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Objective: to study recent epidemiological trends of sudden unexpected death in infancy
(SUDI) in Western Europe.

Study design Annual national statistics of death causes for 14 Western European countries
from 2005 to 2015 were analyzed. SUDI cases were defined as infants younger than one year
with the underlying cause of death classified as “sudden infant death syndrome” (SIDS),
“unknown/unattended/unspecified cause” or “accidental threats to breathing”. Poisson
regression models were used to study temporal trends of SUDI rates and source of variation.
Results From 2005 to 2015, SUDI accounted for 15,617 deaths, for an SUDI rate of 34.9 per
100,000 live births. SUDI was the second most common cause of death after the neonatal
period (22.1%) except in Belgium, Finland, France and United Kingdom, where it ranked
first. The overall SUDI rate significantly decreased from 40.2 to 29.9 per 100,000, with a
significant rate reduction experienced for six countries, no significant evolution for seven
countries, and a significant increase for Denmark. The SIDS/SUDI ratio was 56.7%, with a
significant decrease from 64.9% to 49.7% during the study period, and ranged from 6.1% in
Portugal to 97.8% in Ireland. We observed between-country variations in SUDI and SIDS sex
ratios.

Conclusions In studied countries, SUDI declined during the study period but remained a
major cause of infant deaths, with marked between-country variations in rates, trends and
components. Standardization is needed to allow for comparing data to improve the

implementation of risk-reduction strategies.

KEYWORDS Sudden unexpected death in infancy; Sudden infant death syndrome; Infant

mortality; Epidemiology; Public health; Europe; Trends
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Sudden unexpected death in infancy (SUDI) is defined as the death in an infant less than one
year old that occurs suddenly and unexpectedly and whose cause is not immediately obvious
before investigation (1,2). After a complete investigation, including a review of clinical
history, an observation of the scene investigation, and an autopsy, SUDI can be attributed to
various causes. Death is classified as sudden infant death syndrome (SIDS) when the
thorough investigation fails to identify a cause (3—-6). SIDS must be considered a specific
subcategory of SUDI. After the discovery of the prone sleeping position as a major risk factor,
massive “back-to-sleep” prevention campaigns were conducted in the early 1990s and led to a
huge decrease in SIDS incidence in many countries (7-10). However, SIDS and SUDI remain
an important cause of infant mortality in countries with high-income economies (9,11).

According to the last international comparisons (7,9,12), SUDI and SIDS rates in
Europe varied strongly around mean rates of 39 and 25 cases per 100,000 live births. Austria,
Germany, France and Ireland have particularly high SIDS rates (7). Such high rates led SUDI
to be the most common cause of death for infants aged 28 days to 1 year old (12). Previous
studies have shown that male sex is a SIDS risk factor in some countries (13,14), but no
between-country comparisons have been made on SUDI and SIDS sex ratios. Besides
geographical and sex variations in SIDS rates, some studies have identified important
variations in the definition of SUDI, SUDI case investigation protocols, and death coding
practices leading to highly variable SIDS/SUDI ratios (9,10,12,15-18) and impairing reliable
international comparisons.

Despite the public health burden of SUDI, no European analysis of SUDI trends has
been performed since 2010 (12). However, such analyses are necessary to justify, inform and
implement future SUDI risk-reduction campaigns in Western Europe countries, notably those
with high or increasing SUDI rates. Such comparisons could also help identify the need to

standardize investigation protocols, definitions and coding practices to improve the reliability
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of data from routine surveillance practices and allow the evaluation of risk-reduction
campaigns. In this context, we aimed to study the geographical, sex and time variations of

SUDI and SUDI subcategories from 2005 to 2015 in Western European countries.

POPULATIONS AND METHODS
General design and study data
We performed a secondary analysis of national data on causes of death derived from death
certificates. These data were available from the official website of the World Health
Organization database on mortality (WHO) (19) for the 14 European countries (Austria,
Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Norway, Portugal, Spain,
Sweden, The Netherlands, United Kingdom; Figure 1) that participated in the Eurostat Task
Force dedicated to improving the quality and comparability of European cause-of-death
statistics (20). Available data were aggregated by year and totally anonymous, so no ethical
and regulatory approvals were required. For each country, WHO publishes annual numbers of
deaths by causes, based on the International Classification of Diseases, 10" Revision (ICD-
10) transmitted by national death registries. During the study period, except for Portugal
where specific codes were used in 2005, the 14 countries used the ICD-10 for coding the
causes of death. WHO provides correspondence tables between the specific Portuguese codes
and ICD-10 codes. We used annual numbers of live births from the European Union’s
statistical office (Eurostat) (21) database and transmitted by the national institutes of statistics.
To calculate ratios, rates and trends in SUDI and SUDI subcategories, we used data from
2005 to 2015, the last year for which data were completely available for all countries.

All deaths in infants younger than 364 days old from 2005 to 2015 were included. By

definition, there is no ICD-10 code for SUDI, just as there is no well-establish list of ICD-10
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codes to define it. We selected a set of ICD-10 codes corresponding to death causes found in
most cases after SUDI investigations (22) and those previously used for international
comparison (12). Thus, we defined SUDI with the ICD-10 cause-of-death codes R95 “sudden
infant death syndrome”, R96 “other sudden death, cause unknown”, R98 “Unattended death,
R99 “other ill-defined and unspecified causes of mortality”, W75 “accidental suffocation and
strangulation in bed”, W76 “other accidental hanging and strangulation”, W78 “inhalation of
gastric contents”, W79 “inhalation and ingestion of food causing obstruction of respiratory
tract”, W80 “inhalation and ingestion of other objects causing obstruction of respiratory
tract”, W81 “confined to or trapped in a low-oxygen environment”, W83 “other specified
threats to breathing” and W84 “unspecified threat to breathing”. Because some of these codes
accounted for limited numbers, we grouped them in three categories: SIDS (R95),
unknown/unattended/unspecified cause (R96-R99) and accidental threats to breathing (W75-
Wg4).

To assess and compare the SUDI ratio of infant mortality and those of other death
causes, we selected the two chapters of the ICD-10 classification with the highest ratios: POO-
P96, chapter XVI “Certain conditions originating in the perinatal period” and QO00-Q99,
chapter XVII “Congenital malformations, deformations and chromosomal abnormalities”.
Ratios of SUDI and main causes of death among infant mortality was described overall (0-
364 days) and by age subgroups (neonatal death from O to 27 days and post-neonatal infant
death from 28 to 364 days). SUDI rates were calculated overall and then by SUDI

subcategories, sex, age classes.

Statistical analyses

SUDI rates were calculated as number of deaths for 100,000 live births. SUDI subcategory

ratios were calculated by dividing SUDI subcategory cases by overall SUDI (R95, R96-R99
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and W75-W84) cases. Poisson regression models of annual death rates were used to assess
temporal trends from 2005 to 2015. Annual change in coefficient was calculated with a 95%
confidence interval. The statistical significance threshold was fixed at P < .05 and a Rainbow
test was used to verify the fit of the models (23). SUDI sex rate ratios were estimated by
median-unbiased estimation (mid-p) and Wald unconditional maximum likelihood estimation.
To visualize SUDI rate variations by geographical region, specific rates for 2005-2015 were
calculated, and a map of these rates, divided into quartiles, was plotted for 14 European
countries. R/RStudio was used for all analyses (R Foundation for Statistical Computing,

Vienna, Austria. URL https://www.R-project.org/).

RESULTS

From 2005 to 2015, in the 14 European countries studied, SUDI accounted for 9.7% of infant
mortality, and was the third cause of death after those classified as “certain conditions
originating in the perinatal period” (ICD-10 P00-P96) and “congenital malformations or
chromosomal abnormalities” (ICD-10 Q00-Q99) which accounted for 52.2% and 25.0% of
deaths, respectively (Table 1). SUDI accounted for 22.1% of infant deaths between 28 and
364 days, the second cause of death after “congenital malformations or chromosomal
abnormalities”. In four countries (Belgium, Finland, France and United Kingdom), SUDI was
the first cause of death after the neonatal period and for four countries (Italy, The Netherlands,
Portugal and Spain), it was the third or fourth cause (Table I). Deaths coded POO-P96, Q00-
Q99 and SUDI occurred during the neonatal period (0-27 days) in 89.2%, 67.4% and 30.3%
of cases, respectively. For SUDI, deaths occurring during the neonatal period accounted for
88.9% and 91.3% of cases in Denmark and Portugal, respectively, but ranged from 12.8%

(Austria) to 46.5% (Sweden) for the 12 other countries.
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From 2005 to 2015, 15,617 infants died of SUDI in the 14 Western European
countries, for an SUDI rate of 34.9 per 100,000 live births and with a significant decrease
(p<0.001) from 40.2 to 29.9 (Table 2 and Figure 1). The four countries in the upper quartile of
SUDI rate from 2005 to 2015 (> 41.9 per 100,000 live births) were, by decreasing rate,
Denmark, France, Belgium and Germany (Figure 2). From 2005 to 2015, six countries
(Austria, France, Germany, Portugal, Spain, United-Kingdom) showed a significant decrease
in SUDI rate, with no significant trend in seven (Belgium, Finland, Ireland, Italy, The
Netherlands, Norway, Sweden), and a significant increase in Denmark (Table 2).

During 2005-2015, the SIDS/SUDI ratio was 56.7% in the 14 Western European
countries, with a significant decrease (p<0.001) from 64.9% to 49.7% during this period
(Table 2). The SIDS/SUDI ratio ranged from 6.1% in Portugal to 97.8% in Ireland; five
countries (Denmark, Italy, The Netherlands, Portugal and Sweden) had a ratio lower than
50%. We observed a significant decrease in SIDS/SUDI ratio for five countries (Belgium,
Denmark, France, Germany and The Netherlands) (Figure 3; available at www.jpeds.com), a
significant increase for Portugal and no significant variations for the eight other countries
(Table 2).

For the 14 Western European countries studied, the rates of SUDI overall, SUDI
classified as SIDS, SUDI classified as “unknown/unattended/unspecified cause” and SUDI
classified as “accidental threats to breathing” were 39.9, 22.2, 14.4 and 2.7 per 100,000 live
births for male infants and 29.5, 15.4, 11.7 and 2.0 for female infants, respectively (Table 3;
available at www.jpeds.com). The male/female sex ratios were 1.4, 1.4, 1.2 and 1.3 for SUDI
overall, SIDS, “unknown/unattended/unspecified” cause and “accidental threats to breathing”,
respectively, with all these sex ratios significantly greater than one (p<0.001). The sex ratios

of SUDI classified as SIDS, SUDI classified as “unknown/unattended/unspecified cause” and
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SUDI classified as “accidental threats to breathing” were not significantly greater than one in
four, ten and eleven countries, respectively (Table 3).

Among the three SUDI subcategories in 14 European countries, we observed
significant (p<0.001) negative and positive trends for SUDI classified as SIDS (R9S5),
“unknown/unattended/unspecified cause” (R96-R99) and “accidental threats to breathing”
(W75-W84) (Figure 1). SIDS and “accidental threats to breathing” rates decreased
significantly during the study period, but the “unknown/unattended/unspecified cause” rate
increased significantly. The SIDS rate was 19.8 per 100,000 live births, contributing up to
56.7% of SUDI  mortality (Table 4; available at  www.jpeds.com).
“Unknown/unattended/unspecified cause” and “accidental threats to breathing” rates were
12.7 and 2.4 per 100,000 live births and contributed to 36.3% and 7.0% of SUDI mortality,
respectively. SIDS rates significantly decreased in seven countries (Austria, Belgium, France,
Germany, Norway, Spain and United Kingdom). “Unknown/unattended/unspecified cause”
rates significantly increased in six countries (Belgium, Denmark, France, The Netherlands,
Norway and Portugal) and significantly decreased in the United Kingdom. We observed a
significant decrease of accidental threats to breathing only in Germany and Italy (Table 4).
The contribution of each SUDI subcategory to the overall SUDI rate showed important
between-country variations, from 6.1% (Portugal) to 97.8% (Ireland) for SIDS, 2.2% (Ireland)
to 83.7% (Denmark) for “unknown/unattended/unspecified cause”, and 0% (Ireland) to 19.4%
(The Netherlands) for “accidental threats to breathing” (Figure 4; available at

www.jpeds.com).

DISCUSSION

10/27



From 2005 to 2015, SUDI accounted 9.7% of infant mortality in Western European countries,
with 15,617 infant deaths during the study period. We found a 26% reduction in SUDI rates,
40.2 to 29.9 per 100,000 live births from the beginning to the end of the study period. This
reduction confirms the previous trend observed in Europe from the end of the 1990s
(7,9,12,24). However, this satisfactory trend on the scale of Western Europe masks more
complex national patterns. SUDI national rates varied greatly, with six-fold differences
between countries with the highest and lowest rates, respectively. Moreover, during the study
period, trends in SUDI rates showed no reduction in Belgium, Finland, Ireland, Italy, The
Netherlands, Norway, and Sweden and a significant increase in Denmark. These marked
between-country differences may result from variations in different potential contributors:
definition of SUDI, SUDI case investigation protocols, and death certifying and coding
practices. An important part of the between-country variations in the contribution of each
SUDI category to overall SUDI may reflect heterogeneity in how information is collected and
analyzed to achieve classification (17,25). It may also result from disparities in the
geographical distributions of modifiable and non-modifiable SUDI risk factors such as ethnic
origin, socio-economic status, longitude/latitude data (26) or genetic data (27,28). A last
explanation may be found in national variations regarding the implementation level of risk-
reduction campaigns (9,29). Indeed, little is known about current sleeping practices for
European children. The few available data suggest that there is not a good implementation
level, with, for example, only 72.4% of infants having safe sleeping positions in The
Netherlands in 2017, a country with one of the lowest SUDI rates in Western Europe (30).
Thus, thousands of infants are dying each year in Western Europe with the lack of
implementation of simple risk-reduction campaigns.

Between-country variations were not limited to SUDI rates and were similarly

observed for SIDS/SUDI ratios. These variations were significant (from 6.1% in Portugal to
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97.8% in Ireland) and raise the question of major between-country heterogeneity due to the
absence of an international consensus on SUDI definition, post-mortem exploration protocols
and/or certifying and coding practices for SIDS. Such variations have been described between
regions in the United States and France (31,32), for post-mortem exploration protocols and
certifying practices, and between countries (9,12) for coding practices. Persistent geographical
heterogeneity is highly prejudicial because it precludes effective public health efforts using
international comparisons and benchmarking between countries with low and high SUDI rates
in order to better implement risk-reduction strategies. The importance of multiagency review
is highlighted by several authors and contributes to better-quality investigation and
classification (16-18,33,34). Efforts were made to standardize definitions in other fields of
perinatal and pediatric health to allow for international comparisons and guide corrective
actions to improve patient outcomes. For example, the Euro-Peristat Project, which has
compared perinatal health statistics since 2000 in European countries, highlighted difficulties
in comparing data among countries. This project had made proposals for a better use of
existing statistics and provided a stimulus to countries to improve the quality of national
statistics (35,36).

As expected, we observed a significant male/female sex ratio, from 1.2 to 1.4, for
SUDI overall, SIDS, “unknown/unattended/unspecified cause,” and ‘“accidental threats to
breathing.” Male infants are well known to be at greater risk of SIDS (13,14,24,37). To
explain this sex ratio, several hypothesis were proposed: recessive X-linked genetic disorders
inducing fatal acute anoxic events (38) or sex differences in the brain, notably brain stem,
maturation (39—41). However, we found important between-country variability in this sex
ratio, with four and five countries not sharing it for SIDS and SUDI, respectively. The
between-country heterogeneity in sex ratio is complex to analyze. It is not likely related to

variations in definitions of SUDI and/or certifying and coding practices. Because male sex is
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also a risk factor for accidental suffocation and strangulation in bed (13,14,24,37) or shaken
baby syndrome (42), a sex-related difference must be hypothesized in the implementation of
risk-reduction strategies and/or in post-mortem exploration protocols. For these exploration
protocols, sex differences may occur in investigation strategies of death causes depending on
health professionals or the request of parents. If the several European countries with no
significant sex ratio have effectively tackled this sex-related excess risk in the implementation
of risk-reduction strategies, then thousands of theoretically avoidable male infant deaths have
occurred in the other European countries.

Among studied European countries, the distribution of SUDI before and after 28 days
of life varied widely. Again, these variations may reflect the differences in certifying and
coding practices with no international agreed-upon definition, but another source of variation
can be hypothesized: national policies on screening for congenital anomalies and legal
gestational age limit for late terminations of pregnancy in some countries such as France (43).
These policies could result in a lower number of “Congenital malformations, deformations
and chromosomal abnormalities” after the neonatal period. Finally, the decrease in
SIDS/SUDI ratio observed in several countries is generally attributed to a change in the

certification and coding of death causes at the country level (9,12,22,44).

Belgium, Finland, France, and the United Kingdom were notable regarding SUDI during the
study period. These were the only countries where SUDI was the first cause of death after 28
days of life. In the United Sates and probably in other countries (45), death certificates are
classified with a temporary cause of death until the death investigation is completed and the
definitive cause of death is attributed. If the death certificate is not appropriately modified
after investigation, the temporary cause of death will remain indefinitely, probably most often

“unknown/unattended/unspecified cause” or SIDS. One study has shown that 85% of the
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French SUDI referral centers do not update death certificates with a definitive cause of death
(31). Thus, results of post-mortem investigations and the autopsy do not participate
substantially in the official death coding. These inconsistencies create difficulties in United
States and France (9,45) and probably explain why in the four countries SUDI was the first
cause of death after 28 days of life or more generally why “accidental threats to breathing”
causes are rare. If death certificates were properly updated “Congenital malformations,
deformations and chromosomal abnormalities” may had a ratio of infant mortality higher than
SUDI in these four countries. Because we did not directly use death certificates but rather
aggregated national statistics on the causes of death (number of deaths by causes), we do not
know how many death certificates had more than one code documented and how each team
dealt with this situation. Finally, the epidemiologic units in this study were countries. Recent
study in the United States assumed geographic variations in SUDI beyond national borders

such as ethnic origin, socio-economic status and longitude/latitude data (26).

A careful analysis of data from WHO suggests pathways to improve the public health
management of SUDI. SUDI remains a major cause of death in Western Europe infants, but
no reliable data are available because of a lack of standardization of the SUDI definition,
investigation of SUDI cases, and death certifying and coding practices. Our results suggest the
need for a systematic and comparative appraisal of the definitions used in Europe and national
registries are needed to gather reliable data on SUDI cases; thus, consensus efforts at the
European level are mandatory. Such consensus may be a long term objective, but it was
achieved in other fields such as perinatal health (35). It could allow for standardization and
then European comparison of data and benchmarking to improve the implementation and

impact of risk-reduction campaigns.

14/27



REFERENCES

10.

11.

12.

13.

14.

Fleming PJ, Blair PSP, Bacon C, Berry PJ. Sudden Unexpected Death in Infancy. The
CESDI SUDI Studies 1993-1996. The Stationary Office, London; 2000.

Blair PS, Byard RW, Fleming PJ. Sudden unexpected death in infancy (SUDI):
suggested classification and applications to facilitate research activity. Forensic Sci Med
Pathol. 2012;8:312-5.

Beckwith JB. The sudden infant death syndrome. Curr Probl Pediatr. 1973;3:1-36.

Willinger M, James LS, Catz C. Defining the sudden infant death syndrome (SIDS):
deliberations of an expert panel convened by the National Institute of Child Health and
Human Development. Pediatr Pathol. 1991;11:677-84.

Beckwith JB. Defining the sudden infant death syndrome. Arch Pediatr Adolesc Med.
2003;157:286-90.

Krous HF, Beckwith JB, Byard RW, Rognum TO, Bajanowski T, Corey T, et al. Sudden
infant death syndrome and unclassified sudden infant deaths: a definitional and
diagnostic approach. Pediatrics. 2004;114:234-8.

Aouba A, Péquignot F, Bovet M, Jougla E. Sudden infant death syndrome: situation in
2005 and trends since 1975. BEH. 2008;03-04:18-21.

Tursan d’Espaignet E, Bulsara M, Wolfenden L, Byard RW, Stanley FJ. Trends in
sudden infant death syndrome in Australia from 1980 to 2002. Forensic Sci Med Pathol.
2008;4:83-90.

Hauck F, Tanabe K. International trends in sudden infant death syndrome and other
sudden unexpected deaths in infancy: need for better diagnostic standardization. Curr
Pediatr Rev. 2010;6:95-101.

Goldstein RD, Trachtenberg FL, Sens MA, Harty BJ, Kinney HC. Overall Postneonatal
Mortality and Rates of SIDS. Pediatrics. 2016;137.

Moon RY, Horne RSC, Hauck FR. Sudden infant death syndrome. Lancet.
2007;370:1578-87.

Taylor BJ, Garstang J, Engelberts A, Obonai T, Cote A, Freemantle J, et al. International
comparison of sudden unexpected death in infancy rates using a newly proposed set of
cause-of-death codes. Arch Dis Child. 2015;100:1018-23.

Mitchell EA, Stewart AW. Gender and the sudden infant death syndrome. New Zealand
Cot Death Study Group. Acta Paediatr. 1997;86:854—6.

Toro K, Sawaguchi T, Sawaguchi A, Rézsa S, Sétonyi P. Comparative analysis of

differences by gender in sudden infant death syndrome in Hungary and Japan. Forensic
Sci Int. 2001;118:15-9.

15/27



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Shapiro-Mendoza CK, Camperlengo L, Ludvigsen R, Cottengim C, Anderson RN,
Andrew T, et al. Classification system for the Sudden Unexpected Infant Death Case
Registry and its application. Pediatrics. 2014;134:e210-219.

Garstang J, Ellis C, Griffiths F, Sidebotham P. Unintentional asphyxia, SIDS, and
medically explained deaths: a descriptive study of outcomes of child death review

(CDR) investigations following sudden unexpected death in infancy. Forensic Sci Med
Pathol. 2016;12:407-15.

Shipstone RA, Young J, Thompson JMD, Byard RW. An evaluation of pathologists’
application of the diagnostic criteria from the San Diego definition of SIDS and
unclassified sudden infant death. Int J Legal Med. 2020;134:1015-21.

Fleming P, Pease A, Ingram J, Sidebotham P, Cohen MC, Coombs RC, et al. Quality of
investigations into unexpected deaths of infants and young children in England after

implementation of national child death review procedures in 2008: a retrospective
assessment. Arch Dis Child. 2020;105:270-5.

The WHO Mortality Database [homepage on the Internet]. World Health Organization;
[cited 2019 Feb 20]. Available from: https://www.who.int/healthinfo/mortality_data/en/

Jougla E, Pavillon G, Rossollin F, De Smedt M, Bonte J. Improvement of the quality and
comparability of causes-of-death statistics inside the European Community. Eurostat
Task Force on ‘causes of death statistics’. Rev Epidemiol Sante Publique. 1998;46:447—
56.

Statistical Office of the European Communities. Eurostat [homepage on the Internet].
Kirchberg (Luxembourg): EEC Commission; Available from:
http://ec.europa.eu/eurostat

Shapiro-Mendoza CK, Tomashek KM, Anderson RN, Wingo J. Recent national trends in
sudden, unexpected infant deaths: more evidence supporting a change in classification or
reporting. Am J Epidemiol. 2006;163:762-9.

Utts JM. The rainbow test for lack of fit in regression. Commun Stat - Theory Methods.
1982;11:1801-1815.

Fleming PJ, Blair PS, Pease A. Sudden unexpected death in infancy: aetiology,
pathophysiology, epidemiology and prevention in 2015. Arch Dis Child. 2015;100:984—
8.

Shipstone R, Thompson JMD, Young J, Byard RW. The use of post-mortem lividity to
determine sleep position in sudden unexpected deaths in infancy. Acta Paediatr.
2020;109:1162-5.

Mitchell EA, Yan X, Ren SY, Anderson TM, Ramirez J-M, Lavista Ferres JM, et al.
Geographic Variation in Sudden Unexpected Infant Death in the United States. J Pediatr.
2020;220:49-55.e2.

Opdal SH, Rognum TO. The Sudden Infant Death Syndrome Gene: Does It Exist?
Pediatrics. 2004;114:e506-12.

16/27



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Neubauer J, Lecca MR, Russo G, Bartsch C, Medeiros-Domingo A, Berger W, et al.
Post-mortem whole-exome analysis in a large sudden infant death syndrome cohort with

a focus on cardiovascular and metabolic genetic diseases. Eur J Hum Genet.
2017;25:404-9.

Salm Ward TC, Balfour GM. Infant safe sleep interventions, 1990-2015: a review. J
Community Health. 2016;41:180-96.

Konijnendijk AAJ, Engelberts AC, L’Hoir MP, Boere-Boonekamp MM. [Eleventh safe
sleeping survey in the Netherlands: parents’ habits concerning infant sleep position and
location]. Ned Tijdschr Geneeskd. 2018;162.

Levieux K, Patural H, Harrewijn I, Hanf M, Gras Leguen C, ANCReMIN. Management
of sudden unexpected infant death syndrome (SUIDS) in reference centers in France in
2013. Arch Pediatr. 2015;22:360-7.

Shapiro-Mendoza CK, Parks SE, Brustrom J, Andrew T, Camperlengo L, Fudenberg J,
et al. Variations in cause-of-death determination for sudden unexpected infant deaths.
Pediatrics. 2017;140.

Byard RW, Shipstone RA, Young J. Continuing major inconsistencies in the
classification of unexpected infant deaths. J Forensic Leg Med. 2019;64:20-2.

Shipstone RA, Young J, Thompson JMD. The real divide: the use of algorithm-derived
Indigenous status to measure disparities in sudden unexpected deaths in infancy in
Queensland. Aust N Z J Public Health. 2019;43:570-6.

Euro-Peristat Project. Core indicators of the health and care of pregnant women and
babies in Europe in 2015. European Perinatal Health Report; 2018 Nov. (European
Perinatal Health Report).

Mohangoo AD, Blondel B, Gissler M, Velebil P, Macfarlane A, Zeitlin J, et al.
International comparisons of fetal and neonatal mortality rates in high-income countries:

should exclusion thresholds be based on birth weight or gestational age? Plos One.
2013;8:e64869.

Leach CE, Blair PS, Fleming PJ, Smith 1J, Platt MW, Berry PJ, et al. Epidemiology of
SIDS and explained sudden infant deaths. CESDI SUDI Research Group. Pediatrics.
1999;104:e43.

Mage DT, Donner EM. Is excess male infant mortality from sudden infant death
syndrome and other respiratory diseases X-linked? Acta Paediatr. 2014;103:188-93.

Machaalani R, Waters KA. Neuronal cell death in the Sudden Infant Death Syndrome
brainstem and associations with risk factors. Brain J Neurol. 2008;131:218-28.

Paterson DS, Trachtenberg FL, Thompson EG, Belliveau RA, Beggs AH, Darnall R, et
al. Multiple serotonergic brainstem abnormalities in sudden infant death syndrome.
JAMA. 2006;296:2124-32.

Thordstein M, Lofgren N, Flisberg A, Lindecrantz K, Kjellmer 1. Sex differences in
electrocortical activity in human neonates. Neuroreport. 2006;17:1165-8.

17/27



42.

43.

44.

45.

Tursz A, Cook JM. Epidemiological data on shaken baby syndrome in France using
judicial sources. Pediatr Radiol. 2014;44:641-6.

Blondel B, Cuttini M, Hindori-Mohangoo AD, Gissler M, Loghi M, Prunet C, et al. How
do late terminations of pregnancy affect comparisons of stillbirth rates in Europe?
Analyses of aggregated routine data from the Euro-Peristat Project. Int J Obstet
Gynaecol. 2018;125:226-34.

Erck Lambert AB, Parks SE, Shapiro-Mendoza CK. National and state trends in Sudden
Unexpected Infant Death: 1990-2015. Pediatrics. 2018;141:e20173519.

Shapiro-Mendoza CK, Kim SY, Chu SY, Kahn E, Anderson RN. Using death

certificates to characterize Sudden Infant Death Syndrome (SIDS): opportunities and
limitations. J Pediatr. 2010;156:38—43.

18/27



FIGURES AND TABLES

19/27



Figure 1 Temporal trends of SUDI and SUDI subcategory rates in 14 European countries
(Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Norway, Portugal,
Spain, Sweden, The Netherlands, and United Kingdom) between 2005 and 2015

SUDI (Sudden Unexpected Death in Infancy) was defined as deaths in infants < 365 days old with death codes R95
(SIDS, sudden infant death syndrome), R96-99 (unknown/unattended/unspecified cause) or W75-W84 (accidental
threats to breathing) in the International Classification of Diseases, 10" Revision.

95% CI, confidence interval
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Figure 2 SUDI rates per 100,000 live births for the 2005-2015 period in 14 European countries
participating in the Eurostat Task Force

SUDI, Sudden Unexpected Death in Infancy
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Table 1 Ratios and rank of infant mortality, and age distribution of the three major leading causes of death in neonates and infants in 14
European countries 2005-2015

* P00-P96, Certain conditions originating in the perinatal period

** Q00-Q99, Congenital malformations, deformations and chromosomal abnormalities

*#* SUDI, sudden unexpected death in infancy

##%%% Data were not available for Ireland from 2005 to 2006 and for Portugal in 2005, 2006, 2009, 2012 and 2013
9 % among infant mortality

# % among 0-364 days by death cause category
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Table 2 SUDI rates per 100,000 live births and SIDS/SUDI ratios in 14 European countries for 2005, 2015, and 2005-2015 trends

* Per 100,000 live births

** Coefficient of a Poisson regression model of the annual change in rate by calendar year; 95% CI: 95% confidence interval

**%* For Ireland, data were not available in 2005 and 2006 and for Portugal in 2005, 2006, 2009, 2012 and 2013; trends were calculated over a 9-year period only for Ireland and a 6-
year period for Portugal

SIDS, sudden infant death syndrome

SUDI, sudden unexpected death in infancy
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Figure 3 Temporal trends of SIDS/SUDI ratios and Poisson linear model (95% CI) for five

European countries (Belgium, Denmark, France, Germany and The Netherlands) between
2005 and 2015

SUDI, Sudden Unexpected Infant Death in Infancy
SIDS, sudden infant death syndrome
95% CI, confidence intervals
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Figure 4 Ratios of SUDI subcategories to total SUDI in the 14 European countries 2005-2015

SUDI (Sudden unexpected death in infancy) was defined as deaths in infants <365 days old with codes R95 (SIDS,
Sudden infant death syndrome), R96-99 (unknown/unattended/unspecified cause) or W75-W84 (accidental threats to
breathing) for the cause of death in the International Classification of Diseases, 10" Revision.
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Table 3 SUDI and subcategory rates per 100,000 live births by sex and sex ratios in 14 European countries 2005-2015

* ROS5, sudden infant death syndrome

** R96-R99, unknown/unattended/unspecified cause

*#% WT75-W84, accidental threats to breathing

*#%% Sex ratio, 95% confidence interval and p value were computed as rate ratio Wald
T, total; M, male; F, female

SUDI, sudden unexpected death in infancy
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Table 4 Numbers, ratios, rates per 100,000 live births and trends of SUDI and subcategories in 14 European countries 2005-2015

* ROS5, sudden infant death syndrome

*# R96-R99, unknown/unattended/unspecified cause
*#% WT75-W84, accidental threats to breathing

w3 Per 100,000 live births

wakk Coefficient of a Poisson regression model of the annual rate by calendar year; 95% CI: 95% confidence interval
SUDI, sudden unexpected death in infancy
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Table 1 Ratios and rank of infant mortality, and age distribution of the three major leading causes of death in neonates and infants in 14
European countries 2005-2015
Countries 0-364 days 0-27 days 28-364 days

P0O0-P96* Q00-Q99%** SUDI#** PO0-P96* Q00-Q99%** SUDI#** PO0-P96* Q00-Q99** SUDI***

%9 Rank % Rank %9 Rank %] Rank %# %9 Rank %# %9 Rank % # %9 Rank % # %] Rank %# %] Rank % #

Austria 523 1 29.6 2 76 3 66,0 1 89.1 285 2 679 14 3 128 193 3 109 324 1 321 227 2 872
Belgium 473 1 247 2 11.8 3 653 1 89.7 264 2 694 29 3 163 139 3 103 216 2 306 281 1 837
Denmark 492 1 206 2 205 3 535 1 9.4 188 3 808 206 2 889 153 3 36 345 1 192 199 2 11.1
Finland 430 1 321 2 11.1 3 578 1 920 335 2 714 25 3 155 109 3 80 29.1 2 286 29.7 1 845
France 503 1 213 2 147 3 65.7 1 886 216 2 689 80 3 368 179 3 114 206 2 311 289 1 632
Germany 50,0 1 268 2 12.0 3 652 1 876 252 2 635 49 3 274 190 3 124 299 1 365 267 2 726
Ireland****%* 425 2 428 1 82 3 50.1 1 90.7 440 2 790 31 3 29.1 172 3 93 390 1 210 251 2 709
Italy 569 1 246 2 36 3 72.8 1 909 215 2 620 17 3 347 178 2 9.1 322 1 380 80 4 653
The Netherlands 543 1 287 2 46 3 66.4 1 91.0 279 2 726 15 3 244 192 2 90 309 1 274 136 3 756
Norway 528 1 275 2 94 3 65.6 1 873 277 2 706 36 3 269 225 3 127 272 1 294 231 2 731
Portugal *#*#%* 574 1 23,0 2 73 3 59.7 1 986 223 2 917 71 3 913 154 2 14 357 1 83 119 3 8.7
Spain 547 1 254 2 6,0 3 723 1 878 219 2 572 1.6 3 18.1 199 2 122 325 1 428 147 3 819
Sweden 425 1 265 2 150 3 577 1 889 252 2 624 106 3 465 137 3 11.1 289 1 376 232 2 535
United 88.8 72.0

Kingdom 535 1 243 2 9,0 3 689 1 254 2 24 3 184 193 3 112 219 2 280 237 1 &8l1.6
Total 522 1 25.0 2 9.7 3 67.1 1 89.2 242 2 674 42 3 303 184 3 108 266 1 32.6 221 2 69.7

* P00-P96, Certain conditions originating in the perinatal period
** Q00-Q99, Congenital malformations, deformations and chromosomal abnormalities
*##%* SUDI, sudden unexpected death in infancy
##%%* Data were not available for Ireland from 2005 to 2006 and for Portugal in 2005, 2006, 2009, 2012 and 2013
q % among infant mortality
# % among 0-364 days by death cause category
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Table 2 SUDI rates per 100,000 live births and SIDS/SUDI ratios in 14 European countries for 2005, 2015, and 2005-2015 trends

Countries 2005 2015 2005-2015
, Rate +  SIDS/SUDI Rae +  SIDS/SUDI SUDI SIDS/SUDI ratio

Ratio (%) Ratio (%) Rate * Exp(B) [95% CI] ** P value %  Exp(B) [95% CI] ** P value
Austria 32 40.9 93.8 21 24.9 81.0 235 27.1 0.93[0.89-0.97] < 0.001 90.2  0.99 [0.95-1.03] 0.626
Belgium 54 45.1 83.3 65 53.2 323 595 43.1 0.99[0.96-1.011  0.378 67.7 0.93[0.91-0.96] <0.001
Denmark 17 26.4 64.7 47 80.7 19.1 514 764 1.04[1.02-1.07]  0.002 132 0.87 [0.80-0.96] 0.005
Finland 21 36.4 90.5 9 16.2 66.7 174 269 0.97[0.92-1.02]  0.203 782 0.99 [0.94-1.05] 0.854
France 385 49.7 642 280 36.8 53.6 4,380 50.6  0.99[0.98-1.00]  0.028 524 0.96[0.95-0.97] <0.001
Germany 430 62.7 693 270 36.6 47.0 3,206 42,5 0.94[0.93-0.95] <0.001 63.4 0.96[0.95-0.98] < 0.001
Ireland n/a n/a n/a 16 24.4 87.5 182 282 0.97[0.92-1.03]  0.296 97.8 1.00 [0.94-1.06] 0.902
Ttaly 73 13.2 27.4 56 11.5 28.6 717 12.0 0.99[0.97-1.01]  0.365 32.9 1.00[0.96-1.04] 0.990
The Netherlands 42 22.4 45.2 19 11.1 36.8 356 18.0 1.01[0.98-1.05]  0.479 433 0.94[0.90-0.99] 0.021
Norway 20 35.2 100.0 12 20.4 66.7 167 255 0.97[0.92-1.02]  0.210 832 0.96[0.91-1.01] 0.118
Portugal n/a n/a n/a 14 16.4 21.4 196 232 0.90[0.85-0.95] < 0.001 6.1 1.25[1.04-1.51] 0.017
Spain 114 245 772 66 15.8 69.7 997 19.4  0.97[0.95-0.99] < 0.001 67.2 0.99[0.97-1.02] 0.531
Sweden 33 32.6 69.7 53 46.1 47.2 456 37.4 1.00[0.97-1.03]  0.970 46.9 1.00[0.96-1.04] 0.938
United-Kingdom 335 46.4 56.7 265 34.1 543 3,442 40.1 0.97[0.96-0.98] < 0.001 61.1 1.00[0.98-1.01] 0.834
Total 1,556 40.2 649 1,193 29.9 49.7 15,617 349 0.98[0.97-0.98] < 0.001 56.7 0.97[0.97-0.98] < 0.001
Range 13.2-62.5 27.4-100.0 11.1-80.7 19.1-87.5 12.0-76.4 6.1-97.8

* Per 100,000 live births

** Coefficient of a Poisson regression model of the annual change in rate by calendar year; 95% CI: 95% confidence interval
*#* For Ireland, data were not available in 2005 and 2006 and for Portugal in 2005, 2006, 2009, 2012 and 2013; trends were calculated over a 9-year period only for Ireland and a 6-

year period for Portugal

SIDS, sudden infant death syndrome

SUDI, sudden unexpected death in infancy



Table 3 SUDI and subcategory rates per 100,000 live births by sex and sex ratios in 14 European countries 2005-2015

SUDI

RO5*

R96-R99**

W75-W84#%%*

Rate per 100,000

Rate per 100,000

Rate per 100,000

Rate per 100,000

Countries live births  SeXratio*™** . Jivebirths  Sexraio™** ., Jive births Sexratio™*** o o livebirths  Sexratio*** o
T M p [95%cH T M p [95%cCn T M T [95% CI] = 5 [95%cn

Austria 27.1 314 225 14[1.1-18] 0012 22.1 259 180 14[1.020] 0024 08 03 14 02[00-1.6] 0088 1.8 22 14 1.5[054.6] 0.469
Belgium 432 512 348 15[1.2-1.7] <0.001 264 32.1 20.5 1.6[1.2-2.0]<0.001 92 105 7.9 13[09-19] 0.158 55 60 50 1.2[0.7-2.0] 0.490
Denmark 764 81.8 70.8 12[1.0-14] 0.103 87 92 11.8 08[04-14] 0409 782 81.1 752  1.1[09-1.3] 0434 22 32 1.1 29[08-10.5] 0.100
Finland 269 303 234 13[1.0-1.7] 0.094 20.0 225 174 1.3[09-19] 0.188 34 33 35 1.0[0424] 0922 23 22 23 1.0[03-30] 0936
France 50.6 58.6 422 1.4[1.3-1.5] <0.001 254 303 20.1 1.5[1.4-1.7]<0.001 225 24.8 20.0  12[l.1-14] <0001 2.6 3.1 20 1.6[1.2-2.1] 0.003
Germany 425 49.0 357 1.4[1.3-15] <0.001 239 280 19.6 1.4[13-1.6]<0.001 132 145 11.8  12[1.1-14] 0004 24 28 20 14[1.0-2.0] 0.038
Ireland 282 309 255 12[09-1.6] 0.196 27.6 30.0 25.1 12[09-1.6] 0244 06 09 03 29[03-274] 0342 0.0 00 0.0 - -

Ttaly 120 13.1 109 12[1.0-14] 0017 40 45 34 13[1.0-1.8] 0048 64 68 60 1.1[09-14] 0277 17 17 1.6 1.1[0.7-1.7] 0.766
The Netherlands ~ 18.0 20.5 153 1.3[1.1-1.7] 0007 7.7 9.5 59 1.6[1.1-23] 0009 67 7.0 64 1.1[08-1.6] 0604 35 42 28 15[09-2.6] 0.124
Norway 255 315 191 1.6[12-23] 0.002 19.8 26.7 12.6 2.1[1.4-32]<0.001 3.7 43 30 14[0635] 0440 1.1 04 19 02[0.0-1.6] 0.089
Portugal 232 254 209 12[09-1.6] 0.173 2.1 42 2.1 20[0.6-67] 0242 194 212 175 12[09-1.7] 0215 24 23 24 1.0[04-23] 00911
Spain 194 224 163 14[12-16] <0001 122 133 11.1 12[1.0-14] 0038 49 63 35 18[1.3-24] <0001 15 1.8 13 14[0823] 0211
Sweden 374 405 341 1.2[1.0-14] 0069 16.5 202 12.6 1.6[1.2-22] 0.003 194 182 20.6 09[0.7-12] 0402 08 08 08 09[0.2-3.8] 0.934
United Kingdom  40.1 46.1 33.7 1.4[1.3-15] <0.001 24.1 283 19.6 1.4[1.3-1.6]<0.001 123 14.1 103  14[12-1.6] <0001 28 3.1 25 12[09-1.6] 0.143
Total 349 399 29.5 1.4[1.3-14] <0.001 18.8 222 154 1.4[14-1.5]<0.001 13.1 144 117 12[12-1.3] <0.001 23 27 20 1.3[1.2-1.5] <0.001

* ROS5, sudden infant death syndrome
** R96-R99, unknown/unattended/unspecified death
*##% WT75-W84, accidental threats to breathing
##%* Sex ratio, confidence interval and p value were computed as rate ratio Wald
T, total; M, male; F, female
SUDI, sudden unexpected death in infancy
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Table 4 Numbers, ratios, rates per 100,000 live births and trends of SUDI and subcategories in 14 European countries 2005-2015

RO5* R96-R99** W75-W84%#**

Rate Exp(B) [95% CI] Rate  Exp(B) [95% CI] Rate Exp(B) [95% CI]
Countries n % odkok Hk Ak P value n % oo Rlolog P value n % oo ok P value
Austria 212 902 244 0.92[0.88-0.96] <0.001 7 3 0.8 1.17[0.91-1.50] 0.223 16 6.8 1.8 0.97[0.83-1.13] 0.689
Belgium 403 67.7 29.2 0.9210.89-0.95] <0.001 110 18.5 8.0 1.34[1.24-1.45] <0.001 82 13.8 5.9 0.98[0.92-1.05] 0.651
Denmark 68 13.2 10.1 0.95[0.88-1.03] 0.201 430  83.7 63.9 1.06[1.03-1.09] <0.001 16 3.1 2.4 1.02[0.88-1.19] 0.781
Finland 136 782  21.0 0.96[0.91-1.02] 0.191 23 13.2 3.6 1.03[0.90-1.17] 0.704 15 8.6 2.3 0.93[0.79-1.10] 0.387
France 2,293 524 26.5 0.95[0.94-097] <0.001 1,857 424 215 1.04[1.02-1.05] <0.001 230 53 2.7 0.98[0.94-1.02] 0.269
Germany 2,033 63.4  27.0 0.91[0.90-0.92] <0.001 979 30.5 13.0 1.02[1.00-1.04] 0.062 194 6.1 2.6 0.93[0.89-0.97] 0.002
Ireland 178 97.8 27.6 0.97[0.91-1.02] 0.247 4 2.2 0.6 1.14[0.77-1.69] 0.510 0 0.0 0.0 - -
Italy 236 32.9 4.0 0.99[0.95-1.03] 0.612 383 53.4 6.4 1.00[0.97-1.04] 0.856 98 13.7 1.6 0.94 [0.88-1.00] 0.044
The Netherlands 154 433 7.8 0.95[0.91-1.00] 0.066 133 374 6.7 1.08[1.02-1.14] 0.005 69 19.4 3.5 1.02[0.94-1.10] 0.668
Norway 139 83.2  21.2 0.93[0.88-0.98] 0.006 21 12.6 3.2 1.32[1.11-1.55] 0.001 7 42 1.1 1.01[0.80-1.28] 0.915
Portugal 12 6.1 1.4 1.10[0.91-1.34] 0.321 164  83.7 19.4 0.86[0.80-0.91] <0.001 20 10.2 2.4 1.13[0.95-1.34] 0.161
Spain 670  67.2 13.1 0.96[0.93-0.98] <0.001 249  25.0 49 0.98[0.94-1.02] 0.417 78 7.8 1.5 0.97[0.91-1.05] 0.451
Sweden 214 469 17.5 1.00[0.96-1.04] 0.917 233 51.1 19.1  1.00[0.96-1.04] 0.920 9 2.0 0.7 1.08 [0.88-1.34] 0.458
United Kingdom 2,104  61.1 24.5 0.97[0.96-0.98] <0.001 1,082 314 12.6 0.97 [0.95-0.99] 0.005 256 7.4 3.0 0.97[0.94-1.01] 0.165
Total 8,852  56.7 19.8 0.95[0.94-0.95] <0.001 5,675 36.3 12.7 1.02[1.01-1.03] <0.001 1,090 7.0 2.4 0.97[0.95-0.99] 0.001
Range 6.1-97.81.4-27.6 2.2-83.70.6-63.9 0.0-19.4 0.0-5.9

* R95, sudden infant death syndrome
*## R96-R99, unknown/unattended/unspecified cause
*#% WT5-W84, accidental threats to breathing

##%% Per 100,000 live births

##*%% Coefficient of a Poisson regression model of the annual rate by calendar year; 95% CI: 95% confidence interval

SUDI, sudden unexpected death in infancy
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