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28 Abstract

29  Background: Sudden unexpected death in infancy (SUDI) comprises both natural and
30  unnatural causes of death. However, a few epidemiological surveys have investigated
31  SUDI in Japan.

32 Objective: This retrospective study was conducted to investigate the recent trends of
33 circumstances and risk factors of sleep-related SUDI cases.

34  Methods: Forensic pathology sections from eight universities participated in the
35  selection of subjects from 2013 to 2018. Data obtained from the checklist form were
36  analyzed based on information at postmortem.

37  Results: There were 259 SUDI cases consisting of 145 male infants and 114 female
38 infants with a mean birth weight of 2888 + 553 and 2750 + 370 g, respectively. Deaths
39  most frequently occurred among infants at 1 month of age (18%). According to
40  population-based analyses, the odds ratio (95% confidence interval) of mother’s age
41 <19 years was 11.1 (6.9-17.7) compared with ages 30—39. The odds ratio for the fourth-
42 and later born infants was 5.2 (3.4-7.9) compared with the frequency of first-born
43  infants. The most frequent time of day for discovery was between 7 and 8 o’clock.
44 Co-sleeping was recorded for 61%, and the prone position was found for 40% of cases
45  at discovery. Mother’s smoking habit exhibited an adds ratio of 4.5 (2.9-5.8).

46  Conclusion: This study confirmed the trends that have been observed for sudden infant
47  death syndrome; particularly, very high odds ratios were evident for teenage mothers
48  and later birth order in comparison with those in other developed countries. The child of
49  ayoung mother tended to die within 2 months of age. To our knowledge, this is the first

50  report of an extensive survey of sleep-related SUDI in Japan.
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52 Introduction

53  Sudden infant death syndrome (SIDS) is the possible cause-of-death for sudden infant
54  death during sleep, in which all known identifiable conditions that might engender
55  sudden and unexpected death must be excluded by postmortem examinations. However,
56  several pathologists have changed their diagnostic preferences since 2004 primarily
57  because of the difficult distinction of SIDS from accidental asphyxia or natural diseases
58  such as arrhythmias and metabolic disorders. [1-3] Reluctance to use the term has
59  decreased the number globally over the years. [4-6] In Japan, around 500 cases of SIDS
60  were recorded in the 1990s, but recent diagnostic numbers have decreased to fewer than
61 100 cases per year. [7]

62 Currently, another broad term has become popular, i.e., sudden unexpected death in
63  infancy (SUDI) or sudden unexpected infant death (SUID). Although SUDI/SUID
64  originally has been used as an umbrella term for the initial presentation of explained or
65 unexplained infant deaths, it is interpreted to include several categories such as SIDS
66  (R95), ill-defined and unknown cause of mortality (R99), and accidental suffocation or
67  strangulation in bed (W75). [8] Several attempts have been made to categorize
68  SUDI/SUID, but the terminology and classification have not yet been defined clearly.
69 [9]

70 In recent years, a protocol of investigation items has been officially standardized.
71  [10,11] For instance, in the U.S., the Centers for Disease Control and Prevention
72 published guidelines and a reporting form, which is designated as the SUID
73 Investigation Reporting Form. [12] In Japan, a list of items to be investigated is used as
74 achecklist form in cases of infant death. [13] A system is in operation for clinicians and

75  pathologists to ascertain circumstances and to investigate background factors.
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76  Information from death scene investigation (DSI) acquired by experts is indispensable
77 to fill out the form. [14] Furthermore, the maternity passbook, which records
78  information about the mother and the child during pregnancy as well as after childbirth,
79  is beneficial. We previously analyzed forensic autopsy cases of sudden infant deaths
80  after vaccination using this passbook. [15]

81 While the childcare environment differs according to region and time, there are few
82  epidemiological data describing infant deaths during sleep in Japan. [16,17] This
83  population-based retrospective study was conducted to investigate the recent trends of
84  sleep-related SUDI using the checklist form at multiple centers.

85

86

87 Methods

88 Deaths of sleep-related SUDI cases were extracted from autopsy files for the period
89  of 6 years from 2013 to 2018. Inclusion criteria for cases were age not more than 12
90  months, and the collapse occurring during sleep in an unexpected manner. Based on the
91  cause and manner of death, infant deaths were grouped as follows: (1) infants who died
92  of SIDS, (2) infants who died of other natural diseases, (3) infants who died of
93  accidental injuries, (4) infants who died of non-accidental injuries, and (5) infants with
94  unexplained manner of death. [18] The term ‘unexplained’ implies insufficient evidence
95  of the causative disease or event. [9] In this study, we selected cases of groups (1) and
96  (5) and those of suspected accidental suffocation during sleep.

97 Postmortem examinations included histology, toxicology, biochemistry, virology,
98 and bacteriology. [19,20] Tests for assessing inherited metabolic disorders were

99  conducted nationwide in the routine examination for newborns. [21] Genetic testing for

4


https://doi.org/10.1101/2020.05.04.076612
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.04.076612; this version posted May 4, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

100 arrhythmic disorders was also conducted for cases examined in this study. [22] Data
101  wused for analysis consisted of DSI information, therapeutic information in emergency
102 care, and maternity passbook. The checklist form, consisting of 41 items, was filled in
103 initially by each center. Then the lists were transferred to one site to confirm unclear
104  issues and aggregate the data.

105 The forensic pathology sections of the following eight universities participated in
106 this study: Kitasato University School of Medicine, Mie University School of Medicine,
107  Kyoto University Graduate School of Medicine, Hyogo College of Medicine, Kobe
108 University Graduate School of Medicine, Graduate School of Medical Science Kyushu
109 University, Graduate School of Biomedical Sciences Nagasaki University, and Tokai
110 University School of Medicine. The areas of these facilities cover six prefectures in
111 which approximately 14% of the entire population resides, and this percentage was
112 applied to calculate the annual rate per 1000. Every sudden infant death had been
113 autopsied, but there could have been some deaths that had not received autopsy outside
114  major centers in Japan, whose exact number remained unknown. Although DSI was
115  performed by the police for all cases, not all items were optimal, particularly, for the
116 sleep environment such as sleep surface, wrapping, and clothing. The principal
117 investigator obtained approval for this retrospective study from the Institutional Review
118  Board for Clinical Research, Tokai University. This study was also approved by the
119  respective ethical committees of the faculties as a collaborative study.

120 The original causes of death (n = 259) were SIDS and suspicious SIDS in 94 cases
121 (36%), unexplained in 75 cases (29%), potential asphyxia in bed in 51 cases (20%), and
122 other causes in 39 cases (15%). We investigated each candidate case carefully at a

123 meeting, and selected subjects in which terminal events remained at speculation
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124  irrespective of the diagnosis in the death certificate. Suspected causes of asphyxia were
125  supposed to be due to accidental overlay and swallowing in bed. Inflammation of the
126 airway, including bronchitis, accounted for 22 cases, comprising the largest group
127  among “others.” Despite of such histological evidence, the pathologists reconsidered
128  that these cases might also be regarded as sleep-related SUDI because of co-sleeping, in
129 which coexistent factors may have served as contributors in causing death.

130 The statistical data of live births recorded during 2013-2018 in the Japanese
131  population at the National Institute of Population and Social Security Research
132 (http://www.ipss.go.jp/p-info/) were used as the control. Prevalence information of
133 regular tobacco consumption was available at Japan Tobacco Inc. as a questionnaire
134  survey performed in 2016
135  (https://www.jti.co.jp/investors/press_releases/2016/0728 01.html). The numbers of
136 smokers and nonsmokers in the 20s and 30s of female volunteers were used for the
137 control.

138 Logistic regression analyses based on population data were performed to determine
139  the associations of independent variables as estimated using the odds ratio and
140 confidence interval (CI). For significant differences, the p value was calculated using
141  chi-square tests. Statistical analyses were conducted using BellCurve in Excel, ver. 3.20
142 (Social Survey Research Information Co., Tokyo, Japan).

143

144

145  Results

146 A total of 259 cases were collected at multiple centers for the 6-year period. The

147 circumstances and factors were investigated using the checklist form filled with
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148  information at postmortem.

149 The annual frequency of sleep-related SUDI was estimated to approximately 0.3 per
150 1000 births. However, the value could be slightly underestimated because of the
151  possibility that some cases could have been out of management by these facilities.

152 Table 1 presents the number of subjects according to sex, birth weight, gestation
153 week, maternal age, parity and maternal smoking habit along with the population data.
154  Table 2 summarizes the odds ratios (95% CI) and p values in terms of the related factors.
155  The factors were also analyzed for two groups, i.e., the early group in which death
156 occurred within 2 months of age (n = 98) and the late group in which death occurred
157  after 3 months (n = 161).

158

159  Table 1 Number of infants of SUID subjects and live births

Factors No. of SUID No. of No. of live ~ Approx. annual
early/late births* rate per 1000

Sex

Male 145 (56%) 53/92 3,015,822 0.34

Female 114 (44%) 45/69 2,864,653 0.28

Total 259 (100%) 98/161 5,880,475 0.31

Birth weight

Male

<2,500 21 (15%) 3/48 252,678 0.59

>2,500 116 (85%) 18/68 2,762,747 0.30

Total 137 (100%) 21/116 3,015,425 0.32

Female

<2,500 23 (21%) 9/14 304,624 0.54

>2,500 85 (79%) 36/49 2,559,683 0.24

Total 108 (100%) 45/63 2,864,307 0.27

Gestation week

<37 31 (13%) 8/23 324,829 0.68

>37 203 (87%) 84/119 5,546,995 0.26

7
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Total 234 (100%) 92/142 5,871,824 0.28
Maternal age at delivery (years)

<19 21 (9%) 12/9 67,675 222
20-24 63 (26%) 18/45 500,757 0.90
25-29 58 (24%) 26/32 1,538,223 0.27
30-34 53 (22%) 15/38 2,124,833 0.18
35-39 43 (17%) 19/24 1,335,169 0.23
40-44 7 (3%) 3/4 305,543 0.16
>45 0 8,268

Total 245 (100%) 93/152 5,880,468 0.30
Parity

1 77 (31%) 38/39 2,745,441 0.20
2 93 (38%) 26/67 2,145,351 0.31
3 46 (19%) 20/26 760,283 0.43
4 20 (8%) 5/15 157,536 0.91
>5 10 (4%) 4/6 50,823 1.41
Total 246 (100%) 93/153 5,859,434 0.30
Maternal Smoking habit

Non-smoker 106 (66%) 44/62 1,983 -
Smoker 55 (34%) 14/41 254 -
Total 161 (100%) 58/103 2,237

160  *: Japanese population data represent the sum of live births during 2013 to 2018.
161

162 Table 2 Odds ratios (95% CI) and p values of SUID including early and late occurrences

Factors Total (0—11 month) Early (0-2 month) Late (3—11 month)

Sex

Male 1.2 (0.9-1.5),p=0.13 1.1 (0.8-1.7), p=10.58 1.3(0.9-1.7),p=0.14
Female (ref. group) 1.0 1.0 1.0

Birth weight

Male

<2,500 2.0 (1.3-3.2), p=0.003 0.7 (0.2-2.2),p=0.52 2.9 (1.74.9), p <0.001
> 2,500 (ref. group) 1.0 1.0 1.0

Female

<2,500 2.3 (1.4-3.6), p <0.001 2.1(1.0-4.4), p=10.042 2.4 (1.3-4.3), p=10.003
> 2,500 (ref. group) 1.0 1.0 1.0
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Gestation week
<37
> 37 (ref. group)

2.6 (1.8-3.8), p < 0.001
1.0

Maternal age at delivery (years)

1.6 (0.8-3.4), p=0.18
1.0

3.3 (2.1-5.2), p < 0.001
1.0

<19 11.1 (6.9-17.7), p <0.001 18.0 (9.3-34.8), p < 0.001 7.4 (3.7-14.9), p <0.001
20-29 2.1 (1.6-2.8), p <0.001 2.2 (1.4-3.5), p <0.001 2.1(1.5-2.9), p<0.001
30-39 (ref. group) 1.0 1.0 1.0
>40 0.8 (0.4-1.7), p=0.56 1.0 (0.3-3.2), p=0.96 0.7 (0.3-2.0), p=0.51
Parity
1 (ref. group) 1.0 1.0 1.0
2-3 1.7 (1.3-2.3), p < 0.001 1.1 (0.7-1.7), p=0.61 2.3 (1.6-3.3), p<0.001
>4 5.1(3.4-7.8), p <0.001 3.1(1.5-6.5),p=0.0012= 7.1 (4.2-12.1), p <0.001
Maternal smoking habit
Non-smoker (ref. group) 1.0 1.0 1.0
Smoker 4.1 (2.9-5.8), p <0.001 2.5 (1.3-4.6), p = 0.002 5.2 (3.4-7.8), p<0.001
163
164 Age
165 Fig 1 shows the age distribution at the time of death. It was observed that deaths

166  most frequently occurred in infants at 1 month of age, consisting of 45 cases (18%). The

167  number was found to decrease with age. Deaths occurring within 6 months after birth

168  accounted for 180 cases (72%).

169

170 Fig 1. Age distribution of sleep-related SUDI infants (n = 259) examined in this

171  study. Key indicates the birth order of infants, in which the column is divided into four

172 groups of the first-born infants (blank), the second- and third-born ones (gray), more

173 than the fourth-born ones (black), and unknown ones (diagonal).

174

175 Birth weight and gestation weeks
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176 The mean (+ S.D.) birth weight of SUDI infants was 2885 + 556 g for male subjects
177 and 2763 + 466 g for female subjects. These birth weights were lower by 191 g (6%)
178  and 227 g (8%), respectively, than the national mean birth weights of 3076 g for males
179 and 2990 g for females recorded in 2017. The percentage of low birth weight infants
180  was significantly higher than the control group in both sexes. For low birth weight
181  infants, the highest odds ratio of 2.9 was observed in the late male group.

182 Infants of premature birth were found to be 2.6 times more likely to die from SUDI
183  than those of mature birth. The late group also showed higher odds ratio than the early
184  group.

185

186  Maternal age and birth order

187 The odds ratio of incidence of infant death of mothers whose age <19 years was the
188  highest at 11.1 compared with mothers aged 30-39 years, and that for mothers aged
189 20-29 years was 2.1, which showed significant differences. Furthermore, the child of a
190  teenage mother tended to die within 2 months of age, compared with other generations
191 (12/21 to 81/225, p = 0.04). This finding indicated that mothers of a younger age,
192 especially teenage, should be considered as the most important risk factor for the
193 occurrence of sleep-related SUDI.

194 In terms of the birth-order distribution, there were 31% of first-born infants, 38% of
195  second-born infants, 19% of third-born infants, 8% of fourth-born infants, 2% (6 cases)
196  of fifth-born infants, 1% (3 cases) of sixth-born infants, and 0.4% (1 case) of
197  seventh-born infant. The odds ratio to the fatal frequency among the first-born infants
198  clearly indicated that later birth order constituted an important risk factor. Moreover, as

199  shown in Figure 1, there were more first-born infants in the early group (38/92) than in

10
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200  the late group (39/154) (p <0.001).

201

202 Time of discovery and sleeping position

203 Fig 2A shows the distribution of the time of day when an unresponsive infant was
204  found. There were 30 cases (12%) found between 7 and 8 o’clock a.m., which was the
205  most frequent time. A large peak was evident between 6 and 9 o’clock in the morning.
206 Fig 2B depicts that the duration between the last time the infant was found alive and
207  the time of discovery of being unresponsive (n = 222), which varied widely from
208  approximately 10 min to 13 h. The mean duration was 4.1£2.7 h. The collapse was
209  discovered within 6 h in the majority of cases (n = 184, 83%).

210

211  Fig 2. Time of discovery. A. Distribution of the time of the day at which the first
212 responder found an unresponsive infant (n = 246); B. the time difference between the
213 time the infant was last seen alive and first found deceased (n = 222).

214

215 The first responder (n = 252), who discovered the unresponsive infant, was the
216  mother in 188 cases (75%), followed by the father in 49 cases (19%), a grandmother in
217 8 cases (3%), a childminder in 2 cases (1%), and others in 6 cases (2%).

218 Co-sleeping was recorded for 143 cases (61%) among a total of 230 available cases.
219  Table 3 presents the child sleeping position when the collapse was discovered. The
220  prone position in late SUDI infants accounted for 52% of cases, and there were 19% of
221  cases with the prone position in the early group.

222

223 Table 3 Sleep position at the scene
11
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Total (0-11 month) Early (0-2 month)  Late (3—11 month)

Spine 117 (52%) 60 (72%) 57 (40%)
Prone 89 (40%) 16 (19%) 73 (52%)
Side 16 (7%) 7 (9%) 9 (6%)

Others 2 (1%) 0 2 (1%)
Total 224 (100%) 83 (100%) 141 (100%)

224

225 Maternal smoking habit

226 The descriptions in the maternity passbook entries are considered to reflect the
227  smoking habits before and during the early phase of pregnancy. We attempted to obtain
228  the smoking rate of the mothers of SUDI cases. A significant risk of SUDI was evident
229  with an odds ratio of 4.5 compared with the general rate. Although there were limited
230  cases wherein the information related to the number of cigarettes (n = 30) was available,
231  the mean number was 11 cigarettes/day.

232

233

234 Discussion

235 Results of the present investigation of sleep-related SUDI cases were consistent with
236  risk factors such the smoking habit of parents in the large epidemiological surveys of

237  SIDS. [23] However, some differences were evident. The peak age of death is generally
238 2 months in SIDS surveys, [4,24] but that among the present SUDI infants was 1 month
239  of age. A particularly higher risk was observed among teenage mothers than that found

240 in an earlier study. [25] Moreover, the mothers tended to lose their infants at age 0-2

12
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241  months.

242 The most frequent birth order associated with infant death due to sleep-related SUDI
243  was the second birth order. Blair et al. [26] reported that SIDS was most frequent
244 among first-born children in the UK, although it was earlier presumed to be frequent in
245  large families. Data from Taiwan indicate that the first-, second-, and third- and later
246 born children account for 36%, 40%, and 24% of SIDS, respectively. [27] The
247  distribution in the present study was more similar to that reported in Taiwan.

248 Traditional bedding of cotton mat, known as futon, on the floor is common in Japan.
249  Therefore, it is more appropriate to use the term co-sleeping (sharing a sleeping surface)
250  than bed-sharing. Co-sleeping is a common style of sleep, and Tokutake et al. [17]
251  reported that 84% of mothers practice co-sleeping, of whom half also practice
252 breastfeeding. The father was found to be the first responder in up to 20% of cases, and
253  in most of these cases the father also co-slept and discovered the infant death upon
254  awakening. The risk of SIDS among infants who co-sleep was found to be significantly
255  high in several earlier studies. [28,29] Nevertheless, the effects of co-sleeping on the
256 occurrence of SUDI, if any, could not be evaluated in this study because of the absence
257  of good control subjects.

258 It is a traditional practice in Japan to lay infants in the supine position. However,
259  42% of infants were found in the prone position, of which frequency was higher than
260  that reported in an earlier study. [17] Li et al. [30] reported that 60% of SIDS infants
261  were found in the prone position in the United States. It is possible that turning over by
262  infants during sleep is a causal factor. However, approximately 30% of infants in the
263  early group who were unable to turn over were found in the prone and side positions.

264  They might have been placed in the prone position or been breastfed during co-sleeping,

13
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265  but the original position was not recorded sufficiently at DSI.

266 A relationship between the occurrence of SIDS and the smoking habit of parents has
267  been found in Japan. [31] In the present investigation, the incidence of pregnant
268  mother’s smoking among SUDI cases was 34%. This incidence in the general female
269  population was reported as 11%, which also resulted in the high odds ratio of 4.5 in this
270  study. According to Anderson et al., [32] the incidence of SUDI more than doubles
271  when a parent is smoking during the period of pregnancy. The odds ratio increases
272 along with the number of cigarettes up to 20. It is evident that infants co-sleeping with
273 someone who smokes exhibit the highest risk for SUID. [33]

274 Pasquale-Styles et al. [34] reported that asphyxia and suffocation occur more than
275  presumed in many situations such as bed-sharing, overlay, wedging, prone position,
276  obstruction of the nose and mouth, and coverage of the head. Postmortem findings alone
277  are not generally sufficient to explain the cause of these deaths. Consequently, the
278  diagnoses often lack consistency. [3,4,7] In addition, there exists a difficulty of the
279  current situation in Japan, particularly in DSI that is performed by police officers who
280  are not well trained. Garstang et al. [24] indicated that police-led DSI does not comply
281  with practical information. After a new law related to child health was enacted in 2018,
282  child death reviews will be introduced to the society in the near future. These reviews in
283  combination with multiple agencies will be helpful in investigating the sleeping
284  environments of infants in detail.

285 In conclusion, we conducted an effective epidemiological analysis of sleep-related
286  SUDI using the official checklist form. This approach has revealed the present critical
287  features prevailing in the country. This report is the first of an extensive study of SUDI

288  in Japan.
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