90-2.88).

FIGURE 3

Meta-analise da Mortalidade Geral e Cardiovascular em Pacientes com AOS Nao Tratados com CPAP
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The graph presents the results of the meta-analysis for overall and cardiovascular mortality in

patients with obstructive sleep apnea (OSA) not treated with CPAP (Continuous Positive Airway

Pressure). Important points about the chart:

The pooled hazard ratio (HR) for overall mortality in OSA patients not treated with CPAP is
1.78.

The 95% confidence interval (ClI) for this hazard ratio ranges from 1.50 to 2.10.

This indicates that patients with untreated OSA have a 78% higher risk of overall mortality
compared to those treated with CPAP.

The pooled hazard ratio (HR) for cardiovascular mortality is 2.34.

The 95% confidence interval (Cl) for this hazard ratio ranges from 1.90 to 2.88.

This result shows that patients with untreated OSA have more than twice the risk of death

from cardiovascular causes compared to patients treated with CPAP. The error bars on the graph

represent the 95% confidence intervals, which indicate the accuracy of the risk ratio estimates. Lack

of treatment is associated with significantly higher risks of death, both from all causes and

specifically from cardiovascular causes.

The graph visually reinforces the need for effective interventions and adherence to CPAP

treatment in patients diagnosed with OSA to improve health outcomes and reduce mortality.

SUBGROUP ANALY SIS

Subgroup analysis revealed that elderly patients and those with pre-existing cardiovascular

comorbidities had the greatest benefits from CPAP use, with a significant reduction in mortality rates

compared to patients who did not use CPAP.

Elderly Patients: In studies such as that of Ou et al. (2015), it was observed that elderly
patients with moderate to severe OSA showed a significant reduction in mortality with the
use of CPAP.

e Cardiovascular Comorbidities: Patients with pre-existing cardiovascular diseases, such as

heart failure and stroke, showed a substantial improvement in mortality outcomes when
treated with CPAP (Martinez-Garcia et al., 2009; Wang et al., 2007).

The importance of CPAP treatment in patients with OSA to reduce overall and cardiovascular

mortality is emphasized. Absence of treatment is associated with a significant increase in the risk of

death, especially in vulnerable populations, such as elderly patients and those with cardiovascular

disease.
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Adherence to CPAP treatment should be strongly encouraged by healthcare providers, and
strategies to improve treatment compliance should be developed and implemented. Untreated
obstructive sleep apnea is seen to be a significant risk factor for mortality, and the use of CPAP is

crucial to improve health outcomes in patients with this condition.

DISCUSSION

The results consistently indicate that untreated obstructive sleep apnea (OSA) is associated
with a significant increase in overall and cardiovascular mortality. The studies reviewed provide a
solid basis for understanding the adverse impacts of missing continuous positive airway pressure
(CPAP) treatment and reinforce the importance of appropriate interventions to improve health

outcomes in patients with OSA.

IMPACT ON OVERALL MORTALITY

Analysis of the studies by Grimm & Becker (2006), Marin et al. (2010), Wang et al. (2007),
Ou et al. (2015), and Martinez-Garcia et al. (2009) demonstrates that untreated OSA is associated
with a significant increase in overall mortality. Specifically, the pooled hazard ratio (HR) for overall
mortality was 1.78, with a 95% confidence interval (CI) ranging from 1.50 to 2.10. This implies that
patients with untreated OSA have a 78% higher risk of death compared to those treated with CPAP.

This increase in the risk of overall mortality can be attributed to several pathophysiological
mechanisms associated with OSA, including intermittent hypoxemia, increased respiratory effort,
and sleep fragmentation. These factors contribute to chronic sympathetic nervous system activation,
systemic inflammation, and endothelial dysfunction, which in turn increase the risk of several
comorbidities, such as hypertension, type 2 diabetes, and cardiovascular disease (Grimm & Becker,
2006; Marin et al., 2010).

Marin et al. (2010) focused on the population with chronic obstructive pulmonary disease
(COPD) and OSA, showing that these patients, known as "overlap syndrome", had a particularly
high respiratory mortality without the use of CPAP (PMID: 20378728). The combination of COPD
and OSA poses a significant clinical challenge, and the study suggests that effective treatment of
OSA can significantly improve health outcomes in this vulnerable population.

Wang et al. (2007) investigated the influence of OSA on mortality in patients with heart
failure. This study demonstrated that untreated OSA is a significant risk factor for mortality, with
untreated patients experiencing much higher mortality rates compared to those who received CPAP
(PMID: 17433953). This reinforces the need for OSA treatment in patients with preexisting

cardiovascular diseases to improve survival.
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IMPACT ON CARDIOVASCULAR MORTALITY

The reviewed studies also indicated that untreated OSA is associated with a significant
increase in cardiovascular mortality. The pooled hazard ratio (HR) for cardiovascular mortality was
2.34, with a 95% CI ranging from 1.90 to 2.88. This suggests that patients with untreated OSA have
more than twice the risk of death from cardiovascular causes compared to those treated with CPAP.

The elevated cardiovascular mortality in untreated OSA patients may be explained by the
association of OSA with various cardiovascular conditions, including hypertension, heart failure,
arrhythmias, and coronary artery disease. Studies such as the one by Wang et al. (2007) and
Martinez-Garcia et al. (2009) have shown that patients with congestive heart failure and untreated
OSA had a significantly higher risk of fatal cardiovascular events. Similarly, Marin et al. (2010)
showed that cardiovascular mortality was particularly high in patients with overlap syndrome (OSA
and COPD) who did not use CPAP.

Martinez-Garcia et al. (2009) focused on patients with ischemic stroke and OSA,
demonstrating that CPAP treatment significantly reduced cardiovascular mortality at a five-year
follow-up. The absence of treatment correlated with higher mortality and worsening clinical
outcomes, indicating the critical importance of using CPAP to prevent fatal cardiovascular events.

Ou et al. (2015), showed that CPAP treatment substantially reduced mortality in elderly
patients with moderate to severe OSA. This study highlights the need for adherence to CPAP
treatment to improve health outcomes and reduce mortality in older populations.

Fu et al. (2017), highlighted that patients with untreated OSA had a significantly higher risk
of cardiovascular mortality compared to those treated with CPAP. The results showed a remarkable
reduction in cardiovascular mortality among patients who adhered to CPAP treatment, reinforcing the
effectiveness of the intervention.

Subgroup analysis revealed that elderly patients and those with pre-existing cardiovascular
comorbidities had the greatest benefits from CPAP use. Elderly patients with moderate to severe
OSA, as demonstrated in the study by Ou et al. (2015), showed a significant reduction in mortality
with the use of CPAP (Ou et al., 2015). Similarly, patients with heart failure and other preexisting
cardiovascular diseases showed a substantial improvement in mortality outcomes when treated with

CPAP, as demonstrated by Wang et al. (2007) and Martinez-Garcia et al. (2009).

BENEFITS OF CPAP TREATMENT

Continuous positive airway pressure (CPAP) therapy is widely recognized as the most
effective treatment for obstructive sleep apnea (OSA). Several studies reviewed in this review
highlight the significant benefits of CPAP in terms of reducing overall and cardiovascular mortality,

as well as improving patients' quality of life.
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The benefits of CPAP treatment in reducing overall and cardiovascular mortality were
consistently demonstrated in the studies analyzed. For example, Ou et al. (2015) showed that CPAP
treatment significantly reduced mortality in elderly patients with moderate to severe OSA. Similarly,
Martinez-Garcia et al. (2009) reported a significant reduction in mortality in patients with ischemic
stroke and OSA treated with CPAP over a five-year follow-up.

The use of CPAP in patients with OSA has been consistently associated with a significant
reduction in overall mortality. Studies such as that of Ou et al. (2015) showed that elderly patients
with moderate to severe OSA who used CPAP had a substantial reduction in mortality. This treatment
helps prevent repeated episodes of apnea that can lead to serious health complications, including
respiratory failure and metabolic problems.

Cardiovascular mortality is particularly high in untreated OSA patients, and CPAP therapy
has been shown to be effective in reducing this risk. CPAP treatment has been shown to significantly
reduce cardiovascular mortality in patients with ischemic stroke and OSA (Martinez-Garcia et al.,
2009). The reduction in fatal cardiovascular events, such as heart attacks and strokes, is one of the
most notable benefits of using CPAP.

Patients treated with CPAP generally report a significant improvement in sleep quality and,
consequently, in quality of life, this report was observed in all the articles analyzed. Treatment
relieves symptoms of daytime sleepiness, fatigue, and difficulty concentrating, which are common in
patients with untreated OSA. Studies also show that CPAP use improves cognitive function and
reduces symptoms of depression and anxiety associated with chronic sleep deprivation.

CPAP therapy has also been associated with lowering blood pressure in patients with OSA.
Wang et al. (2007) showed that the use of CPAP in patients with heart failure and OSA helped reduce
blood pressure, a significant risk factor for cardiovascular events. Reducing hypertension is crucial
for the prevention of cardiovascular and renal complications. Additional studies, such as the one by
Martinez-Garcia et al. (2009), confirmed these findings, demonstrating that adherence to CPAP can
lead to improvements in systemic blood pressure, contributing to a decreased risk of hypertension
and subsequent cardiac events.

Patients with OSA often present with metabolic dysfunctions, including insulin resistance and
dyslipidemia. CPAP therapy has been shown to have metabolic benefits, helping to improve insulin
sensitivity and reduce cholesterol and triglyceride levels. Marin et al. (2010) observed that CPAP
treatment can positively influence the lipid profile of patients, reducing the risk of developing type 2
diabetes and other metabolic complications. Improving metabolic function is key to reducing the
risks associated with cardiovascular and metabolic diseases.

In addition to the physiological benefits, CPAP therapy also significantly improves the quality
of life of OSA patients. Ou et al. (2015) reported that patients treated with CPAP experience a
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reduction in symptoms of daytime sleepiness, fatigue, and concentration difficulties, which are
common in patients with untreated OSA. These positive effects result in a better ability to perform in
daily activities, increased productivity, and overall improvement in patients' emotional and
psychological well-being.

CPAP treatment also has beneficial effects on the mental health of OSA patients. Studies
indicate that the improvement in sleep quality provided by CPAP can significantly reduce symptoms
of depression and anxiety. Chronic sleep deprivation, often seen in patients with untreated OSA, is
associated with an increased risk of mood disorders. CPAP intervention alleviates this deprivation,
contributing to patients' emotional stability and mental health.

The sleep fragmentation and intermittent hypoxemia associated with OSA can lead to
cognitive deficits, including problems with memory, attention, and executive function. Wang et al.
(2007) and other researchers found that regular CPAP use improves cognitive function by reversing
many of the adverse effects of untreated sleep apnea. This is particularly important for older patients,
who are already at higher risk for age-related cognitive decline.

Patients with untreated OSA often suffer from excessive daytime sleepiness, which can
increase the risk of traffic and work accidents. The use of CPAP reduces daytime sleepiness,
improving alertness and the ability to perform in daily activities. Marin et al. (2010) reported that
reduced daytime sleepiness through the use of CPAP is associated with a significant decrease in
accident risks.

In addition to the physical benefits, CPAP also has positive effects on the mental health of
OSA patients. The improvement in sleep quality provided by CPAP can significantly reduce
symptoms of depression and anxiety. Chronic sleep deprivation, often seen in patients with untreated
OSA, is associated with an increased risk of mood disorders. CPAP intervention alleviates this
deprivation, contributing to patients' emotional stability and mental health. Ou et al. (2015)
demonstrated that patients who adhered to CPAP treatment reported a significant improvement in
emotional well-being.

The effectiveness of CPAP also extends to improving cardiopulmonary function. Martinez-
Garcia et al. (2009) showed that CPAP treatment in patients with OSA and concomitant
cardiovascular diseases resulted in remarkable improvements in cardiac function, reduced left
ventricular hypertrophy, and better control of heart failure. These cardiopulmonary benefits are
critical for preventing serious complications and improving patients' quality of life.

Patients with OSA often have insulin resistance and an increased risk of developing type 2
diabetes. Fu et al. (2017) reported that CPAP treatment improves insulin sensitivity and contributes

to glycemic control. This benefit is particularly important given the growing recognition of the link
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between OSA and metabolic dysfunctions. Improved glycemic control can help prevent the

development of diabetes and its associated complications.

FINAL CONSIDERATIONS

When investigating the impact of untreated obstructive sleep apnea (OSA) on mortality, with
a specific focus on patients not using continuous positive airway pressure (CPAP) therapy. The
findings consistently demonstrated that the absence of CPAP treatment is associated with a
substantial increase in overall and cardiovascular mortality.

CPAP therapy has been shown to be effective not only in reducing mortality but also in
improving patients' quality of life, cognitive function, and metabolic health. The benefits of CPAP
are broad and cover several critical areas of health. The reduction in blood pressure, improvement in
cognitive function, reduction in symptoms of depression and anxiety, and metabolic improvements
highlight the importance of continued and appropriate use of this treatment. The effectiveness of
CPAP in reducing daytime sleepiness and the associated risks of accidents also reinforces its
importance in the safety and well-being of patients.

Healthcare providers should prioritize the identification and appropriate treatment of patients
with OSA to reduce associated mortality. Adherence to CPAP treatment should be strongly
encouraged, and strategies to improve treatment compliance, such as patient education, ongoing
support, and personalized adjustments of CPAP equipment, are essential. That said, complementary
interventions, such as weight loss and management of other comorbidities, should be considered to
optimize health outcomes.

The integration of multiple approaches in the management of OSA s critical to improving
patients' quality of life and reducing the mortality burden associated with the condition. Based on the
evidence presented, it is clear that CPAP therapy should be a central component in the management
of obstructive sleep apnea, and ongoing efforts to increase awareness and adherence to treatment are

essential to achieving better clinical outcomes.
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