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This study aimed to elucidate the demographic and sleeping environmental factors
associated with sudden infant death syndrome (SIDS) in Korea. The autopsy reports of all
SIDS cases reported to the National Forensic Service and Seoul National University College
of Medicine between 1996 and 2008 were reviewed for data collection and analysis to
identify the risk factors for SIDS. Analysis of the 355 SIDS cases reported within the study
period revealed that of the 168 (47.3%) cases for which sleeping position before death had
been reported, 75 (44.7%) cases had occurred after placement in prone or side position.
Of the 204 (57.5%) cases for which bed-sharing situation had been reported, 121 (59.3%)
deaths had occurred during bed-sharing, of which 54 (44.6%) infants were under

3 months of age, a significantly younger age than that of the non-bed-sharing cases
(P=10.0279). Analysis of the results indicated no tendency toward an increase or decrease
in the use of a prone or side position. Rather, there was a statistically significant increasing
trend for bed-sharing over the study period (OR, 1.087; 95% Cl, 1.004-1.177; P = 0.04).
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INTRODUCTION

Sudden infant death syndrome (SIDS) is a diagnosis of exclu-
sion defined as “the sudden death of an infant under one year
of age that remains unexplained after a thorough case investi-
gation, including performance of a complete autopsy, exami-
nation of the death scene and review of the clinical history” (1).
Although the cause of death should be diagnosed as SIDS only
after a thorough examination has been conducted, many cases
have been diagnosed as SIDS despite failure to fulfill all the cri-
teria for SIDS diagnosis. To address this problem, the medical
community established the diagnosis sudden unexpected death
in infancy (SUDI), defined as sudden unexpected death occur-
ring before 12 months of age (2). Analysis of epidemiological
data has elucidated modifiable risk factors for SIDS, including
the placement of an infant to sleep in certain positions, specifi-
cally in a prone or side position, on certain surfaces, particularly
on a soft surface, or in a bed with one or more other individuals,
as well as the exposure of an infant to nicotine via maternal
smoking before birth and second-hand smoke after birth (3-5).
Since the identification of these risk factors, the prevalence of
SIDS has declined substantially. Nevertheless, SIDS remains
the leading cause of death of infants under one year of age in
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These findings indicate the need for nationwide educational programs promoting a safe
sleeping environment to enhance SIDS prevention.
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many countries (6-8), having been reported to be the cause of
death of between 0.1 and 0.8 per 1000 live births in developed
countries (3).

Although many epidemiological reviews of SIDS prevalence
have been conducted in an international context, no coronial
investigation has been conducted in a Korean context. To fill
this research gap, this study reviewed cases of SIDS referred by
the National Forensic Service and Seoul National University
College of Medicine for autopsy from 1996 to 2008 to identify
demographic and sleeping environmental factors that may be
risk factors for SIDS.

MATERIALS AND METHODS

The SIDS cases analyzed were selected from review of the re-
cords of the National Forensic Service and Seoul National Uni-
versity College of Medicine. The inclusion criteria for all cases
were age 8 to 364 days at time of death and sudden and unex-
pected death. The reports of all cases were reviewed by two fo-
rensic pathologists. Any cases for which a specific cause of death
was subsequently established at autopsy were excluded. The
data collected included time of death, position when found de-
ceased, position placed to sleep before death, and sleeping sur-
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face. Data were also collected regarding whether the SIDS oc-
curred during bed-sharing, defined as a specific type of co-sleep-
ing pattern in which an infant sleeps with another individual
on the same surface (9), and, if so, whether the individual with
whom the infant was sleeping had consumed alcohol prior to
sharing a bed with the deceased infant. Fisher’s exact test was
used to compare categorical variables when comparable data
were available. The temporal changes of bed-sharing and sleep-
ing position were evaluated using logistic regression model and
multinomial logistic regression models, respectively. A P value
< 0.05 was considered significant. Statistical tests were per-
formed using SPSS version 17 (SPSS Inc. Chicago, IL, USA).

Ethics statement

The study protocol was reviewed by institutional review board
of the Seoul National University Hospital (E-1111-031-385). In-
formed consent was waived by the board.

RESULTS

Table 1 shows the demographic data regarding the SIDS cases
reviewed. Regarding the number of cases, 355 post-mortems
were classified as SIDS between 1996 and 2008, and although
no significant trend regarding an increase or decrease in the
number of cases could be identified over the study period, 209
(58.9%) SIDS cases were observed in the winter and spring sea-
sons. Regarding the characteristics of the cases, 193 (54.4%) male

Table 1. Demographic characteristics in autopsy-diagnosed sudden infant death
syndrome (SIDS) cases

Parameters No. of cases (%)
Sex
Male 193 (54.4)
Female 162 (46.6)
Age (month)
<1 39 (11.0)
1-2 96 (27.0)
3-5 144 (40.6)
6-8 51 (14.4)
9-11 25(7.0)
Season
T1 106 (29.9)
T2 64 (18.0)
T3 82 (23.1)
T4 103 (29.0)

T1, March, April, May; T2, June, July, August; T3, September, October, November; T4,
December, January, February.

Table 2. Sleep position in autopsy-diagnosed sudden infant death syndrome (SIDS)
cases

Position found at death
No. (%) (missing = 140)

Position placed to sleep

ShED R No. (%) (missing = 187)

Supine 93 (55.4) 89 (41.4)
Prone 46 (27.4) 107 (49.8)
Side 29 (17.3) 19 (8.8)
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and 162 (46.6%) female cases diagnosed as SIDS occurred at a
median age of 17 weeks, with 135 cases (38.0%) of SIDS occur-
ring under 3 months of age. Among the 193 cases (54.4%) for
which maternal age had been reported, the median maternal
age was 28 yr (range 18 to 43 yr). Of the 183 cases (51.5%) for
which feeding pattern had been reported, 23 infants (14.2%) had
been breastfed, 140 (76.5%) had been fed powdered formula,
and 17 (9.3%) had been both breastfed and fed powdered for-
mula.

Of 293 SIDS cases for which time when found deceased was
known, 109 infants (37.2%) had been discovered between 0601
and 1200h, 71 (23.2%) between 1201 and 1800h, 43 (14.7%) be-
tween 1801 and 2400h, and 70 (23.9%) between 2401 and 0600h.
Of the 168 (47.3%) of cases for which sleeping position before
death had been reported, 75 (44.7%) cases had been placed in a

[ % Prone % Side B % Supine

Fig. 1. Annual distribution of positions placed to sleep before death in autopsy-diag-
nosed Sudden Infant Death Syndrome (SIDS) cases.

Table 3. Sleeping environment in autopsy-diagnosed sudden infant death syndrome
(SIDS) cases

Sleeping environment No. of cases (%)

Location found (missing = 184)

Blanket on floor 110 (64.3)

Cot or bassinet 16 (9.4)

Double/queen/king bed 44 (25.7)

Couch 1(0.6)
Bed-sharing (missing = 151)

Any bed-sharing* 121 (59.3)
with adult(s) only 111 (54.4)
with children only 3(1.5)
with children and adults 7(3.4)

No bed-sharing 83 (40.7)

Number of bed-sharer including infant (missing = 151)

2 90 (74.4)

3 27 (22.3)

4 43.3)

Sleeping places (missing = 37)

Own house 210 (66.0)

Nursery 91 (28.6)

Outside including hotel/motel 17 (5.4)

*0f these, 21 were bed-shared under the influence of alcohol.
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Fig. 2. Annual distribution of bed-sharing in autopsy-diagnosed Sudden Infant Death
Syndrome (SIDS) cases.

prone or side sleeping position, among which 49.8% had been
found in a prone position at the time of death (Table 2). Analy-
sis of the data indicated no tendency toward an increase or de-
crease in placement in a prone or side sleeping position over
the study period (OR, 1.090; 95% CI, 0.960-1.243; P = 0.178) (Fig.
1). As can be observed in Table 3, which shows the data regard-
ing sleeping environment, only 9.4% of infants had been placed
to sleep in a bed intended for infants only, such as a cot or bas-
sinet, with the majority being found in a blanket on the floor or
in an adult bed. This finding reflects a Korean tradition of plac-
ing an infant on a blanket over a Korean-style floor (ondol).

Among the cases for which bed-sharing had been reported,
121 (59.3%) of deaths had occurred in a bed-sharing situation.
Of the cases who had died during bed-sharing, 54 (44.6%) cases
had been under 3 months of age, a significantly greater number
than those who had died while not bed-sharing (P = 0.028).
Thirty one (25.6%) of bed-sharing SIDS deaths had occurred
during bed-sharing with 2 or more individuals and 21 (17.4%)
cases had occurred during bed-sharing with an individual un-
der the influence of alcohol. There was a statistically significant
increasing trend (OR, 1.087; 95% CI, 1.004-1.777; P = 0.04) in
bed-sharing over the study period (Fig. 2). Of the 52 infants who
had been placed in a supine position before death, 28 had been
bed-sharing with 1 or more individuals. Regarding the reason
for bed-sharing, breastfeeding was reported for 34 (22.5%) cases
ofall SIDS.

DISCUSSION

Several international studies have found that the promotion of
“back-to-sleep” campaigns based on the findings of many epi-
demiological studies has led to a dramatic decrease in the glob-
al prevalence of SIDS over the last 2 decades (10, 11). However,
few studies have examined the prevalence of SIDS specifically
within Korea (12, 13), and no coronial data regarding SIDS in
Korea have been reported. To redress this lack of research with-
in a Korean context, we examined the factors associated with
SIDS cases that had been reported to the National Forensic Ser-
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vices and Seoul National University College of Medicine, the
majority of which had occurred in the Seoul-Gyeonggi region
of Korea, between 1996 and 2008.

Analysis of the data indicates that the majority of the deaths
due to SIDS had occurred while the infants had been sleeping
in a hazardous sleep environment. While many were found in a
prone sleeping position, which has been reported as one of the
established risk factors for SIDS (10), a recent study reported
that risk of SIDS in a side position is of a similar magnitude to
that of a prone position (14). The risk posed by sleeping in a side
position might be due to its inherent instability, as it allows the
infant to easily move into a prone position. Therefore, the Amer-
ican Academy of Pediatrics (AAP) strongly recommends that in-
fants always be placed in a supine sleeping position (15). Among
the cases in this study, 55.4% (93 cases) had been placed to sleep
in a prone position, a rate much higher than rates previously
reported, which range from 13% to 43% (16-20), and 17.3% (29
cases) in a side position. Analysis of the data indicated no ten-
dency toward a change in sleeping position to the recommend-
ed position (supine) over the 13-yr study period.

Interestingly, 34% (108 cases) of the SIDS analyzed in this
study occurred outside the home, including in a nursery/day-
care setting or a relative’s accommodation, indicating increased
risk of SIDS outside the parental residence. This might be due
to infants who sleep outside the home being placed in a sleep
environment not specifically arranged for infants and/or being
placed in a prone position. The study data support this hypothe-
sis, as analysis of the difference between the prevalence in which
the infants in this study had been placed in a prone sleeping
position in a setting outside the home compared to that in which
they had been placed in a prone position in the home was found
to be statistically significant (P = 0.002).

Among the cases for which bed-sharing had been reported,
the prevalence of bed-sharing was 59.3% (121 cases), a much
higher rate than those found in cohort-based studies, which
range from 16.0% to 50.4% (21-24). This finding might be ex-
plained by cultural factors, such as a Korean belief that bed-
sharing enables breastfeeding and emotional bonding, and sup-
ported by the finding that 22.5% (34 cases) of the mothers in
this study reported breast-feeding as the reason for bed-shar-
ing. However, bed-sharing is a known risk factor for SIDS, espe-
cially for infants under 3 months of age, infants who share a bed
with an individual under the influence of alcohol, and infants
who are subjected to bed-sharing for long durations (4, 11).
Analysis of the data revealed that 44.6% (54 cases) for which
bed-sharing had been reported had been under 3 months of
age, a percentage that is statistically significant when compared
to that of the non-bed-sharing cases and comprising approxi-
mately 69.2% of all cases for which bed-sharing had been re-
ported under 3 months of age. Surprisingly, 17.4% (21 cases)
occurred while bed-sharing with adult(s) who were under the
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influence of alcohol, a factor that may have undermined the
ability to respond to the infant. Indeed, several studies have re-
ported a strong association between alcohol consumption prior
to bed-sharing and SIDS (4, 25). Furthermore, there was a sig-
nificantly increasing trend in bed-sharing over 13-yr study peri-
od, suggesting that parents and caregivers should be provided
with information regarding bed-sharing as a means to decrease
the risk of SIDS. This suggestion is supported by the AAP, which
recommends that infants in the first year should sleep in their
own bed, ideally a bassinet or crib placed in the parental room
(15), as well as the findings of this study, specifically that only
16 (9.4%) infants had been sleeping in their own bed.

Regarding other risk and protective factors, a recent meta-
analysis study reported that exclusive breast-feeding of any du-
ration is protective against SIDS (26). The prevalence of exclu-
sive breast-feeding in this study was found to be 14.2%, a rate
slightly higher than the 10.2% domestic rate reported in 2002
(27). Unfortunately, accurate data regarding maternal smoking,
which has been identified as a dependent risk factor contribut-
ing to SIDS (28) and the main risk factor for SIDS during bed-
sharing (11), could not be collected.

The exact pathogenesis of SIDS remains poorly understood.
Accumulating evidence has linked SIDS to a convergence of ex-
ogenous stressors, including non-recommended (prone or side)
sleeping position, a critical development period in homeostatic
condition, and dysfunction of cardiopulmonary and/or arousal
system (29). A recent study found a significant association be-
tween SIDS and mutations in the cardiac ion-channel protein
giving rise to disease, including Long QT Syndrome (LQTS) and
Brugada Syndrome, in 10 to 15% of SIDS cases (30). Although
there is no evidence of strong heritability for SIDS, the genetic
alteration that has been observed could lead to vulnerability to
SIDS (3, 29, 30). Thus, continued research into the interaction
between genetic and environmental factors is critical for SIDS
prevention.

A 2004 study using the capture-recapture method to exam-
ine the 1998 and 1999 data estimated the rate of SIDS in Korea
to be 0.56 per 1,000 live births (12). However, this estimation is
questionable due to lack of scientific validity in diagnosis, with
many cases having been diagnosed as SIDS without postmor-
tem examination and death scene investigation. Although au-
topsies are critical in identifying the cause of death whenever
an infant dies suddenly from unknown causes, the autopsy rate
in Korea, which is unknown, is presumed to be extremely low
compared to those of other developed countries (3).

Due to its retrospective design, this study faced a major limi-
tation in data collection. Although a postmortem protocol for
SIDS autopsy had been introduced in 2001, it was not widely
used until 2006. Therefore, many data regarding parental smok-
ing, sleeping surface, and breathing at time of death (i.e., wheth-
er the face had been covered) were unavailable for cases that

http://dx.doi.org/10.3346/jkms.2013.28.3.438

occurred before 2006. In contrast, significantly more and better
data were available after 2006 because of increased awareness
of the environmental risk factors associated with SIDS and in-
creased use of the postmortem protocol.

The findings of this study have crucial implications for health
policymaking and practices. Specifically, they indicate the need
to develop, adopt, and implement 1) a set of standardized guide-
lines for SIDS diagnosis; 2) a protocol for the collection of de-
tailed data from medical doctors, scene investigators, caregiv-
ers, and medical examiners to determine the precise cause of
death; and 3) monitoring systems to collect data with which to
identify trends in SIDS prevalence. Moreover, they suggest that
educational campaigns for SIDS prevention, which have tradi-
tionally—and effectively—emphasized avoidance of bed-sharing
and placement in a prone position—should also stress avoid-
ance of all risk factors and be conducted on a nationwide scale
using all means of information distribution, including those
provided by governmental, media, and medical sources.

In conclusion, this first coronial study of SIDS in Korea found
that a considerable proportion of deaths due to SIDS occurred
while the infants had been sleeping in an environment charac-
terized by risk factors for SIDS, particularly placement in a prone
or side position and/or in a bed-sharing situation. This finding
strongly suggests that immediate focus should be placed on
making the sleeping environment safer for the next generation.
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