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ABSTRACT

Background: Sleep disorders (SD) comprise various clinical
conditions that can negatively interfere with organs and
physiological systems, especially the cardiovascular system.
Objective: To synthesize the clinical evidence on the association
between SD and acute myocardial infarction (AMI). Design and
Settings: This is an overview conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses reporting standards, using population, intervention,
comparison, and outcome (PICO) strategies. Methods: This
is an overview of systematic reviews conducted on the IBECS,
WPRIM, LILACS, BDNPAR, BINACIS, CUMED, EMBASE, PubMed
and Cochrane Review databases. The studies were searched in
databases based on eligibility criteria for systematic reviews,
addressing sleep disorders and ischemic events, published up
to September 2024. This study has been registered with the Open
Science Framework under the domain osfio/gvsyu/. Results: 5 SRs
met the inclusion criteria, involving 16,561 participants. There is
a significant correlation between patients previously diagnosed
with coronary artery disease and the influence of obstructive
sleep apnea (OSA) on worsening the clinical picture, which may
be one of the reasons for instability and may act as a trigger for
nocturnal myocardial ischemia. Systematic reviews indicate a
significant association between OSA and cardiovascular events.
Conclusion: Patients with OSA and acute coronary syndrome
have a higher rate of restenosis after percutaneous coronary
intervention, which may suggest that OSA contributes as a

Introducao: Os distirbios do sono (DS) compreendem vdrias
condicoes clinicas que podem interferir negativamente em 6rgédos
e sistemas fisioldgicos, especialmente o sistema cardiovascular.
Objetivo: Sintetizar as evidéncias clinicas sobre a associacio
entre DS e infarto agudo do miocérdio (IAM). Métodos: Esta é
uma viséo geral conduzida de acordo com os Itens de Relatdrio
Preferenciais para Padroes de Relatérios de Revisoes Sistematicas
e Meta-Analises, usando estratégias de populacdo, intervencao,
comparacdo e resultado (PICO). Métodos: Esta é uma visdo
geral de revisoes sistematicas conduzidas nas bases de dados
IBECS, WPRIM, LILACS, BDNPAR, BINACIS, CUMED, EMBASE,
PubMed e Cochrane Review. Os estudos foram pesquisados
em bases de dados com base em critérios de elegibilidade para
revisoes sistematicas, abordando disttirbios do sono e eventos
isquémicos, publicados até setembro de 2024. Este estudo foi
registrado no Open Science Framework sob o dominio osf.io/
gvsyu/. Resultados: 5 RS preencheram os critérios de inclusao,
envolvendo 16.561 participantes. H4 uma correlacdo significativa
entre pacientes previamente diagnosticados com doenca arterial
corondria e a influéncia da apneia obstrutiva do sono (AOS) na
piora do quadro clinico, o que pode ser uma das razdes para a
instabilidade e pode atuar como um gatilho para isquemia
miocérdica noturna. Revisoes sistemdticas indicam uma asso-
ciacdo significativa entre AOS e eventos cardiovasculares. Con-
clusio: Pacientes com AOS e sindrome coronariana aguda
tém uma taxa maior de reestenose apds interven¢ao coronaria
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pathophysiological worsening mechanism for these patients.
Futhermore, no systematic review has demonstrated strong
evidence for the use of CPAP in patients with OSA in cardiac
ischemic events. Mesh Terms. Sleep. Sleep Medicina Specialty.
Sleep Apnea Syndromes. Myocardial Ischemia.

Keywords: Sleep Disorders. Acute Myocardial Infarction. Quality
of life. Sleep-Wake Disorders.

INTRODUCTION

Sleep disorders (SD) comprise various clinical
conditions that can negatively interfere with organs
and physiological systems, especially the cardiovascular
system. The consequences vary and are not limited to
the impaired sleep phase; they also affect wakefulness,
compromise quality of life, and contribute to the onset
of various diseases'.

Despite the growing recognition that respiratory
disorders, particularly obstructive sleep apnea (OSA),
are relatively common conditions, their incidence
has increased. When associated with cardiovascular
diseases, OSA ranges from 30 to 56% in people with
systemic arterial hypertension and 38 to 87% in people
with coronary artery disease. In addition, it is estimated
that the prevalence in patients with atrial fibrillation
ranges from 32 to 82%°.

Although the association between sleep disorders
and cardiovascular alterations is still controversial,
there is a need to study the ability of these disorders
to predict cardiovascular events, especially acute
myocardial infarction (AMI). Results suggest that
intermittent hypoxia could function as a protective
factor for ischemic events. This phenomenon has been
observed in apneic patients who developed less severe
heart damage than patients without OSA after an
AMI'3,

To date, randomized clinical trials (RCTs) and
observational studies have investigated the correlation
betweensleep disorders and acute myocardial infarction;
however, the body of evidence has never summarized
the primary clinical and epidemiological evidence. This
overview of systematic reviews (SRs) aims to synthesize
the primary clinical evidence on the association between
these two conditions, facilitating decision-making and
promoting evidence-based practice in sleep medicine
and cardiology.
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percutanea, o que pode sugerir que a AOS contribui como
um mecanismo de piora fisiopatolégica para esses pacientes.
Além disso, nenhuma revisao sistematica demonstrou fortes
evidéncias para o uso de CPAP em pacientes com AOS em eventos
isquémicos cardiacos. Descritores DeCS: Sono. Especialidade
em medicina do sono. Sindromes de apneia do sono. Isquemia
miocardica

Descritores: Disturbios do sono. Infarto agudo do miocardio.
Qualidade de vida. Distirbios do sono-vigilia.

METHODOLOGY

Type of study

This is an overview of a systematic review
conducted according to the methods described in the
Cochrane Handbook for Systematic Reviews. The review
was completed following the Brazilian Guidelines
on Systematic Reviews. The stages were drafting the
research question, defining the inclusion criteria,
locating and selecting the SRs, extracting the data,
assessing the quality and risk of bias of the SRs included,
and analyzing and presenting the results®.

This overview was prepared according to the
recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA). The
study protocol was then submitted to the Open Science
Framework under the osf.io/gvsyu/ domain.

To carry out the research, the Population, Inter-
vention, Comparison, Outcome, and Type of Study
(PICOS) strategy was used, where a) Population (Pa-
tients with a diagnosis of sleep disorder and acute myo-
cardial infarction); b) Intervention (any intervention or
combination of interventions that helps with quality
of life and improves the prognosis for patients with SD
and AMI); ¢) Comparison (any other intervention or no
intervention); d) Outcome (worsening of the clinical
condition of AMI in untreated individuals with SD);
e) Types of study (systematic review of randomized
controlled clinical trials, quasi-randomized or cluster-
randomized, with no time cut-off). Thus, the following
guiding question was defined: “What is the evidence
from systematic reviews about the association between
sleep disorders and acute myocardial infarction,
compared to each other or no intervention, in the adult
population?”.

Inclusion and exclusion criteria
Cochrane SRs and non-Cochrane SRs that met
the criteria were included: SRs of randomized, quasi-
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randomized, or cluster-randomized controlled clinical
trials of any intervention involving patients over 18
years of age who have a diagnosis of any sleep disorder
(central apnea, mixed apnea, obstructive sleep apnea,
and hypopnea) and who have developed some ischemic
cardiac involvement.

Studies that discussed, in addition to the outcome of
interest, the association of SD with AMI, such as clinical
condition, new cardiovascular events, and worsening
quality of life, were also included and presented. There
were no restrictions on language, year of publication,
or place of clinical care. We excluded SRs that did not
address the topic described, as well as preprints and
productions titled as SRs without methodological rigor.

Location and selection

The electronic search was conducted in July 2024
for all the databases consulted. Among the databases
used were those associated with the Virtual Health
Library such as Indice Bibliografico Espafiol en Ciencias
de la Salud (IBECS), Index Medicus para el Pacifico
Occidental (WPRIM), Literatura Latino-Americana
y Caribe en Ciencias de la Salud (LILACS), Base de
Datos Nacional del Paraguay (BDNPAR), Bibliografia
Nacional en Ciencias de la Salud Argentina (BINACIS),
Centro Nacional de Informacién de Ciencias Médicas
(CUMED). Searches were also conducted in Cochrane
Review, Excerpta Medica Database (EMBASE), and
Medical Literature Analysis and Retrieval System Online
(MEDLINE/PUBMED).

The search strategies were meticulously crafted,
utilizing the official terms and their synonyms from
the Medical Subject Headings (MESH) and the Embase
Subject Headings (EMTREE). Repositories and websites
of SR registries were also consulted on the PROSPERO
platform. Chart 1 shows the search strategy adopted in
PubMed and Embase, adapted for the other analyzed
databases.

Two reviewers selected The SRs independently
based on the inclusion/exclusion criteria previously
established. The same pair of reviewers took part in
reading the titles and abstracts and the full texts. In
both selection stages, disagreements were discussed by
a third reviewer.

Data collection

For data extraction, the authors’ pre-defined
instrument was used. This instrument included data
regarding the review’s identification, authors, objectives,
intervention studied, inclusion and exclusion criteria,
number of populations included, number of Randomized
Clinical Trials (RCTs) included, number of Observational
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Studies included, results reported, and how the risk of
bias/methodological quality was assessed.

Evaluation of methodological quality

In addition, the AMSTAR-2 (Assessment of Multiple
Systematic Reviews) instrument was used to assess the
methodological quality of systematic reviews®. AMSTAR
2 uses a classification system based on seven critical
and nine non-critical domains. In this way, it assesses
overall quality based on performance in the crucial and
non-critical domains, assigning different weights in the
classification rules. Two independent reviewers made
reliability judgments independently and duplicated
for each review sample. Discrepancies were defined by
consensus or recourse to a third author.

Chart 1. PubMed and Embase database search strategy - Rio de
Janeiro, RJ. Brazil, 2024.

Database
PubMed

Search strategy

((((((Sleep Apnea, Obstructive) OR (Sleep
Apnea Syndromes)) OR (Sleep Apnea,
Central)) AND (myocardial infarction)) OR
(ST Elevation Myocardial Infarction)) OR
(Non-ST Elevated Myocardial Infarction))
OR (Anterior Wall Myocardial Infarction)

((‘obstructive sleep apnea’’exp OR
‘obstructive sleep apnea’ OR (obstructive
AND (‘sleep’/exp OR sleep) AND
(‘apnea’’exp OR apnea)) OR ‘sleep
apnea syndromes’/exp OR ‘sleep apnea
syndromes’ OR ((‘sleep’/exp OR sleep)
AND (‘apnea’/exp OR apnea) AND
syndromes) OR ‘central sleep apnea
syndrome’/exp OR ‘central sleep apnea
syndrome’ OR ((‘central’’exp OR central)
AND (‘sleep’/exp OR sleep) AND (‘apnea’/
exp OR apnea) AND (‘syndrome’/exp
OR syndrome))) AND (‘heart infarction’/
exp OR ‘heart infarction’” OR ((‘heart’/
exp OR heart) AND (‘infarction’’exp OR
infarction))) OR ‘st segment elevation
myocardial infarction’/exp OR ‘st segment
elevation myocardial infarction’ OR ((‘st’/
exp OR st) AND segment AND (‘elevation’/
exp OR elevation) AND myocardial AND
(‘infarction’/exp OR infarction)) OR
‘non st segment elevation myocardial
infarction’’exp OR ‘non st segment
elevation myocardial infarction” OR
(non AND (‘st’/exp OR st) AND segment
AND (‘elevation’’exp OR elevation) AND
myocardial AND (‘infarction’/exp OR
infarction)) OR ‘anterior myocardial
infarction’/exp OR ‘anterior myocardial
infarction’ OR (anterior AND myocardial
AND (‘infarction’/exp OR infarction))) AND
[systematic review]/lim

Embase

Source: Authorial.
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The assessment domains include 1) research ques-
tions and inclusion criteria for the review including the
PICO components; 2) a priori design; 3) justifications
for selecting the study design; 4) search strategies; 5)
duplicate study selection;6) extraction of duplicate
data;7) reference to excluded studies; 8) characteristics
of the included studies; 9) technique for assessing the
risk of bias of the included studies; 10) reporting of the
source of funding for the included studies; 11) methods
for analyzing results; 12) evaluation of the impact of
the risk of bias on the results of the meta-analysis; 13)
consideration of the risk of bias in the interpretation and
discussion of the results; 14) discussion and explanation
of heterogeneity; 15) investigation of publication bias;
16) reporting of the conflict of interest of the authors of
the review.

Domains 1, 4, 7, 9, 11, 13, and 15 are considered
critical by the AMSTAR-2 tool. Each domain was assessed
by two independent authors, who classified each item as
entirely adequate (“yes”), partially adequate (“partially
yes”), inadequate (“no”), or not applicable. After all the
evaluations, the AMSTAR-2 platform was used to assess
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overall confidence in the results, following the checklist
available on the AMSTAR-2 website (http://amstar.
ca/Amstar_Checklist.php). According to AMSTAR-2
recommendations, overall confidence in the results
was classified into four categories: critically low, low,
moderate, and high.

In addition, the risk of bias assessments will not be
repeated or updated; the assessment contained in the
included systematic reviews will be reported.

RESULTS

Identification and selection of studies

The review brought together 846 studies using the
search strategy used in the databases. Notably, 119 were
found to be repeated in more than one source and were
therefore excluded. After selection, 5 systematic reviews
met the inclusion criteria, totaling 37 randomized
clinical trials, 15 cohort studies, and 1 review. The total
number of participants in the study was 16,561. Figure
1 below shows the selection process according to the
PRISMA protocol.

c
2
3 Identified registers by searching the
= database
'é (N= 846)
=
)
0
= Studies removed for duplication
g (N=119)
]
l
R _— lyzed ding to title
Studies excluded by title
(N=727) [
(N=321)
z
:3
=
m
S— Studies analyzed according to Studies excluded by abstract
b t and full reading > and full reading
(N=406) (N=401)
Studies included in the review
(N=5)

Figure 1. Article selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis.

Source: Authorial (2024).
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Methodological evaluation of the studies

Table 1 shows the results of the judgments of the
AMSTAR-2 items. Overall confidence in the results of
the included SRs was classified as high at 60% (3/5) and
moderate at 40% (2/5).

Characteristics of the included reviews

Data analysis reveals that the year with the highest
prevalence of publications was 2018 (n=2/40%), followed
by 2020, 2021, and 2022, with one publication in the
following years. In addition, the country of origin of the
publications was China (n=3/60%), followed by Chile
(n=1/20%) and Brazil (n=1/20%).

Of the five studies evaluated, 3, SR 2, SR 3, and SR
4 (60%) included RCTs*"%, considered the gold standard
in clinical research. SR 1 and SR 5, on the other hand,
focused solely on cohort studies (n=2/30%)'°.

The central theme of the five reviews was con-
vergence about the association of sleep disorders with
cardiovascular events. It was noted that in some patients
with OSA, myocardial damage occurs in subclinical
form. Only SR 5% focused primarily on the association
between OSA and MI; the other reviews assessed MI
as a secondary event. Only SR 37 and SR 4® aimed to
evaluate Continuous Positive Airway Pressure (CPAP) as
a protective factor for cardiovascular events.

The same two reviews, SR 27 and SR 45, discussed
that using CPAP, compared to usual care, is associated
with reduced risks of cardiovascular outcomes or death
in patients with OSA and coronary artery disease and
that it is possible to improve cardiovascular outcomes.
SR 1° was the only review to address the percutaneous
coronary intervention procedure for patients with AMI
and concluded that the presence of OSA is associated
with a higher risk of recurrent adverse cardiovascular
events, all-cause death, cardiovascular death, and repeat
revascularization.

In addition, it should be noted that SR 2° was the
only study to consider the laboratory values of troponin,
creatine kinase (CK), and CK-MB when assessing

Table 1. AMSTAR-2 items for methodological evaluation.
AMSTAR-2 Items

SR
1 2 3 4 5 6 7 8 9 10
SR 1 Y Y Y Y Y Y Y N Y N
SR 2 Y Y Y Y Y Y Y Y Y Y
SR3 Y Y Y PY Y Y PY PY NA N
SR 4 N Y Y Y Y Y NA Y Y NA
SR5 Y PY Y PY Y Y N Y N N

Source: Authorial (2024).
Key:Y - Yes; N - No; NA - Not Applicable; PY- Partially Yes.
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patients with OSA; however, no significant differences
were observed between the peaks of these biomarkers
when there was an acute cardiovascular event.

DISCUSSION

OSA is directly linked to various pathophysiological
mechanisms triggered by hypoxia'"'*"* and sleep
fragmentation"'*"*, including sympathetic activation,
inflammation, endothelial dysfunction, altered coa-
gulability,and others. These mechanisms canbe common
pathways to other cardiovascular consequences, such as
hypertension, arrhythmias, metabolic syndromes, acute
myocardial infarction, and heart failure’.

It is generally accepted that any factors that reduce
the caliber of the airways, the tone of the muscles
involved in respiratory function, or lead to an increase
in inspiratory pressure are predisposing factors for the
development of OSA. Airway collapsibility, identified
as the main factor in the etiopathogenesis of apneas, is
influenced by anatomical anomalies that reduce airway
space and airflow volume'®.

During an obstructive respiratory event, hemo-
dynamic variables and autonomic activity oscillate
between periods of normal ventilation and obstruc-
tion'”'8, Heart rate and blood pressure increase 10 se-
conds after apnea, coinciding with micro-awakening,
peak ventilation, and saturation nadir. Parasympathetic
stimulation occurs when an increase in the heart rate
cycle is observed, and bradyarrhythmia occurs. The
heart rate rises after the airway is opened due to vagus
inhibition and micro-awakening""°.

Ineffective inspiratory ventilatory efforts lead to a
reduction in intrathoracic pressure with an increase in
left ventricle (LV) transmural pressure and afterload"®.
In addition, changes in intrathoracic pressure seem to
intensify mitral regurgitation in patients who already
have this condition, which is a possible mechanism for
worsening HF(heart failure). At the same time, there
is an increase in venous return to the right ventricle

General confidence
1 12 13 14 15 16

Y NA Y Y NA Y Moderate confidence
Y Y Y Y Y Y High confidence
Y Y Y Y Y Y High confidence
Y Y Y Y Y Y High confidence
NA NA Y Y NA Y Moderate confidence
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Chart 2. Characteristics of the included studies and their main results.

Author/Year

Wang et al.,
2018°(SR 1)

Xie et al.,
2022° (SR 2)

Labarca et
al., 20207
(SR 3)

Chenetal.,
20218 (SR 4)

Porto,
Sakamoto,
Salles,
2018 (SR 5)

Sample/
Country

Cohort: 9

Population:

2,755
Country:
China

RCT: 26

Population:

4,217
Country:
China

RCT: 8

Population:

5,817
Country:
Chile

Cohort: 6
RCT:3
literary

review: 1

Population:

2,590
Country:
China

Cohort: 3

Population:

5,067
Country:
Brazil

Objective/Intervention

To assess the impact
of obstructive sleep
apnea on subsequent
cardiovascular
outcomes after
percutaneous coronary
intervention

To assess the impact
of sleep apnea and
hypopnea syndrome on
cardiovascular events.

To analyze the
current evidence on
the efficacy of using

CPAP to prevent
cardiovascular events
in patients with OSA,
focusing on primary

and secondary
prevention.

To determine and
explore the exact
association of
CPAP use with
cardiovascular risks
and mortality in
patients diagnosed
with OSA and CAD.

Checking the
association between
0SA and Ml

Results

The study showed that OSA increases the risk
of cardiovascular events after PCl by about
two times. In one of the studies analyzed, with
798 patients, only 12% had been suspected or
diagnosed with OSA before being hospitalized
for AMI.

The mortality rate related to the study
population was not different from that
expected in the general population with
coronary artery disease. In one of the studies,
it was found that although treatment for
patients diagnosed with OSA using CPAP
therapy and CAD did not interfere with new
cardiovascular events, the outcomes of these
events were better compared to those who
had not adhered to the treatment.

Patients with OSA have higher levels of
troponin, CK, and CK-MB. However, no
significant differences were observed between
the peaks of these biomarkers when there
was an acute cardiovascular event. A higher
incidence of acute coronary syndrome was
observed in those patients diagnosed with
OSA. It was also noted that in some patients
with OSA, myocardial injury occurs subclinical,
and more significant development of collateral
vessels was observed, which can contribute to
myocardial tissue ischemia.

Although the use of CPAP is linked to better
health outcomes for patients diagnosed
with OSA, the study designs analyzed do not
provide sufficient evidence to support the
theory that there are benefits to using CPAP to
prevent cardiovascular events.

There was a 37% reduction in the risk of MACE
associated with using CPAP compared to the
control population using usual care to treat
OSA. There was a more significant benefit
among patients who used CPAP for at least
4 hours a night, especially those with fewer
than 30 apnea and hypopnea events per hour.
However, the analysis showed no MI, stroke, or
repeat revascularization results.

All the patients underwent nocturnal
polysomnography, and all the studies found
an association between OSA and fatal and
non-fatal cardiovascular outcomes. It was
observed that 644 (12.7%) of the 5,067
patients suffered a myocardial infarction
(MI) or CVA or required a revascularization
procedure, and 25.6% of these cardiovascular
events were fatal.
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Conclusion

In patients undergoing
PCI, the presence of 0SA
is associated with a higher
risk of recurrent adverse
cardiovascular events, all-
cause death, cardiovascular
death, and repeat
revascularization. It has
not been proven whether
treating OSA prevents
subsequent cardiovascular
events.

Patients with OSA have
higher levels of troponin,
CK, and CK-MB. Still, no
significant differences were
observed between the peaks
of these biomarkers during
an acute cardiovascular
event. Myocardial cells
may have accommodated
intermittent hypoxia early
and suffered less damage
from abrupt ischemia
through preconditioning.

Although there is no
evidence that CPAP therapy
improves cardiovascular
outcomes in patients with
moderate to severe OSA, it
is necessary to develop new
studies with a lower risk
of bias to truly understand
the benefits of using CPAP
to prevent cardiovascular
events.

The use of CPAP, when
compared to usual care, is
associated with reduced
risks of cardiovascular
outcomes or death in
patients with OSA and CAD.

MI was responsible for
29.5% of the 644 outcomes
analyzed. In males, there is

an association between OSA
and MI, with the apnea and

hypopnea index being one of
the most reliable markers.

Source: Authorial (2024). Key: OSA - Obstructive Sleep Apnea. MI - Myocardial Infarction. PCI - Percutaneous Coronary Intervention. CAD - Coronary Artery Disease. CK - Creatine kinase. CVA - Cerebral Vascular
Accident. CPAP - Continuous Positive Airway Pressure.
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(RV), compromising its relaxation and shifting the
interventricular septum to the left”, impairing left
ventricular filling. Figure 2 below elucidates the pa-
thophysiological process of the influence of OSA and
myocardial damage due to hypoxia.

Some studies have shown an association between
AMI and OSAS8, 22, 23. (2012)24 showed that OSA
increases the risk of AMI, revascularization procedures,
and cardiovascular death. However, the study did not
exclude patients who received treatment for OSA over
2.9 years of follow-up. It should also be mentioned that
the same survey infers that CPAP reduces the risk of
fatal and nonfatal cardiovascular events.

On the other hand, Kendzerska et al., (2014)* in a
study aimed at determining whether OSA independently
increases the risk of coronary events, concluded that
the apnea and hypopnea index was associated with
composite cardiovascular outcomes in the univariate
analysis, but this association was not maintained in the
multivariate analysis. The result was based on the fact
that studies with large population samples may not
include important predictors related to OSA or may
selectively report the conclusions of subgroup analyses.

Rezende LD, Fortes LP, Catabriga DS, Brito MA, Bertoldi GC, Silva LG, Freitas PS, Fiorin BH

Patients who required medical treatment were not
excluded from the study based on the justification that
using CPAP was unrelated to the risk of an event. In
the analysis of patients who did not receive treatment,
compared to the total sample, all the predictors
continued to be significantly associated with the
outcome, except daytime sleepiness®.

There is evidence to support that CPAP does
not reduce the incidence of SAH or cardiovascular
events. Studies have not shown the benefit of CPAP in
preventing cardiovascular events in patients with OSA.
An analysis of primary prevention subgroups reported
a non-significant reduction in arrhythmic or ischemic
events’.

In the multicenter Sleep Apnea Cardiovascular
Endpoints study, the use of CPAP failed to reduce car-
diovascular events in patients with moderate to severe
OSA and established cardiovascular disease after an
average follow-up period of 3.7 years® In another
randomized trial, the Intervention With CPAP in
Coronary Artery Disease and Sleep Apnea, 224 patients
with OSA and CAD who had undergonerevascularization
were included. The results showed that there was no

(

Ineffective respiratory effort
during sleep

J

| S
| d

!

+
Reduction of Increased LV transmural
intrathoracic pressure pressure (  Increased afterload )
Shift of the ;
- : Increased mitral Increased venous return
mtervegr:;:lgf: S + regurgitation + to the RV
| J
T
Impairs LV filling and damages

myocardial cells due to hypoxia

Figure 2. Pathophysiological mechanism of OSA in developing ischemic heart disease.

Source: Produced at BioRender.com. Author (2024).
Key: LV - Left ventricle; RV - Right ventricle.
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significant difference in the composite outcome of
repeat revascularization, myocardial infarction, stroke,
or cardiovascular death between patients treated with
CPAP and those who did not receive the therapy®.

However, an adjusted analysis of patients under
treatment indicated better results for treating OSA
among those who used CPAP for at least 4 hours a night.
Although the benefits of the intervention for OSA are
still controversial, large-scale randomized trials are
still needed to investigate further the effects of CPAP
treatment in high-risk groups with homogeneous CAD
populations, such as MI or percutaneous coronary
intervention®.

When evaluating OSA with cardiovascular out-
comes after percutaneous coronary intervention, the
primary outcome was major adverse cardiovascular
events, which included death from any cardiovascular
cause such as myocardial infarction, stroke, repeat
revascularization, or heart failure. The analysis showed
that OSA is associated with an increased risk of MACE
after PCL, with a combined relative risk of 1.96. In
addition, the presence of OSA significantly increased the
incidence of all-cause death, cardiovascular death, and
repeat revascularization in patients undergoing PCL
However, it also suggests that the sample size and quality
of the studies included may influence the heterogeneity
of the results’.

About confounding factors such as SAH, dia-
betes mellitus, and dyslipidemia, the treatment of
these pathologies has a significant impact on AMI
outcomes®?, These comorbidities corroborate the
metabolic syndrome, which represents a significant risk
factor for the development of CAD*.

Studies have shown the prevalence of type 2 DM
in the apneic population. Elevated catecholamines
combined with sleep deprivation are associated
with insulin resistance. There are data suggesting an
association between OSA and glucose intolerance.
Chen et al., (2014)* concluded in their meta-analysis
that treatment with CPAP, although it does not alter
glycated hemoglobin levels, improves insulin resistance,
impacting on DM symptoms.

Understanding the effects of OSA may suggest
explanations forits association with AMI. The prevalence
of sleep disorders in patients with CAD is up to twice as
high as in individuals without CAD*. Bhama et al. (2006)
reported a prevalence of up to 30% of apnea among
patients with CAD.

Pathophysiological mechanisms point to the con-
tribution of OSA in the origin and progression of
CAD, one of the etiologies of AMI. These include in-
termittent hypoxemia, acidosis, elevated blood pressure,

sympathetic vasoconstriction, and changes in cardiac
structure, as mentioned above. In chronic form, the
mechanisms of heart and vascular disease, including
endothelial dysfunction and systemic inflammation,
cause damage to the vasculature of the coronary
arteries®™’. It has been noted that in patients without
CAD and with OSA, there is significant calcification in
the coronary arteries®.

Defining the relationship between CAD and OSA
means clarifying precautions to prevent AMI in the
apneic population. Making sleep apnea a marker of
heart disease implies early screening of these patients
and public encouragement of treatment and prevention
of cardiovascular disease. Endothelial, neurohormonal,
and metabolic alterations should not be neglected, as
this is the only way to intervene in the development and
worsening of CAD,

Recurrent cycles of hypoxia with reoxygenation
promote oxidative stress, sympathetic activation,
and inflammatory responses, leading to endothelial
dysfunction and reduced repair capacity, which
are responsible for the onset and progression of
atherosclerosis®™®. By intravascular  ultrasound
assessment for symptomatic CAD, patients with OSA
had greater total atheroma volume than those without,
even after adjusting for traditional risk factors®***.

In patients with acute coronary syndrome, the
presence of OSA was associated with a higher rate of
restenosis after PCI within six months. There is also
an increased risk of repeat revascularization after
PCI in patients with OSA, supporting the current
evidence. OSA can also trigger nocturnal myocardial
ischemia®***.

In patients presenting with myocardial infarction,
this could exert a continuous effect and result in less
myocardial preservation and impaired cardiac function,
even after successful PCI. In addition, patients with OSA
have increased platelet activation and aggregation and
reduced fibrinolytic capacity****".

Furthermore, when assessing myocardial damage
via biomarkers in patients with sleep apnea-hypopnea
syndrome (SAHS), there was no significant difference
between the groups when assessing CK and CK-MB®.
The hypothesis that intermittent hypoxemia in SAHS
may induce a protective effect, reducing the severity
of cardiovascular events, was considered. However,
patients with SAHS showed more severe coronary
lesions, suggesting that although SAHS may have
some protective effect in terms of biomarkers, it is
still associated with a worse condition of the coronary
arteries®®,
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CONCLUSION

OSA and AMI have significant correlations triggered
by pathophysiological mechanisms such as intermittent
hypoxia and sleep fragmentation, which in turn
induce exacerbated sympathetic activation, systemic
inflammation, endothelial dysfunction, coagulability
changes, and fatigue. There is an essential correlation
between patients previously diagnosed with CAD and
the influence of OSA on worsening the clinical picture,
which may be one of the reasons for instability and may
act as a trigger for nocturnal myocardial ischemia.

To date, no systematic review has shown strong
evidence for the use of CPAP in patients with OSA
to prevent cardiac ischemic events and other major
cardiovascular events. However, using CPAP may
be beneficial for improved sleep comfort in patients
diagnosed with OSA.

In addition, it was noted that patients with OSA and
acute coronary syndrome have a higher rate of restenosis
after percutaneous coronary intervention, which may
suggest that OSA contributes as a pathophysiological
worsening mechanism for these patients.

However, further research, with a more extended
follow-up period for patients diagnosed with OSA, is still
needed to understand and describe the epidemiology of
AMI and OSA.

REFERENCES

1. Drager LF etal., 1° posicionamento brasileiro sobre o impacto dos
distUrbios de sono nas doencas cardiovasculares da sociedade
brasileira de cardiologia. Arq Bras Cardiol [Internet]. 2018 [cited
7 set 2024]. Disponivel em: https://doi.org/10.56935/abc.20180154

2. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The
Occurrence of Sleep-Disordered Breathing among Middle-
Aged Adults. New Engl J Med [Internet]. 29 abr 1993 [cited 7 set
2024];328(17):1230-5. Disponivel em: https:/doi.org/10.1056/
nejm199304293281704

3. Tufik S, Santos-Silva R, Taddei JA, Bittencourt LR. Obstructive
sleep apnea syndrome in the sao paulo epidemiologic sleep study.
Sleep Med [Internet]. Maio 2010 [cited 7 set 2024];11(5):441-6.
Disponivel em: https://doi.org/10.1016/].sleep.2009.10.005

4. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
Welch VA, eds. Cochrane Handbook for Systematic Reviews of
Interventions. 2nd ed. Chichester (UK): John Wiley & Sons; 2019.

5. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D,
Tugwell P, Welch V, Kristjansson E, Henry DA. AMSTAR 2: a critical
appraisal tool for systematic reviews that include randomised or
non-randomised studies of healthcare interventions, or both. BMJ
[Internet]. 21 set 2017 [cited 7 set 2024]:j4008. Disponivel em:
https://doi.org/10.1136/bmj.j4008

6. Xiel,Zhen R YuF YuX, Qian H,Yang F, Tong J. Effects of sleep apnea
hypopnea syndromes on cardiovascular events: a systematic review
and meta-analysis. Sleep Breath [Internet]. 26 mar 2021 [cited 17 ago
2024]. Disponivel em: https://doi.org/10.1007/s11325-021-02294-3

7. Labarca G, Dreyse J, Drake L, Jorquera J, Barbe F. Efficacy of
continuous positive airway pressure (CPAP) in the prevention of

Rev Soc Bras Clin Med. 2024;22(3):184-93

10.

1.

12.

13.

14.

16.

16.

17.

18.

19.

20.

Rezende LD, Fortes LP, Catabriga DS, Brito MA, Bertoldi GC, Silva LG, Freitas PS, Fiorin BH

cardiovascular events in patients with obstructive sleep apnea:
systematic review and meta-analysis. Sleep Med Rev [Internet].
Ago 2020 [cited 7 set 2024];52:101312. Disponivel em: https:/doi.
org/10.1016/j.smrv.2020.101312

Chen Y, Wen F, He Z, Niu W, Ren C, Li N, Wang Q, Ren Y, Liang C.
Does continuous positive airway pressure therapy benefit patients
with coronary artery disease and obstructive sleep apnea? A
systematic review and metalanalysis. Clin Cardiol [Internet]. 19
jun 2021 [cited 7 set 2024];44(8):1041-9. Disponivel em: https:/
doi.org/10.1002/clc.23669

Wang X, Fan JY, Zhang Y, Nie SP, Wei YX. Association of obstructive
sleep apnea with cardiovascular outcomes after percutaneous
coronary intervention. Medicine [Internet]. Abr 2018 [cited 7
set 2024];97(17):e0621. Disponivel em: https:/doi.org/10.1097/
md.0000000000010621

Porto F, Sakamoto YS, Salles C. Association between obstructive
sleep apnea and myocardial infarction: a systematic review. Arq
Bras Cardiol [Internet]. 2017 [cited 7 set 2024]. Disponivel em:
https://doi.org/10.56935/abc.20170031

Peled N, Greenberg A, Pillar G, Zinder O, Levi N, Lavie P.
Contributions of hypoxia and respiratory disturbance index to
sympathetic activation and blood pressure in obstructive sleep
apnea syndrome. Am J Hypertens [Internet]. Nov 1998 [cited 7
set 2024];11(11):1284-9. Disponivel em: https:/doi.org/10.1016/
s0895-7061(98)00159-9

Fletcher EC. Cardiovascular consequences of obstructive sleep
apnea: experimental hypoxia and sympathetic activity. Sleep.
2000;23(Suppl. 4):5127-31.

Remsburg S, Launois SH, Weiss JW. Patients with obstructive sleep
apnea have an abnormal peripheral vascular response to hypoxia.
J Appl Physiol [Internet]. 1 set 1999 [cited 7 set 2024];87(3):1148-
53. Disponivel em: https:/doi.org/10.1152/jappl.1999.87.3.1148

Marshall NS, Wong KK, Liu PY, Cullen SR, Knuiman MW, Grunstein
RR Sleep apnea as an independent risk factor for all-cause
mortality: the busselton health study. Sleep [Internet]. 1 ago
2008 [cited 7 set 2024]. Disponivel em: https:/doi.org/10.5665/
sleep/31.8.1079

Jones S. Sleep disordered breathing and mortality: eighteen-year
follow-up of the wisconsin sleep cohort. Yearb Pulm Dis [Internet].
Jan 2009 [cited 7 set 2024];2009:291-2. Disponivel em: https:/doi.
org/10.1016/s8756-3452(08)79181-3

Lima LC, Ricaldoni FM, Slailati YC, Silva MF, Santos JS, Viana TD,
Aguiar WM, Alessandretti M, Almeida VA, Pereira LG. Sindrome da
apneia obstrutiva do sono (SAOS). Rev Eletronica Acervo Medico
[Internet]. 17 ago 2023 [cited 7 set 2024];23(8):e13505. Disponivel
em: https://doi.org/10.25248/reamed.e13505.2023

O’Donnell CP, Ayuse T, King ED, Schwartz AR, Smith PL, Robotham
JL. Airway obstruction during sleep increases blood pressure
without arousal. J Appl Physiol [Internet]. 1 mar 1996 [cited 7
set 2024];80(3):773-81. Disponivel em: https:/doi.org/10.11562/
jappl.1996.80.3.773

Poyares D. Arousal, EEG spectral power and pulse transit time in
UARS and mild OSAS subjects. Clin Neurophysiol [Internet]. Out
2002 [cited 7 set 2024];113(10):1598-606. Disponivel em: https:/
doi.org/10.1016/51388-2457(02)00214-6

Remmers JE, deGroot WJ, Sauerland EK, Anch AM. Pathogenesis
of upper airway occlusion during sleep.J Appl Physiol [Internet]. 1
jun 1978 [cited 7 set 2024];44(6):931-8. Disponivel em: https:/doi.
org/10.1152/jappl.1978.44.6.931

Zamarron C, Valdés Cuadrado L, Alvarez-Sala R. Pathophysiologic
mechanisms of cardiovascular disease in obstructive sleep apnea
syndrome. Pulm Med [Internet]. 2013 [cited 7 set 2024];2013:1-16.
Disponivel em: https://doi.org/10.1155/2013/521087



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sleep disorders and acute myocardial infarction: overview of systematic reviews

Brinker JA, Weiss JL, Lappé DL, Rabson JL, Summer WR, Permutt
S, Weisfeldt ML. Leftward septal displacement during right
ventricular loading in man. Circulation [Internet]. Mar 1980 [cited 7
set 2024];61(3):626-33. Disponivel em: https://doi.org/10.1161/01.
Cir.61.3.626

McEvoy RD, et al., CPAP for prevention of cardiovascular events
in obstructive sleep apnea. New EnglJ Med [Internet]. 8 set 2016
[cited 7 set 2024];375(10):919-31. Disponivel em: https:/doi.
org/10.1056/nejmoa1606599

Porto F, Sakamoto YS, Salles C. Association between obstructive
sleep apnea and myocardial infarction: a systematic review. Arg
Bras Cardiol [Internet]. 2017 [cited 7 set 2024]. Disponivel em:
https://doi.org/10.5935/abc.20170031

Shah N, Appel D, Kaplan R, Yaggi HK. Obstructive sleep apnea and
severity of acute myocardial infarction: ischemic preconditioning?
In: American thoracic society 2011 international conference, may
13-18, 2011 » denver colorado [Internet]. [local desconhecido]:
American Thoracic Society; 2011 [cited 7 set 2024]. Disponivel
em: https://doi.org/10.1164/ajrccm-conference.2011.183.1_
meetingabstracts.a2485

Kendzerska T, Gershon AS, Hawker G, Leung RS, Tomlinson G.
Obstructive sleep apnea and risk of cardiovascular events and all-
cause mortality: a decade-long historical cohort study. PLoS Med
[Internet]. 4 fev 2014 [cited 7 set 2024];11(2):e1001599. Disponivel
em: https://doi.org/10.1371/journal.pmed.1001599

PekerY, Glantz H, Eulenburg C, Wegscheider K, HerlitzJ, Thunstrom
E.Effect of positive airway pressure on cardiovascular outcomesin
coronary artery disease patients with nonsleepy obstructive sleep
apnea.the RICCADSA randomized controlled trial. Am J Respir Crit
Care Med [Internet]. Set 2016 [cited 7 set 2024];194(5):613-20.
Disponivel em: https://doi.org/10.1164/rccm.201601-00880c

Al-Delaimy WK, Manson JE, Willett WC, Stampfer MJ, Hu FB.
Snoring as a risk factor for type Il diabetes mellitus: a prospective
study. Am J Epidemiology [Internet]. 1 mar 2002 [cited 7 set
2024];155(5):387-93. Disponivel em: https:/doi.org/10.1093/
aje/155.5.387

Ancoli-Israel S, DuHamel ER, Stepnowsky C, Engler R, Cohen-Zion
M, Marler M. The relationship between congestive heart failure,
sleep apnea, and mortality in older men. Chest [Internet]. Out
2003 [cited 7 set 2024];124(4):1400-5. Disponivel em: https:/doi.
org/10.1378/chest.124.4.1400

Spiegel K, Knutson K, Leproult R, Tasali E, Cauter EV. Sleep loss:
a novel risk factor for insulin resistance and Type 2 diabetes. J
Appl Physiol [Internet]. Nov 2005 [cited 7 set 2024];99(5):2008-19.
Disponivel em: https://doi.org/10.1152/japplphysiol.00660.2005

Bhama JK, Spagnolo S, Alexander ER, Greenberg M, Trachiotis

31.

32.

33.

34.

35.

36.

37.

38.

193

GD. Coronary revascularization in patients with obstructive sleep
apnea syndrome. Heart Surg Forum [Internet]. 7 ago 2006 [cited 7
set 2024];9(6):E813-E817. Disponivel em: https://doi.org/10.1632/
hsf98.20061072

Sorajja D, Gami AS, Somers VK, Behrenbeck TR, Garcia-Touchard
A, Lopez-Jimenez F. Independent association between obstructive
sleep apnea and subclinical coronary artery disease. Chest
[Internet]. Abr 2008 [cited 7 set 2024];133(4):927-33. Disponivel
em: https://doi.org/10.1378/chest.07-2544

Dewan NA, Nieto FJ, Somers VK. Intermittent hypoxemia and
OSA. Chest [Internet]. Jan 2015 [cited 7 set 2024];147(1):266-74.
Disponivel em: https:/doi.org/10.1378/chest.14-0500

Jelic S, Padeletti M, Kawut SM, Higgins C, Canfield SM, Onat D,
Colombo PC, Basner RC, Factor P, LeJemtel TH. Inflammation,
oxidative stress,and repair capacity of the vascular endotheliumin
obstructive sleep apnea. Circulation [Internet]. 29 abr 2008 [cited 7
set 2024];117(17):2270-8. Disponivel em: https:/doi.org/10.1161/
circulationaha.107.741512

Gersh BJ. Day-Night variation of acute myocardial infarction in
obstructive sleep apnea. Yearb Cardiol [Internet]. Jan 2009 [cited
7 set 2024];2009:348-50. Disponivel em: https://doi.org/10.1016/
s0145-4145(09)79538-3

Buchner S, Satzl A, Debl K, Hetzenecker A, Luchner A, Husser
0, Hamer OW, Poschenrieder F, Fellner C, Zeman F, Riegger
GA, Pfeifer M, Arzt M. Impact of sleep-disordered breathing
on myocardial salvage and infarct size in patients with acute
myocardial infarction. Eur Heart J [Internet]. 27 out 2013 [cited
7 set 2024];35(3):192-9. Disponivel em: https:/doi.org/10.1093/
eurheartj/eht450

Bokinsky G, Miller M, Ault K, Husband P, Mitchell J. Spontaneous
platelet activation and aggregation during obstructive sleep apnea
and its response to therapy with nasal continuous positive airway
pressure. Chest [Internet]. Set 1995 [cited 7 set 2024];108(3):625-
30. Disponivel em: https://doi.org/10.1378/chest.108.3.625

Rangemark C, Hedner JA, Carlson JT, Gleerup G, Winther K. Platelet
function and fibrinolytic activity in hypertensive and normotensive
sleep apnea patients. Sleep [Internet]. Abr 1995 [cited 7 set
2024];18(3):188-94.  Disponivel em: https:/doi.org/10.1093/
sleep/18.3.188

Van Overstraeten C, Andreozzi F, Youssef SB, Bold |, Carlier S,
Gruwez A, Bruyneel AV, Bruyneel M. Obstructive sleep apnea
syndrome phenotyping by cluster analysis: typical sleepy, obese
middle-aged men with desaturating events are A minority of
patients in A multi-ethnic cohort of 33% women. Curr Med Sci
[Internet].Ago 2021 [cited 7 set 2024];41(4):729-36. Disponivel em:
https://doi.org/10.1007/s11596-021-2388-0

Rev Soc Bras Clin Med. 2024;22(3):184-93



