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ABSTRACT

OBJECTIVE Obstructive sleep apnea (OSA) is a potential cardiovascular risk. We aimed to investigate the association of OSA
with heart rhythm disorders and prognosis in elderly patients with new-onset acute myocardial infarction (AMI).

METHODS We prospectively enrolled 252 AMI elderly patients (mean age, 68.5 + 6.9 years) who were undergoing revascular-
ization and completed a sleep study during their hospitalization. All subjects were categorized into non-OSA (apnea-hypopnea
index (AHI) <15, n = 130) and OSA (AHI > 15, n = 122) groups based on the AHI. The changes in the autonomic nervous system,
incidence of arrhythmia during nocturnal sleep, and major adverse cardiovascular and cerebrovascular events (MACCEs) were
compared between the groups.

RESULTS The mean AHI value in all AMI patients was 22.8 + 10.9. OSA patients showed higher levels of body mass index and
peak high-sensitivity C-reactive protein and lower levels of minimum nocturnal oxygen saturation (MinSa0,), as well as greater
proportion of multivessel coronary artery disease (all P < 0.05). The OSA group also showed significant increases in heart rate
variability and heart rate turbulence onset (both P < 0.05) and higher incidence of arrhythmia (including sinus, atrial, and
ventricular in origin). At a median follow-up of 6 months (mean 0.8-1.6 years), OSA (AHI = 15) combined with hypoxia (MinSaO, <
80%) was independently associated with the incidence of MACCEs (hazard ratio [HR]: 4.536; 95% confidence interval [CI]:
1.461-14.084, P=0.009) after adjusting for traditional risk factors.

CONCLUSIONS OSA and OSA-induced hypoxia may correlate with the severity of myocardial infarction, increase the occur-
rence of heart rhythm disorders in elderly subacute MI patients, and worsen their short-term poor outcomes.

bstructive sleep apnea (OSA) is an in-  infarction (MI), which is attributed to chronic inter-
creasingly prevalent sleep disorder. A

body of evidence has shown that OSA

mittent hypoxia resulting in ischemic precondition-
ing of the myocardium."*"? Advanced old age was

may increase the risk of hypertension,"! ischemic
heart disease,?heart failure,” 5
and mortality for cardiovascular diseases.!*” Al-

cardiac arrhythmia,

though the relationship between OSA and long-
term cardiovascular disease is well established, the
association between OSA and cardiovascular out-
comes following acute coronary syndrome is con-
troversial.”” Recent studies have observed a poten-
tial protective effect of OSA in cases of myocardial
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related to high prevalence of OSA, as well as poor
in-hospital prognosis and recurrence of acute MI
(AMI) in China."> "'However, the relationship
between OSA and AMI remains unclear in elderly
patients. Our study aimed to investigate the link of
OSA with autonomic nervous system function
changes and occurrence of heart rhythm disorders
in elderly subacute MI patients, as well as the ma-
jor adverse cardiac and cerebrovascular events
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(MACCEs) during a 6-month follow-up.

METHODS

Patients Characteristics

We prospectively enrolled 252 consecutive eld-
erly patients (= 60 years, mean age: 68.5 + 6.9 years)
admitted because of AMI to the Critical Cardiac
Care Unit in Ruijin hospital affiliated with Shang-
hai Jiaotong University School of Medicine (Shanghai,
China) between March 2018 and March 2020. The
diagnoses of AMI were made according to the
Fourth Universal Definition of Myocardial Infarc-
tion," including ST-elevation myocardial infarc-
tion (STEMI) and non-STEMI (NSTEMI).

The exclusion criteria were as follows: patients
who (1) had undergone treatment for OSA; (2) had
moderate or severe pulmonary diseases such as
chronic obstructive pulmonary disease, bron-
chiectasis, or pulmonary embolism; (3) used medic-
ations affecting mental health and the nervous sys-
tem within the last three months; (4) had severe
maxillofacial deformities.

Basic data such as blood biochemical indicators,
inflammatory markers, and echocardiography of
the patients were obtained. The study was ap-
proved by the Institutional Research Ethics Com-
mittee of Ruijin hospital affiliated with Shanghai
Jiaotong University School of Medicine, and writ-
ten informed consent was obtained from each patient.

Clinical Procedure and Data Collection

Baseline characteristic data, including of sex, age,
body mass index (BMI), smoking, history of hyper-
tension, diabetes mellitus, ischemic stroke, renal
dysfunction, and snoring, were collected. Each pa-
tient was closely managed in our cardiac intensive
care unit according to the European Society of Car-
diology guidelines on STEMI (2017) or NSTEMI
(2015).' "1 All patients underwent regular laborat-
ory tests on the 2nd day and echocardiography
within 3 days after admission. The following data
were collected: serum or plasma levels of glucose
and lipids, liver and renal function, electrolytes and
peak values of high-sensitivity C-reactive protein
(hs-CRP), N-terminal of the prohormone brain
natriuretic peptide (NT-proBNP), and biomarkers
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of myocardial injury (including creatine kinase-MB
[CK-MB] and troponin I).

Overnight Sleep Study

Every patient underwent an overnight sleep
study within 7 days after MI (from 21: 00 to 7: 00 the
next day). The sleep study was performed using
portable type III sleep monitors (Philips-Respiron-
ics Stardust 1I Sleep Recorder, Bend, OR, USA). Pa-
tients refrained from caffeine, sedative, or hypnotic
drug intake 1 day before their sleep study. The dia-
gnoses of OSA were made according to the Guideline
of the American College of Physicians (2013)."" Or-
al and nasal airflow and blood oxygen saturation
from nocturnal pulse oximetry were traced. The
apnea-hypopnea index (AHI, number of apnea or
hypopnea events per hour during sleep) was meas-
ured as the main parameter. Data obtained from
monitoring were subjected to automatic computer
analysis followed by manual correction. Based on
the AHI values, the patients were categorized into
two groups: the non-OSA group (AHI <15/h) and
OSA (AHI =2 15/h) group.

Heart Rate Variability (HRV) and Heart Rate Tur-
bulence (HRT) Analysis

Twenty-four-hour (from 8:00 to 8:00 the next day)
electrocardiographic (ECG) recordings were ac-
quired with the Labtech EC-12H-channel Holter
ECG system and analyzed with the Cardiospy ana-
lysis software (Labtech Kft., Debrecen, Hungary).
Holter monitoring and the sleep study were carried
out in each patient on the same day. The examina-
tions were analyzed by one physician who had no
insight into the patient’s clinical data and the res-
ults of sleep study.

The HRV and HRT were automatically calcu-
lated by the Labtech system. To properly prepare
the ECG for subsequent analysis, the editing of the
automatic record was verified visually. The HRV
was assessed in frequency parameters and con-
sisted of the following: (1) very-low-frequency
power (VLF, frequency band: 0.003-0.04 Hz),
serving as an indicator of sympathetic neural activ-
ity; (2) low-frequency power (LF, frequency band:
0.04-0.15 Hz), reflecting sympathetic dominance,
with a larger amplitude indicating higher sympath-
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etic neural tension; (3) high-frequency power (HF,
frequency band: 0.15-0.4 Hz), being related to vag-
al neural activity; (4) the LF/HF ratio, as a measure
of the sympatho-vagal balance. HRT indicators in-
cluded the turbulence onset (TO) and turbulence
slope (TS). TO was defined as the percentage differ-
ence between the heart rate immediately following
premature ventricular complex and the heart rate
immediately preceding premature ventricular com-
plex, while the TS was defined as the steepest slope
of the linear regression line for each sequence of
five consecutive normal intervals in the local tacho-
gram. HRT analysis was considered normal when
TO <0and TS > 2.5 ms/RR interval.

Regarding arrythmias, sinus bradycardia and ta-
chycardia were defined as the average heart rate be-
ing lower than 60 beats/min and higher than 100
beats/min in 24 h, respectively. Atrial arrythmias
included premature atrial contractions, atrial tachy-
cardia, and atrial fibrillation or atrial flutter.
Ventricular arrythmias included multifocal prema-
ture ventricular contractions and ventricular tachy-
cardias. Atrioventricular block (AVB) included all
three degrees of AVB.

Major Adverse Cardiac and Cerebrovascular
Events (MACCE) and Follow-up

All patients were monitored and followed up for
a minimum of 6 months. MI outpatient clinic visits
were scheduled for all patients at 1, 3, 6, and 12
months. MACCEs were defined as composite
events of cardiovascular death, MI, stroke, ischemia-
driven revascularization, or hospitalization for un-
stable angina or heart failure.

Statistical Methods

Statistical analyses were performed with SPSS
22.0 (IBM Corp., Armonk, NY, USA). A P - value
below 0.05 was considered statistically significant.
Continuous variables are shown as means + SD or
medians (interquartile range) and categorical vari-
ables as counts and proportions (%). The variable
distribution was verified using Lilliefors and W-
Shapiro-Wilk tests. Given that the quantitative vari-
ables were not normally distributed, the Mann-
Whitney U test was used for further analyses. Uni-
variate analysis was used to determine the clinical
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parameters related to OSA. Outcomes of MACCEs
were estimated using logistic regression for binary
outcomes. Potential risk factors, including age, sex,
BMI, smoking, comorbid conditions, Syntax score,
left ventricular fraction, serum glucose, low-dens-
ity lipoprotein (LDL)-C, peak levels of hsCRP, bio-
markers of myocardial ischemia and NT-proBNP as
well as OSA (AHI = 15) and hypoxia (minimum
nocturnal oxygen saturation (MinSaO,) < 80%),
were adjusted in the multivariable analysis. Adjus-
ted hazard ratios (HR) are reported together with
their 95% confidence intervals (CI). Kaplan-Meier
MACCE-free survival analysis was performed us-
ing the log-rank (Manel-Cox) chi-square test.

RESULTS

Clinical Characteristics

The baseline clinical characteristics of the two
OSA groups are presented in Table 1. Among the
252 patients, 130 patients had no OSA (mean age:
68.9 + 8.0 years, male/female = 85/45) and 122 had
OSA (mean age: 68.4 + 6.7 years, male/female =
106/16), with AHI values of 8.6 £4.7 and 34.2 £13.6,
respectively (P < 0.001). There was no significant
difference in age, sex, history of hypertension, dia-
betes or renal dysfunction, cardiac function, and
peak levels of myocardial injury biomarkers or NT-
proBNP between the two groups.

However, the OSA group has significantly high-
er BMI (25.8 £ 3.6 vs. 24.1 £ 3.1 kg/m?), peak hs-
CRP levels (52.81 + 27.0 vs. 23.99 £ 10.91 mg/L),
lower MinSaO, (79.7 £ 8.7% vs. 86.0 £ 4.5%), and a
higher proportion of hypoxia with MinSaO, < 80%
(41.8% vs. 4.3%) compared to the non-OSA group
(all P<0.05). Although no difference was found in
the percentage of STEMI or Killip Class between
groups, OSA appeared to be associated with the
severity of coronary disease, as more OSA patients
had multivessel coronary artery disease and were
prescribed beta-blockers (31.5% vs. 24.5% and 93.1%
vs. 84.3%, both P < 0.05).

HRV and HRT with OSA

Compared to the non-OSA group, the OSA group
showed significant increases in heart rate variabil-
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Table1l Comparison of baseline characteristics between non-OSA and OSA group.

Baseline Parameters Non-OSA (n =130) OSA (n=122) P-value
Age, yrs 68.9+8.0 68.4+6.7 0.407
Male 85 (78.7%) 106 (87.5%) 0.061
BMI, kg/m’ 241+3.1 258 £3.6 <0.001
Hypertension 49 (45.4%) 78 (54.2%) 0.167
Diabetes mellitus 46 (42.6%) 59 (41.0%) 0.796
STEMI 57 (52.8%) 85 (59.0%) 0.322
Alanine transaminase 25.85 +14.27 26.29 £16.16 0.822
Fasting plasma glucose 6.21+2.20 6.40 +2.18 0.486
Creatinine 77.18 £20.38 80.51 +19.96 0.194
Triglycerides 1.56 £0.81 1.57 £0.96 0.931
Total cholesterol 4.43+1.29 4.73+1.36 0.074
High-density lipoproteins 1.12+0.28 1.10+£0.24 0.679
Low-density lipoproteins 2.73 £1.05 3.09+1.27 0.019
Left ventricular ejection fraction 58.54% +7.78% 57.38% +7.10% 0.221
Peak HsCRP, mg/L 23.99 £10.91 52.81+27.0 0.031
Peak CK-MB, ng/mL 147.69 +197.65 176.10 + 246.65 0.326
Peak Tnl, ng/mL 49.23 +84.80 57.43 +86.17 0.452
Peak NT-proBNP, pg/mL 1376.1+1470.7 1470.6 +1694.4 0.643
Triple-vessel disease 27 (25.0%) 54 (37.5%) 0.035
Emermency PCI 106 (98.1%) 143 (99.3%) 0.578
Syntax score 17.83 +11.89 19.57 +12.60 0.572
Asprin 77 (71.3%) 107 (74.3%) 0.594
Clopidogrel 107 (99.1%) 142 (98.6%) 0.945
Statins 95 (88.0%) 125 (86.8%) 0.785
ACEI/ARB 76 (70.4%) 106 (73.6%) 0571
Beta-blocker 91 (84.3%) 134 (93.1%) 0.025
Calcium channel blocker 9 (8.3%) 21 (14.6%) 0.129
Apnea-hypopnea index 8.6+4.7 34.2+13.6 <0.001
Minimum nocturnal oxygen saturation level (MinSaO,), % 86.0+45 79.7 +8.7 <0.001
MinSaO, < 80% 5 (4.6%) 51 (41.8%) <0.001
Percentage of time with MinSaO, < 90% 126+18 18.1+2.7 <0.001

Data are presented as mean + SD or n (%). ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; BMI:
body mass index; CK-MB: creatine kinase isoenzyme MB; MinSaO,: Minimum nocturnal oxygen saturation; NSTEMI: non-ST-elevation
myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.

ity, including significantly higher VLF (12.7 + 3.0 vs.
9.2+25),LF (20.7 £7.5 vs. 13.4 £ 8.5), LF/HF ratio
(1.8£0.7 vs. 1.4 £0.5), and TS (0.04 £ 0.01 vs. —0.04 =
0.01, all P< 0.05). Furthermore, the HF, (9.0 £ 3.5 vs.
122+4.7)and TO (4.2 £ 1.5 vs. 7.6 £ 3.1) were signi-
ficantly decreased in the OSA group (all P<0.05, the
details are shown in Table 2).
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Comparison of the Incidence of Arrhythmia
Between Two Groups

The incidence of arrhythmia is shown in Figure 1.
In summary, the OSA group showed almost two-
fold higher incidences of sinus bradycardias, sinus
tachycardias, AVB, and ventricular arrhythmia than
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Table2 Comparison of the HRV and HRT data between the two groups.

HRYV and HRT parameters Non-OSA (n =130) OSA (n=122)
VLF, Hz 9225 12.7+3.0°
LF, Hz 13.4+85 207+75
HF, Hz 122447 9.0+35
LF/HF 14+05 1.8+0.7
TO -0.04 £0.01 0.04 £ 0.01°
TS 7.6+3.1 42+15

* P < 0.05, difference between OSA and non-OSA group. HF: high-frequency power; HRT: heart rate turbulence; HRV: heart rate
variability; LF: low-frequency power; OSA: obstructive sleep apnea; TO: turbulence onset; TS: turbulence slope; VLF: very-low-
frequency power.

* 0 Non-OSA (n=130) mOSA (n=122)
80 743 .
* 66.7
61.1

60 -

*

41.7

44.4
* 37.9
33.3 33.3 ]
20 16.7 16.7 I
0 T T H T H T
Sinus Sinus Atrial Atrioventricular Ventricular

bradycardias  tachycardias  arrhythmias block arrhythmias
Figure 1 The difference of the proportions of arrythmias in subacute MI patients between non-OSA and OSA groups. *P < 0.05,

Percentage of the occurrence of arrythmias, %
=
(e

different between OSA and Non-OSA groups. MI: Myocardial infarction; OSA: obstructive sleep apnea.

the non-OSA group (all P < 0.05). In addition, the
occurrence of atrial arrythmias was almost three-
fold higher in the OSA than in the non-OSA group
(44.4% vs.16.7%, P < 0.05).

The Follow-up Prognosis and OSA-induced
Hypoxia

The median follow-up time was 0.8 (0.6-1.8)
years. There was a significant difference in the oc-
currence of MACCEs during the follow-up between
the two groups (P < 0.01). In the OSA group, MAC-
CEs occurred in 24 patients (19.7%), including 2 car-
diac death (1.6%), 2 non-fatal myocardial infarction
(1.6%), 2 heart failure (1.6%), 10 re-hospitalizations
because of unstable angina (8.2%), 5 revasculariza-
tion (4.1%), and 3 non-fatal stroke (2.5%). In the non-
OSA group, MACCEs occurred in 14 patients
(10.7%), including 1 cardiac death (0.8%), 1 non-
fatal myocardial infarction (0.8%), 2 heart failure
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(1.5%), 6 re-hospitalizations because of unstable
angina (4.6%), 3 re-vascularization (2.3%), and 1
non-fatal stroke (0.8%).

Multivariate Logistic Regression Analysis

Univariate analysis showed that OSA severity
was correlated with age, BMI, and MinSaO,. Mul-
tivariate logistic regression analysis showed that
MACCESs were independently correlated with heart
failure, Syntax score, CK-MB peak levels after ad-
justing for age, BMI, sex, smoking, chronic kidney
diseases, hypertension, diabetes, and LDL levels;
furthermore, OSA (AHI = 15) combined with OSA-
induced hypoxia (MinSaO, < 80%) was independ-
ently associated with the incidence of MACCEs
(HR: 4.536; 95% CI: 1.461-14.084, P = 0.009) after ad-
justing for heart failure, Syntax score and CK-MB
peak levels (Table 3). Kaplan-Meier survival ana-
lysis showed that the MACCE-free survival in pa-
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Table 3 Multiple logistic regression analysis of risk factors for 6-Month MACCEs in AMI patients.

Risk factors for analysis P-value Hazard Ratio 95% CI
Traditional risk factors for MACCEs

BMI 0.211 1.128 0.932-1.305
Age 0.145 1.043 0.986-1.364
Gender (Female/Male) 0.812 1.252 0.195-8.031
Smoking 0.221 0.485 0.152-1.544
Hypertension 0.938 0.952 0.283-3.209
Diabetes mellitus 0.383 0.558 0.151-2.034
CKD 0.106 4.001 0.746-20.751
HF 0.014 5.345 1.411-20.243
CK-MB peak level, ng/mL 0.042 0.996 0.993-1.000
Troponin I peak level, ng/mL 0.888 1.000 0.994-1.005
hsCRP peak level, mg/L 0.223 1.948 0.666-5.692
NT-proBNP peak level, pg/mL 0.661 1.368 0.336-5.757
Low-density lipoproteins 0.872 0.954 0.539-1.689
Syntax score 0.023 1.051 1.008-1.189
OSA and MACCEs after adjusting significant traditional risk factors

CK-MB peak levels, ng/mL 0.040 0.997 0.995-1.000
HF 0.002 5.938 1.944-18.141
Syntax score 0.005 1.070 1.021-1.120
AHI 215 & MinSaO, < 80% 0.009 4.536 1.461-14.083

AMLI: acute myocardial infarction; CKD: chronic kidney disease; CK-MB: creatine kinase isoenzyme MB; HF: heart failure; MACCEs:
major adverse cardiac and cerebrovascular events, defined as a composite of cardiovascular death, myocardial infarction, stroke,
ischemia-driven revascularization, or hospitalization for unstable angina or heart failure; MinSaO,. minimum nocturnal oxygen

saturation; OSA: obstructive sleep apnea.

tients with both AHI = 15 and MinSaO, < 80% was
significantly poorer than that in the comparative
patients with AHI < 15 or MinSaO, > 80% from the
3rd month during the follow-up (Figure 2, log-rank
chi-square test, P=0.011).

DISCUSSION

Our prospective study showed that OSA and its
associated hypoxia may lead to instability of auto-
nomic nervous system function, thus triggering the
incidence of ischemia-related arrhythmia or heart
rhythm disorders in elderly subacute MI patients
and further worsening their poor prognosis.

OSA has been well associated with increased risk
of MI, arrythmia, sudden cardiac death, and long-
term outcomes of cardiovascular diseases.” * 7% "
However, there are limited data on the association
between OSA and subacute MI in the elderly. Previ-
ous study showed that OSA and myocardial
ischemia may interact as both cause and effect. The
prevalence of OSA (AHI =10/h) was two to three-
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fold higher in patients with a history of MI, and pa-
tients with nocturnal onset of MI have a six-fold
higher likelihood of having OSA than those with di-
urnal ML, %21 Conversely, OSA was associated with
the development and instability of atherosclerotic
plaques and thus may act as a trigger for ML.* In
our study, we found that approximately 48% of the
elderly subacute MI patients were diagnosed with
OSA with AHI > 15. Besides the traditional risk
factors for OSA such as higher BMI and hs-CRP
level, a greater proportion of OSA patients had
multivessel coronary artery disease, which sup-
ports the hypothesis that OSA may be significantly
associated with the severity of myocardial infarction.

OSA-induced hypoxia can lead to nocturnal dys-
autonomia, characterized by sympatho-adrenal
over-activation. Both HRV and HRT are important
prognostic indicators for the activity of the auto-
nomic system in cardiovascular diseases, especially
in myocardial infarction,™ * while reduced HRT
has been proven to be a relatively accurate indicat-
or of autonomic system damage in severe OSA,
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Figure 2 The Kaplan-Meier survival curve of OSA (AHI 2 15) combined with hypoxia (MinSaO, < 80%) on MACCE-free survival
in elderly subacute myocardial infarction patients during the 6-month follow-up. AHI: apnea-hypopnea index; MACCEs: major ad-
verse cardiac and cerebrovascular events; MinSaO,: minimum nocturnal oxygen saturation; OSA: obstructive sleep apnea.

sudden death, and the prognosis after myocardial
infarction.!” ** 1 Our study found that the OSA
group showed significant increases in HRV fre-
quency-domain metrics (including VLF, LF, and the
LF/HF ratio) and TO, as well as significant de-
creases in HF and TS compared with the non-OSA
group. Besides, the incidences of sinus, atrial, and
ventricular arrhythmia in the OSA group were also
significantly increased compared with those in the
non-OSA group. These data further support the re-
lationship of OSA with imbalanced autonomic
nervous system function and heart rhythm dis-
orders in elderly AMI patients. The detailed mech-
anisms may be explained by hypoxia-induced in-
flammatory response, oxidative stress, and hyper-
coagulability, as well as increased expression of
ventricular calcium channels.” !

The link between OSA and cardiovascular events
remains controversial. Recent studies have ob-
served a potential protective effect of OSA in cases
of myocardial infarction, and the prescription of
continuous positive airway pressure (CPAP) com-
pared with usual care did not result in a positive ef-
fect on the incidence of cardiovascular events, which
is attributed to chronic intermittent hypoxia resulting
in ischemic preconditioning of the myocardium."* ">
However, the issue remains controversial. Re-
searchers have attempted to determine prognostic
parameters of OSA for cardiovascular outcomes
and showed that AHI = 15, MinSaO, < 85%, Ep-
worth Sleepiness Scale scores > 11 and the presence
of excessive daytime sleepiness were all independ-
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ent risk factors of MACCESs during a follow-up of
3-5 years.”* Similarly, our present study demon-
strated that OSA (AHI > 15) together with hypoxia
(MinSaO, < 80%) was independently associated
with the incidence of MACCEs during the 6-month
follow up (HR = 4.53), and patients with both OSA
and severe hypoxia showed poorer MACCE-free
survival than those without OSA or hypoxia. Our
results further support the hypothesis that OSA-as-
sociated apnea can aggravate the severity of
myocardial ischemia in elderly subacute MI patients
and thus produce adverse effects on the middle-
term outcomes during the follow-up.

A prospective design and a rather homogeneous
group of elderly people are the strengths of our
study. However, there are some limitations in our
study. First, the sleep studies were performed by
using type III portable sleep monitors, which may
underestimate the AHI values compared with the
gold standard of polysomnography. Second, identi-
fying the prevalence of OSA in the AMI patient
population was not a goal of this study, as we only
recruit stable subacute MI patients who can tolerate
the sleep study, which may conceal the real influ-
ence of OSA on more severe patients complicated
with heart failure, severe kidney diseases, or infec-
tion. Third, the sample size of our prospective, cross-
sectional study conducted at a single medical cen-
ter was relatively small. Large-scale multicenter
double-blind prospective clinical studies may be re-
quired for further confirmation of the influence of
OSA on AMI patients.
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In conclusion, OSA-induced hypoxia may correl-
ate with the severity of myocardial infarction, in-
crease the occurrence of heart rhythm disorders in
elderly subacute MI patients, and worsen their poor
outcomes in the short term.
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