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Obstructive sleep apnoea increases
the incidence of morning peak of
onset in acute myocardial infarction
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Abstract

Aims: There exists a discrepancy regarding the relationship between obstructive sleep apnoea (OSA) and circadian
variation during the onset of acute myocardial infarction (MI). We hypothesized that OSA patients show a characteristic
circadian variation and that the severity of OSA significantly affects this variation.

Methods and results: The present study included 288 patients with first acute Ml who underwent percutaneous
coronary intervention within 12 h of symptom onset. The diagnosis of OSA required an apnoea—hypopnoea index (AHI)
of 25 events/h. A total of 216 patients fulfilled the OSA criteria. The incidence of Ml onset between 06:00 and |1:59
hours was significantly higher in OSA patients than in control patients (38 vs. 25%, p=0.039). Circadian variation in the
morning peak of Ml onset was attenuated in mild OSA (as defined by AHI, 5.0-14.9 events/h; 33 vs. 25%, p=0.240).
Moderate-to-severe OSA (as defined by AHI >15.0 events/h) clearly increased the incidence of Ml onset between 06:00
and | 1:59 hours (43 vs. 25%, p=0.014). Multiple logistic regression adjusting for AHI (>15.0 events/h), age, body mass
index, hypertension, and current smoking showed that moderate-to-severe OSA significantly contributed to MI onset
between 06:00 and | 1:59 hours (odds ratio 2.00, p=0.010).

Conclusions: OSA showed a morning peak with regard to Ml onset, and moderate-to-severe OSA significantly enhanced
this circadian variation.
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Introduction

The time of onset of acute myocardial infarction (MI)
shows an apparent circadian pattern with a peak incidence
between 06:00 and 12:00 hours.!> Diabetes and prior use of
B-blockers attenuate this occurrence.’* Cumulative evi-
dence indicates that untreated obstructive sleep apnoea
(OSA) increases the risk of developing cardiovascular dis-
ease, including acute MIL.>¢ Increased sympathetic nerve
activity throughout the day, altered variation in blood pres-
sure, and repetitive hypoxia and blood pressure elevation
during sleep are cardiovascular actions related to OSA,’
which may constitute a different circadian variation of MI
onset compared with patients without OSA. However, there
exists a discrepancy between the time of onset of acute MI
and sleep apnoea. Kuniyoshi et al.® demonstrated that

patients with OSA have an increased risk of MI between
00:00 and 06:00 hours compared with non-OSA patients. In
contrast, two studies demonstrated that patients with sleep
apnoea experienced a higher incidence of MI onset in the
morning than that observed in control patients.®!?

Our study is the largest to have examined the relation-
ship between OSA and MI onset. We hypothesized that
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OSA patients show a distinct circadian variation of MI
onset compared with control patients and that circadian
variation may be significantly affected by OSA severity.

Methods

Between June 2006 and September 2011, 314 patients
admitted to Nagasaki Citizens Hospital with first acute MI
and who underwent primary percutaneous coronary inter-
vention (PCI) within 12 h of onset were initially consid-
ered to be included in the present study. After informed
consent was obtained, all patients with acute MI were
scheduled to undergo polysomnography before being dis-
charged. Acute MI was defined as ischaemic symptoms
lasting for >30 min with ST-segment elevation or depres-
sion (>1mm), an increase in creatine kinase to twice the
normal upper value, and an elevation in cardiac troponin T
levels (=0.1 ng/ml). Inclusion criteria were as follows: (1)
time of onset clearly determined based on patient’s symp-
toms and (2) polysomnography showing normal sleep or
OSA. Twenty-six patients with central sleep apnoea were
excluded from the study, and the study group consisted of
the remaining 288 patients. This study complied with the
Helsinki Declaration and was approved by all relevant
committees at our institution.

Polysomnography

All study patients underwent polysomnography between 14
and 21 days. Electroencephalograms, electro-oculograms,
and chin electromyograms were recorded to evaluate the
stage of sleep. Sleep states and arousal were scored on the
basis of standard criteria. Naso—oral air flow and thoraco—
abdominal movements were used to determine the type of
apnoea. Arterial oxyhaemoglobin saturation (Sa0O,) was
recorded using a pulse oximeter and electrocardiographic
recordings were taken from a single lead. Apnoea was
defined as complete cessation of air flow lasting for >10 s.
Hypopnoea was defined as a >50% reduction in air flow
lasting for >10 s associated with a 3% decrease in oxygen
saturation or arousal. The apnoea—hypopnoea index (AHI)
was defined as the average number of apnoea and hypo-
pnoea events per hour. Obstructive apnoea was defined as
the absence of air flow in spite of respiratory movement or
exertion. Central sleep apnoea was defined as the absence
of both air flow and respiratory movement. OSA was
defined as AHI >5 events/h, of which > 50% were obstruc-
tive. The severity of OSA was assessed based on AHI. Mild
OSA was defined as AHI 5.0-14.9 events/h, and moderate-
to-severe OSA as AHI >15.0 events/h.

Analysis of circadian variation of Ml onset

The day was divided into four 6-h intervals: 0:00 to 05:59,
06:00 to 11:59, 12:00 to 17:59, and 18:00 to 23:59 hours.

The difference in circadian variation of MI onset was exam-
ined between OSA and control patients. The impact of OSA
severity on circadian variation was also evaluated.

Statistics

Continuous variables were expressed as the median values
and interquartile ranges because all continuous variables,
except for systolic blood pressure on admission, did not
show normal distribution using the Shapiro—Wilk test.
Comparisons of continuous variables were made between
OSA and control patients using the Wilcoxon rank-sum
test. Dichotomous variables were expressed as counts with
percentages and were compared using the y? test or Fisher’s
Exact test when cells had counts <5. The presence of circa-
dian variation across four 6-h intervals was tested using the
1% goodness-of-fit test for uniform distribution in all study,
control, and OSA patients. Difference in frequency of MI
onset during each 6-h interval was tested between OSA and
control patients using the x? test. The impact of severity of
OSA on circadian variation of onset was also evaluated.
The relationship of risk factors including age, OSA sever-
ity, body mass index (BMI), current smoking, diabetes,
hypercholesterolaemia, and hypertension with MI onset
during the second quarter of the day was examined using
univariate logistic regression analysis. Subsequently, multi-
ple logistic regression analysis including all variables with
a p-value <0.10 in univariate analysis was used to deter-
mine the predictive factors of MI onset during the second
quarter of the day. The following variables were entered
into the model: AHI >15.0, age, BMI, hypertension, and
current smoking. The validation of the model was exam-
ined using the Hosmer—Lemeshow goodness-of-fit test.
Statistical significance was defined as two-sided p<0.05.
Data analyses were performed using SPSS statistical soft-
ware version 19.0 (SPSS, Chicago, IL, USA).

Results

A total of 216 patients (75%) fulfilled the criteria for OSA
and 72 (controls) had an AHI of <5 events/h. Patient char-
acteristics for the two groups are presented in Table 1. BMI
was significantly higher in OSA than in the control patients.
The incidence of other risk factors including hypertension,
hypercholesterolaemia, diabetes, and current smoking was
not different between the two groups. Infarct size estimated
by peak creatine kinase value and final Thrombolysis in
Myocardial Infarction (TIMI) flow grade were not different
for the two groups, despite a longer time from symptom
onset to hospital visit in controls.

Sleep-related symptoms and polysomnographic findings
are presented in Table 2. Witnessed apnoea was noted more
frequently in OSA patients compared with controls. Patients
with OSA showed significant hypoxia during sleep as esti-
mated by 3% oxygen desaturation index, mean arterial
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Table |. Patient characteristics.

Control (n=72) OSA (n=216) p-value
Age (years) 66 (55-76) 66 (57-76) 0.429
Male 52 (72) 168 (78) 0.336
BMI (kg/m?) 22.5 (20.9-23.7) 23.7 (21.8-26.1) <0.001
Hypertension 41 (57) 131 (61) 0.579
Hypercholesterolaemia 37 (51) 130 (60) 0.190
Diabetes 19 (26) 73 (34) 0.243
Current smoking 27 (38) 96 (44) 0.337
Time to admission (h) 3.0 (1.7-5.8) 2.2 (1.34.0) 0.006
Pre-infarct angina <24 h 31 (43) 73 (34) 0.157
Anterior infarct 31 (43) 106 (49) 0.376
SBP (mmHg) 130 (109-152) 138 (116-158) 0.822
LVEDP (mmHg) 10 (7-16) 12 (8-16) 0.343
Peak CK (1U/1) 1704 (750-3429) 1898 (836-3502) 0.328
Multivessel disease 30 (42) 101 (47) 0.452
Stent use 63 (88) 196 (91) 0.429
Final TIMI grade 3 flow 72 (100) 210 (97) 0.175
Values are median (interquartile range) or n (%).
BMI, body mass index; CK, creatine kinase; LVEDP, left ventricular end-diastolic pressure; SBP, systolic blood pressure.
Table 2. Sleep-related symptoms and polysomnographic findings.

Control (n=72) OSA (n=216) p-value
Snoring 29 (40) 107 (50) 0.173
Insomnia 17 (24) 70 (32) 0.159
Day-time sleepiness 9 (13) 45 (21) 0.117
Witnessed apnoea 8 () 64 (30) 0.002
Total sleep time (min) 356 (316—404) 360 (303—400) 0.795
AHI (events/h) 1.95 (1.13-3.67) 16.3 (8.9-26.7) <0.001
3% ODI (events/h) 2.85 (1.034.70) 14.0 (8.18-22.5) <0.001
Mean SaO, (%) 96 (95-97) 95 (94-96) 0.006
Lowest SaO, (%) 91 (89-93) 86 (83-89) <0.001
Cumulative time of SaO,< 90% 0 (0-0.4) 2 (0.5-9) <0.001
Arousal index (events/h) 4.60 (1.90-10.6) 17.7 (11.2-26.1) <0.001

Values are median (interquartile range) or n (%).

AHI, apnoea-hypopnoea index; ODI, oxygen desaturation index; SaO,, arterial oxyhaemoglobin saturation.

oxygen saturation (Sa0,), lowest Sa0O,, and cumulative
time of Sa0, <90%. The arousal index was also higher in
OSA patients.

Circadian variation of Ml onset

The circadian variation of MI onset is presented in
Figure 1. The y? goodness-of-fit test indicated uneven dis-
tributions with a morning peak of onset in all study patients
and OSA patients (»p=0.001 and p<0.001, respectively). The
incidence of MI onset between 06:00 and 11:59 hours was
significantly higher in OSA patients than in controls (38 vs.
25%, p=0.039).

The impact of OSA severity on circadian variation is
presented in Figures 2 and 3. The circadian variation in the

morning peak of MI onset was attenuated in mild OSA (33
vs. 25%, p=0.240). In contrast, moderate-to-severe OSA
clearly increased the incidence of MI onset between 06:00
and 11:59 hours (43 vs. 25%, p=0.014).

Predictors for morning MI onset

The significant coronary risk factors for MI onset between
06:00 and 11:59 hours are given in Table 3. Univariate
analysis showed that AHI >15.0 events/h; (moderate-to-
severe OSA), age, hypertension, and current smoking were
related to morning onset of MI, but mild OSA was not
related to morning onset. Multivariate analysis adjusted for
AHI >15.0 events/h, age, BMI, hypertension, and current
smoking showed that AHI >15.0 events/h was positively
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Figure 1. Circadian variations in the frequency of Ml onset
based on 6-h intervals for all study, control,and OSA patients.
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Figure 2. Circadian variations in the frequency of Ml onset
based on 6-h intervals for control and mild OSA patients.

correlated with morning onset (odds ratio 2.00, p=0.010).
Hypertension was negatively correlated with this circadian
variation. Validation of this model was confirmed by the
Hosmer—Lemeshow goodness-of-fit test (p=0.828).

Discussion

The main finding of our study is that OSA significantly
increased the incidence of acute MI between 06:00 and
11:59 hours. In particular, moderate-to-severe OSA, rather
than mild OSA, was positively correlated with this charac-
teristic circadian variation. OSA may be a main risk factor
for the morning peak of MI onset because control patients
showed an even distribution of frequency of MI onset
across the four 6-h intervals.

Coronary thrombosis following unstable plaque dis-
ruption is the principal mechanism for the occurrence of
acute ML!-13 A high incidence of OSA (43-65.7%)
defined as AHI >15 events/h in patients with acute MI
has been reported.!+!> A long-term follow-up study for an
average of 10.1 years indicated that patients with severe
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Figure 3. Circadian variations in the frequency of Ml onset
based on 6-h intervals for control and moderate-to-severe OSA
patients.

OSA had a higher incidence of fatal or non-fatal cardio-
vascular events compared with untreated mild to moder-
ate OS A patients, simple snorers, and healthy participants.¢
The above findings suggest that OSA may be closely
involved in plaque rupture. Increased oxidative stress
with lowered antioxidant capacity,'!'® decreased
endothelial nitric oxide production,!® activated inflam-
mation,2%2! and increased apoptosis of endothelial cells,?
all of which are known as unfavourable cardiovascular
effects of OSA, may result in endothelial dysfunction and
unstable plaque formation. Repetitive increases in sym-
pathetic nerve activity and blood pressure elevation asso-
ciated with apnoea—hypopnoea could trigger plaque
rupture during sleep. However, the incidence of MI
between 0:00 and 05:59 hours was not different between
OSA and control patients in our study. Previous studies
have indicated that sympathetic nerve activation and cat-
echolamine release,?*2¢ which increase cardiac oxygen
demand through an increase in heart rate, blood pressure,
and vascular resistance, can trigger acute MI because
increased cardiac workload may increase the shear stress
of blood flow against an unstable plaque, resulting in
plaque rupture. Higher sympathetic nerve activity per-
sisted throughout the day in patients with OSA compared
with non-OSA subjects.?” Further increase in sympathetic
nerve activity evoked by increased physical activity and
emotional stress after awakening may contribute to the
increased likelihood of plaque rupture between 06:00 and
11:59 hours. Progressive blood pressure elevation from
the onset of sleep to early morning or persistent blood
pressure elevation throughout the day noted in hyperten-
sive OSA patients?® may also be related to increase in
incidence of plaque rupture in the morning. Platelet acti-
vation, plasma fibrinogen level, and plasma viscosity
were higher in patients with OSA than in control sub-
jects.2931 Thus, coronary thrombosis may occur more
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Table 3. Predictors for morning onset in acute MI.

Unadjusted OR p-value Adjusted OR p-value
AHI >15.0 1.83 (1.12-2.99) 0.016 2.00 (1.12-3.41) 0.010
AHI 5.0-14.9 0.99 (0.53—-1.49) 0.655
Age 1.03 (1.01-1.05) 0.013 1.02 (0.996-1.05) 0.095
BMI 0.93 (0.995-1.15) 0.068 0.95 (0.89-1.03) 0.221
Hypertension 0.59 (0.36-0.97) 0.037 0.47 (0.27-0.80) 0.005
Current smoking 0.60 (0.36-0.98) 0.043 0.79 (0.42-1.36) 0.353
Diabetes 0.98 (0.58-1.65) 0.994
Dyslipidaemia 0.85 (0.52-1.39) 0.521

Values in parentheses are 95% confidence interval.

AHI, apnoea-hypopnoea index; BMI, body mass index; Ml, myocardial infarction; OR, odds ratio.

rapidly in patients with OSA in the event of plaque rup-
ture. It is conceivable that moderate-to-severe OSA
patients show a more characteristic circadian variation of
MI onset compared with mild OSA patients as a result of
various enhanced cardiovascular effects from OSA.
Continuous positive airway pressure (CPAP) treatment
significantly decreased cardiovascular or cardiac death in
OSA patients without cardiac disease and those undergo-
ing PCI, by reducing disease severity.®3? It is an interest-
ing question as to whether CPAP treatment attenuates the
morning peak of onset in OSA patients.

Two studies, which included both central and OSA
patients, found that those with sleep apnoea had an
increased risk of MI between 06:00 and 12:00 hours,%!0
and these findings were corroborated by our study. In a
study reported by Aboyans et al.,! no patient with sleep
apnoea had MI between 0:00 and 5:59 hours. Only
Kuniyoshi et al.® examined the differences in circadian
variation of MI onset between OSA and control patients.
They found that OSA patients were at an increased risk of
MI between 00:00 and 06:00 hours compared with non-
OSA patients, in contradiction to our findings. Patients in
that study were prospectively collected and the incidence
of OSA was defined as AHI >5 events/h, which is compa-
rable to our study methods. The possible reasons for this
discrepancy may be posited. First, our study patient group
(n=288) was approximately 3-times higher than that
observed in their study (#=92); a smaller sample size may
underestimate or overestimate the incidence of OSA in
individual 6-h intervals. Another feature of our study is
that all our patients showed angiographic confirmation of
critical stenosis or complete coronary artery occlusion and
underwent primary PCI. Second, BMI in our OSA patients
was lower than that observed in their study (23.7 vs. 31 kg/
m?, respectively). It is known that most Asian patients with
OSA are non-obese?? and it is possible that obese OSA
patients may show different circadian variations of MI
onset from non-obese OSA patients. Racial differences
may therefore have contributed to discrepancy in findings
between the two studies.

Study limitations

All our study patients were Japanese. The relationship
between racial difference and circadian variation of MI
onset in OSA patients seems to be an important concern
because ethnic groups were different between our study
and the study by Kuniyoshi et al.® The lesser number of
control subjects (n=72) than OSA patients in our study
could be a limiting factor for reaching a definite conclusion
regarding this issue.

The impact of OSA severity on circadian variation of
MI onset is another important issue. Because the number
of patients with severe OSA was small, we combined
moderate OSA patients defined as AHI 15.0-29.9
events/h (n=73) and severe OSA patients defined as
AHI >30.0 events/h (n=44) into one group. Although the
moderate-to-severe OSA patients demonstrated a more
characteristic circadian variation compared with the mild
OSA patients, it is uncertain whether severe OSA further
increases the incidence of the morning peak of onset
when compared with moderate OSA. Therefore, a much
larger-scale study would be needed to elucidate this
important issue.

Conclusion

OSA further increases the peak of MI onset between 06:00
and 11:59 hours. Moderate-to-severe OSA is a significant
risk factor for morning MI onset.
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