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Obstructive sleep apnea is associated with severity and long-term prognosis of
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Abstract

Background Obstructive sleep apnea (OSA) is a common disease in patients with acute coronary syndrome (ACS) and associated
with an increased risk of fatal and nonfatal cardiovascular events. However, most patients in previous study were treated with bare metal
stents and the sample sizes were relatively low. The goal of this study was to evaluate the influence of OSA on the severity and prognosis of
patients admitted for ACS. Methods In this prospective cohort study, we enrolled patients with ACS who were hospitalized for coronary
angiogram/percutaneous coronary intervention and undergone polysomnography. We divided the patients into two groups: moderate to se-
vere OSA group [apnea-hypopnea index (AHI) > 15 events/h] and control group (AHI < 15 events/h). They were followed up for up 32
months. Then, we compared the ACS severity and long-term major adverse cardiovascular events (MACE) in patients with different severity
of OSA. Results Five hundred and twenty nine patients were included in the final analysis, with 76% of them being men and an average
age of 59 £ 10 years. The overall mean AHI is 29 + 19 events/h, 70.5% of them (373/529) being with moderate to severe OSA and 29.5%
(156/529) assign into control group. Compared with controls, patients with moderate or severe OSA exhibited a higher prevalence of hyper-
tension as well as higher body mass index, SYNTAX score, Epworth score and length of hospitalization. With a median follow-up duration
of 30 months, accumulative rate of MACE was also higher in patients with moderate or severe OSA than that in the control group (8.6% vs.
3.2%, P = 0.028). After adjusting for baseline confounders by cox regression model, moderate to severe OSA was an independent risk factor
of long-term MACE (P = 0.047, HR = 1.618, 95% CI: 1.069-3.869). Conclusions The results of this study demonstrate that moderate or
severe OSA is correlated with disease severity and associated with worse long-term prognosis in ACS patients. The results raising the possi-
bility that early diagnose and interventions of OSA could improve long-term outcomes in ACS patients.
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Growing evidence has shown that OSA is pathologically

1 Introduction k ) i X B3 !
associated with cardiovascular disease.” > Indeed, previous

Obstructive sleep apnea (OSA) is a prevalent sleep dis-
order that affects 3%—7% of the general population, and
30%—60% of patients with known cardiovascular disease.'”!
It is caused by repeated episodes of complete or partial up-
per airway obstruction during sleep and leads to transient
hypoxemia, arousal from sleep, tachycardia, and a surge in
systemic blood pressure (BP).

The close relationship between sleep apnea and coronary
artery disease (CAD) has been supported by many studies.
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studies had shown that continuous positive airway pressure
(CPAP) treatment was effective in reducing the incidence of
hypertension and cardiovascular events.!! In contrast, a re-
cent report from The Sleep Apnea cardiovascular Endpoints
(SAVE) study reveals that CPAP therapy plus conventional
care, as compared with conventional care alone, did not
prevent cardiovascular events in patients with moderate-to-
severe obstructive sleep apnea and established cardiovascu-
lar disease.!” Furthermore, a new hypothesis indicates that
in the context of acute myocardial infarction (AMI), OSA
plays a cardio-protective role via ischemic preconditioning,
which results in activation of adaptive mechanisms, such as
the increased recruitment of proliferative and angiogenic
endothelial progenitor cells.”® In line with this hypothesis,
some studies demonstrated that patients with OSA report-
edly exhibit less severe cardiac injury during an acute non-
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fatal myocardial infarction compared with patients without
OSA.P

Therefore, it is still controversial on whether sleep apnea
worsening or ameliorate the outcomes of patients with acute
coronary syndrome (ACS). However, none of these studies
addressed the impact of sleep apnea on the long-term prog-
nosis in ACS patients after coronary revascularization therapy
with drug-eluting stents (DES). Therefore, we performed
this study to evaluate the impact of OSA on the severity and
prognosis of patients with ACS after receiving percutaneous
coronary intervention (PCI). In this study, we correlate the
severity of OSA with cardiovascular profiles such as ejec-
tion fraction, number of diseased vessels, SYNTAX scores,
length of hospitalization and major adverse cardiovascular
events (MACE) of a cohort of ACS patients.

2 Methods

2.1 Study design and patient population

In this single-center prospective cohort study, we re-
cruited consecutive patients who were hospitalized in the
Department of Cardiology at Beijing Anzhen Hospital, Ca-
pital Medical University from December 2012 to December
2015. Inclusion criteria were: patients who hospitalized with
ACS for coronary angiography and intervention, age > 18
years.

The exclusion criteria were: any medical, social or geo-
graphical factor that could jeopardize patient compliance,
previous treatment with CPAP (or treatment after discharge),
any previously diagnosed chronic obstructive pulmonary
disease (COPD), patients in cardiogenic shock, any process
that reduces life expectancy to < 1 year.

2.2 Angiography/PCI and treatment for ACS

ACS was defined as the acute presentation of coronary
disease with or without ST elevation infarction (NSTEMI),
unstable angina (UA), or type 1 myocardial infarction
(MI)."Y Multi-vessel lesion was defined as > 2 vessels (di-
ameter > 2 mm) with significant stenosis (= 70% lumen
area). SYNTAX score was used to assess the complexity
and severity of coronary artery disease.'” All of the re-
cruited patients were treated according to standard clinical
practice,l'”! and all stents were DES. Briefly, all patients
received dual-antiplatelet (aspirin plus clopidogrel/tica-
grelor), statins and antihypertensive/antidiabetic drugs if
necessary.

2.3 Polysomnography (PSG)

In all recruited patients, Standard PSG parameters (Em-
bletta, JET FLOW) were measured including electroen-

cephalogram (EEG), nasal airflow (nasal cannula), thora-
coabdominal movements (inductive respiratory bands), ar-
terial oxygen saturation, snoring episodes derived from the
integrated pressure transducer, limb movement, electrocar-
diogram and body position during the first 48—72 h after
admission. Apnea was defined as an absence of airflow
lasting > 10 s. Hypopnea was defined as a reduction in air-
flow lasting > 10 s associated with oxygen desaturation.
Oxygen desaturation was defined as a decrease in arterial
oxygen saturation > 4%. Apnea-hypopnea index (AHI) was
defined as the number of episodes of apnea and hypopnea
per hour of recording.“] Based on previous studies and con-
sensus, we decided that patients with AHI > 15 events/h
were defined as moderate to severe OSA group,'* and those
with an AHI < 15 events/h were defined as controls. The
Epworth Sleepiness Scale (ESS) was administered to the
patients to determine their degree of excessive daytime
sleepiness after PCL!"

2.4 Baseline characteristics and follow-up for cardio-
vascular events

At baseline, patients’ demographic and anthropometric
data were collected: age, sex, body mass index (BMI),
blood pressure, heart rate and rhythm, blood biochemistry
(for the first time after admission), cardiovascular risk fac-
tors (e.g., diabetes mellitus, hypertension, hyperlipidemia,
and smoking), PSG and angiographic parameters. After
hospital discharge, the cardiovascular outcomes were pro-
spectively collected every six months by clinic visits or
telephone calls. All patients were recommended to improve
their lifestyle. Major adverse cardiovascular events (MACE)
were defined as cardiac death, myocardial infarction, un-
planned revascularization, or heart failure requiring hospi-
talization. To verify the events, source documents of the
patients who had experienced adverse cardiovascular events
were reviewed by the investigators. This study was ap-
proved by the institutional review board and all patients
provided written informed consent prior to participation.

2.5 Data analysis

The frequencies (%) were computed to evaluate the dif-
ferences between the control and moderate to severe OSA
patients with respect to anthropometric and clinical vari-
ables and ACS related risk factors, assessing the signifi-
cance with Mann-Whitney or Chi-squared tests, respectively.
The mean + SD were computed for continuous covariates
such as age and BMI between groups and compared by us-
ing an independent sample t test.

The Kaplan-Meier cumulative incidence curves were
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plotted and the difference in cumulative incidence of ad-
verse event rates between groups was compared by using
the log-rank test. The Cox regression was then applied to
adjust for baseline confounders. All of the statistical analy-
ses were carried out with SPSS 20.0. Statistical significance
was defined as P < 0.05 for all comparisons.

3 Results

3.1 Baseline characteristics

Form December 2012 to December 2015, we assessed
892 eligible patients and finally included 529 patients for
analysis (Figure 1). There were no difference in proportion
of congestive heart failure patients between the control
group and moderate to severe OSA group (1.3% vs. 4.6%, P
= 0.065) and none of them accompany with obvious symp-
toms. The demographic and baseline characteristics of the
included patients are shown in Table 1. Compared with the
control group, the moderate to severe OSA group had
higher proportion of males (79.9% vs. 69.2%, P = 0.008),
hypertension (75.3% vs. 64.1%, P = 0.009) and higher mean
BMI. There were no statistical differences in proportion of
diabetes mellitus, dyslipidemia, current or former smoker
and alcohol abuse between the two groups. There were also
no statistical differences between the two groups with re-
spect to age years, heart rate, systolic pressure, low density
lipoprotein (LDL) cholesterol, hypersensitive C reactive
protein (HSCRP), B-type natriuretic peptide (BNP) and
troponin I (TNI). Not surprisingly, moderate to severe OSA
group had higher mean apnea—hypopnea index events/h and
Epworth sleepiness scale (All P <0.001).

3.2 Severity of ACS and coronary lesions

With respect to ACS severity, there were no difference in
respects of proportion of patients with ST elevated MI
(STEMI), NSTEMI and UA. However, moderate to severe
OSA group had higher proportion of patients with multi-
vessel lesions, higher mean of SYNTAX score, and length
of hospitalization days (P < 0.001 and P = 0.007, respec-
tively) and lower ejection fraction (P < 0.001) (Table 2).
Baseline characteristics of coronary angiography are shown
in Table 3. Moderate to severe OSA group had significantly
more culprit lesion vessels and higher proportion of culprit
lesion in left anterior descending branch (LAD), left cir-
cumflex branch (LCX) and right coronary artery (P <
0.001).

3.3 Adverse cardiovascular events

The median follow-up duration was 28 + 4.6 months.
Among 156 patients in the control group, five patients de-
veloped five adverse cardiovascular events, including three
myocardial infarctions and two unplanned revasculariza-
tions. Among 373 patients in the moderate to severe OSA
group, 32 patients developed 32 adverse cardiovascular
events, including 10 cardiac deaths, 4 myocardial infarctions
and 18 unplanned revascularizations. Clinical characteristics
between MACE group and Non-MACE group are shown in
Table 4. The Kaplan-Meier cumulative incidence of adverse
cardiovascular events is shown in Figure 2. The event rate at
30 months was significantly higher by log rank test in the
moderate to severe OSA than the control group (8.6% Vvs.
3.2%, P =0.028).

Assessed for eligibility

=892 Patients excluded, n =313

Any medical, social or geographical factor that could
jeopardize patient compliance, n = 184

Previous treatment with CPAP, n =72

Any previously diagnosed COPD, n= 13

Patients in cardiogenic shock, n =27

Study cases Any process that reduces life expectancy to < 1 year, n=17
n=579
| Loss of follow-up
l | l n=50
AHI < 15 events/h AHI > 15 events/h
n=156 n=373

l

Patients analyzed
n=>529

Figure 1. Flow chart. AHI: apnea-hypopnea index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; CPAP:

continuous positive airway pressure.

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



JIA S, et al. OSA is associated with severity of CAD

149

Table 1. The basic characteristics of the participants.

AHI<15 AHI > 15
Characteristics events/h, events/h, P value
n=156 n=373
Age, yrs 58.4+10.7 59.2+10.9 0.427
Males 108 (69.2%) 298 (79.9%) 0.008
Heart rate 71.4+£104 739+11.8 0.017
AHI events/h 94+34 37.2+169 <0.001
Epworth sleepiness scale 45+39 62+54 <0.001
Systolic pressure, mmHg 128.6£17.1 1309+ 18.2 0.172

Hypertensive patients 100 (64.1%) 281(75.3%) 0.009
Diabetes mellitus 47 (30.1%) 146 (39.1%) 0.050
Dyslipidaemia 69 (44.2%) 169 (45.3%) 0.820
Body mass index, kg/m’ 264+34 28.1£3.6 <0.001
Current or former smoker 47 (30.1%) 103 (27.6%) 0.559
Alcohol abuse 7 (4.5%) 26 (7.0%) 0.282
LDL-C, mmol/L 25+09 25+1.0 0.371

Data are presented as mean = SD or n (%). Mann—Whitney and Chi-squared
tests were used to assess the differences in the means or proportions be-
tween groups. Statistically significant p-values are shown in bold. AHI:

apnea—hypopnea index; LDL-C: low density lipoprotein cholesterol.

Table 2. Variables related to acute coronary syndrome
severity.

AHI<15 AHI > 15
Characteristics events/h, events/h, P value
n=156 n=373

NSTEMI 61(39.1%)  122(32.7%) 0.159
UA 87 (55.8%) 219 (58.7%) 0.532
Length of hospitalization,

days 6.7+42 8.0+5.6 0.007
Ejection fraction 63.8+6.8 61.8+8.3 0.009

BNP, pg/mL 603+139.0 908+2401  0.068
cTnl, ng/mL 09+83 1.5+£9.7 0.534
HSCRP, mg/L 54+79  53+88 0905
MACE 5G32%)  32(86%) 0027
Death 0 102.7%)  0.039
MI 3(19%)  4(11%) 0435
Unplanned 2(13%)  18(48%) 0051
revascularization

Data are presented as mean = SD or n (%). Mann—Whitney and Chi-squared
tests were used to assess the differences in the means or proportions be-
tween groups. Statistically significant P-values are shown in bold. AHI:
apnea—hypopnea index; BNP: B-type natriuretic peptide; cTnl: cardiac
troponin I; HSCRP: hypersensitive C reactive protein; MACE: major ad-
verse cardiovascular events; MI: myocardial infarction; NSTEMI: Non ST

elevation myocardial infarction; UA: unstable angina.

Table 3. Baseline characteristics of coronary angiography.

AHI £ 15 events/h, AHI > 15 events/h,

Characteristics n =156 n=373 P value
Culprit lesion LAD 28 (17.9%) 169 (45.3%)  <0.001
Culprit lesion LCX 17 (10.9%) 95 (25.5%) <0.001
Culprit lesion RCA 17 (10.9%) 113 (30.3%)  <0.001
Culprit lesion LM 3(1.9%) 6 (1.6%) 0.799

Number of lesion vessels 1.02+0.97 0.42+0.827 0.023

Multi-vessel lesions 16 (10.3%) 105 (28.2%) <0.001
SYNTAX score 3.0+64 10.1 +10.0 <0.001

Data are presented as mean + SD or n (%). Mann-Whitney and Chi-squared
tests were used to assess the differences in the means or proportions be-
tween groups. Statistically significant P-values are shown in bold. AHI:
apnea—hypopnea index; LAD: left anterior descending; LCX: left circum-
flex; LM: left main artery; RCA: right coronary artery.

Potential confounding factors such as age, sex, BMI, TNI,
hypertension, diabetes mellitus, dyslipidemia and SYNTAX
score was screened by univariate analysis. Confounders
including BMI, cardiac troponin I, hypertension, dyslipide-
mia did not achieve statistical significance were excluded
from final Multivariate Cox Regression Analysis. The multi-
variable Cox regression analysis of predictors of MACE
showed increased hazard of adverse event with moderate to
severe OSA (P =0.047, HR = 1.618, 95% CI: 1.069-3.869)
with SYNTAX score (P = 0.037, HR = 1.842, 95% CI:
1.055—4.788) (Table 5).

4 Discussion

In this prospective single-center cohort study of over 500
patients, we found that patients with moderate to severe
OSA also had more severe CAD, in term of higher SYN-
TAX score and lower ejection fraction, as well as longer
length of hospitalization days. More importantly, we found
that moderate to severe OSA was a risk factor for long-term
adverse cardiovascular events after angiography/PCI.

Our findings that OSA was associated with severer ACS
are in line with previous reports that sleep-disordered
breathing, especially when it is severe, is associated with
both all-cause and coronary artery disease mortality.'*'%!
Yumino, et al.'” performed a sleep study in 89 patients
with ACS who were successfully treated with PCI, mean
period of follow-up 227 days. The incidence of major ad-
verse cardiac events was significantly higher in patients
with OSA (23.5% vs. 5.3%, P = 0.022) and multivariate
analysis showed presence of OSA was an independent pre-
dictor for MACE. Mazaki, et al.!"® studied 241 patients with
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Table 4. Clinical characteristics between MACE group and Non-MACE group.

Characteristics MACE group (n=37) Non-MACE group (n =492) P value
Age, yrs 62.4+8.6 58.6+10.9 0.049
Males 26 (70.3%) 380 (77.2%) 0.330
Heart rate 78.8+13.0 72.8+11.1 0.038
Apnoea—hypopnea index events/h 38.7+21.1 283+18.7 0.048
SYNTAX score 143+11.1 73+93 0.012
Systolic pressure 131.5+18.8 130.1£17.2 0.037
Ejection fraction 58.5+12.9 62.6+73 0.001
Hypertensive patients 29 (78.4%) 352 (71.5%) 0.372
Diabetes mellitus 18 (48.6%) 175 (35.5%) 0.011
Dyslipidaemia 12 (32.4%) 226 (45.9%) 0.101
Body mass index, kg/m® 294+3.6 274+£3.5 0.033
Current or former smoker 11 (29.7%) 139 (28.3%) 0.874
Alcohol abuse 4 (10.8%) 29 (5.9%) 0.233
BNP, pg/mL 79.8 +248.8 81.9+2134 0.874
¢Tnl, ng/mL 0.28+0.78 1.3+9.6 0.176

Data are presented as mean + SD or n (%). Mann—Whitney and Chi-squared tests were used to assess the differences in the means or proportions between

groups. Statistically significant P-values are shown in bold. BNP: B-type natriuretic peptide; cTnl: cardiac troponin I; MACE: major adverse cardiovascular

events.

Table 5. Multivariable Cox Regression analysis of predictors
of mace.

Variable HR 95% CI P

Age 1.019 0.987-1.053 0.244
Male 1.418 0.692-3.178 0.234
Moderate to severe OSA 1.618 1.069-3.869 0.047
Diabetes mellitus 1.572 1.004-3.476 0.063
SYNTAX score 1.842 1.055—4.788 0.037

Statistically significant P-values are shown in bold. OSA: obstructive sleep

apnea.

ACS treated with primary PCI and results showed that inci-
dence of major adverse cardiocerebrovascular events was
significantly higher in patients with sleep-disordered
breathing (SDB) than in those without SDB (21.4% vs.
7.8%, P =0.006). Lee, et al.l" reported that in total of 120
patients with STEMI, severe OSA group was associated
with a lower event-free survival rate at 18-month follow-up.
A recent published meta-analysis demonstrated that the
presence of OSA can increase the risk of cardiovascular
events in patients who underwent PCLP” But almost all
patients in these study mentioned above were treated with
bare metal stents and the sample size were relatively
low.l""%! Our study proved that compare to non-OSA group,
OSA is related to more adverse events in DES implanted
patients. This is similar to previous studies in which bare
metal stents were used. In DES era, the use of DES has been

0104 —AHI < 15 events/h
- AHI > 15 events/h J
0.08 1
§ P-value =0.028 ‘J |
Q
f(‘é 0.06
°
2
= 0.04
£
=
Q
0.02 A
0 ~
T T T T T T T
0 5 10 15 20 25 30
Time to adverse event, months
Figure 2. Kaplan-Meier cumulative incidence curves ac-

cording to presence of moderate to severe OSA. AHI: ap-
nea-hypopnea index; OSA: obstructive sleep apnea.

proven to be associated with a lower risk of revasculariza-
tion rate and stent-related adverse events.”” This proves
that the effect of OSA on patients’ prognosis is independent
to the benefit of the stent itself. The essential features of
OSA were intermittent episodes of hypoxia, increase in
sympathetic activity, sudden changes in systemic blood
pressure and inflammatory reaction.****! These pathophysi-
ological changes are closely related to the coronary artery
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disease and abnormalities in cardiac autonomic and electro-
physiological factors, such as heart rate variability and the
duration of the QT interval.***”! Altogether, the sleep-disor-
dered breathing may worsen the coronary artery disease by
increasing the plaque burden, deteriorating infarction ex-
pansion and impairing healing of myocardial tissues.***"!

We also noticed that some investigators reported com-
pletely different results. For example, Lee, et al.” reported
that OSA did not worsen the microvascular perfusion in
patients of acute myocardial infarction either at baseline or
after PCI. Furthermore, Shah, et al.””’ reported that patients
with OSA have even less severe cardiac injury than patients
without OSA during an acute non-fatal MI. However, the
former study included relatively small number of patients
and high excluded risk CAD patients,”” and the latter study
assessed OSA in the acute setting of MI which may exag-
gerate OSA symptoms,”” implying that these confounding
factors may bias the association between OSA status and
cardiac injury. In contrast, our study showed that OSA was
associated with severer coronary artery atherosclerosis and
the association still existed even after controlling confound-
ing factors such as BMI, age, hypertension, diabetes and
dyslipidemia.

The novelty of our study is the finding that moderate-to-
severe OSA was associated with long-term adverse cardiac
events after angiography or PCI. All patients were treated
with drug-eluting stents which most previous studies were
not used,'"”*¥ thus it is important to confirm whether the
use of drug-eluting stents could have different results in
prognosis of OSA and ACS population. Most studies re-
ported patients with or without OSA had same outcomes at
30 days or at 1 year follow up.”'”! Meng, et al.”! also re-
ported that ACS patients with or without OSA had similar
rates of MACEs, although OSA was associated with in-
creased CAD severity and blood coagulability, as well as
interventricular septum thickness after successful PCI.
However, considering their study recruited relatively small
number of patients and included patients with less severe
OSA (AHI > 5), the correlation between OSA and MACE
may be minimized.

The strengths of our study are reflected by the relatively
large number of patients and long follow-up time. However,
several issues need to take into consideration in interpreting
the present study. CAD are quite complex, we cannot ex-
clude all the undetermined confounders. First, this study
included predominantly male patients and diagnosed with
UA. Therefore, we cannot rule out the possibility that pa-
tients with OSA or with strong risk factors for OSA such as
obesity, were more likely to be symptomatic and seek
medical service when they experienced even a mild coro-

nary ischemic event. Second, some information on cardio-
vascular outcomes may be inaccurate since they were based
on the self-report of the patients; but we believe the possi-
bility was very low to miss the major events such as MI,
hospitalization for heart failure or death. Third, we were
unable to determine the duration of OSA prior to the index
ACS and therefore, we could not measure the effect of ex-
posure duration to hypoxia. Fourth, repeat angiography was
not performed during follow up, so we could not capture
data on restenosis rates unless the patient is re-hospitalized for
MACE. And single-center study may have introduced bias.

In conclusion, this prospective study in a big Chinese
cohort with ACS demonstrated that moderate or severe
OSA is correlated with more serious ACS and worse
long-term prognosis after PCI in spite of DES implantation.
It is suggested that moderate-to-severe OSA facilitates pla-
que vulnerability and the progression of coronary athero-
sclerosis. This study provides more evidence for the causal
relationship between OSA and coronary artery disease and
raising the possibility that early diagnose and interventions
to OSA could improve long-term outcomes in ACS patients.
Moreover, studies to evaluate effective treatment for OSA
and ACS are still warranted.
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