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Study Objectives: Sleep apnea is often newly diagnosed in patients presenting with ST-segment elevation myocardial infarction (STEMI). We assessed 
longitudinal changes in apnea-hypopnea index (AHI) and sleep apnea phenotype after STEMI and determined its association with changes in the left 
ventricular ejection fraction (LVEF).
Methods: A total of 101 eligible patients with STEMI underwent consecutive sleep studies and echocardiographic studies within 5 days of admission and at 
6-month follow-up. Sleep apnea (AHI ≥ 15 events/h) was further divided into obstructive sleep apnea (OSA) or central sleep apnea (CSA).
Results: Both AHI (mean difference −6.4 events/h, 95% confidence interval [CI] −9.6 to 3.3, P < .001) and LVEF (mean difference 2.6%, 95% CI 1.3 to 4.0, 
P < .001) improved from baseline to 6 months. The improvement in AHI was associated with an increase in LVEF (β = −.47, 95% CI −.86 to −.07, P = .023) 
and a decrease in left ventricular end-systolic volume (LVESV) (β = .25, 95% CI .07 to .43, P = .007). Of the patients with OSA at baseline (46%), resolution of 
OSA was seen in 48% at 6 months. Of those with CSA at baseline (12%), conversion to OSA was seen in 83%. In contrast, among those with no sleep apnea 
(42%) at baseline, the diagnosis remained the same in 93% at 6 months.
Conclusions: Concurrent changes in AHI, LVEF, and LVESV were seen after STEMI. Sleep studies performed on admission are reliable in excluding sleep 
apnea. However, patients with OSA or CSA on admission warrant re-evaluation due to evolution of the sleep apnea phenotype.
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INTRODUCTION

Sleep apnea, particularly obstructive sleep apnea (OSA), is 
increasingly recognized as a cardiovascular risk factor.1,2 In 
patients presenting with an acute coronary syndrome, those 
with sleep apnea have a higher incidence of both short- and 
long-term adverse cardiovascular events than those without 
sleep apnea.3–7 Most of the current knowledge on the prog-
nostic effect of sleep apnea in acute coronary syndrome is 
based on sleep studies conducted during the index admis-
sion.3,5–7 This approach, compared to postdischarge screen-
ing, facilitates timely diagnosis that may translate into better 
treatment adherence.
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However, some small studies have cast doubt on the reli-
ability of sleep studies conducted during acute cardiovascular 
events.8–10 Among 18 patients admitted to the coronary care 
unit for various cardiac conditions, the prevalence of sleep 
apnea decreased from 56% during the acute phase to 28% at 
6 weeks.8 Similarly, in 28 patients in whom sleep apnea was 
diagnosed during admission for an acute coronary syndrome, 
serial sleep studies showed a progressive reduction in the ap-
nea-hypopnea index (AHI); only six patients still had sleep ap-
nea at the 6-month follow-up.9 In a small study that included 
40 patients with acute myocardial infarction who underwent 
polysomnography and cardiovascular magnetic resonance im-
aging within 5 days and 12 weeks after the event, apnea and 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea (OSA) is a highly prevalent and under-diagnosed chronic disorder. Its reported 
prevalence has risen from below 10% to between 30% and 50% in the general population and to 66% in patients who present with ST-segment 
elevation myocardial infarction (STEMI). There are limited data on the evolution of apnea-hypopnea index (AHI) during recovery phase of STEMI.
Study Impact: In the 6 months after STEMI, alleviation of sleep apnea is associated with recovery of myocardial function and LV reverse remodeling. 
A decrease in AHI is correlated with an increase in left ventricular ejection fraction and a decrease in left ventricular end systolic volume. In addition, 
temporal evolution of sleep apnea phenotype was observed.
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hypopnea events were significantly more reduced in the im-
proved left ventricular ejection fraction (LVEF) group com-
pared with the unchanged LVEF group. This resulted in a 
significant alleviation of OSA.

In ST-segment elevation myocardial infarction (STEMI), 
the abrupt cessation of myocardial perfusion leads to con-
tractile dysfunction and a rapid decline in LVEF, which, in 
survivors, may recover after 3 to 6 months.11,12 The transient 
myocardial dysfunction during the acute phase often leads 
to fluid retention that is redistributed rostrally to the neck 
during sleep, causing upper airway edema and OSA that is 
reversible.13 In addition, central sleep apnea (CSA), which is 
closely associated with heart failure,2 may also resolve with 
recovery of myocardial function. The primary objective of 
our Sleep Apnea and Myocardial Evolution (SAME) study 
was to determine the association between the change in AHI 
and concurrent change in LVEF from baseline to 6-month 
follow-up in patients who present with STEMI. We hypoth-
esize that as the LVEF improves, there is a concurrent reduc-
tion in the AHI. The secondary objectives are to determine 
(1) the association between the change in AHI and changes 
in other LV remodeling parameters and (2) the evolution of 
sleep apnea phenotype (OSA, CSA, and no sleep apnea) from 
baseline to the 6-month follow-up.

METHODS

Study Design
Patients age 21 years and older who presented to the National 
University Hospital, Singapore, with STEMI within 12 hours 
of symptom onset and underwent primary percutaneous coro-
nary intervention were eligible for enrollment. The exclusion 
criteria included previous myocardial infarction, known OSA 
on noninvasive positive airway pressure therapy, cardiogenic 
shock or heart failure exacerbation, the use of mechanical ven-
tilation and/or intra-aortic balloon pump, perceived high risk 
for malignant arrhythmia, need for oxygen supplementation 
for medical reasons, active use of sedatives, serum creatinine 
level of 2.5 mg/dL or higher, life expectancy of less than 1 year, 
pregnancy, inability to comply with the study protocol, and in-
ability to give informed consent. We did not impose additional 
criteria (such as body mass index or snoring) to select patients 
with high probability of having sleep apnea. The SAME study 
complies with the Declaration of Helsinki, and was approved 
by the Institutional Review Board (National Healthcare Group, 
Domain Specific Review Board-C 2012/01047, approved on 
November 27, 2012, principal investigator: CH-L). All partici-
pants provided informed consent. The funding agency and in-
dustry sponsor had no role in the study design, data accrual or 
analysis, or in the generation of this manuscript.

The study flow chart is shown in Figure 1. A total of 178 
patients were recruited between April 2013 and January 2016. 
The recruited patients underwent a sleep study and transtho-
racic echocardiographic study between days 2 and 5 of ad-
mission and again 6 months later using the same devices. The 
patients and the clinical team were blinded to the results of 
the sleep study but not to the echocardiographic findings. The 
clinical management of the recruited patients was left to the 
discretion of the primary physicians. The 101 patients who 
completed both the baseline and 6-month sleep studies and 
echocardiographic studies formed the cohort for this analysis. 
Table S1 in the supplemental material shows similar baseline 
characteristics in the analyzed cohort and in the 77 patients 
who did not complete the study.

Screening Questionnaire
All recruited patients completed the Epworth Sleepiness Scale, 
a validated questionnaire that identifies the perceived likelihood 
of falling asleep during eight everyday situations.14 Patients were 
asked to rate their likelihood of falling asleep during each sce-
nario on a scale of 0 to 3, for a total score ranging from 0 to 24. 
The questionnaire was administered via face-to-face interviews.

Sleep Study
Regardless of the results of the screening questionnaire, all re-
cruited patients were scheduled for an overnight sleep study dur-
ing the index admission and 6 months after hospital discharge. 
Sleep studies were performed according to a standard protocol 
as previously reported7 using a United States Food and Drug 
Administration–approved level III portable diagnostic device 
(Embletta Gold, Natus Medical Inc, North York, Ontario, Can-
ada). All recruited patients underwent a sleep study during the 
index admission and at 6 months after hospital discharge. The 

Figure 1—Study flow chart.

CSA = central sleep apnea, OSA = obstructive sleep apnea.
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Embletta Gold device is validated for use against in-laboratory 
polysomnography with a sensitivity range of 0.853 to 0.924 and 
a specificity range of 0.857 to 0.957.15 The measured parameters 
were nasal airflow (nasal cannula), thoracoabdominal move-
ments (inductive respiratory bands), arterial oxygen saturation 
(pulse oximetry), snoring episodes (derived from the integrated 
pressure transducer), limb movements, electrocardiographic 
readings, and body position (continuous actigraphy).

Sleep study tracings were uploaded to a password-protected 
electronic system for centralized scoring. The tracings were 
manually scored by a registered polysomnographic technolo-
gist who was blinded to the patients’ demographic and clinical 
characteristics. The primary measure was the AHI, quantified 
as the total number of apnea and hypopnea episodes per hour of 
the total recorded time starting from lights-off until lights-on/
awakening as indicated by the patient pressing an event button. 
An apnea episode was defined as a 90% or greater decrease in 
airflow from baseline for at least 10 seconds. Apnea episodes 
were classified as obstructive if paradoxical thoracoabdominal 
movement was observed and as central if there was no airflow 
or thoracoabdominal movement. A hypopnea episode was de-
fined as a 30% or greater decrease in airflow from baseline for 
at least 10 seconds in conjunction with oxygen desaturation of 
at least 3%. Respiratory event scoring was performed in accor-
dance with the American Academy of Sleep Medicine guide-
lines.16 Patients were classified into a sleep apnea group (AHI 
15 or more events/h) and no sleep apnea group (AHI less than 
15 events/h). The sleep apnea group was further divided into 
an OSA group (> 50% of apnea episodes were obstructive) and 
a CSA group (> 50% of apnea episodes were central).

Echocardiogram
All patients underwent detailed echocardiographic examina-
tions in the Cardiovascular Imaging Core Laboratory, National 
University Health System, Singapore. The examinations were 
performed using Vivid E9 ultrasound system (GE Healthcare, 
Waukesha, Wisconsin, United States) equipped with an M5s 
broad-spectrum matrix array transducer. All images were ob-
tained by trained sonographers according to a standardized pro-
tocol. The same sonographer (L-G) performed the follow-up scan 
when possible. Left ventricular end-systolic volume (LVESV), 
end-diastolic volume (LVEDV), and LVEF were determined by 
the biplane method of disk summation (modified Simpson rule), 
and left atrial volume was determined by the biplane area-length 
method as per American Society of Echocardiography guide-
lines.17 Measurements of transmitral early (E) and late (A) dia-
stolic velocities and E wave deceleration time were taken from 
pulsed-wave Doppler recordings at the level of the mitral leaflet 
tips from the apical imaging window. Tissue Doppler assessment 
of the mitral annular motion was used to assess the medial and 
lateral early (e’) relaxation diastolic velocities. Echocardiographic 
measurements were verified by experienced echocardiographers 
blinded to clinical and polysomnographic data. A single observer 
(LH-L) analyzed 194 of the 202 (96%) echocardiograms.

Statistical Analysis
The sample size was determined before the SAME study be-
gan and was predicated on the primary study objective. We 

anticipated that the magnitude of association between change 
in AHI and change in LVEF 6 months from baseline would 
be 0.35. Assuming a two-sided test at the 5% level of signifi-
cance and a power of 90%, 80 patients were required to test 
the hypothesis, so a target enrollment of 100 patients was set, 
factoring a 20% attrition rate. Because the attrition rate dur-
ing the study was higher than expected, 178 patients were 
eventually recruited.

Differences in means of continuous variables between the 
OSA, CSA, and non-sleep apnea groups were compared using 
analysis of variance. For categorical attributes, differences in 
proportions were compared using Fisher exact test. The paired 
t test was used to compare mean differences in body mass in-
dex and in the sleep study and echocardiographic measures at 
baseline and at 6 months. The strength of association between 
the change in AHI and the change in LVEF from baseline to 
the 6-month follow-up was tested with Pearson association 
coefficient. In addition, the associations between AHI and 
LVEF, LVESV, LVEDV, left atrial volume index, and E/A 
ratio were described using simple linear regression analysis 
and scatter diagrams. Multiple linear regression analysis was 
implemented to adjust for the baseline sleep apnea phenotype. 
Logistic regression analysis was used to identify predictors 
of OSA resolution. All statistical analyses were conducted 
using STATA v.13 (StataCorp LP, College Station, Texas, 
United States), assuming a two-sided test with a 5% level 
of significance.

RESULTS

Baseline Characteristics
The baseline demographic and clinical characteristics of the 
101 patients selected for analysis are shown in Table 1. Based 
on the baseline sleep study results, sleep apnea was present in 
57% of the analyzed cohort. Within the sleep apnea group, 79% 
had OSA and 21% had CSA. The patients in the OSA and CSA 
groups were older (P = .012), and had a higher body mass index 
(P = .043) and a higher prevalence of hypertension (P = .009) 
than those in the non-sleep apnea group. None of the patients 
had previous percutaneous coronary intervention or coronary 
artery bypass surgery.

The angiographic characteristics are shown in Table S2 in 
the supplemental material. There were no significant differ-
ences among the OSA, CSA, and non-sleep apnea groups with 
regard to infarct-related artery and coronary perfusion before 
or after percutaneous coronary intervention. The most com-
mon infarct-related artery was the left anterior descending ar-
tery, followed by the right coronary artery. Drug-eluting stents 
were placed in all patients.

The body mass indexes at baseline and 6-month follow-up 
were nearly the same (25.6 ± 3.7 kg/m2 versus 25.6 ± 3.7 kg/
m2, mean difference −0.1 kg/m2, 95% confidence interval [CI], 
−0.3 to 0.2, P = .614).

Baseline and 6-Month Sleep Study
The sleep study results are presented in Table 2. The longitudi-
nal change in AHI from baseline to the 6-month follow-up for 
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individual patients is shown in Figure 2. Overall, the AHI was 
reduced by 6.4 events per hour (95% CI −9.6 to −3.3, P < .001).

Baseline and 6-Month Echocardiogram
A 6-month echocardiogram was obtained for all patients within 
30 days of the 6-month sleep study. The echocardiographic 
data are shown in Table 2. Overall, the LVEF improved by 
2.6% (95% CI 1.3 to 4.0, P < .001) from baseline to the 6-month 
follow-up. There was also evidence of LV remodeling, with a 
significant 9.9-mL increase in LVEDV from baseline to the 
6-month follow-up (95% CI 5.9 to 14.0, P < .001) and a trend 
toward an increase in LVESV (P = .064). Among the echo-
cardiographic measures of LV diastolic function, the left atrial 

volume index (P < .001) and lateral E/e’ (P = .011) displayed 
significant changes from baseline.

Association Between Change in AHI and Change in LVEF
The associations between the change in AHI and the change in 
the various echocardiographic parameters are shown in Table 3. 
A negative association was seen between the change in AHI 
and the change in LVEF from baseline to the 6-month follow-up 
(P = .023). A positive association was seen between the change 
in AHI and LVESV (P = .007). Of the 67 patients who showed 
an increase in LVEF from baseline to the 6-month follow-up, the 
corresponding decrease in AHI was 8.2 events/h. In the remain-
ing 34 patients who showed no increase or showed a decrease in 

Table 1—Patient demographic and clinical characteristics.

Characteristics
Sleep Apnea (n = 58) Non-Sleep Apnea 

(n = 43) POSA (n = 46) CSA (n = 12)
Demographics

Age in years, mean (SD) 55 (9) 59 (7) 51 (9) .012
Male sex, n (%) 46 (100) 12 (100) 41 (95.4) .403

Ethnicity, n (%) .947
Chinese 25 (54.4) 8 (66.7) 24 (55.8)
Malay 13 (28.3) 2 (16.7) 9 (20.9)
Indian 7 (15.2) 2 (16.7) 8 (18.6)
Others 1 (2.2) 0 (0.0) 2 (4.7)

Anthropometrics, mean (SD)
Systolic blood pressure (mmHg) 130 (24) 129 (30) 125 (25) .611
Diastolic blood pressure (mmHg) 75 (12) 75 (23) 77 (14) .852
Height (cm) 168 (7) 169 (6) 167 (9) .803
Weight (kg) 74 (12) 76 (17) 70 (13) .140
Body mass index, baseline (kg/m2) 26.3 (3.6) 26.7 (5.2) 24.6 (3.3) .043
Neck circumference (cm) 37 (4) 37 (4) 36 (4) .518
Waist circumference (cm) 91 (13) 94 (16) 88 (9) .218

Cardiovascular risk factors, n (%)
Smoking 25 (54.4) 6 (50.0) 23 (53.5) 1.000
Hypertension 21 (45.7) 4 (33.3) 7 (16.3) .009
Diabetes mellitus 11 (23.9) 3 (25.0) 9 (20.9) .894
Insulin-dependent diabetes mellitus 2 (4.4) 0 (0.0) 0 (0.0) .608
Hyperlipidemia 33 (71.7) 10 (83.3) 31 (72.1) .817
Family history of coronary artery disease 7 (15.2) 0 (0.0) 3 (7.0) .308

Concomitant conditions, n (%)
Previous stroke 1 (2.2) 0 (0.0) 0 (0.0) 1.000
Chronic kidney disease 2 (4.4) 0 (0.0) 1 (2.3) 1.000

Discharge medications, n (%)
Aspirin 46 (100.0) 12 (100.0) 43 (100.0) –
ADP receptor antagonist 46 (100.0) 12 (100.0) 42 (97.7) .545
β-blocker 43 (93.5) 12 (100.0) 37 (86.1) .320
ACEI/ARB 31 (67.4) 8 (66.7) 28 (65.1) .956
Statin 45 (97.8) 12 (100.0) 42 (97.7) 1.000
Ezetimibe 0 (0.0) 0 (0.0) 1 (2.3) .545
Fibrate 1 (2.2) 0 (0.0) 0 (0.0) 1.000

Epworth Sleepiness Scale, median (IQR) 7 (3 – 9) 3.5 (3 – 6) 5 (3 – 6) .054

ACEI = angiotensin-converting enzyme inhibitor, ADP = adenosine diphosphate, ARB = angiotensin receptor blocker, CSA = central sleep apnea, 
IQR = interquartile range, OSA = obstructive sleep apnea, SD = standard deviation.



1777Journal of Clinical Sleep Medicine, Vol. 14, No. 10 October 15, 2018

LL Tan, J Ting, I Balakrishnan, et al. SAME Study

LVEF, the corresponding decrease in AHI was 3.0 events/h. The 
mean difference between the group that had increase in LVEF 

versus the group with no change or with decrease in LVEF was 
5.2 events/h (95% CI −1.4 to 11.8, P = .123).

Table 2—Baseline and 6-month sleep study and echocardiogram.
Characteristics Baseline 6-Month Mean Difference 95% CI P

Sleep Study
Overall AHI, events/h, mean (SD) 23.8 (21.6) 17.3 (15.1) −6.4 −9.6 to −3.3  < .001
Central AHI, events/h, mean (SD) 8.3 (13.9) 4.2 (7.5) −4.1 −6.7 to −1.4 .003
ODI, events/h, mean (SD) 11.2 (16.1) 12.1 (14.0) 0.8 −1.7 to 3.4 .510
Oxygen saturation, %, mean (SD) 95.0 (2.1) 95.2 (1.6) 0.1 −0.3 to 0.5 .535
Lowest oxygen saturation, %, mean (SD) 87.1 (5.2) 85.3 (6.0) −1.7 −2.8 to −0.6 .002

Echocardiogram
LVEF (modified Simpson), %, mean (SD) 48.9 (8.5) 51.50 (9.3) 2.6 1.3 to 4.0  < .001
LVESV, mL, mean (SD) 53.7 (21.6) 56.4 (24.8) 2.7 −0.2 to 5.5 .064
LVEDV, mL, mean (SD) 102.7 (25.6) 112.6 (29.0) 9.9 5.9 to 14.0  < .001
PASP, mmHg, mean (SD) 29.8 (8.7) 30.1 (10.1) 0.3 −1.8 to 2.4 .770
LAVI, mL/m2, mean (SD) 34.7 (10.8) 39.1 (10.9) 4.4 2.8 to 6.0  < .001
E/A ratio, mean (SD) 1.2 (0.6) 1.3 (0.8) 0.04 −0.2 to 0.2 .489
Septal E/e’, mean (SD) 12.1 (5.0) 11.3 (6.3) −0.8 −1.8 to 0.2 .100
Lateral E/e’, mean (SD) 10.1 (4.4) 8.9 (5.5) −1.1 −2.0 to −0.3 .011

AHI = apnea-hypopnea index, CI = confidence interval, LAVI = left atrial volume index, LVEF = left ventricular ejection fraction, LVEDV = left ventricular 
end-diastolic volume, LVESV = left ventricular end-systolic volume, ODI = oxygen desaturation index, PASP = pulmonary artery systolic pressure, 
SD = standard deviation.

Figure 2—Temporal change in apnea-hypopnea index from baseline to 6-month follow-up for individual patients.

The patients were divided into three groups according to results of their baseline sleep study: obstructive sleep apnea (red line), central sleep apnea (green 
line), and no sleep apnea (blue line). (A) All patients; (B) patients with obstructive sleep apnea at baseline; (C) patients with central sleep apnea at baseline; 
(D) patients with no sleep apnea at baseline.
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Evolution of Sleep Apnea Phenotype
The evolution of the sleep apnea phenotype is shown in Figure 3. 
At baseline, the prevalence of OSA and CSA was 46% and 12%, 
respectively, and 42% did not have sleep apnea. At 6-month fol-
low-up, the prevalence of OSA and CSA decreased to 37% and 
3%, respectively, and 60% did not have sleep apnea. None of 
the patients underwent OSA therapy during the study period. 
Of the patients with OSA at baseline, the OSA resolved in 48% 
at the 6-month follow-up. Of those with CSA at baseline, 83% 
were converted to a diagnosis of OSA at the 6-month follow-
up. In patients with no sleep apnea at baseline, the diagnosis 
remained the same in 93% at the 6-month follow-up.

The results of a multivariate logistic regression analysis of 
the predictors of OSA resolution are shown in Table 4. None of 
the clinical parameters at baseline reliably predicted the reso-
lution of OSA.

Cardiovascular Outcomes
None of the patients received treatment for the OSA. Between 
6-month and 18-month follow-up, three patients experienced 
adverse cardiovascular events. Among the 24 patients in whom 
OSA persisted, 1 had a nonfatal myocardial infarction. None 
of the 21 patients in whom OSA resolved at 6-month follow-up 

had adverse cardiovascular events. Of the 40 patients with no 
sleep apnea in whom the diagnosis remained unchanged, 1 had 
a nonfatal myocardial infarction and 1 had a nonfatal stroke. 
No other adverse cardiovascular events occurred.

DISCUSSION

Our results demonstrate that in the 6 months after STEMI, al-
leviation of sleep apnea is associated with recovery of myo-
cardial function and left ventricular reverse remodeling. A 
decrease in AHI, which is a conventional measure of sleep 
apnea severity, is correlated with an increase in LVEF and a 
decrease in LVESV. In addition, temporal evolution of sleep 
apnea phenotype was observed—48% with OSA had resolu-
tion, whereas 83% with CSA evolved to OSA. No change was 
seen in 93% of patients without sleep apnea, which suggests 
that sleep studies performed during the index admission for 
STEMI are reliable in excluding sleep apnea. However, OSA 
and CSA diagnosed during the index admission may undergo 
phenotypic evolution.

OSA is a highly prevalent and underdiagnosed chronic 
disorder. Its reported prevalence has risen from below 10%, 
to 30% to 50% in the general population and to 66% in pa-
tients who present with STEMI.18–21 Affected individuals, 
most of whom are untreated, experience recurrent cardio-
metabolic stress during repeated attempts to breathe against 
an occluded airway during sleep, leading to hypoxemia, sleep 
fragmentation, and augmentation of sympathetic activity.1,2 
These physiological perturbations often cause blood pressure 
and heart rate elevation, endothelial dysfunction, and oxida-
tive stress—the converging processes that interact to foster 

Table 3—Association between change in AHI and change in echocardiographic parameters.
Echocardiographic Parameters Unadjusted Estimate (95% CI) P Adjusted Estimate (95% CI)* P

LVEF (modified Simpson) −0.46 (−0.93 to 0.005) .052 −0.47 (−0.86 to −0.07) .023
LVESV 0.20 (−0.02 to 0.41) .074 0.25 (0.07 to 0.43) .007
LVEDV 0.04 (−0.12 to 0.19) .619 0.10 (−0.03 to 0.23) .147
LAVI −0.26 (−0.64 to 0.13) .189 0.11 (−0.24 to 0.46) .537
E/A ratio 1.50 (−3.38 to 6.38) .543 2.10 (−2.06 to 6.26) .319

* = adjusted for sleep apnea phenotype. AHI = apnea-hypopnea index, CI = confidence interval, LAVI = left atrial volume index, LVEF = left ventricular 
ejection fraction, LVEDV = left ventricular end-diastolic volume, LVESV = left ventricular end-systolic volume, SD = standard deviation.

Table 4—Predictors of OSA resolution in multivariable 
logistic regression.

Parameters Odds Ratio 95% CI P
Age 0.97 0.88 to 1.05 .434
Baseline BMI 0.996 0.82 to 1.21 .966
Hypertension 2.21 0.51 to 9.59 .291
Baseline LVEF 1.06 0.96 to 1.16 .234
Baseline AHI 0.96 0.92 to 1.01 .088

AHI = apnea-hypopnea index, BMI = body mass index, 
CI = confidence interval, LVEF = left ventricular ejection fraction, 
OSA = obstructive sleep apnea.

Figure 3—Evolution of sleep apnea phenotype from 
baseline to 6-month follow-up after ST-segment elevation 
myocardial infarction.

Baseline: obstructive sleep apnea (OSA, n = 46, 46%), central sleep 
apnea (CSA, n = 12, 12%), no sleep apnea (n = 43, 42%). Six-month 
follow-up: OSA (n = 37, 37%), CSA (n = 3, 3%), no sleep apnea 
(n = 61, 60%).
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the initiation and progression of coronary artery disease. We 
recently reported that in a multinational cohort of 1,311 pa-
tients (70% presented with acute coronary syndrome) treated 
with percutaneous coronary intervention, patients with OSA 
had 1.5 times the risk of experiencing cardiovascular events 
at a median follow-up of 1.9 years.7 Given the high prevalence 
and clinical effect of OSA, the National Institutes of Health 
Sleep Disorders Research Plan in 2011 advocated various goals 
to improve the diagnosis and treatment of sleep apnea and to 
enhance the translation of research findings to improve health 
care.22 In response to that call, the SAME study demonstrated 
how sleep apnea screening can be incorporated into clinical 
algorithms for cardiovascular risk stratification after STEMI.

Screening questionnaires for sleep apnea derived from the 
general population are unreliable in patients with cardiovascu-
lar disease.7 A recent attempt to derive a clinically predictive 
model for OSA in patients with acute coronary syndrome was 
unsuccessful.23 Given the inability of existing screening tools 
to accurately identify OSA in patients with cardiovascular dis-
ease, a sleep study is the preferred strategy. This is made easier 
with recent advancements in portable diagnostic devices. De-
spite the body of evidence linking sleep apnea with adverse 
cardiovascular events, few data exist on the natural history of 
sleep apnea after acute myocardial infarction.

Our findings enhance the results of previous studies and 
provide a deeper understanding of the relationship between 
sleep apnea and myocardial recovery after an acute myocar-
dial infarction. At baseline, the prevalence of OSA (46%) is 
consistent with findings from earlier reports;4–7,21 however, data 
on the prevalence of CSA in patients with acute coronary syn-
drome are limited. The prevalence of CSA in our study (12% 
in the entire cohort and 21% among those with sleep apnea) is 
lower than that in a previous study (27.5% in the entire cohort 
and 50% among those with sleep apnea), presumably because 
the patients in the previous study had more severe myocardial 
dysfunction.9 Future studies are warranted to determine the 
prevalence and effects of CSA in patients with STEMI.

Compared with earlier studies that monitored the change in 
AHI over a shorter duration (6 to 12 weeks),8,10 the longitudi-
nal follow-up of 6 months in our study provides a more thor-
ough assessment of the relationship between sleep apnea and 
hemodynamic recovery after an acute myocardial infarction. 
Notably, almost half of the patients with OSA at baseline had 
resolution of OSA at the 6-month follow-up. This is in consis-
tent with an earlier study by Buchner and colleagues,10 although 
we presented a larger sample size and evolution at individual 
patient level in Figure 2 and Figure 3. Therefore, a re-evalua-
tion at 6 months, especially in patients who have demonstrated 
LVEF recovery, is necessary before subjecting them to long-
term positive airway pressure therapy.10 An alternative strategy 
is to postpone sleep apnea screening to at least 6 months af-
ter an acute myocardial infarction. However, this would mean 
that patients with OSA post-STEMI would go untreated during 
the time when their myocardium is recovering from ischemic 
damage and is most vulnerable to recurrent hypoxemic insults. 
In our study, 83% of the patients with CSA at baseline con-
verted to OSA at the 6-month follow-up. This finding can be 
explained by the fact that CSA is closely associated with heart 

failure,2 and improvement in LVEF over time may lead to the 
resolution of more central apnea episodes than obstructive ap-
nea episodes. A high index of suspicion is thus needed in this 
group of patients because most patients with CSA at baseline 
will eventually warrant positive airway pressure treatment for 
OSA. Finally, most of the group without sleep apnea at base-
line (93%) remained unchanged at the 6-month follow-up. This 
provides assurance that the sleep study conducted during the 
index admission is reliable in excluding sleep apnea.

Although OSA and CSA may resolve with recovery of 
LVEF, this does not negate the value of sleep apnea screening 
during the index admission. Even though a diagnosis of sleep 
apnea during the index admission may not warrant long-term 
treatment, it can still serve as a valuable risk marker to iden-
tify patients with a high risk of future adverse cardiovascular 
events. Furthermore, positive airway pressure therapy for OSA 
has been shown to reduce preload and afterload, which may 
have a salutary effect on myocardial recovery. Based on the 
prevailing theory that OSA during the acute phase of STEMI 
can be attributed to myocardial dysfunction and subclinical 
fluid retention, it is conceivable that diuretic therapy for pa-
tients with STEMI may alleviate OSA and the accompanying 
nocturnal hypoxic insults. This hypothesis is consistent with 
the recent finding that early treatment with mineralocorticoid 
receptor antagonists reduced the mortality rate in patients with 
STEMI.24

Although we hypothesize that the reduction in AHI is a 
consequence of LVEF improvement, it can be explained by 
other mechanisms, notably weight loss and exercise as part of 
cardiac rehabilitation. Because sleep apnea has been shown to 
predict a large infarct size and impaired recovery of myocar-
dial contractility,25 relief from sleep apnea could have facili-
tated the recovery of LVEF and reverse remodeling. However, 
we found that body mass index, an important modifiable risk 
factor for OSA, remained unchanged between the baseline and 
6-month sleep studies. This renders weight reduction leading 
to alleviation of sleep apnea unlikely. We did not capture data 
on temporal changes in the duration and intensity of physical 
activity.

Limitations
First, the 6-month sleep study (but not echocardiogram) had 
a high default rate. To maintain the power of the study, we 
extended the recruitment period and recruited 78% more pa-
tients than originally planned. Of the 178 patients enrolled 
in the study, only 101 completed both the sleep study and the 
echocardiogram at the 6-month follow-up. The second limita-
tion is that we exclusively recruited patients who had under-
gone primary percutaneous coronary intervention and were 
clinically stable without oxygen supplementation, which may 
have selected for patients with less severe myocardial damage. 
Likewise, our results could not be extrapolated to patients who 
are not treated with primary percutaneous coronary interven-
tion because the procedure has a known effect of facilitating 
myocardial recovery. Third, the overnight sleep study was con-
ducted using a portable diagnostic device instead of supervised 
in-laboratory polysomnography, primarily due to the limited 
availability of in-laboratory polysomnography and the safety 
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concerns of subjecting patients with acute myocardial infarc-
tion to in-laboratory polysomnography. However, a recent 
multicenter randomized trial showed that clinical management 
guided by portable diagnostic devices was noninferior to in-
laboratory polysomnography in terms of treatment adherence 
and patient outcomes.26 Fourth, the baseline and 6-month sleep 
studies were conducted in different environments. Because of 
the high demand for hospital beds at our institution, we per-
formed a home-based sleep study at the 6-month follow-up. 
We could not discount the use of alcohol and other sedative 
medications when the 6-month sleep study was performed. Fi-
nally, we used the two-dimensional echocardiographic biplane 
method of disk summation to obtain the left ventricular vol-
umes. This may be less accurate than volume measurements 
using cardiac magnetic resonance techniques.

CONCLUSIONS

Sleep apnea is prevalent in patients presenting with STEMI. 
Improvement in LVEF over 6 months results in a reduction 
in AHI. Physicians who treat patients with STEMI should be 
aware of sleep apnea phenotypic evolution when considering 
sleep apnea screening and treatment. A sleep study performed 
during the acute phase of a STEMI is reliable in excluding 
sleep apnea. However, a diagnosis of OSA or CSA may un-
dergo phenotype evolution. Before committing these patients 
to long-term positive airway pressure therapy, a repeat sleep 
study at 6 months is necessary, especially if the patient exhibits 
improvement in LVEF.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
CSA, central sleep apnea
LVEDV, left ventricular end diastolic volume
LVEF, left ventricular ejection fraction
LVESV, left ventricular end systolic volume
OSA, obstructive sleep apnea
STEMI, ST-segment elevation myocardial infarction
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