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ABSTRACT

BACKGROUND
The risk of sudden death from cardiac causes in the general population peaks from
6 a.m. to noon and has a nadir from midnight to 6 a.m. Obstructive sleep apnea is highly
prevalent and associated with neurohormonal and electrophysiological abnormalities
that may increase the risk of sudden death from cardiac causes, especially during sleep.

METHODS
We reviewed polysomnograms and the death certificates of 112 Minnesota residents
who had undergone polysomnography and had died suddenly from cardiac causes be-
tween July 1987 and July 2003. For four intervals of the day, we compared the rates of
sudden death from cardiac causes among people with obstructive sleep apnea and the
following: the rates among people without obstructive sleep apnea, the rates in the gen-
eral population, and the expectations according to chance. For each interval, we assessed
the median apnea—hypopnea index and the relative risk of sudden death from cardiac
causes. We similarly analyzed sudden death from cardiac causes during three time in-
tervals that correlate with usual sleep—wake cycles.

RESULTS
From midnight to 6 a.m., sudden death from cardiac causes occurred in 46 percent of
people with obstructive sleep apnea, as compared with 21 percent of people without
obstructive sleep apnea (P=0.01), 16 percent of the general population (P<0.001), and
the 25 percent expected by chance (P<0.001). People with sudden death from cardiac
causes from midnight to 6 a.m. had a significantly higher apnea—hypopnea index than
those with sudden death from cardiac causes during other intervals, and the apnea—
hypopnea index correlated directly with the relative risk of sudden death from cardiac
causes from midnight to 6 a.m. For people with obstructive sleep apnea, the relative
risk of sudden death from cardiac causes from midnight to 6 a.m. was 2.57 (95 percent
confidence interval, 1.87 to 3.52). The analysis of usual sleep-wake cycles showed sim-
ilar results.

CONCLUSIONS
People with obstructive sleep apnea have a peak in sudden death from cardiac causes
during the sleeping hours, which contrasts strikingly with the nadir of sudden death
from cardiac causes during this period in people without obstructive sleep apnea and in
the general population.
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HE RISK OF SUDDEN DEATH FROM CAR-

diac causes in the general population is

significantly greater during the morning
hours after waking (i.e., from 6 a.m. to noon) than
during the other six-hour intervals of the day.* Also,
there is a marked nadir in the risk of sudden death
from cardiac causes during sleep (i.e., from mid-
night to 6 a.m.).* This same day—night pattern has
been shown for the incidence of sudden death from
cardiac causes in patients with heart failure? and
for the incidence of acute myocardial infarction.*
The increase in risk in the morning may in part be
due to changes in sympathetic activity,® baroreflex
sensitivity,* coagulability,” and electrophysiologi-
cal abnormalities®® during the waking morning
hours, all of which may predispose persons to cardi-
ac ischemia and fatal arrhythmias.

Obstructive sleep apnea affects 17 to 24 per-
cent of North American adults.® In people with ob-
structive sleep apnea, nocturnal repetitive episodes
of acute apnea elicit hypoxemia, hypercapnia, in-
creased sympathetic drive,*® surges in blood pres-
sure,° increases in cardiac-wall stress,** and cardi-
acarrhythmias.** Obstructive sleep apnea is also
associated with hypercoagulability, vascular oxida-
tive stress, systemic inflammation, and endothelial
dysfunction.®® Thus, people with obstructive sleep
apnea have severe perturbations of autonomic, he-
modynamic, humoral, and vascular regulation dur-
ing sleep that contrast with the physiology of nor-
mal sleep. It is not known whether these nocturnal
abnormalities are associated with an increased risk
of sudden death from cardiac causes during the
night, a time when the risk of sudden death from
cardiac causes is at its lowest level for the general
population.?

We tested the hypothesis that people with ob-
structive sleep apnea are more likely to have sudden
death from cardiac causes from midnightto 6 a.m.
than during the other six-hour intervals of the day.
We also tested the hypothesis that the frequency of
sudden death from cardiac causes from midnight
to 6 a.m. is higher in people with obstructive sleep
apnea than in people without obstructive sleep ap-
nea, the general population, and what is expected
by chance (i.e., 25 percent per six-hour interval).

METHODS

STUDY POPULATION
We included subjects who authorized their records
to be used for research, and the institutional review

board of the Mayo Foundation approved the study.
We identified Minnesota residents who underwent
diagnostic polysomnography at the Mayo Clinic
Sleep Disorders Center from July 1, 1987, to July 31,
2003, and confirmed their vital status (available
for 99.6 percent) with the use of records from the
Minnesota Department of Health and the Mayo
Clinic. We then manually reviewed the deceased
persons’ death certificates (available for 83.8 per-
cent) and included in our study those who died of
sudden death from cardiac causes before July 31,
2003 (112 people).

CLASSIFICATION OF SUDDEN DEATH
FROM CARDIAC CAUSES

Manual review of death certificates and data from
the Minnesota Department of Health provided the
immediate and underlying causes of death, time of
death, and time interval from onset of symptoms
to death. A state nosologist used the methods of
the National Center for Health Statistics to assign
causes of death. We classified the following causes
of death as sudden death from cardiac causes: “sud-
den cardiac death,” “cardiac dysrhythmia,” “cardiac
arrhythmia,” “cardiac arrest,” “cardiorespiratory ar-
rest,” or “coronary heart disease” or “myocardial in-
farction” in which the interval from symptoms to
death was an hour or less.

Persons were excluded if the time of sudden
death from cardiac causes was not stated or if the
death certificate provided information that explic-
itly contradicted the following definition of sud-
den death from cardiac causes: “natural death due
to cardiac causes, heralded by abrupt loss of con-
sciousness within one hour of the onset of acute
symptoms; preexisting heart disease may have been
known to be present but the time and mode of
death are unexpected”*® and nontraumatic.*® The
occurrence of sudden death from cardiac causes
during sleep was an exception to the criteria for
“loss of consciousness within one hour of the acute
onset of symptoms,”1¢ since some instances of sud-
den death from cardiac causes occurring during
sleep may preclude awakening and the develop-
ment of symptoms, or the witnessing of these events
by others. The death certificates of six people stat-
ed that sudden death from cardiac causes was un-
witnessed or presumed, but their time of death was
noted, and these people were included in the study.
The death certificates of all other persons did not
state whether sudden death from cardiac causes
was witnessed or unwitnessed. Thirty-six death
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certificates (32 percent) provided specific infor-
mation about the time interval from symptoms to
death.

CLASSIFICATION OF OBSTRUCTIVE SLEEP APNEA
The sleep evaluations of all 112 persons were con-
ducted by a sleep specialist at the Mayo Clinic Sleep
Disorder Center. We reviewed each person’s first
diagnostic polysomnogram, which included mea-
sures of the electroencephalogram, electro-ocu-
logram, electromyogram, electrocardiogram, tho-
racoabdominal excursions, pulse oximetry, and
naso-oral airflow.

An apnea was defined as cessation of airflow for
at least 10 seconds in the presence of thoracoab-
dominal ventilatory efforts, and a hypopnea as a re-
duction in airflow of at least 30 percent with a de-
crease in oxygen saturation of 2 percent or more for
at least 10 seconds in the presence of thoracoab-
dominal ventilatory efforts. The apnea—hypopnea
index was calculated as the sum of apneas and
hypopneas per hour of sleep. According to Amer-
ican Academy of Sleep Medicine criteria, an apnea—
hypopnea index of 5 or more established the diag-
nosis of obstructive sleep apnea.*”

We collected data on the demographics, coex-
isting conditions, height, and weight of each per-
son at the time of polysomnography. We consid-
ered that continuous positive airway pressure had
been used if it was prescribed after the sleep study
(which was noted by the sleep-medicine physician
reviewing the study results and plan of care) and
if a subsequent note in the medical record stated
that continuous positive airway pressure was be-
ing used. The personnel who collected data from
polysomnograms and confirmed sleep diagnoses
were different from those who collected data from
death certificates and confirmed death diagnoses,
and the procedures were performed in a masked
fashion.

STATISTICAL ANALYSIS

Characteristics of the study population were de-
scribed as means £SD and counts (with percentag-
es) and were compared according to the status of
obstructive sleep apnea and the time of sudden
death from cardiac causes with the use of the two-
tailed t-test, Fisher’s exact test, and analysis of vari-
ance. The frequency distribution of sudden death
from cardiac causes for the four six-hour intervals
was compared between persons with and persons
without obstructive sleep apnea with the use of

Fisher’s exact test. The proportion of people with
obstructive sleep apnea who had sudden death from
cardiac causes during each time interval was com-
pared, with the use of the binomial distribution,
with the proportion of people who had sudden death
from cardiac causes during the same time interval
in a historical control population (from a meta-
analysis 0f 19,390 persons with sudden death from
cardiac causes in the general population)* and with
the proportion that was expected by chance to have
sudden death from cardiac causes during each quar-
ter of the day (i.e., 25 percent).

The apnea-hypopnea indexes of persons who
had sudden death from cardiac causes during each
time interval were expressed as medians (with in-
terquartile ranges) and compared with the use of
the Kruskal-Wallis test. For persons with and with-
out obstructive sleep apnea, we calculated the rel-
ative risk and 95 percent confidence interval of sud-
den death from cardiac causes during each 6-hour
interval as compared with the remaining 18 hours
of the day.

We also performed similar analyses of sudden
death from cardiac causes in persons with and
persons without obstructive sleep apnea for three
eight-hour intervals of the day (6 a.m. to 2 p.m.,
2 p.m.to 10 p.m., and 10 p.m. to 6 a.m.). These in-
tervals better represent usual sleep—wake cycles.

RESULTS

PATIENT CHARACTERISTICS

Characteristics of the study population are de-
scribed in Table 1. The diagnoses for the 34 persons
without obstructive sleep apnea were no sleep dis-
order (53 percent), central sleep apnea (23 percent),
periodic leg movement disorder (9 percent), obe-
sity—hypoventilation syndrome (6 percent), narco-
lepsy (6 percent), and hypoventilation due to neu-
romuscular disease (3 percent). There was a higher
proportion of men in the group with obstructive
sleep apnea than in the group without obstructive
sleep apnea, but the two groups were similar in
terms of age, body-mass index, and coexisting con-
ditions. There were no differences in characteris-
tics, or reported use of continuous positive airway
pressure, between persons with sudden death from
cardiac causes during the various intervals of the day.
The use of continuous positive airway pressure was
reported in 15 percent of patients with an apnea—
hypopnea index of 5 to 19, 39 percent of patients
with an apnea—hypopnea index of 20 to 39, and 58
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Table 1. Characteristics of the Study Population at the Time of Polysomnography, According to the Status of Obstructive Sleep Apnea (OSA)
and the Time of Sudden Death from Cardiac Causes.*
Characteristic OSA Status Time of Death
Midnight-  6a.m.— Noon-— 6 p.m.—
OSA No OSA P 5:59am. 11:59am. 5:59p.m. 11:59 p.m. P

(N=78) (N=34) Value (N=43)  (N=30)  (N=16)  (N=23) Valuet
Age —yr 70+10 67+13 0.18 67+11 71+13 7111 71+8 0.47
Male sex — no. (%) 64 (82) 21(62) 0.02 33 (77) 24 (80) 11 (69) 17 (74) 0.85
Body-mass indexi 34+7 3319 0.71 35+8 32+7 33+11 3345 0.59
Hypertension — no. (%) 51(65) 22(65) 0.94 27 (63) 20 (67) 8(50)  18(78) 0.32
Diabetes mellitus — no. (%) 32(41) 12(35) 0.57 20 (47) 6 (20) 9 (56) 9 (39) 0.06
Coronary artery disease — no. (%) 54 (69) 19 (56)  0.29 27 (63) 18(60)  10(63) 18 (78) 0.52
Congestive heart failure — no. (%) 43 (55) 18 (53) 0.83 24 (56) 13 (43) 10 (63) 14 (61) 0.51
Cerebrovascular disease — no. (%) 17 (22) 7(21) 0289 7 (16) 8 (27) 3 (19) 6 (26) 0.68
Dysrhythmia — no. (%)§ 4(18) 39 022 6 (14) 3 (10) 5 (31) 3 (13) 027

* Plus—minus values are means +SD.

T The P value for time of death is for the comparison of groups according to time of death.
1 The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ A diagnosis of dysrhythmia includes a history of ventricular tachycardia, ventricular fibrillation, an implanted cardiac defibrillator, or resusci-

tation from cardiac arrest.

percent of patients with an apnea—hypopnea index
of 40 or more (P<0.001).

TIME DISTRIBUTION OF SUDDEN DEATH

FROM CARDIAC CAUSES

Figure 1 shows the primary results. From midnight
to 6 a.m., the frequency of sudden death from car-
diac causes was significantly higher in persons with
obstructive sleep apnea than in persons without
obstructive sleep apnea (46 percentvs. 21 percent,
P=0.01), than in the general population (46 per-
centvs. 16 percent, P<0.001), and than was expect-
ed by chance (46 percentvs. 25 percent, P<0.001).
From 6 a.m. to noon, the frequency of sudden death
from cardiac causes was significantly lower in per-
sons with obstructive sleep apnea than in persons
without obstructive sleep apnea (20 percentvs. 41
percent, P=0.04). From noon to 6 p.m., the fre-
quency of sudden death from cardiac causes was
significantly lower in persons with obstructive sleep
apnea than in persons without obstructive sleep
apnea (9 percent vs. 26 percent, P=0.02), than in
the general population (9 percent vs. 29 percent,
P<0.001), and than was expected by chance (9 per-
centvs. 25 percent, P<0.001).
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Figure 1. Day-Night Pattern of Sudden Death from Cardiac Causes
in 78 Persons with and 34 Persons without Obstructive Sleep Apnea (OSA)
and in the General Population.
Data for the general population were derived from Cohen et al.*

SEVERITY OF OBSTRUCTIVE SLEEP APNEA
Persons with sudden death from cardiac causes
from midnight to 6 a.m. had a significantly higher

N ENGL J MED 352;12

WWW.NEJM.ORG

median apnea—hypopnea index than those with sud-
den death from cardiac causes from 6 a.m. to noon
(39 vs. 8, P<0.001) and noon to 6 p.m. (39 vs. 11,
P<0.001), and a similar median apnea-hypopnea
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Figure 2. The Apnea—Hypopnea Index for Persons with Sudden Death from
Cardiac Causes during Six-Hour Intervals (Panel A) and the Relative Risk of
Sudden Death from Cardiac Causes from Midnight to 6 a.m. for Persons
with Mild-to-Moderate Obstructive Sleep Apnea and for Persons with Severe
Obstructive Sleep Apnea (Panel B).

In Panel A, the line within each box represents the median apnea—hypopnea
index, and the box represents the interquartile range (25th percentile to 75th
percentile). Each black square represents one person. The figure includes data
from persons with and from persons without obstructive sleep apnea (P<0.001).
In Panel B, the reference group consists of 34 persons without obstructive
sleep apnea. There are 39 persons in the group with the apnea—hypopnea in-
dex of 5 to 39, and 39 persons in the group with the apnea—hypopnea index of
40 or more. The squares represent the relative risk point estimates, and the

I bars the 95 percent confidence intervals.
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index to thatin persons with sudden death from car-
diac causes from 6 p.m. to midnight (39 vs. 41) (Fig.
2A). As compared with persons without obstruc-
tive sleep apnea, the relative risk of sudden death
from cardiac causes from midnight to 6 a.m. was

N ENGL J MED 352;12
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1.87 (95 percent confidence interval, 0.86 to 4.04)
for persons with mild-to-moderate obstructive sleep
apnea (apnea—-hypopnea index, 5 to 39) and 2.61
(95 percent confidence interval, 1.27 to 5.38) for
persons with severe obstructive sleep apnea (apnea—
hypopnea index, >40) (Fig. 2B).

RELATIVE RISK OF SUDDEN DEATH
FROM CARDIAC CAUSES

For persons with obstructive sleep apnea, the rela-
tive risk of sudden death from cardiac causes from
midnight to 6 a.m. (as compared with the remain-
ing 18 hours of the day) was 2.57 (95 percent con-
fidence interval, 1.87 to 3.52), from 6 a.m. to noon
was 0.77 (95 percent confidence interval, 0.49 to
1.21), from noon to 6 p.m. was 0.30 (95 percent
confidence interval, 0.15 to 0.61), and from 6 p.m.
to midnight was 0.97 (95 percent confidence inter-
val, 0.64 to 1.46). For persons without obstructive
sleep apnea, the relative risk of sudden death from
cardiac causes from midnight to 6 a.m. (as com-
pared with the remaining 18 hours of the day) was
0.77 (95 percent confidence interval, 0.36 to 1.66),
from 6 a.m. to noon was 2.10 (95 percent confi-
dence interval, 1.14 to 3.85), from noon to 6 p.m.
was 1.08 (95 percent confidence interval, 0.54 to
2.16), and from 6 p.m. to midnight was 0.40 (95 per-
cent confidence interval, 0.15 to 1.08) (Fig. 3).

SLEEP—WAKE CYCLES

The sleep—wake cycles are described in Figure 4.
Included are the day-night pattern of sudden death
from cardiac causes (Fig. 4A), the severity of ob-
structive sleep apnea (Fig. 4B), and the relative risk
of sudden death from cardiac causes during the
three time intervals that represent usual sleep—wake
cycles (Fig. 4C).

DISCUSSION

This study shows that persons with obstructive sleep
apnea have a significantly increased risk of sud-
den death from cardiac causes during the sleeping
hours, which is in striking contrast to the nadir of
sudden death from cardiac causes during this time
in persons without obstructive sleep apnea and in
the general population. In the analysis of sudden
death from cardiac causes from midnight to 6 a.m.
(which allows for the comparison of our results to
results of large studies in the general population)
and in the analysis of sudden death from cardiac
causes from 10 p.m. to 6 a.m. (which is more rele-
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vant to sleep-related pathophysiology), a marked
nocturnal peak in sudden death from cardiac causes
was observed in persons with obstructive sleep ap-
nea. In more than half of persons with obstructive
sleep apnea, sudden death from cardiac causes oc-
curred between 10 p.m. and 6 a.m. By contrast, the
persons without obstructive sleep apnea in our
study sample had a day—night pattern of sudden
death from cardiac causes very similar to that in
the general population, with a peak in sudden death
from cardiac causes from 6 a.m. to noon.

Furthermore, our analysis showed that the sever-
ity of obstructive sleep apnea correlated directly
with the risk of nocturnal sudden death from cardi-
ac causes, such that the relative risk of sudden
death from cardiac causes during the sleeping hours
was 40 percent higher in persons with severe ob-
structive sleep apnea (apnea—hypopnea index, >40)
than in those with mild-to-moderate obstructive
sleep apnea (apnea—hypopnea index, 5 to 39).

The mean age at which sudden death from car-
diac causes occurred in persons with obstructive
sleep apnea was similar to the mean age of sudden
death from cardiac causes in persons without ob-
structive sleep apnea and in the general popula-
tion.® Our findings should not be generalized to
younger persons with obstructive sleep apnea. Al-
so, this finding suggests that obstructive sleep ap-
nea does not hasten sudden death from cardiac
causes; however, our study cannot address wheth-
er obstructive sleep apnea increases the overall risk
of sudden death from cardiac causes.

Our data may also provide insights into the con-
ventional understanding of the day—night pattern
of sudden death from cardiac causes in the general
population. First, obstructive sleep apnea may be
implicated in some of the 16 percent of cases of sud-
den death from cardiac causes that occur between
midnight and 6 a.m. in the general population,*
since obstructive sleep apnea affects atleast 25 mil-
lion adult Americans® and remains undiagnosed in
the vast majority of these people.?® Second, the risk
of sudden death from cardiac causes from 6 a.m. to
noon in persons without obstructive sleep apnea
may be even greater than the risk that is currently
supported by data from the general population,
since those data include people with and people
without obstructive sleep apnea, and we showed
that the presence of obstructive sleep apnea is as-
sociated with a lower risk during this period.

The marked nocturnal nadir of sudden death
from cardiac causes in the general population prob-
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ably reflects the normal physiology of sleep, in
which sympathetic activity is decreased? and cardi-
ac dysrhythmias are uncommon.?° The unique day—
night pattern of sudden death from cardiac causes
that we observed in persons with obstructive sleep
apnea is consistent with their exposure during sleep
to critical mechanisms that could promote sudden
death from cardiac causes.

Obstructive sleep apnea is characterized by re-
petitive collapse of the pharyngeal airway during
sleep, resulting in complete or partial cessation of
airflow, sometimes hundreds of times nightly. The
resultant hypoxemia can lead to nocturnal cardiac
ischemia®* and ventricular arrhythmias.?? Apneic
episodes elicit increased sympathetic activity,*°
blood-pressure elevations,® and platelet aggrega-
tion.?3 Obstructive sleep apnea is associated with
abnormalities in cardiac autonomic and electro-
physiological factors, including heart rate variabili-
ty,2* the duration of the QT interval,?> baroreflex
function, and chemoreceptor sensitivity.?® Serious
and potentially fatal arrhythmias occur during sleep
in patients with obstructive sleep apnea?>#:2%27-31
and are attenuated by effective treatment.'#29-32
Thus, multiple pathophysiological mechanisms
occur during sleep in persons with obstructive
sleep apnea and may explain an increased risk of
nocturnal sudden death from cardiac causes.

Two previous studies evaluated the day—night
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Figure 4. Sudden Death from Cardiac Causes According to
Usual Sleep-Wake Cycles.

Panel A shows day-night patterns of sudden death from
cardiac causes on the basis of eight-hour time intervals
for 78 persons with and 34 persons without obstructive
sleep apnea. Panel B shows the apnea—hypopnea index
for persons with sudden death from cardiac causes dur-
ing eight-hour intervals. The line within each box repre-
sents the median apnea—hypopnea index, and the box
represents the interquartile range (25th percentile to
75th percentile). The figure includes data from persons
with and from persons without obstructive sleep apnea
(P=0.001) for the comparison of the apnea—hypopnea
index according to the time of sudden death. Panel C
shows the relative risk of sudden death from cardiac
causes during 8-hour intervals, as compared with the
remaining 16 hours of the day, for 78 persons with and
34 persons without obstructive sleep apnea. The squares
represent the relative risk point estimates, and the I bars
the 95 percent confidence intervals.

pattern of sudden death from cardiac causes in per-
sons with sleep disorders.333* Neither study spe-
cifically examined obstructive sleep apnea. The first
study obtained histories of snoring from the co-
habitants of 321 men who had sudden death from
cardiac causes. It found that habitual snorers were
more likely than occasional snorers or nonsnorers
to have sudden death from cardiac causes during
sleep and between 4 a.m. and 8 a.m.33 The second
study reported that among 13 persons with sleep-
disordered breathing (notjust obstructive sleep ap-
nea) and sudden death from cardiac causes, none
died during sleep.3* In contrast, our study assessed
the day—night pattern of sudden death from cardiac
causes in a large group of nonselected persons with
or without confirmed obstructive sleep apnea as
determined by the gold standard of diagnostic tests.

One limitation of the present study relates to the
recognized difficulty of establishing the diagnosis
and timing of sudden death from cardiac causes.
Our use of data from death certificates to identify
sudden death from cardiac causes has precedent in
previous epidemiologic studies®>3¢ and has been
validated in large populations,3”**° including our re-
gional population.3°#° Furthermore, we used infor-
mation from the death certificates about the time in-
terval from the onset of symptoms to death in order
to corroborate the diagnosis of sudden death from
cardiac causes on the basis of current definitions.*®
For example, we were able to exclude persons who
were diagnosed with sudden death from cardiac
causes on the basis of old criteria that allowed a 24-
hour interval between symptoms and death.
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Our methods also improve on past studies that
searched databases of diagnostic codes to identify
potential cases, since we identified persons with
sudden death from cardiac causes by our direct re-
view of every available death record from the larger
population. Qualifiers such as “witnessed,” “unwit-
nessed,” and “presumed” were infrequently noted
on the death certificates. Therefore, we included all
cases of sudden death from cardiac causes regard-
less of these statements. Thus, persons with sudden
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death from cardiac causes during sleep, which may
preclude the development of symptoms or the wit-
nessing of the event by others, were exceptions to
the criteria that required timing of symptoms and
achange in consciousness, and they were included
in the study when a time of death was noted. It is
important to note that we collected sleep data and
death data independently of one another, and in a
masked fashion, in order to avoid diagnostic suspi-
cion bias.

Another limitation of the study relates to the
ascertainment and interpretation of treatment with
continuous positive airway pressure. During the
years of this study, continuous-positive-airway-pres-
sure devices that stored the time of use were rare-
ly used. The medical records lacked objective data
regarding frequency, duration, or effectiveness of
continuous positive airway pressure. Therefore, we
could not verify whether continuous positive airway
pressure was used in the days before sudden death
from cardiac causes or during the event.

That continuous positive airway pressure may
have been generally ineffective is suggested by the
finding that the risk of nocturnal sudden death

from cardiac causes increased with increasing se-
verity of obstructive sleep apnea despite more re-
ported use of continuous positive airway pressure
with increasing severity of obstructive sleep ap-
nea. Because of the lack of objective data from
continuous-positive-airway-pressure devices, sub-
jective data regarding their use were necessary. This
is an important limitation of retrospective assess-
ments of treatment of obstructive sleep apnea.

This study shows that persons with obstructive
sleep apnea have a significant alteration in the
well-established day—night pattern of sudden death
from cardiac causes evident in the general popu-
lation. Our study cannot address the question of
whether obstructive sleep apnea increases the over-
all risk of sudden death from cardiac causes. Given
our findings and the relatively high prevalence of
obstructive sleep apnea in Western populations,
this is an important question that remains to be
answered.

Supported by grants (HL61560, HL65176, HL73211, and M01
R-00585) from the National Institutes of Health, by the Dana Foun-
dation, and by the Mayo Clinic College of Medicine. Dr. Gami is also
supported by the Dr. Ralph and Marian C. Falk Medical Research
Trust Fellowship for Clinical Research.

REFERENCES

1. Cohen MC, Rohtla KM, Lavery CE, Muller
JE, Mittleman MA. Meta-analysis of the
morning excess of acute myocardial infarc-
tion and sudden cardiac death. AmJ Cardiol
1997;79:1512-6. [Erratum, Am ] Cardiol
1998;81:260.]

2. Moser DK, Stevenson WG, Woo MA,
Stevenson LW. Timing of sudden death in
patients with heart failure. ] Am Coll Cardiol
1994;24:963-7.

3. Somers V, Dyken ME, Mark AL, Abboud
FM. Sympathetic-nerve activity during sleep
in normal subjects. N Engl ] Med 1993;328:
303-7.

4. Legramante JM, Marciani MG, Placidi F,
etal. Sleep-related changes in baroreflex sen-
sitivity and cardiovascular autonomic mod-
ulation. J Hypertens 2003;21:1555-61.

5. Andreotti F, Davies GJ, Hackett DR, et al.
Major circadian fluctuations in fibrinolytic
factors and possible relevance to time of
onset of myocardial infarction, sudden car-
diac death and stroke. Am J Cardiol 1988;
62:635-7.

6. Bexton RS, Vallin HO, Camm AJ. Diur-
nal variation of the QT interval — influence
of the autonomic nervous system. Br Heart
J1986;55:253-8.

7. Huikuri HV, Niemela MJ, Ojala S, Ranta-
la A, Ikaheimo MJ, Airaksinen KE. Circadian
rhythms of frequency domain measures of’
heart rate variability in healthy subjects and

patients with coronary artery disease: ef-
fects of arousal and upright posture. Circu-
lation 1994;90:121-6.

8. Huikuri HH, Yli-Mayry S, Linnaluoto
MK, Ikaheimo MJ. Diurnal fluctuations in
human ventricular and atrial refractori-
ness. Pacing Clin Electrophysiol 1995;18:
1362-8.

9. YoungT, Peppard PE, Gottlieb DJ. Epide-
miology of obstructive sleep apnea: a popu-
lation health perspective. Am J Respir Crit
Care Med 2002;165:1217-39.

10. Somers VK, Dyken ME, Clary MP, Ab-
boud FM. Sympathetic neural mechanisms in
obstructive sleep apnea. J Clin Invest 1995;
96:1897-904.

11. Virolainen J, Ventila M, Turto H, Kupari
M. Effect of negative intrathoracic pressure
on leftventricular pressure dynamics and re-
laxation. J Appl Physiol 1995;79:455-60.

12. Guilleminault C, Connolly SJ, Winkle
RA. Cardiac arrhythmia and conduction dis-
turbances during sleep in 400 patients with
sleep apnea syndrome. Am J Cardiol 1983;
52:490-4.

13. FichterJ, Bauer D, Arampatzis S, Fries R,
Heisel A, Sybrecht GW. Sleep-related breath-
ing disorders are associated with ventricular
arrhythmias in patients with an implantable
cardioverter-defibrillator. Chest 2002;122:
558-61.

14. Harbison J, O’Reilly P, McNicholas WT.

Cardiac rhythm disturbances in the obstruc-
tive sleep apnea syndrome: effects of nasal
continuous positive airway pressure therapy.
Chest 2000;118:591-5.

15. Shamsuzzaman AS, Gersh BJ, Somers
VK. Obstructive sleep apnea: implications for
cardiac and vascular disease. JAMA 2003;
290:1906-14.

16. Priori SG, Aliot E, Blomstrom-Lundgvist
C, etal. Task Force on Sudden Cardiac Death
of the European Society of Cardiology. Eur
Heart J 2001;22:1374-450. [Erratum, Eur
Heart] 2002;23:257.]

17. Sleep-related breathing disorders in
adults: recommendations for syndrome defi-
nition and measurement techniques in clin-
ical research: the report of the American
Academy of Sleep Medicine Task Force.
Sleep 1999;22:667-89.

18. Fox CS, Evans JC, Larson MG, Kannel
WB, Levy D. Temporal trends in coronary
heart disease mortality and sudden cardiac
death from 1950 to 1999: the Framingham
Heart Study. Circulation 2004;110:522-7.
19. Young T, Evans L, Finn L, Palta M. Esti-
mation of the clinically diagnosed propor-
tion of sleep apnea syndrome in middle-aged
men and women. Sleep 1997;20:705-6.

20. Clarke JM, Hamer J, Shelton JR, Taylor
S, Venning GR. The rhythm of the normal
human heart. Lancet 1976;1:508-12.

21. Schafer H, Koehler U, Ploch T, Peter JH.

N ENGL J MED 352;12 WWW.NEJM.ORG MARCH 24, 2005

Downloaded from www.nejm.org on November 9, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.

1213



1214

SUDDEN DEATH FROM CARDIAC CAUSES IN OBSTRUCTIVE SLEEP APNEA

Sleep-related myocardial ischemia and sleep
structure in patients with obstructive sleep
apnea and coronary heart disease. Chest
1997;111:387-93.

22. Shepard JW Jr, Garrison MW, Grither
DA, Dolan GE. Relationship of ventricular
ectopy to oxyhemoglobin desaturation in
patients with obstructive sleep apnea. Chest
1985;88:335-40.

23. Sanner BM, Konermann M, Tepel M,
Groetz J, Mummenhoff C, Zidek W. Platelet
function in patients with obstructive sleep
apnoea syndrome. Eur Respir J 2000;16:
648-52.

24. Narkiewicz K, Montano N, Cogliati C,
van de Borne PJ, Dyken ME, Somers VK. Al-
tered cardiovascular variability in obstruc-
tive sleep apnea. Circulation 1998;98:1071-7.
25. Gillis AM, Stoohs R, Guilleminault C.
Changes in the QT interval during obstruc-
tive sleep apnea. Sleep 1991;14:346-50.

26. Narkiewicz K, van de Borne PJ, Pesek CA,
Dyken ME, Montano N, Somers VK. Selective
potentiation of peripheral chemoreflex sen-
sitivity in obstructive sleep apnea. Circula-
tion 1999;99:1183-9.

27. Zwillich C, Devlin T, White D, Douglas
N, Weil J, Martin R. Bradycardia during sleep
apnea: characteristics and mechanism. J Clin
Invest 1982;69:1286-92.

28. Fries R, Bauer D, Heisel A, et al. Clinical
significance of sleep-related breathing dis-

orders in patients with implantable cardio-
verter defibrillators. Pacing Clin Electrophys-
i0l 1999;22:223-7.

29. Koehler U, Fus E, Grimm W, et al. Heart
block in patients with obstructive sleep ap-
noea: pathogenetic factors and effects of
treatment. Eur RespirJ 1998;11:434-9.

30. Grimm W, Hoffmann J, Menz V, et al.
Electrophysiologic evaluation of sinus node
function and atrioventricular conduction in
patients with prolonged ventricular asystole
during obstructive sleep apnea. Am J Cardi-
01 1996;77:1310-4.

31. Becker H, Brandenburg U, Peter JH, Von
Wichert P. Reversal of sinus arrest and atrio-
ventricular conduction block in patients with
sleep apnea during nasal continuous posi-
tive airway pressure. Am J Respir Crit Care
Med 1995;151:215-8.

32. Tilkian AG, Guilleminault C, Schroeder
JS, Lehrman KL, Simmons FB, Dement WC.
Sleep-induced apnea syndrome: prevalence
of cardiac arrhythmias and their reversal after
tracheostomy. Am ] Med 1977;63:348-58.
33. Seppala T, Partinen M, Penttila A, As-
pholm R, Tiainen E, Kaukianen A. Sudden
death and sleeping history among Finnish
men. J Intern Med 1991;229:23-8.

34. Gonzalez-Rothi RJ, Foresman GE, Block
AJ. Do patients with sleep apnea die in their
sleep? Chest 1988;94:531-8.

35. MullerJE, Ludmer PL, Willich SN, et al.

Circadian variation in the frequency of sud-
den cardiac death. Circulation 1987;75:131-
8.

36. Goraya TY, Jacobsen SJ, Kottke TE, Frye
RL, Weston SA, Roger VL. Coronary heart
disease death and sudden cardiac death:
a 20-year population-based study. Am J Epi-
demiol 2003;157:763-70.

37. Iribarren C, Crow RS, Hannan PJ, Ja-
cobs DR Jr, Luepker RV. Validation of death
certificate diagnosis of out-of-hospital
sudden cardiac death. Am J Cardiol 1998;
82:50-3.

38. Coady SA, Sorlie PD, Cooper LS, Folsom
AR, Rosamond WD, Conwill DE. Validation
of death certificate diagnosis for coronary
heart disease: the Atherosclerosis Risk in
Communities (ARIC) Study. J Clin Epidemiol
2001;54:40-50.

39. Folsom AR, Gomez-Marin O, Gillum
RF, Kottke TE, Lohman W, Jacobs DR Jr.
Out-of-hospital coronary death in an urban
population — validation of death certificate
diagnosis: the Minnesota Heart Survey. Am
J Epidemiol 1987;125:1012-8.

40. Goraya TY, Jacobsen SJ, Belau PG,
Weston SA, Kottke TE, Roger VL. Validation
of death certificate diagnosis of out-of-hos-
pital coronary heart disease deaths in Olm-
sted County, Minnesota. Mayo Clin Proc
2000;75:681-7.

Copyright © 2005 Massachusetts Medical Society.

CLINICAL TRIAL REGISTRATION

The Journal encourages investigators to register their clinical trials in a public trials
registry. The members of the International Committee of Medical Journal Editors
plan to consider clinical trials for publication only if they have been registered
(see N Engl J Med 2004;351:1250-1). The National Library of Medicine’s
www.clinicaltrials.gov is a free registry, open to all investigators, that meets

the committee’s requirements.

N ENGL J MED 352;12 WWW.NEJM.ORG MARCH 24, 200§

Downloaded from www.nejm.org on November 9, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.



