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Study Objectives: Although the prevalence of obstructive 
sleep apnea/hypopnea syndrome (OSAHS) is high in patients 
with acute coronary syndromes (ACS), there is little knowl-
edge about the persistence of OSAHS in ACS patients after 
the acute event. We aimed to assess the prevalence and time 
course of OSAHS in patients with ACS during and after the 
acute cardiac event.
methods: Fifty-two patients with fi rst-ever ACS, underwent at-
tended overnight polysomnography (PSG) in our sleep center 
on the third day after the acute event. In patients with an apnea 
hypopnea index (AHI) > 10/h, we performed a follow up PSG 
1 and 6 months later.
Results: Twenty-eight patients (54%) had an AHI > 10/h. There 
was a signifi cant decrease in AHI 1 month after the acute event 
(13.9 vs. 19.7, p = 0.001), confi rming the diagnosis of OSAHS 
in 22 of 28 patients (79%). At 6-month follow-up, the AHI had 

decreased further (7.5 vs. 19.7, p < 0.05), and at that time only 
6 of the 28 patients (21%) were diagnosed as having OSAHS. 
Twelve of the 16 current smokers stopped smoking after the 
acute event.
Conclusions: We have demonstrated a high prevalence of 
OSAHS in ACS patients, which did not persist 6 months later, 
indicating that, to some degree, OSAHS may be transient and 
related with the acute phase of the underlying disease or the 
reduction in the deleterious smoking habit.
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The high prevalence and clinical signifi cance of sleep disor-
dered breathing, (SDB) as well as its effects on a range of 

cardiovascular conditions have attracted growing interest. Ob-
structive sleep apnea/hypopnea syndrome (OSAHS) is strongly 
associated with the incidence and consequences of hyperten-
sion,1,2 arrhythmia,3,4 heart failure,5-7 and stroke.8,9 Treatment 
of OSAHS with CPAP has positive results on its well-known 
cardiovascular consequences.10

In addition, OSAHS has been found to be a factor involved 
in endothelial dysfunction,11 infl ammation,12 and sympathetic 
activation, which may promote ischemic events. Although an 
increased incidence of CAD has been found in patients with 
OSAHS,13,14 and even mild to moderate OSAHS has been as-
sociated with a worse prognosis in patients with existing 
CAD,15,16 the characterization of OSAHS in the acute myocar-
dial ischemia setting is less clear.17-25 Based on the results of 
recent studies19,20,25 it is diffi cult to determine whether OSAHS 
contributes to the occurrence of ACS, or whether OSAHS is 
a consequence of the acute phase in ACS patients that may 
improve after medical stabilisation. We therefore conducted 
a longitudinal study to assess the prevalence of OSAHS in a 
homogeneous group of patients with ACS, who had no other 
medical or known sleep disorder, to examine whether OSAHS 
persists over time and to elucidate any possible connection with 
the severity of the underlying disease.

mATERIALS AND mETHODS

Patients
Fifty-two of 103 consecutive patients (40 men, 12 women) 

admitted to the CCU with a fi rst-ever ACS, and with preserved 
left ventricular function (LVEF > 40%), satisfi ed the inclusion 
criteria and were invited to participate voluntarily in this study. 
The purpose of the study was explained to patients and relatives 
by a study author within the fi rst 2 days after admission. ACS 
included fi rst ever-acute myocardial infarction (AMI), acute 

bRIEF SUmmARY
Current Knowledge/Study Rationale: Several studies have shown 
a high prevalence of Obstructive sleep apnea/hypopnea syndrome 
(OSAHS) in patients with acute coronary syndromes (ACS) in the acute 
setting. The aim of this study was to assess the prevalence and time 
course of OSAHS in patients with ACS, during and after the acute car-
diac event.
Study Impact: The issue on the ideal timing of investigation for OSAHS 
after an acute cardiovascular event remains unresolved. Based on our re-
sults, attempting to diagnose OSAHS early in patients with ACS should be 
done with caution, because initial polysomnography (PSG) fi ndings in the 
acute phase of ACS are not necessarily indicative of an ongoing problem.
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chtschaffen and Kales and the new AASM guidelines27,28; the 
scorer was always the same, blinded to the patients’ clinical 
condition and the PSG findings from the first assessment. The 
definitions of apneas and hypopneas were based on the new 
AASM standard criteria.28 Hypopneas were scored with the 
“recommended” AASM hypopnea rule that requires a ≥ 30% 
drop in the nasal pressure transducer signal and a desaturation 
≥ 4% compared to the prior event baseline. The same PSG pro-
tocol and criteria were used on each of the 3 nights.

Statistical Analysis
Summary descriptive statistics are reported as mean ± SD 

(standard deviation) or frequency (%), as appropriate. The 
Kolmogorov-Smirnov test was used to confirm normality. Dif-
ferences between consecutive values (BMI, sleep architecture 
parameters, respiratory and oxygenation indices) were assessed 
by a one-way analysis of variance (ANOVA) test with the Bon-
ferroni correction. A p-value < 0.05 was considered to indicate 
statistical significance. The statistical package SPSS 16 (Chi-
cago, IL, USA) was used for the entire analysis.

RESULTS

Of 103 consecutive patients, 51 were excluded based on the 
above-mentioned exclusion criteria (Figure 1). Table 1 shows 
the patients’ demographics and clinical characteristics. Admis-
sion diagnoses were AMI in 47 patients (91%) and unstable 
angina (UA) in 5 patients (9%). All patients received the same 
scheme of potentially sleep-affecting medications, of which the 
administration remained unchanged during the study period. In 
detail, the vast majority of participants, in accordance with in-
ternational guidelines, received β-blockers (77%), angiotensin 
converting enzyme inhibitors (90%), or angiotensin-1 inhibi-
tors (10%), while all of them received aspirin and/or clopido-
grel and were continued on these medications upon discharge.

Coronary angiography was performed before discharge and 
in any case 3 days after the first PSG. No correlation was found 
between the apnea-hypopnea index and the number of coronary 
arteries involved or the site of myocardial ischemia or infarc-
tion. No ischemic changes were documented on EKG during 
the sleep study, and none of the participants reported chest pain 
during PSG monitoring. The LVEF was slightly but not signifi-
cantly increased during the follow-up period.

OSAHS (AHI > 10/h) was identified in 32 of 52 patients, 
giving a prevalence of OSAHS of 62%. Of those 32 patients, 
3 patients declined to participate further and one died. The re-
maining 28 patients were followed up with PSG 1 and 6 months 
later. Sixteen were current smokers, 6 were former smokers, 
and 6 were nonsmokers. Data collected from patients who un-
derwent all 3 PSG studies are shown in Table 2. We found that 
the BMI and ESS did not change significantly between the 3 
assessments. As depicted in Figure 2, there was a significant 
decrease in AHI 1 month after the acute event (13.9 ± 5.9 vs. 
19.7 ± 6.7, p = 0.001), confirming the diagnosis of OSAHS in 
22 of 28 patients (79%), and giving a prevalence of OSAHS 
of 42% (22 out of 52 patients). The AHI decreased further 6 
months later compared with the initial PSG (7.5 ± 4.6 vs. 19.7 
± 6.7, p < 0.05), confirming the diagnosis of OSAHS in only 6 
of 28 patients (21%), and giving the final prevalence of OSAHS 

EKG changes (i.e., ST-segment elevation > 1 mm in 2 contigu-
ous leads, new Q waves, ST-segment depression, or T wave 
inversion), along with positive cardiac enzymes and unstable 
angina. Excluded were patients who were confused; patients 
who had received sedatives or narcotics within the previous 48 
h or inotropes on the day of the sleep study; patients who had 
suffered cardiac arrest; patients with chronic obstructive pul-
monary disease, severe bronchial asthma, a history of psychi-
atric disorders, stroke or sepsis, hemodynamic instability, or a 
need for mechanical ventilation and cardiac assist, or ongoing 
supplementary oxygen therapy at the time of the sleep study; 
and those with a known history of diagnosed OSAHS, restless 
legs syndrome, or periodic leg movement disorder.

Study Design
Overnight attended polysomnography (PSG) was carried out 

in our sleep disorders unit, away from the CCU environment but 
in the same hospital, on the third day after the acute event. Safety 
and feasibility of PSG for acutely ill patients in the sleep disor-
ders center has been described previously.26 A sleep history was 
taken from each patient and his/her relatives, and the Epworth 
Sleepiness Scale (ESS) was used to evaluate daytime sleepi-
ness. Left ventricular ejection fraction (LVEF) was estimated 
by echocardiography using the biplane Simpson method before 
every sleep study. Patients with an apnea/hypopnea index (AHI) 
> 10/h were followed up with PSGs 1 and 6 months later.

Patients while in the CCU environment were kept in rooms 
with windows, and the light was dimmed every night at 22:00 
to avoid circadian rhythm disturbances; they were encouraged 
to follow a normal sleep schedule and to avoid napping. More-
over, they were continuously video-recorded in order to rule 
out any abnormalities in their sleep schedule that might influ-
ence the first PSG, performed 3 days after the acute event. On 
the day of the sleep study, the PSG procedure was explained to 
the patients and a short visit to our sleep disorders center was 
arranged.

The study was approved by the hospital’s ethics committee, 
and each participant gave written informed consent.

Polysomnography
Overnight attended polysomnography (Alice 5, Respiron-

ics) was performed in our sleep disorders center, located in the 
same hospital as the CCU. Patients underwent 3 nights of full 
diagnostic PSG, one at each time point, according to our stan-
dard techniques, with monitoring of the electroencephalogram 
(EEG) using frontal, central, and occipital leads; electrocu-
logram (EOG); electromyogram (EMG); flow (by oronasal 
thermistor and nasal air pressure transducer); thoracic and 
abdominal respiratory effort (inductance plethysmography); 
oximetry; and body position. Snoring was recorded by a micro-
phone placed on the anterior neck. A single modified EKG lead 
II was used for baseline cardiac monitoring (additional leads I, 
II, aVL, aVR, and aVF were used as backup for further evalua-
tion of features suggestive of cardiac ischemia observed in the 
main EKG lead). An infrared camera synchronized to the PSG 
was used, and the number and timing of interactions between 
nurse and patient were documented.

Polysomnographic recordings were manually interpreted 
in 30-sec intervals, in accordance with the guidelines of Re-
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vs. 4.3 ± 3.5, p < 0.05), and significantly less slow wave sleep 
(expressed as a percentage of total sleep time: 5.5 ± 2.1 vs. 10.7 
± 2.1 vs. 13.7 ± 3.2, p < 0.05), as well as percentage REM sleep 

of 12% (6 out of 52 patients; Figure 2). In addition, 12 of the 16 
current smokers stopped smoking after the acute event. Specifi-
cally, 2 of the quitters were in the group of 6 patients with the 
final diagnosis of OSAHS; the remaining 10 were in the group 
of 22 with no confirmed OSAHS diagnosis at 6 months. Central 
events represented less than 5% of scored respiratory events 
during the initial PSG. The mean percentage of time spent in 
the supine position did not change significantly between the 3 
studies, and none of the patients met formal criteria for a diag-
nosis of positional OSAHS during our study.29,30

An analysis of sleep stages comparing the initial PSG with 
the first follow-up PSG and the second follow-up PSG revealed 
difficulties in initiating and maintaining sleep, significantly 
shorter total sleep time (233.2 ± 42.5 min vs. 301.8 ± 24.5 min 
vs. 341.3 ± 23.7 min, p < 0.05) and poorer sleep efficiency, 
significantly greater arousal index (26.9 ± 10.9 vs. 12.9 ± 3.8 

Table 1—Patients’ demographics and clinical characteristics
Characteristics Values

Number 52
Age, y 55.8 ± 13
Sex

Male 40
Female 12

Hypertension 19 (37%)
Diabetes mellitus 8 (28%)
Hypercholesterolemia 16 (31%)
BMI, kg/m2 28.4 ± 3.9
ESS score 5.9 ± 1.3
LVEF 47 ± 9.8% 

Values are given as mean ± SD, or No (%). ESS, Epworth Sleepiness 
Scale; LVEF, left ventricular ejection fraction.

Figure 1—Flowchart of participation

103 patients initially approached

52 patients were included in the 
study and underwent PSG

32 patients had AHI > 10

28 patients were followed-up with 
PSG 1 and 6 moths later

17 patients had received 
sedatives, narcotics, or inotropes

4 patients had hemodynamic 
instability and/or mechanical 
ventilation

7 patients had COPD

2 patients had severe bronchial 
asthma

1 patient had history of 
psychiatric disorder

2 patients had stroke

18 patients had OSAHS

3 patients declined participation

1 patient deceased

Table 2—Clinical and polysomnography (PSG) parameters 
of 28 patients who showed an AHI > 10/h at first assessment, 
measured during the acute stage, and 1 and 6 months later

First PSG
N = 28

Second PSG
N = 28

Third PSG 
N = 28

BMI 28.5 ± 4.9 28.1 ± 4.6 27.9 ± 4.6
TIB (min) 366 ± 41.8 393.3 ± 60.1 383.2. ± 77.2
TST (min) 233.2 ± 42.5 301.8 ± 24.5* 341.3 ± 23.7†

Arousal index 26.9 ± 10.9 12.9 ± 3.8* 4.3 ± 3.5†

Sleep efficiency 
(%) 62.3 ± 9.6 75.9 ± 7.9* 83.8 ± 5.6†

AHI (total) 19.7 ± 6.9 13.9 ± 5.9* 7.5 ± 4.6†

REM AHI 21.9 ± 11.7 14.2 ± 6.7* 8.1 ± 5.3†

CAHI 0.9 ± 0.7 0.7 ± 0.4 0.7 ± 0.3
OAHI 18.8 ± 6.6 13.3 ± 5.9* 6.9 ± 4.7†

ODI (≥ 3%) 24.2 ± 12.9 13.3 ± 6.0* 8.3 ± 4.0†

Mean SaO2 93.5 ± 1.1 95.1 ± 1.1* 95.4 ± 0.8†

Min SaO2 84.5 ± 3.7 88.3 ± 3.2* 89.7 ± 1.9†

Time lying supine 
(% TST) 47.7 ± 7 46.9 ± 4.9 45.7 ± 6.2

AHI supine 23 ± 7.4 16.8 ± 6.8* 8.8 ± 5.1†

AHI non-supine 17 ± 6.8 11.5 ± 5.2* 6.4 ± 4.3†

WASO (min) 130.1 ± 28.2 77.1 ± 17.7* 16.9 ± 6.1†

SWS (%) 5.5 ± 2.1 10.7 ± 2.1* 13.7 ± 3.2†

REM (%) 2.4 ± 2.9 11 ± 1.3* 13.6 ± 3.7†

Data are presented as mean ± SD. TIB, time in bed; TST, total sleep time; 
WASO, wake duration after sleep onset; REM(%), rapid eye movement 
percentage (%) of TST; SWS (%), slow wave sleep percentage (%) of 
TST; AHI, apnea hypopnea index; CAHI, central apnea-hypopnea index; 
OAHI, obstructive apnea-hypopnea index; ODI, oxygen desaturation 
index; SaO2, oxygen saturation. *p < 0.05 between second and first PSG, 
†p < 0.05 between third and first PSG.
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between nocturnal myocardial ischemia and sleep apnea and 
hypopnea or desaturation in some patients with nocturnal ST-
segment depression.32 The frequency of sleep disordered breath-
ing in our study population at the time of the acute event (AHI 
> 10, 28 of 52 patients [54%]) and one month later (22 of 52 
patients [42%]) is similar to that reported in previous studies.

However previous studies have several limitations, because 
the exact timing of the investigation in relation to cardiac 
events was either not stated or variable,18,25 and most of them 
calculated the AHI with a relatively less accurate monitoring 
system that did not employ an EEG.19,20,22-24,31 Furthermore, 
the patient samples were heterogeneous, since conditions that 
could increase the prevalence of OSAHS—confused patients, 
patients who had received sedatives or narcotics, and patients 
with chronic obstructive pulmonary disease, severe bronchial 
asthma, or stroke—were not excluded.18,19,23,24 Moreover, sleep 
position and the fact that, as sensors need to be attached, patients 
are more likely to lay supine in the coronary care unit (CCU) or 
sleep laboratory setting as opposed to their own home, was not 
taken into consideration. Therefore, the possibility of transient 
OSAHS or a false-positive diagnosis cannot be excluded.

There are only a few reports of worsening of OSAHS in the 
acute phase of ACS.19,21,25,31 Our results from the follow-up in-
vestigation, in accordance with previous studies, showed that 
in a significant number of patients, the findings were transient 
and could not be repeated. A final diagnosis of OSAHS was 
confirmed in 6 of 28 patients (or 6 of the 52 [12%] of the origi-
nal study group) 6 months later, indicating that PSG performed 
early after the acute event does not have good diagnostic value 
for determining the severity of OSAHS. However, our findings 
seem to contradict those previously reported by Bahammam et 
al., who showed a high prevalence of OSAHS persisting at 6 
months after the acute cardiac event.20

The question of the ideal timing of an investigation for 
OSAHS after an acute cardiovascular event remains unre-
solved. It is well known that making the diagnosis of OSAHS 
in patients with cardiovascular disease is important, particularly 
given that adequate management improves its cardiovascular 
consequences. It could be argued that the diagnosis should be 
made as early as possible, when patients are in contact with clin-
ical staff and in a setting where facilities for immediate inves-
tigation are more likely to be available. However, based on our 
results, attempting to diagnose OSAHS early in patients with 
ACS should be done with caution, because initial PSG findings 
in the acute phase of ACS are not necessarily indicative of an 
ongoing problem. In addition, disrupted sleep with alterations 
in sleep macro- and microarchitecture that is common during 
acute cardiac events may temporally increase sleep disordered 
breathing. Therefore, PSG should not be performed early after 
ACS to reliably establish the diagnosis of OSA, given the high 
rate of false-positive diagnoses (22 of 28 diagnoses: 79%) and 
should only very restrictively be performed in patients during 
ACS because PSG worsens the frail sleep in these already dis-
tressed patients. Additionally, performing sleep studies shortly 
after admission to the CCU may be a waste of resources.

An explanation for the high prevalence rate in the first study 
may be the abnormal breathing and negative impaired sleep mi-
croarchitecture during sleep from acute cardiovascular pathol-
ogy, which results in overestimation of the baseline degree of 

(2.4 ± 2.9 vs. 11 ± 1.3 vs. 13.6 ± 3.7, p < 0.05). Sleep archi-
tecture was less altered 1 month after the acute event, while 
6 months later sleep duration and stages were within normal 
range. There were no significant differences in light-off/light-
on or total time in bed.

No patients were placed on nasal positive pressure therapy 
during the 6-month follow-up period. We arranged further clini-
cal follow-up in all 6 patients who still had confirmed OSAHS 
at the last PSG study. Two of them received treatment with con-
tinuous positive airway pressure (CPAP), and for the others we 
recommended that CPAP therapy should be initiated in the fu-
ture if patient’s cardiac status deteriorated, if hypertension be-
came difficult to stabilize, or if daytime sleepiness developed.

DISCUSSION

A few studies have evaluated the time course of SDB in pa-
tients with ACS.19,20,25 The present study was performed to in-
vestigate the time course of OSAHS in a homogeneous group 
of patients with ACS and preserved left ventricular function, 
who were not mechanically ventilated or on oral or intravenous 
sedation. To try to explain the association between ACS and 
OSAHS, patient selection was strict enough to exclude other 
comorbidities (details in the materials and methods section) 
that may be causative related to OSAHS. Our results indicated 
a high prevalence of OSAHS (AHI > 10/h) in the acute phase of 
ACS. However, the AHI was significantly lower in the second 
PSG with a further reduction near to the upper normal values in 
the chronic phase namely, 6 months after the acute event. The 
significant decrease of AHI during consecutive PSGs represents 
a decrease in scored obstructive respiratory events. Central 
events were less than 5% of scored respiratory events during 
the initial PSG.

Previous studies have shown a high prevalence of sleep 
disordered breathing and oxygen desaturation in patients with 
ACS.17-25,31 Additionally, a temporal association has been found 

Figure 2—Box plots showing total apnea-hypopnea index 
(AHI) values.
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In conclusion, our data show a high prevalence of obstruc-

tive sleep apnea-hypopnea syndrome in the acute myocardial 
ischemia setting. In the majority of cases, this did not persist 
and AHI was significantly lower 6 months later, indicating that 
OSAHS may be transient. This suggests that the pathophysi-
ological consequences of ACS (increased sympathetic activity 
and inflammatory changes) may be the main factors causing the 
high rate of OSAHS diagnosis during the acute phase. There-
fore, sleep studies should not be performed early after ACS to 
reliably establish the diagnosis of OSAHS. However, further 
studies should explore the above-mentioned changes associated 
with the underlying cardiac disease and their contribution to 
the alteration in OSAHS. In addition, further research is needed 
concerning the role of short-term (one to six months) CPAP 
therapy in ACS patients with polysomnographic features who 
exhibit OSAHS around the acute event. This approach might 
improve patient outcomes (morbidity and mortality) during the 
period in which we observed a gradual decrease in the apnea-
hypopnea index.
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apnea. However, in such cases there is a tendency for central 
respiratory events to occur, which did not appear in our results 
since patients with cardiac failure were excluded. Another ex-
planation may be inflammatory changes and sympathetic neural 
hyperactivity associated with ACS,33 which could lead to desta-
bilization of ventilatory control, affecting upper airway patency 
as well as chest wall muscles.34 Considering that smoking is a 
predisposing factor for OSAHS,35 an apparent explanation for 
the observed decrease of AHI 6 months later is that 12 of 16 cur-
rent smokers in our study stopped smoking, with most of them 
included in the group of the 22 with decreased AHI 6 months 
later. Smoking habit has well-described negative effects in the 
upper airway via several mechanisms (inflammation, influence 
of declining nicotine levels in sleep stability, smoking related 
diseases) and may predispose or increase underlying sleep dis-
ordered breathing, especially in vulnerable populations, such as 
those with coronary disease.36-39 In addition, smoking reduction 
after an acute cardiac event is usually accompanied by improve-
ment in other behaviors like exercise, alcohol consumption, and 
alterations in diet that may improve underlying sleep disordered 
breathing. An alternative explanation is that patients in the first 
study were more likely to lie supine (or spent more time supine) 
in the sleep laboratory compared to their own home because of 
the need for additional instrumentation (e.g., EEG leads) which 
may also have worsened OSAHS. However, the findings of this 
study showed that there were no significant changes in time spent 
in the supine position among the three studies. Furthermore, our 
group has demonstrated previously that patients with ACS have 
alterations in sleep architecture, which tend to disappear over 
time.40 Our study confirms that sleep architecture was clearly 
worse in the acute post-AMI phase than at follow-up, which 
suggests that the SDB was worse in the acute phase. Finally, it is 
worth noting that, according to Feinsilver, an alternative expla-
nation for our findings is that these patients are not really “false 
positives” but demonstrate true OSAHS, albeit transient, during 
an acute cardiac illness.41

The present study did have some limitations that deserve 
comment. First our study had the limitation that it did not in-
clude a control group to control for regression to the mean. The 
absence of control group and the individual’s selection based on 
one measurement followed by repeated measurements is defi-
nitely linked with both intra-subject and between-subject varia-
tions. The regression to the mean bias could affect particularly, 
the observed differences between baseline and first time-point 
measurements (1 month after initial estimation). However, our 
data of the second time-point (6 months) showed that these dif-
ferences sustained not only between baseline and 6 months but 
also between 1 month and 6 months. Thus, we feel pretty con-
fident that our entire conclusion that “to some degree, OSAHS 
may be transient and related with the acute phase of the under-
lying disease” is correct. Second, it is possible that gender fac-
tors could play a role, as the data presented were mainly based 
on male subjects, and therefore the results cannot be extrapo-
lated to women. Another limitation of the study was the rela-
tively small number of subjects. Nevertheless, previous studies 
exploring the time course of OSAHS in patients with ACS re-
cruited similarly small numbers of patients. Taking the above 
into account, further studies using a larger number of patients 
will be needed to investigate the exact mechanism.
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