ORIGINAL RESEARCH
published: 16 November 2021
doi: 10.3389/fped.2021.758048

Risk and Preventive Factors for
SUDI: Need We Adjust the Current
Prevention Advice in a
Low-Incidence Country
Floortje Kanits 1*, Monique P. L’Hoir 1,2 , Magda M. Boere-Boonekamp 3 ,
Adèle C. Engelberts 4 and Edith J. M. Feskens 1
1
Department of Human Nutrition and Health, Wageningen University, Wageningen, Netherlands, 2 Community Health Center,
GGD Noord-Oost-Gelderland, Warnsveld, Netherlands, 3 Department of Health Technology & Services Research, University
of Twente, Enschede, Netherlands, 4 Department of Pediatrics, Zuyderland Medical Center, Sittard-Geleen, Netherlands

Edited by:
Patricia Franco,
INSERM U1028 Center de Recherche
en Neurosciences de Lyon, France
Reviewed by:
Péter Altorjai,
European Academy of Pediatrics
(EAP), Belgium
Jeanine Young,
University of the Sunshine
Coast, Australia
*Correspondence:
Floortje Kanits
floortje.kanits@wur.nl
Specialty section:
This article was submitted to
General Pediatrics and Pediatric
Emergency Care,
a section of the journal
Frontiers in Pediatrics
Received: 13 August 2021
Accepted: 21 October 2021
Published: 16 November 2021
Citation:
Kanits F, L’Hoir MP,
Boere-Boonekamp MM,
Engelberts AC and Feskens EJM
(2021) Risk and Preventive Factors for
SUDI: Need We Adjust the Current
Prevention Advice in a Low-Incidence
Country. Front. Pediatr. 9:758048.
doi: 10.3389/fped.2021.758048

Frontiers in Pediatrics | www.frontiersin.org

Background: The incidence of Sudden Unexpected Death in Infancy (SUDI) is low in the
Netherlands, with an incidence rate of 0.18 per 1,000 live births. Therefore, prevention
advice may receive less attention, potentially leading to increasing incidence rates. It is
currently unknown whether the risks for SUDI changed in the Netherlands, and if other
risk factors might be present. The aim of this study was to examine the current risks and
preventive factors for SUDI in Dutch infants, in order to determine if it is necessary to
adapt the prevention advice toward the current needs.
Methods: A case-control study was conducted comparing SUDI cases aged <12
months from 2014–2020 in the Netherlands (n = 47), to a Dutch national survey control
group from 2017 including infants <12 months of age (n = 1,192).
Results: Elevated risks for several well-known factors were observed, namely: duvet
use (aOR = 8.6), mother smoked during pregnancy (aOR = 9.7), or after pregnancy
(aOR = 5.4) and the prone sleeping position (aOR = 4.6). Reduced risks were observed
for the well-known factors: room-sharing (aOR = 0.3), sleep sack use (aOR = 0.3),
breastfeeding (aOR = 0.3), and the use of a pacifier (aOR = 0.4). For infants <4
months, the risk for SUDI was higher when bed-sharing (aOR = 3.3), and lower when
room-sharing (aOR = 0.2) compared to older infants. For older infants, the sleep sack
was found to be more protective (aOR = 0.2). A high risk for SUDI when bed-sharing was
found when mother smoked, smoked during pregnancy, or if the infant did not receive
any breastfeeding (respectively aOR = 17.7, aOR = 10.8, aOR = 9.2).
Conclusions: Internationally known factors related to the sudden unexpected death of
infants were also found in this study. Relatively new findings are related to specific groups
of infants, in which the strengths of these risk factors differed. In a low-incidence country
like the Netherlands, renewed attention to the current prevention advice is needed.
Furthermore, additional attention for prevention measures in low educated groups, and
additional advice specifically targeting high-risk groups is recommended.
Keywords: SIDS (sudden infant death syndrome), SUDI (sudden unexpected death in infancy), incidence, risk
factors, preventive factors, high-risk groups, prevention advice
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INTRODUCTION

growth and development of children, and carry out the
vaccination program. With regard to the first year of life,
infants and their parent(s) have 6–8 consultations with the
preventive child healthcare center (PCHC). PCHC attendance
during the first year of life is high in the Netherlands. This
preventive system, together with obstetric and maternity care,
offers many opportunities to interact with parents about infant
care practices.
Since the incidence of SUDI is low in the Netherlands,
attention for prevention can fade among parents and
(professional) caregivers, as well as in governmental
organizations and (public) health professionals, potentially
leading to increasing incidence rates. Furthermore, parental
behavior changes over time, and new trends regarding infant
care arise. In 2007, the original 1996 consensus statement on
SIDS prevention was rewritten into a prevention guideline.
This guideline was revised in 2009 and a multidisciplinary
national cooperation agreement was written in 2017 to aid
implementation. The main messages remained unchanged.
Studies are needed to determine if it is necessary to adapt the
prevention advice toward the current needs. Therefore, this
study aimed to identify risk and preventive factors for SUDI
and their prevalence in Dutch infants under 12 months of
age in the period 2014–2020, and to explore these factors in
high-risk groups.

Sudden Unexpected Death in Infancy (SUDI) is a broad term
used to describe the sudden unexpected death of an infant
without an apparent cause, which includes Sudden Infant
Death Syndrome (SIDS). SIDS is “the sudden unexpected
death of an apparently healthy infant under one year of age
that remains unexplained after a thorough case investigation,
including performance of a complete autopsy with ancillary
testing, examination of the death scene, and review of the
clinical history,” and often occurs during an unobserved sleep
period (1, 2). Taylor et al. (3), proposed a set of six codes
from the International Classification of Diseases-10 (ICD-10),
to encompass the majority of SUDI in eight high-income
countries, to ensure better international comparison. This set
includes SIDS (R95), and for example accidental suffocation or
strangulation in bed (W75) and other ill-defined and unspecified
causes (R99).
Both the incidence of SIDS and SUDI have largely declined
in high-income countries since the 1980s, when the advice was
given not to place infants to sleep prone (4). Between 2002 and
2010, low incidence rates were observed in the Netherlands (0.19
per 1,000 live born infants) (3). Nevertheless, 31 infants died
suddenly and unexpectedly in 2019, of which 13 were classified
as SIDS (5). The loss of a child is considered among the worst
experiences in life, and the traumatic aspect of the unexpected
death leads to great parental grief and psychological burden (6).
Parents experience intense feelings of responsibility and failure
in their role as parents, and most of these difficulties are underrecognized and unaddressed.
Various risk factors, as well as preventive factors for SUDI
have been recognized internationally over the years (7). These
findings have been incorporated in specific prevention programs,
which have contributed greatly to the decrease in incidence.
Risk factors can be divided in unavoidable and avoidable factors.
Unavoidable risk factors are the infant’s young age, male gender,
being second or later born, and born small for gestational age
and/or prematurely. Potentially avoidable risk factors include
the prone and side sleeping position, unsafe bedding, parental
smoking, and unsafe sleeping places, including bed-sharing.
Preventive factors include breastfeeding, appropriate sleep sack
use, consistent pacifier use, and room-sharing in a separate bed.
These factors are incorporated in the Dutch guideline for the
prevention of SUDI (8). The most recently updated prevention
campaign in The Netherlands is that of The Dutch Consumer
Safety Institute (Veiligheid NL), which focuses on “The four
of Safe Sleeping”: sleeping supine, in an own cot or crib, in
a well-fitting sleep sack, and in an empty bed without soft
materials (9).
SUDI prevention advice in the Netherlands is successively
offered by the midwife, the maternity nurse and the preventive
child healthcare physician and nurse, and is characterized by a
continuous supply of information and care. The organization
and approaches of youth healthcare (YHC) differ between
countries (10). In the Netherlands, the YHC includes free
governmentally established preventive care for all children
0–18 years of age, provided by professionals who monitor
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MATERIALS AND METHODS
A case-control study was conducted comparing SUDI cases aged
0–12 months from 2014 to 2020 in the Netherlands, to a national
survey control group from 2017.

Data Collection
The case group consisted of SUDI cases aged 0–12 months
who died in the period 2014 up to 2020 in the Netherlands,
and were reported to the SUDI Expert Group of the Dutch
Pediatric Society. The Expert Group consists of a group of
pediatricians, pathologists, a pediatric cardiologist, pediatric
physiotherapist, youth health doctor/epidemiologist, biologist,
and a psychotherapist, who review the reported SUDI cases.
Classification of these cases is based on the Avon clinicopathological system (11). Upon consent of the parents, the
pediatricians visit the families of reported SUDI cases a few weeks
after their loss, and fill in an extensive questionnaire together
with the parents. The Expert Group has registered these data in a
database since 1996.
Data of an unmatched control group were retrieved from a
Dutch national survey on safe sleeping conditions in 2017 (12).
For this survey, parents with an infant under 12 months old were
asked to fill in an online survey via a link on a flier that was
distributed among 139 PCHCs. To also include a representative
number of respondents with lower socioeconomic status (SES),
21 PCHCs in areas of low SES were selected to also conduct
paper questionnaires. Furthermore, via online media, parents
were asked to fill in the online survey.
Previous approval process allow for the use of this deidentified data from both cases and controls.
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Data Assessment

prevalence of the preventive factor among SUDI cases, were
used to calculate the Population Attributable Fraction (PAF)
with the formula: PAF= (OR−1)
×prevalence. By explaining the
OR
theoretical percentage of SUDI cases in the total population
that could be attributed to the specific risk or preventive factor,
the PAF provides an estimation of the relative impact on SUDI
incidence that could be achieved if the risk were reduced or
eliminated, while all other factors remained constant. Specific
groups of infants are known to be at higher risk of SUDI when
exposed to certain risk factors, and the current prevention advice
might need specification for these groups. Therefore, stratified
risks (ORs and aORs with 95% CIs) were calculated for infants
<4 months and ≥4 months, and for infants with low and
normal/high birthweight. Furthermore, the risk of bed-sharing
was separately explored over various strata, as it is still unclear
whether specific groups are at higher risk of SUDI when bedsharing compared to others.

For all cases and controls, the mother’s migration background
was defined by the country she was born in, and categorized
as either Dutch or non-Dutch. The mother’s education level,
as indicator of SES, was defined by the highest educational
level attained, categorized as low, middle, or high, based on the
division used in the Netherlands (13).
Unavoidable risk factors for SUDI, including infant age in
months, gender, birth rank and birthweight, were assessed among
cases and controls. Birth rank indicates either the first, second,
or third or later born infant of the mother. Birthweight was
dichotomized into under 2,500 grams (low), or 2,500 grams or
higher (normal). Avoidable risk factors and preventive factors for
SUDI that were assessed included: sleeping position, bed-sharing,
room-sharing, duvet use, sleep sack use (wearable blanket),
pacifier use, breastfeeding and maternal smoking both during
and after pregnancy.
Sleeping position, i.e., placed to sleep in the prone, side or
supine position, was assessed for last night (controls), or last
time before death (SUDI cases). Bed-sharing was defined as
sleeping with one or both parents in bed for most of the last
night (controls), and sharing the sleep-surface with one or both
parents when the infant was found dead (SUDI cases). The type
of bedding, including a duvet and sleep sack, the infant was
covered with last night was assessed for controls, and for cases it
was the type of bedding when found deceased. Room-sharing for
controls was assessed by the sleeping place where the infant slept
most of last night, including sleeping in the parents’ bedroom
in an own crib or cot, or in a co-sleeper. For the cases this
was assessed by the infant sleeping in the parents’ bedroom, but
not bed-sharing, during the last sleep. Pacifier use was assessed
regarding the usual way the infant was placed to sleep for both
cases and controls. Infant feeding type and smoking of the
mother were assessed at the time of filling out the questionnaire
for controls, whereas for the SUDI cases this was around time
of death. Breastfeeding included both exclusive breastfeeding,
and breastfeeding supplemented with formula feeding. Lastly,
maternal smoking during pregnancy was asked for both cases
and controls.

RESULTS
Between 2014 and 2020, 56 SUDI cases were reported to the
Expert Group. Nine cases were excluded because of: missing date
of birth (13); over 12 months of age (4); a cause of death was
subsequently found (15). Therefore, 47 SUDI cases were included
in this study.
Parents of 1,209 infants participated in the national survey
on safe sleeping in 2017. After weighing for education level,
1,192 controls could be used for analyses. Characteristics of the
47 cases and 1,192 weighted controls are presented in Table 1.
Mean age of controls was slightly older than that of cases.
Furthermore, cases were more often boys, second or later born
and born with low birthweight. Mothers of cases were more
often non-Dutch, and lower educated compared to the mothers
of controls.
Table 2 shows ORs and PAFs for risk and preventive factors
for SUDI. All studied risk factors were found to have a higher
prevalence among SUDI cases compared to controls in univariate
analyses, except for the factor placed in the side sleeping position.
No significantly elevated risk was found for bed-sharing in the
total group. The risk of SUDI for an infant placed to sleep in
the prone position was 4.6 (2.1–10.3) times as high as the risk
for infants placed supine. Data suggest that around 21% (PAF%
= 21.4) of the SUDI cases could possibly have been prevented
if these infants had been placed supine. As over one third of
mothers of SUDI cases smoked either during or after pregnancy,
and aORs were respectively 9.7 (4.6–20.4) and 5.4 (2.6–11.4),
high PAFs of respectively 31.3 and 28.4% were found.
All studied potential preventive factors were found to have
lower prevalence among SUDI cases compared to controls.
Combining ORs with the prevalence of not performing the
preventive behavior resulted in varying PAFs. The highest PAF
was found for room-sharing, where, if all infants had slept in the
parents’ bedroom, but not in the parental bed, potentially 57%
of cases could have been prevented [aOR room-sharing 0.3 (0.1–
0.6)]. The lowest PAF was found for infants usually not placed
to sleep with a pacifier, where the PAF was almost 34%. Infants

Data-Analysis
As the control population comprised a relatively high number
of highly educated parents, data of the 2017 survey were
weighted according to the education level distribution of women
aged 25–45 in 2017, as retrieved from the Central Bureau
of Statistics Netherlands (14). This resulted in the following
weighting factors: 0.936 for low education level; 1.292 for
medium education level; and 0.867 for high education level.
Firstly, background characteristics of SUDI cases and their
weighted survey controls were generated. Secondly, prevalence
of risk and preventive factors among both cases and controls
were presented. With Logistic Regression analyses, Odds Ratios
(ORs) with 95% Confidence Intervals (CI) were calculated.
Adjusted ORs (aORs) were calculated to correct for potential
confounding of non-modifiable factors related to SUDI risk
(age, gender, birthweight and birth rank). Data on aORs,
combined with the prevalence of the risk factor or inverse
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TABLE 1 | Characteristics of cases and controls.

Age∧
Gender
Birth rank

Birthweight
Migration background mother
Education level mother

Cases

Controls

n = 47

n = 1,192

3.4 ± 2.7

5.1 ± 3.4

Boy

28

(59.6%)

586

(49.2%)

Girl

19

(40.4%)

605

(50.8%)

First

14

(32.5%)

658

(55.2%)

Second

21

(47.5%)

375

(31.5%)

Third or more

9

(20.0%)

159

(13.3%)

≥2,500 g

38

(80.9%)

1,143

(95.9%)

<2,500 g

9

(19.1%)

49

(4.1%)

Dutch

34

(77.3%)

1,032

(87.0%)

Non-Dutch

10

(22.7%)

154

(13.0%)

Low

6

(15.0%)

157

(13.2%)

Middle

19

(47.5%)

443

(37.2%)

High

15

(37.5%)

591

(49.6%)

Frequency and percentage of population with non-missing data for respective factors are presented. Controls are weighed for maternal education level.
∧ Age is presented as mean ± standard deviation.

TABLE 2 | Prevalence in cases and controls of known risk and preventive factors for SUDI, Odds Ratio (OR), both crude and adjusted, and the Population Attributable
Fraction (PAF) for the aOR.
Cases
n = 47

Controls
n = 1,192

OR

Adjusted
OR*

PAF
(%)

12 (27.3%)

105 (8.9%)

3.9 (1.9–7.8)

4.6 (2.1–10.3)

21.4

Risk factors
Position placed to sleep
prone vs supine
side vs supine

3 (6.8%)

99 (8.4%)

1.0 (0.3–3.4)

1.0 (0.3–3.4)

-

Bed-sharing
yes vs no

7 (16.3%)

118 (10.0%)

1.8 (0.8–4.0)

2.0 (0.8–4.7)

8.2

Duvet
yes vs no

10 (24.4%)

55 (4.6%)

6.6 (3.1–14.2)

8.6 (3.7–20.2)

21.6

Mother smoked during pregnancy
yes vs no

15 (34.9%)

47 (3.9%)

13.1 (6.5–26.1)

9.7 (4.6–20.4)

31.3

Mother smokes after pregnancy
yes vs no

15 (34.9%)

78 (6.6%)

7.6 (3.9–14.8)

5.4 (2.6–11.4)

28.4

Sleep sack
yes vs no

9 (24.3%)

657 (55.1%)

0.3 (0.1-0.6)

0.3 (0.1-0.7)

52.0

Breastfeeding
exclusive/mixed vs none

12 (26.7%)

494 (41.6%)

0.5 (0.3-1.0)

0.3 (0.2-0.7)

48.9

Room-sharing, not bed
yes vs no

10 (21.7%)

362 (30.6%)

0.6 (0.3–1.3)

0.3 (0.1–0.6)

57.1

Usually pacifier
yes vs no

17 (43.6%)

699 (58.7%)

0.5 (0.3–1.0)

0.4 (0.2–0.8)

33.8

Preventive factors

*Adjusted for infant age, gender, birthweight and birth rank. Due to adjustment, a maximum of two extra missing cases was present per factor.

specific groups of infants for which the current prevention advice
may require specification, stratified analyses were performed and
results are summarized in Table 3. For infants under the age of
4 months, the risk of SUDI when placed in the prone position
was 6.9 (2.0–23.9) times as high as when placed supine, and
12.6 (0.9–168.3) times as high for infants with a birthweight
under 2,500 grams. While there was no strong evidence for an

usually provided with a pacifier when placed to sleep had 0.4 (0.2–
0.8) times the risk of SUDI compared to those without. Infants
sleeping in a sleep sack or receiving any breastfeeding had 0.3
times the risk of SUDI (95% CI 0.1–0.7 and 0.2–0.7 respectively)
compared to infants who did not.
To explore risk factors (placed prone, bed-sharing, duvet)
and preventive factors (sleep sack, room-sharing, pacifier) in
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intervals. In terms of preventive factors, in the current study a
stronger preventive effect was seen for sleeping in a sleep sack
(aOR 0.3 vs. 0.7), for breastfeeding (aOR 0.3 vs. 0.5), and for
pacifier use (aOR 0.6 vs. 1.0), compared to the earlier study. Data
on room-sharing were not reported by De Jonge et al. (21). In
the Netherlands, the use of sleep sacks and pacifiers has increased
over the past decades, as can be observed from the data of the
control populations (21). In terms of risk factors, now a higher
risk of SUDI was found compared to the earlier study for sleeping
prone (aOR 4.6 vs. 3.0), placed under a duvet (aOR 8.6 vs. 3.9),
and smoking after pregnancy (aOR 5.4 vs. 2.7). The estimated
risks for bed-sharing were comparable. No notable differences
in the prevalence of prone sleeping and bed-sharing between the
control populations of both studies were observed, but the use
of a duvet and smoking of parents were much lower in 2017
compared to the earlier study (21).
The association between bed-sharing and SUDI is subject of
international debate. Although there was no strong evidence of
an increased risk of SUDI for the total group in the current
study when bed-sharing, the risk was estimated to be extremely
high in different sub-groups, and therefore still of major concern.
The prevalence of bed-sharing in the parents’ bed increased
in the period 2002-2017 in the Netherlands (12, 22). This is
especially of concern for infants under 4 months, where the
associated risk of SUDI is higher, and the prevalence of bedsharing was 9.1% in 2017. The risk of bed-sharing was also
higher for infants whose mother smoked. Similar results were
found in a case-control study combining individual data from
a European, Scottish, New Zealand, Irish and German database
(23). The same study also showed an increased risk of SUDI
when bed-sharing with a parent who used alcohol or drugs
(23). As this information was lacking in the current study, we
weren’t able to confirm this. Furthermore, the risk of bed-sharing
in the current study was increased among formula fed infants.
There was no significant risk associated with bed-sharing among
breastfed infant, but numbers are very small. In the Netherlands,
breastfeeding prevalence is higher among high educated mothers
(90% at birth, and 51% at 5 months after birth) compared to low
educated parents (69% at birth, 33% at 5 months after birth) (24).
Also, smoking is more prevalent among low educated people
(age 25–44: men 55%, women 40%) compared to high educated
people (age 25–44: men 17%, women 13%) (15). This indicates
a cumulation of risk factors (no breastfeeding and smoking) in
lower educated parents, and thereby an increased risk when bedsharing, making this an important target group for specific SUDI
prevention strategies.
Most factors found in this study point in the direction of
accidental suffocation, or accidental asphyxia contributing to the
sudden death of an infant. Physiological studies indicate that
facial obstruction in infants by e.g., soft bedding or lying face
straight down, may lead to complete upper airway obstruction
and/or accidental suffocation by rebreathing, and/or overheating
(25). In these cases, it might be assumed that the airwayprotective components of the infant’s arousal response failed
(26). It is known that maternal smoking impairs infant arousal
processes (27), and higher arousal thresholds are also found
among preterm born infants, infants sleeping prone, infants that

increased risk of SUDI when bed-sharing for the total group, a
high risk was found for infants under the age of 4 months [aOR =
3.3 (1.1–9.3)], for infants who did not receive any breastfeeding
[aOR = 9.2 (3.0–28.6)], and for infants whose mother smoked
after pregnancy [aOR = 17.7 (1.9–162.8)] or during pregnancy
[aOR = 10.8 (1.4–81.3)] (Supplementary Table 1). Furthermore,
a high risk for duvet use was observed in both the younger
infants, and those with low birthweight. The preventive effect of a
sleep sack was found to be greater among infants 4 months of age
and older [aOR = 0.2 (0.1–0.6)], compared to infants aged under
4 months [aOR = 0.5 (0.1–2.0)]. These infants under the age of 4
months also had 0.2 (0.0–0.5) times the risk of SUDI when roomsharing, which was lower than 0.6 (0.2–2.2) times the risk for the
older infants.

DISCUSSION
In the current study, risk and preventive factors for SUDI and
their prevalence in Dutch infants under 12 months of age were
identified for the period 2014–2020. Significantly elevated risks
were found for infants placed under a duvet, infants whose
mother smoked pre- and/or postnatally, and infants placed in
the prone sleeping position. Significantly reduced risks were
found for room-sharing, sleeping in a sleep sack, breastfeeding,
and the usual use of a pacifier. These are internationally
known factors related to the sudden unexpected death of
infants (7, 16–20).
Relatively new is that the strengths of these risk factors
differed among specific groups of infants. A high risk of
SUDI was found for infants under 4 months of age when
placed prone, bed-sharing or placed under a duvet. In these
young infants, room-sharing with parent(s) greatly reduced
the risk. Infants aged 4 months and older benefit most
from the preventive effect of a sleep sack. For infants born
with low birthweight (under 2,500 grams), sleeping in the
supine position is particularly important as they are at higher
risk for SUDI when placed prone. For the total group of
infants, there was no strong evidence for an increased risk
of SUDI when bed-sharing. However, a significantly high risk
was found for young infants, infants whose mother currently
smokes, or smoked during pregnancy, and infants not receiving
any breastfeeding.
Besides ongoing attention for the current prevention advice,
additional focus should be on risk factors with the most impact
on the population risk of SUDI, assessed by the PAF which
is a combination of the OR and the prevalence of the risk
factor. According to the results of this study, several SUDI
cases could possibly have been prevented by room-sharing of
parent(s) and infant, and by placing the infant to sleep in a
sleep sack. Therefore, additional attention is necessary regarding
room-sharing, especially with infants under 4 months of age,
and the use of a sleep sack, especially for infants over 4 months
of age.
Compared to an earlier Dutch study in the period 1996–2001
(21), the magnitude of risk increasing and preventive factors
in the current study varies, but with overlapping confidence
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TABLE 3 | Prevalence in cases and controls of known risk and preventive factors for SUDI, stratified for age and birthweight, and the Odds Ratio (OR), both crude and
adjusted in these strata.
Cases

Controls

OR

Adjusted OR*

12 (27.3%)

105 (8.9%)

3.9 (1.9–7.8)

4.6 (2.1–10.3)
6.9 (2.0–23.9)

Risk factors
Position placed to sleep
prone vs supine
Age <4 mo

5 (21.7%)

23 (4.8%)

6.0 (2.0–17.9)

Age ≥4 mo

7 (33.3%)

82 (11.6%)

3.4 (1.4–8.8)

3.5 (1.2–10.3)

Birthweight <2,500 gr

2 (22.2%)

3 (6.3%)

4.1 (0.6–28.3)

12.6 (0.9–168.3)

Birthweight ≥2,500 gr

10 (28.6%)

101 (8.9%)

4.0 (1.9–8.7)

4.3 (1.8–10.1)

7 (16.3%)

118 (10.0%)

1.8 (0.8–4.0)

2.0 (0.8–4.7)

Bed-sharing
yes vs no
Age <4 mo

6 (26.1%)

44 (9.1%)

3.5 (1.3–9.4)

3.3 (1.1–9.3)

Age ≥4 mo

1 (5.0%)

75 (10.6%)

0.4 (0.1–3.4)

0.5 (0.1–4.2)
1.4 (0.1–21.9)

Birthweight <2,500 gr

1 (11.1%)

3 (6.2%)

1.9 (0.2–20.4)

Birthweight ≥2,500 gr

6 (17.6%)

115 (10.2%)

1.9 (0.8–4.7)

2.0 (0.8–5.0)

10 (24.4%)

55 (4.6%)

6.6 (3.1–14.2)

8.6 (3.7–20.2)
17.6 (5.3–57.8)

Duvet
yes vs no
Age <4 mo

7 (30.4%)

12 (2.5%)

16.6 (5.8–47.5)

Age ≥4 mo

3 (16.7%)

43 (6.1%)

3.1 (0.9–11.2)

5.6 (1.4–22.4)

Birthweight <2,500 gr

3 (42.9%)

2 (4.1%)

16.2 (2.1–122.6)

386.5 (2.0–74,013.4)

Birthweight ≥2,500 gr

7 (20.6%)

53 (4.6%)

5.3 (2.2–12.8)

7.1 (2.8–18.1)

9 (24.3%)

657 (55.1%)

0.3 (0.1–0.6)

0.3 (0.1–0.7)

Preventive factors
Sleep sack
yes vs no
Age <4 mo

3 (15.8%)

141 (29.2%)

0.5 (0.1–1.6)

0.5 (0.1–2.0)

Age ≥4 mo

6 (33.3%)

516 (72.7%)

0.2 (0.1–0.5)

0.2 (0.1–0.6)

Birthweight <2,500 gr

0 (0.0%)

26 (54.2%)

-

-

Birthweight ≥2,500 gr

9 (29.0%)

631 (55.2%)

0.3 (0.2–0.7)

0.4 (0.2–1.0)

10 (21.7%)

362 (30.6%)

0.6 (0.3–1.3)

0.3 (0.1–0.6)

Room-sharing, not bed
yes vs no
Age <4 mo

6 (25.0%)

246 (51.5%)

0.3 (0.1–0.8)

0.2 (0.0–0.5)

Age ≥4 mo

4 (18.2%)

116 (16.5%)

1.1 (0.4–3.4)

0.6 (0.2–2.2)

Birthweight <2,500 gr

5 (55.6%)

14 (29.0%)

3.1 (0.7–13.1)

1.3 (0.2–7.6)

Birthweight ≥2,500 gr

5 (13.5%)

348 (30.7%)

0.4 (0.1–0.9)

0.2 (0.1–0.5)

17 (43.6%)

699 (58.7%)

0.5 (0.3–1.0)

0.4 (0.2–0.8)

Usually pacifier
yes vs no
Age <4 mo

9 (45.0%)

303 (62.9%)

0.5 (0.2–1.2)

0.4 (0.1–1.0)

Age ≥4 mo

8 (42.1%)

396 (55.9%)

0.6 (0.2–1.4)

0.4 (0.1–1.0)

Birthweight <2,500 gr

3 (50.0%)

31 (63.3%)

0.6 (0.0.1–3.2)

0.4 (0.0–2.8)

Birthweight ≥2,500 gr

14 (42.4%)

669 (58.5%)

0.5 (0.3–1.1)

0.4 (0.2–0.8)

*Adjusted for infant age, gender, birthweight and birth rank. N cases: total = 47, <4 mo = 25 (53.2%), ≥4 mo = 22 (46.8%), <2,500 gr = 9 (19.1%), ≥2,500 gr = 38 (80.9%) N controls:
total = 1,192, <4 mo = 482 (40.5%), ≥4 mo = 710 (59.5%), <2,500 gr = 49 (4.1%), ≥2,500 gr = 1,143 (95.9%).

The prone sleeping position is a well-known risk factor for
SUDI. Studies also identified a similar risk of the side sleep
position, likely because many infants who are placed on their
side can roll to the prone position, or lay with their face against
(soft) bed material. Nevertheless, no elevated risk for infants
being placed in the side position compared to the supine position
was found in the current study. Infants with a birthweight
under 2,500 gram, i.e., those born small for gestational age
and/or prematurely are at higher risk when sleeping prone. The
AAP guideline advises to “keep hospitalized preterm infants
predominantly in the supine position, at least from 32 weeks

are too warm/overheated and among formula-fed infants (28).
Some SUDI cases while bed-sharing might be designated as
accidental suffocation in bed (29). For infants under 4 months
of age, this can be the case as they lack motor skills to escape
potential threats in the parents’ bed, when for example being
covered with soft bedding (29). Well-developed upper airway
muscle tone might contribute to the prevention of airway
obstruction in hazardous situations, which might be stimulated
by breastfeeding and pacifier sucking (30–32). Furthermore,
overlaying when sharing a surface can obstruct the airways either
directly, or by inadvertent pressure on the infant’s lower jaw (33).
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implies that renewed attention by midwives, maternity nurses
and preventive child healthcare physicians and nurses is needed
for these infant care factors. Besides, a cumulation of risk factors
in low educated parents can be observed, indicating a need for
additional attention for prevention measures in this group. A
new selective prevention campaign regarding bed-sharing should
be initiated in the PCHCs, focusing on parents of infants under
4 months of age, parents who smoke, and those who formula
feed their infant. The use modern, picture driven prevention
information material is recommended to reach as many groups
in society as possible.

gestational age onwards, so that they become acclimated to
supine sleeping before discharge” (16). It would be insightful to
gather data if this guideline is adhered to in the Netherlands. If
not, it offers opportunity for extra targeted prevention through
neonatal and newborn units.
Both the use of a pacifier, and the use of a sleep sack can
reduce the risk of SUDI, which may be reflected by the same
mechanism of preventing infants from turning to the prone
position in their cot or crib. Around the age of 5 months, most
infants start rolling from the supine to the prone position, but
may still have problems rolling back. This can explain the lower
risk of SUDI among infants over 4 months old placed in a sleep
sack, compared to younger infants: a sleep sack can delay turning
over to the prone position as it hampers the infant slightly,
especially in using their legs as a fulcrum to turn (34). Consistent
use of a pacifier may soothe the infant and support falling asleep,
whereby turning prone might be inhibited. It is also suggested
that pacifier sucking improves airway stabilization, and thereby
contribute to the prevention of SUDI (35). It should be noted
that it is important that the pacifier is used consistently with every
sleep (36).
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CONCLUSION

SUPPLEMENTARY MATERIAL

While the risk of SUDI in the Netherlands is still low, the
current study shows several factors that significantly increase
this risk. Therefore, focus on “the four of safe sleeping” factors
in the current primary prevention should be maintained. This
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