
ORIGINAL
ARTICLES
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Objective To examine the effects of infant sofa-sleeping, recent use by caregivers of alcohol, cannabis, and/or
other drugs, and bed type and pillows, on the risk of sudden unexpected death in infancy (SUDI) in New Zealand.
Study design A nationwide prospective case–control studywas implemented betweenMarch 2012 and February
2015. Data were collected during interviews with parents/caregivers. “Hazards” were defined as infant exposure to
1 or more of sofa-sleeping and recent use by caregivers of alcohol, cannabis, and other drugs. The interaction of
hazards with tobacco smoking in pregnancy and bed sharing, including for very young infants, and the difference
in risk for M�aori and non-M�aori infants, also were assessed.
Results The study enrolled 132 cases and 258 controls. SUDI risk increased with infant sofa-sleeping (imputed
aOR [IaOR] 24.22, 95% CI 1.65-356.40) and with hazards (IaOR 3.35, 95% CI 1.40-8.01). The SUDI risk from the
combination of tobacco smoking in pregnancy and bed sharing (IaOR 29.0, 95% CI 10.10-83.33) increased with
the addition of 1 or more hazards (IaOR 148.24, 95% CI 15.72-1398), and infants younger than 3 months appeared
to be at greater risk (IaOR 450.61, 95% CI 26.84-7593.14).
Conclusions Tobacco smoking in pregnancy and bed sharing remain the greatest SUDI risks for infants and risk
increases further in the presence of sofa-sleeping or recent caregiver use of alcohol and/or cannabis and other
drugs. Continued implementation of effective, appropriate programs for smoking cessation, safe sleep, and sup-
plying safe sleep beds is required to reduce New Zealand SUDI rates and SUDI disparity among M�aori. (J Pediatr
2022;-:1-9).
S
udden infant death syndrome (SIDS) is a diagnosis of exclusion for infant deaths that remain unexplained despite a
thorough investigation comprising a detailed clinical history, review of circumstances, scene examination, and full
autopsy.1 However, deaths once certified as SIDS often are labeled as accidental suffocation and strangulation in bed

(International Classification of Diseases code W75), or ill-defined and unspecified (R99).2 The term SUDI (sudden unexpected
death in infancy) is commonly used in 1 of 2 ways.3 The first describes the unexpected death of an infant younger than 1 year of
age and usually during sleep. After investigation, some of these deaths are explained, for example, previously unrecognized
cardiac anomalies and metabolic abnormalities. The second way combines 3 International Classification of Diseases diagnoses:
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Bed sharing, when an infant is asleep on the same sleep surface as 1 or more
other sleeping individuals,4 is known to increase the risk of SUDI, especially
among very young infants,5 and features in more than one-half of all SUDI cases
in New Zealand.5,6 The combination of tobacco smoking in pregnancy and bed
sharing creates a dangerous interaction that increases an infant’s risk of SUDI.5

There is contention that bed sharing is only a risk if smoking or some other
hazard is present.7 However, there is evidence that bed sharing continues to pre-
sent some risk of SUDI in the absence of smoking and other hazards,5 including
infant sleeping on a sofa, and recent use by caregivers of alcohol and/or cannabis
and other drugs. Sofas have been shown to be unsafe for infant sleep,8,9
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particularly when shared with 1 or more sleeping individuals,
and especially when the individuals have used alcohol or
drugs recently.7-9 Infants asleep on a sofa, alone or with
others, are potentially at risk of suffocation from overlay or
becoming wedged against the sofa or the narrow, sloping
seats.7,8 Recent use of alcohol and drugs by caregivers also
is associated with increased SUDI risk, especially when com-
bined with bed sharing on any surface.7 Cannabis is used rela-
tively commonly among pregnant and nonpregnant women,
and men and women at conception and postnatally.10-12

We investigated the risk of SUDI from hazards related to
the infant sleep environment and the sleep environment
itself, including for very young infants. The interaction of
hazards with tobacco smoking in pregnancy and bed sharing
were assessed, as was the difference in risk of hazards for
indigenous New Zealand M�aori and non-M�aori infants.
Methods

The New Zealand case–control SUDI Nationwide Study was
conducted between March 2012 and February 2015, inclu-
sive. The study, which has previously been reported in detail,5

investigated infant sleep practices, antenatal and postnatal
health, and infant living situations in relation to SUDI.
Cases
All cases were SUDI deaths in New Zealand during the study
period. All such deaths are investigated by a coroner and
include a police investigation, a SUDI liaison (trained inves-
tigator) interview, and full autopsy. Cause of death (SIDS, ill-
defined and unspecified, and accidental suffocation, and
strangulation in bed) was determined by an expert group af-
ter all investigations had concluded, independent of the
coronial system. Deaths from other causes were excluded.5
Controls
Controls were randomly sampled after frequency-matching
to cases by obstetric hospital of birth, sex, maternal ethnicity
(as recorded in hospital birth registers, which was confirmed
during the interview), and age at interview aligned with the
distribution of New Zealand SUDI cases between 2003 and
2007. Due to the control group being frequency matched in
proportion to infants in the 2003-2007 SUDI cohort in
respect of obstetric hospital of birth, sex, maternal ethnicity,
and infant age at death, the control group in this study was of
greater risk of SUDI compared with a nationwide
population-based representative sample.

The control group was selected to reflect the characteristics
of the population most at risk from SUDI and allows the
identification of more subtle differences between cases and
controls. A District Health Board (DHB) midwife or mortal-
ity review committee coordinator identified the randomized
infants from hospital birth registers according to
these criteria.
2

Data Collection
SUDI liaison personnel collected data during face-to-face
interviews with mothers, or other caregivers, responsible
for the infant during the last sleep (cases) or nominated sleep
(controls). Each control infant was allocated a nominated
sleep time to reflect the distribution of the time of the last
sleep of cases in previous years. If the infant was asleep at
the nominated time, this sleep was explored during the inter-
view. If the infant was awake at the time of the nominated
sleep, the sleep explored during the interview was either the
sleep period prior to, or after this nominated time. The direc-
tion was randomly attributed as part of the selection criteria.
Interviews lasting 90-120minutes occurred at participants’

homes and followed detailed, health-focused questionnaires
that differed for cases and controls only in reference to the
last or nominated sleep. Objective measures, general observa-
tions, and scene reconstruction photographs (not part of this
report) also were obtained for the study, plus a separate data-
set for each SUDI case’s coroner. Mothers self-identified their
ethnicity during the interviews.13 Where possible, relevant
child health, obstetric, and medical records were reviewed.

Recruitment
All families received an information letter inviting them to
participate. Separate letters were developed for cases and
controls. The SUDI liaison telephoned control families
within a fortnight of sending the letter to provide informa-
tion and arrange an interview, if possible. In one DHB area
(of relatively low socioeconomic status), controls were first
contacted by telephone to enable timely confirmation of con-
tact details. Case families were telephoned as soon as possible.
Case families received their letters at the interview.

Explanatory Variables
The primary variables hypothesized to be associated with
potentially hazardous situations within the sleep environ-
ment were infant sofa-sleeping for the last or nominated
sleep; and recent use of alcohol and/or cannabis and other
drugs, within 24 hours of the last (cases) or nominated
(controls) sleep by the person who placed the infant to sleep
and/or cared for them during sleep.
The number of standard alcoholic drinks consumed in the

24 hours preceding the nominated or last sleep (for controls
and cases respectively) was collected. One standard drink in
New Zealand contains 10 g of alcohol, for example, 100 mL
of table wine (12.5% alcohol), or 330 mL of beer
(4% alcohol).14

We examined these 3 hazards’ variables to estimate the risk
they pose individually and collectively (“combined hazards”)
to all cases and controls. We also stratified the sample by
infant age to assess the effects of the hazards, tobacco smoking
in pregnancy, and/or bed sharing on the risk of SUDI among
very young case and control infants (<3 months).
When determining the presence of hazards, an affirmative

response (“yes”) to any hazard variable was coded as “yes”; a
hazard variable was coded as “no” if participants responded
“no” to each of the hazards, or they were otherwise coded as
MacFarlane et al
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missing. The presence of hazards was also assessed for any
interaction with tobacco smoking in pregnancy, bed sharing
or both. We define bed sharing as 1 or more individuals
asleep with an infant on the same sleep surface, regardless
of surface type.

Other sleep environment–related variables collected were
type of bed, presence of pillows and their position in relation
to the infant, how firmly bedding was tucked in, and whether
other items were present when the infant was placed in a cot
(crib) or cot-type bed eg, cot bumpers or toys. A cot-type bed
is of similar shape to a cot and is specifically designed—or
intended—for infant sleep. It includes cots, bassinets, Moses
baskets, and safe infant sleep beds (wahakura and
P�epi-pods15,16). Mattress softness was measured by passing
a 2-kg weight through the aperture of a specially constructed
board and measuring the depression in the mattress.17 Using
the re-enactment dolls, mattress softness measurements in
millimeters were taken in the location of the infant’s chest
when they were placed to sleep, and again where they were
found unresponsive (cases) or awake (controls). All weights,
boards, and dolls in each research kit were the same weight
and size for consistency. Data on tobacco smoking in
pregnancy and bed sharing were collected during interviews.
Infant ethnicity was based on mothers’ self-identified
ethnicity at the time of interview.
Sample Size
All infant deaths in New Zealand from March 2012 to
February 2015 that met the criteria for SUDI were eligible
for the study. Based on previous SUDI mortality data,18

210 cases were expected across the 36-month study period
and a sample of 420 controls. The number of SUDI cases
was less than expected due to a decrease in unexpected infant
deaths during the study period.19

If a risk factor had a prevalence of 20% in the control pop-
ulation, the study could detect an OR of 1.73 or greater with a
power of 80% at a level of significance of 5%. However, fewer
than expected controls participated in the study. To counter
this, if a selected control could not be enrolled, a further
control was selected.
Imputation and Sensitivity Modeling
Datasets of 90 participants (cases: n = 59, 44.7%; controls:
n = 31, 12.0%) had missing data related to the hazards, to-
bacco smoking in pregnancy, and/or bed sharing. We used
the multiple imputation procedure in SAS (version 9.4,
SAS Institute)20 to create 100 imputed datasets based on
the distribution of characteristics and patterns of responses
from the available data using infant sex, infant age, last bed
sleep, bed sharing, breastfed, maternal smoking in pregnancy,
maternal age, infant birth weight, parity, marital status,
alcohol use, and drug use. Logistic regression models were
run for each of the 100 imputed datasets and the MIANA-
LYZE procedure was used to combine variable estimates
and produce one set of odds ratios. The MI and MIANA-
LYZE procedures assume that data are missing at random.
Infant Sleep Hazards and the Risk of Sudden Unexpected Death
Data Analyses
Univariable and multivariable analyses examined relation-
ships between the relevant variables and the risk of SUDI.
Unconditional multivariable logistic regression was used to
adjust for potential confounders and determine the presence
of interactions. The association of risk factors with SUDI was
estimated using OR with a 95% CI. Analyses were carried out
in SAS (version 9.4, SAS Institute). Logistic regression was
applied using the SAS logistic procedure.
The covariates from the previous publication5 were

included in the multivariable models. These were maternal
ethnicity, maternal age, parity, marital status, infant age,
infant sex, birth weight, breastfeeding status, multiple birth
status, sharing the parental bedroom, position placed to
sleep, tobacco smoking in pregnancy, and bed sharing. We
also examined interactions between the hazards, smoking
in pregnancy, and bed sharing and the effects of the hazards
on M�aori and non-M�aori. SUDI mortality rates were calcu-
lated using the number of live births between 2012 and
2014 inclusive.21 Although the controls were frequency
matched based on the distribution of cases from 2003 to
2007, there is no guarantee that this will reflect the distribu-
tion of these variables within the cases during the study
period. Thus, the variables that are used for frequencymatch-
ing are controlled for in analyses. The ORs for these variables
are not reported as they do not reflect the true level of risk
associated with these variables, including them in the model
simply helps to adjust for imbalances caused by the change in
the distribution of these variables from that expected. These
variables are not analyzed in relation to hazards, except for
purposes of stratification by ethnicity.

Ethics
The study received ethics approval from the Central Region
Ethics Committee (CEN/11/09/045) and locality assessment
was received from all DHBs. All parents/caregivers provided
informed, written consent.
Results

During the 3-year study, 303 infant deaths were referred to a
coroner, of which 137 (45%) were classified as SUDI and
eligible for the study. Of these, 96% (n = 132) of families
were interviewed, as were 40% (n = 258/649) of selected
control infants/mothers. Cases’ interviews occurred between
24 hours and 7 days of death. Of the 391 controls who did not
participate, 182 were uncontactable, and 209 refused, or
accepted but were not available to interview. Approximately
one-half the infants in the case and control groups were
M�aori (49.2% and 52.3%, respectively). Overall, the national
SUDI rate during the study period was 0.76 in 1000 live
births.5 The national SUDI rates for M�aori and non-M�aori
were 1.41 in 1000 and 0.53 in 1000 live births, respectively.22

As reported previously, infant exposure to the combina-
tion of bed sharing and tobacco smoking in pregnancy
statistically significantly increases the risk of SUDI.5 This
in Infancy 3
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dangerous combination was reconfirmed in the present study
through analyses of imputed and unimputed data (imputed
aOR [IaOR] 29.0, 95% CI 10.10-83.33; unimputed aOR
22.67, 95% CI 6.0-85.66). There was no statistically signifi-
cant increase in risk associated with bed sharing on its own
(IaOR 1.79, 95% CI 0.59-5.43; unimputed data aOR 1.96,
95% CI 0.46-8.41). Alone, tobacco smoking in pregnancy
was associated with a significantly increased risk of SUDI
(IaOR 2.53, 95% CI 1.04- 6.11), which was not evident in
the unimputed analysis (aOR 0.84, 95% CI 0.24-2.96).

Risks from Exposure to the Hazards
Sofa Sleeping. Although uncommon (cases: n = 11, 8.7%;
controls: n = 1, 0.4%), an infant sleeping on a sofa during
the last or nominated sleep was associated with a signifi-
cantly increased risk of SUDI (IaOR 24.22, 95% CI
1.65-356.40; unimputed aOR 38.43, 95% CI 2.13-692.50)
(Table I). All 12 infants who slept on a sofa did so
during the night or early morning. Of the 11 infants
who died while asleep on a sofa, 8 were sharing the sofa
with their mother at the time.

Recent Use of Alcohol by Caregivers. Recent use of alcohol
by caregivers during the last sleep was reported in one-
quarter of cases for whom data were available (n = 18,
25.4%) compared with 7.2% of controls (n = 17). Caregivers
of cases who drank alcohol consumed a median of 4 standard
drinks compared with caregivers of controls for whom 1
standard drink was the median. Alcohol consumption by
caregivers did not result in a statistically significant increased
risk of SUDI in the imputed analysis (aOR 2.40, 95% CI 0.90-
6.39), but it did reach statistical significance in the unim-
puted analysis (aOR 3.04, CI 1.04-8.89) (Table I).
Table I. Effects of the hazards (sofa-sleeping and/or recent
drugs) among cases and controls

Hazards
Cases (%)
N = 132

Controls (%)
N = 258

U

Univariable OR
(95% CI)

Sofa-sleeping during the
last sleep (cases)
or nominated
sleep (controls)

(Missing = 5) (Missing = 0)

Yes 11 (8.7) 1 (0.4) 24.37 (3.11-190.99
No 116 (91.3) 257 (99.6) Reference

Alcohol in last 24 h (Missing = 61) (Missing = 22)
Yes 18 (25.4) 17 (7.2) 4.38 (2.11-9.06)
No 53 (74.6) 219 (92.8) Reference

Drugs (cannabis and
other drugs†) in
last 24 h

(Missing = 57) (Missing = 197)

Yes 6 (8.0) 1 (0.4) 21.57 (2.55-182.15
No 69 (92.0) 248 (99.6) Reference

Hazards combined (1 or
more hazards)

(Missing = 58) (Missing = 31)

Yes 32 (43.2) 19 (8.4) 8.34 (4.32-16.09)
No 42 (56.8) 208 (91.6) Reference

*Covariates used in the multivariable analysis include maternal ethnicity, marital status, parity, baby s
infant, baby birth weight, baby’s age.
†Cases: methadone n = 2; and herbal highs n = 1; controls: nil other drugs reported.
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Recent Use of Cannabis and Other Drugs by Caregivers.
Few caregivers reported recent use of cannabis and other
drugs (cases: n = 6, 8.0%; controls: n = 1, 0.4%), and usage
was not statistically significantly associated with SUDI
(IaOR 6.92, 95% CI 0.59-81.02; unimputed aOR 6.41, 95%
CI 0.44-94.26) (Table I).

Risk from the Combined Hazards. The exposure of infants
to 1 or more of the hazards (sofa-sleeping and recent use by
caregivers of alcohol and of cannabis and other drugs) was
reported in 43.2% of cases (n = 32) and 8.4% (n = 19) of con-
trols (only 3 cases and no controls were exposed to 2 or more
hazards). Exposure to 1 or more of these factors was associ-
ated with a significant increase in the risk of SUDI (IaOR
3.35, 95% CI 1.40-8.01; unimputed aOR 5.39, 95% CI
2.16-13.46) (Table I).

Effects of the Hazards on M�aori and Non-M�aori
M�aori infants exposed to 1 or more hazards, specifically sofa-
sleeping, or recent use by caregivers of alcohol and/or
cannabis and other drugs, were at a statistically significant
increased risk of SUDI in the multivariable imputed analysis
(aOR 6.51, 95% CI 1.67-25.46), whereas this did not reach
statistical significance in non-M�aori infants (aOR 1.92,
95% CI 0.54-6.86, respectively). However, a test for an inter-
action of hazards in M�aori participants compared with
non-M�aori participants did not reach statistical significance
(imputed P = .12, unimputed P = .14) (Table II).

Risk from the Hazards in Combination with Bed
Sharing and Tobacco Smoking in Pregnancy
There was no statistically significant increased risk of SUDI
associated with the presence of 1 or more of sofa-sleeping
use by caregivers of alcohol and/or cannabis and other

nimputed Imputed

Multivariable* aOR
(95% CI)

Univariable OR
(95% CI)

Multivariable* aOR
(95% CI)

) 38.43 (2.13-692.50) 23.50 (3.00-184.09) 24.22 (1.65-356.40)
Reference Reference Reference

3.04 (1.04-8.89) 3.26 (1.59-6.68) 2.40 (0.90-6.39)
Reference Reference Reference

) 6.41 (0.44-94.26) 12.48 (1.49-104.76) 6.92 (0.59-81.02)
Reference Reference Reference

5.39 (2.16-13.46) 4.88 (2.58-9.20) 3.35 (1.40-8.01)
Reference Reference Reference

ex, twin, breastfed, sharing parental bedroom, position placed to sleep, maternal age at birth of

MacFarlane et al



Table II. Effects of the hazards (sofa-sleeping and/or recent use by caregivers of alcohol and/or cannabis and other
drugs) on M�aori and non-M�aori controls

M�aoris M�aori cases (%) n = 62
M�aori controls (%)

n = 135

Unimputed Imputed

Univariable OR
(95% CI)

Multivariable aOR
(95% CI)

Univariable OR
(95% CI)

Multivariable aOR
(95% CI)

Hazards (Missing = 22) (Missing = 20) P = .14 P = .12
Yes 19 (47.5) 7 (6.1) 13.96 (5.22-37.37) 10.02 (2.46-40.88) 8.53 (3.31-22.01) 6.51 (1.67-25.46)
No 21 (52.5) 108 (93.9) Reference Reference Reference Reference

Non-M�aoris
Non-M�aori cases (%)

N = 70

Non-M�aori controls
(%)

N = 123

Unimputed Imputed

Univariable OR
(95% CI)

Multivariable aOR
(95% CI)

Univariable OR
(95% CI)

Multivariable aOR
(95% CI)

Hazards (Missing = 28) (Missing = 23)
Yes 13 (38.2) 12 (10.7) 5.16 (2.07-12.88) 2.76 (0.66-11.54) 3.09 (1.28-7.48) 1.92 (0.54-6.86)
No 21 (61.8) 100 (89.3) Reference Reference Reference Reference

- 2022 ORIGINAL ARTICLES
and/or recent use by caregivers of alcohol and/or cannabis
and other drugs (IaOR 1.99, 95% CI 0.43-9.24; unimputed
aOR 2.36, 95% CI 0.47-11.85). Similarly, the risk of bed
sharing combined with 1 or more hazards did not reach sta-
tistical significance (IaOR 1.68, 95% CI 0.11-26.04; unim-
puted aOR undefined). However, these results are based on
very low numbers (Table III).

In the imputed and unimputed analyses for infants
exposed to tobacco smoking in pregnancy plus 1 or more
hazards (IaOR 13.02, 95% CI 2.85-59.37; unimputed aOR
12.31, 95% CI 2.62-57.83) (Table III), a statistically
significant increased SUDI risk was identified.

Although the combination of bed sharing, tobacco smok-
ing in pregnancy, and the hazards increased the SUDI risk
dramatically (IaOR 148.24, 95% CI 15.72-1398.31; unim-
puted aOR 159.89, 95% CI 15.28 to >999.999), this estimate
is based on a single control (0.4%) reported to have been
exposed to this combination, compared with approximately
20% of cases (Table III).

Risk for Very Young Infants
Infants younger than 3 months of age are at a statistically sig-
nificant increased risk of SUDI when sleeping in a bed
Table III. The risk of SUDI in combination with bed sharin
sleeping and/or recent caregiver use of alcohol and/or canna

Hazards

Unimputed data

Cases (%) n = 73
(Missing = 59)

Controls (%)
n = 227

(Missing = 31 Multivariable aOR

Bed sharing only 4 (5.5) 24 (10.6) 1.96 (0.46-8.41)
Smoking only 9 (12.3) 60 (26.4) 0.84 (0.24-2.96)
Smoking + bed
sharing

18 (24.7) 13 (5.7) 22.67 (6.0-85.66)

Hazards (1 or more) 3 (4.1) 11 (4.8) 2.36 (0.47-11.85
Hazards + bed
sharing

1 (1.4) 2 (0.9) <0.001 (<0.001 to >

Smoking + hazards 8 (11.0) 5 (2.2) 12.31 (2.62-57.83
Smoking + hazards
+ bed sharing

20 (27.4) 1 (0.4) 159.89 (15.28->999

None 10 (13.7) 111 (48.9) Reference

Infant Sleep Hazards and the Risk of Sudden Unexpected Death
sharing situation even when not exposed to tobacco smoking
in pregnancy and hazards (IaOR 10.65, 95% CI 1.55-73.11;
unimputed aOR 15.95, 95% CI 1.33-191.14). The risk esca-
lates further with the addition of tobacco smoking in preg-
nancy (IaOR 190.57, 95% CI 24.53-1480.30; unimputed
aOR 180.77, 95% CI 11.10 to >999.999). Very young infants
exposed to bed sharing, tobacco smoking in pregnancy, and 1
or more of sofa-sleeping and recent use by caregivers of
alcohol, cannabis, or other drugs, are at extremely high risk
of SUDI (IaOR 450.61, 95% CI 26.84-7593.14), although
this is based on small numbers (Table IV).

Imputed vs Unimputed Analyses
The estimated ORs using imputed and unimputed data in
multivariable analyses were all similar, except one. The OR
associated with smoking in pregnancy showed no increased
risk in the unimputed analysis but did show a 2-fold
increased risk in the imputed analysis.

Bed Type
Infants who slept in an adult bed, or on a sofa or other sur-
face, either alone or with another person, all showed a similar
level of increased SUDI risk compared with infants who slept
g, tobacco smoking in pregnancy, and hazards (sofa-
bis and other drugs)

Imputed data

(95% CI)
Cases (%) n = 132

(Missing = 0)

Controls (%)
n = 258

(Missing = 0)
Multivariable aOR

(95% CI)

11 (8.3) 27 (10.5) 1.79 (0.59-5.43)
25 (18.9) 68 (26.4) 2.53 (1.04-6.11)
38 (28.8) 16 (6.2) 29.0 (10.10-83.33)

) 4 (3.0) 12 (4.7) 1.99 (0.43-9.24)
999.999) 2 (1.5) 2 (0.8) 1.68 (0.11-26.04)

) 10 (7.6) 6 (2.3) 13.02 (2.85-59.37)
.999) 24 (18.2) 1 (0.4) 148.24 (15.72-1398.31)

19 (14.4) 126 (48.8) Reference

in Infancy 5



Table IV. Very young infants (<3 months) and the risk of SUDI in combination with bed sharing, tobacco smoking in
pregnancy, and hazards (sofa-sleeping and/or recent caregiver use of alcohol and/or cannabis and other drugs)

Unimputed data Imputed data

Cases (%)
available n = 37
Missing = 27

Controls (%)
available n = 119
Missing = 20 Multivariable aOR (95% CI)

Cases (%) n = 64
Missing = 0

Controls (%)
n = 139

Missing = 0
Multivariable aOR

(95% CI)

Bed sharing only 4 (10.8) 9 (7.6) 15.95 (1.33-191.14) 7 (11.1) 10 (7.1) 10.65 (1.55-73.11)
Smoking only 2 (5.4) 33 (27.7) 0.88 (0.06-12.75) 6 (9.2) 38 (27.0) 1.59 (0.23-10.72)
Smoking + bed
sharing

10 (27.0) 6 (5.0) 180.77 (11.10 to >999.999) 24 (37.0) 6 (4.3) 190.57 (24.53-1480.30)

Hazards (one or
more)

0 (0.0) 3 (2.5) <0.001 (<0.001 to >999.999) 0 (0.3) 4 (2.8) NA

Hazards + bed
sharing

0 (0.0) 1 (0.8) <0.001 (<.001 to >999.999) 0 (0.7) 1 (0.8) NA

Smoking + hazards 2 (5.4) 3 (2.5) 8.33 (0.38-182.89 3 (4.2) 5 (2.5) 9.05 (0.54-152.17)
Smoking + hazards
+ bed sharing

15 (40.5) 1 (0.8) 514.26 (17.22 to >999.999) 18 (27.4) 1 (0.7) 450.61 (26.84-7593.14)

None 4 (10.8) 63 (52.9) Reference 6 (10.1) 76 (54.7) Reference
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in a cot or cot-type bed (adult bed: unimputed unadjusted
OR 7.14, 95% CI 4.33-11.75; and sofa/other OR 7.12, 95%
CI 3.15-16.08). Pillows were more likely to be used by case
infants compared with controls during the last or nominated
sleeps (n = 72, 69.3%; n = 77, 30.4%, respectively). A univari-
able analysis based on unimputed data on the effect of pillows
in the bed but not under the infant, identified an increased
risk of SUDI (OR 3.83, 95% CI 2.06-7.11). The risk further
increased (OR 6.55, 95% CI 3.69-11.62) when pillows were
positioned underneath the infant (Table V). The degree to
Table V. Bed used for last (cases) and nominated (controls)

Place of last (cases) or nominated (controls) sleep Cases (%)

Bed sharing (Missing
No 53 (4
Yes 73 (5

Bed used for last (cases) or nominated (controls) sleep (Missing
Cot/cot-type bed* 39 (3
Adult bed 71 (5
Sofa/other† 17 (1

Pillows used for last (cases) or nominated (controls) sleep (Missing
No pillows 32 (3
Yes, under baby 45 (4
Yes, but not under baby 27 (2

How firmly baby was tucked in when placed to sleep (Missing
Not tucked (including no bedding over baby) or loosely tucked 64 (6
Neither loosely nor firmly tucked 23 (2
Firmly or very firmly tucked 16 (1

Sub-section (Missing
Cot (or similar) used for last (cases) or nominated (controls) sleep

Cot bumpers or similar in the cot (Missing
Yes 3 (11
No 24 (8

Soft toys in the cot (Available
Yes 7 (30
No 16 (6

Objective measures of mattress softness (Missing
Mattress softness where placed 23.3 mm

Mattress softness where found/woke 23.0 mm

*Cot-type beds—controls: P�epi-Pod � 6, Moses basket � 8, hammock � 2, and wahakura � 1;
†Other—controls: pushchair � 2, held/cradled � 2, car � 1, sofa-bed � 1, and bouncer � 1; cas
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which infants were tucked into their beds, whether in cots,
adult beds, or sofas, was associated with SUDI risk. Being
firmly or very firmly tucked compared with not tucked was
protective (OR 0.24, 95% CI 0.13-0.44) (Table V).

Mattress Softness
Mattress softness measurements indicated very little differ-
ence in the softness of sleep surfaces of cases and controls
between being placed to sleep and being found unresponsive
(cases) or awake (controls). However, increased mattress
sleep

n = 132 Controls (%) n = 258 Unimputed univariable OR (95% CI)

= 6) (Missing = 0) P £ .0001
2.1) 212 (82.2) Reference
7.9) 46 (17.8) 6.35 (3.94-10.22)
= 5) (Missing = 0) P £ .0001

0.7) 196 (76.0) Reference
5.9) 50 (19.4) 7.14 (4.33-11.75)
3.4) 12 (4.7) 7.12 (3.15-16.08)
= 28) (Missing = 4) P £ .0001
0.8) 177 (69.7) Reference
3.3) 38 (15.0) 6.55 (3.69-11.62)
6.0) 39 (15.4) 3.83 (2.06-7.11)
= 29) (Missing = 6) P £ .0001
2.1) 97 (38.5) Reference
2.3) 52 (20.6) 0.67 (0.37-1.20)
5.5) 103 (40.9) 0.24 (0.13-0.44)
= 93) (Missing = 62)

= 105) (Missing = 71) P = .29
.1) 37 (19.8) 0.51 (0.15-1.77)
8.9) 150 (80.2) Reference
n = 23 n = 186) P = .68
.4) 49 (26.3) 1.22 (0.48-3.15)
9.6) 137 (73.7) Reference
= 77) (Missing = 59)
(SD 5.9) 21.2 mm (SD 6.6) P = .03

1.05 (1.00-1.10)
(SD 6.3) 21.3 mm (SD 6.7) P = .09

1.04 (0.99-1.09)

cases: Pepi-Pod � 1, hand-made or household item � 1.
es: nil.

MacFarlane et al
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softness was seen among cases and controls (23.3 mm vs
21.2 mm) when placed and showed a statistically significant
relationship to SUDI risk (unimputed aOR 1.05 per mm,
95% CI 1.00, 1.10; P = .03) (Table V). This equates to an
increased risk of 1.63 per centimeter. Based on the
difference between cases and controls of 2.1 mm, the
increase in risk is approximately 1.11 for the average case,
compared with the average control. The large SD indicates
that some infants were at a marked increased risk due to
mattress softness.

Cot Bumpers and Toys
Cot bumpers were used by a small proportion of infants
(cases: n = 3, 11.1%; controls: n = 37, 19.8%) and did not
present a significant increased risk of SUDI (OR 0.51, 95%
CI 0.15-1.77). Likewise, soft toys in the cot were present in
7 (30.4%) cases and 49 (26.3%) controls and did not show
a significant risk (OR 1.22, 95% CI 0.48-3.15) (Table V).

Discussion

We have shown that the prevalence of hazardous situations,
in which infants are exposed to sleeping on a sofa, or to
caregivers that have recently used alcohol and/or cannabis
and other drugs (controls <0.5%, 7.2%, and <0.5%, respec-
tively), is low in our high-risk control population. However,
in situations where they do exist, the risk to infants appears to
be very high, particularly in combination with maternal
smoking and bed sharing.

The size of the infant population at risk from sofa-sleeping
is unclear, as few studies have investigated this practice in
detail. Infant deaths on sofas have been associated with side
sleeping, changes in infant sleep location, and/or bed type
by caregivers during the last sleep, exposure to tobacco smok-
ing in pregnancy, and infants sleeping with others on a sofa.9

Of the hazardous situations reported in this study, very few
infants slept on sofas (controls n = 1; cases n = 11). The 8
infants who died while sharing the sofa were placed and
found during the night and early morning, and they were
at statistically significant increased risk of SUDI, which is
consistent with previous research in this area.7-9

The effects of habitual alcohol intake on the risk of SUDI
are uncertain, as previous studies have found nil or weak
evidence.23 In the present study, recent use of alcohol and/
or cannabis and other drugs by caregivers was uncommon
in the study population, and individually there was no statis-
tically significant effect on SUDI risk when analysis was car-
ried out using imputed data. Few caregivers in the control
group reported using alcohol before or during the nominated
sleep (7.2%). In comparison, the Ministry of Health’s New
Zealand Annual Survey reported that 20% of adults aged
15 years or older drank hazardously in the 12 months to
mid-2019.24 Although pregnant women and women of
child-bearing age would likely comprise only a small portion
of these figures, it may suggest that mothers in the control
group were adhering to national guidance to avoid alcohol
Infant Sleep Hazards and the Risk of Sudden Unexpected Death
during infant care. Alternatively, the knowledge that they
were drinking whilst caring for an infant could have led to
under reporting.
New Zealand research in the 1990s reported that recent

maternal alcohol use was not an independent risk factor for
SUDI.23 An analysis of pooled data from 5 case–control
studies—of which a large proportion of the alcohol data
was imputed—concluded that infants of all ages of mothers
who consumed 2 or more units of alcohol, room-shared,
and had a nonsmoking partner, but did not bed share or
use drugs or have any other risk factors, were at an approxi-
mate 5-fold increased risk of SUDI.25

In our multivariable analyses, the imputed data showed no
statistically significant increased risk for recent use by care-
givers of alcohol (IaOR 2.40, 95% CI 0.90-6.39 vs aOR 3.04,
95% CI 1.04-8.89) or cannabis and other drugs (IaOR 6.92,
95% CI 0.59-81.02 vs aOR 6.41, 95% CI 0.44-94.26). In the
2012/2013 New Zealand-wide health survey, 8% of women
aged 15 years and older reported using cannabis in the previ-
ous 12 months.26 As with alcohol use, this could indicate that
mothers in the control group, who were generally the main
caregivers, followed general health advice not to use cannabis
while caring for their infant. Previous New Zealand–based
and international research has reported regular cannabis use
as a weak risk factor for SUDI,27 and that maternal cannabis
use during pregnancy was not associated with an increased
risk of SUDI after controlling for tobacco smoking
in pregnancy.10

The prevalence of the hazards (sofa-sleeping, caregiver use
of alcohol, and/or cannabis and other drugs) was low in this
study. However, the presence of multiple hazards increased
the risk of SUDI, especially for very young infants (younger
than 3 months of age). The key driver of risk in the interac-
tions was tobacco smoking in pregnancy, whether in
combination with bed sharing, or one or more hazards, or
both. No other individual factor or combination was
significant without smoking.
It should be noted that for young infants, bed sharing

without exposure to tobacco smoking or hazards was associ-
ated with a statistically significant increased risk of SUDI.
This in contrast to the contention of others that it is the
presence of smoking or hazards that cause the increased
risk associated with bed sharing.
The CIs for the interactions of the combined hazards, bed

sharing, and tobacco smoking in pregnancy are wide, due to
the very low prevalence of hazards in the control population.
This suggests that the missing data were associated with
smoking. This is feasible, as the missing data were predomi-
nantly from the case group, where M�aori were
over-represented, and M�aori are known to have greater
smoking rates than non-M�aori.22

The sleep environment is important as most SUDI deaths
happen during sleep, and particularly overnight.28,29 Detailed
guidelines exist around the safety or otherwise of bed clothes,
pillows, and other items in the sleep environment.29 Research
has been carried out in relation to thermoregulation,29,30 but
in Infancy 7
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few studies have investigated the physical nature of the sleep
environment, including the surface, bedding, and items such
as soft toys.

Cots or similar were the most common type of bed used
among the controls and remain the safest place for infants
to sleep. Pillows in the infant sleep environment have previ-
ously been reported as a danger to infants,31,32 as has the use
of soft bedding during bed sharing.33 This analysis further
adds to this evidence and suggests an increased risk when
pillows are in the sleep environment, and a greater risk
when under the infant. No risk was observed in this study
in relation to cot bumpers or toys in the cot.

The degree to which infants were tucked in, whether in a
cot, adult bed, or sofa, was associated with SUDI risk. Being
firmly or very firmly tucked in was protective (OR 0.24,
95% CI 0.13-0.44), compared with being untucked, loosely
tucked, or uncovered (Table V). These findings echo those
of the New Zealand Cot Death Study (1989-1991), in which
firm tucking contributed to reducing the risk of SUDI.31

There was no discernible difference in SUDI risk among
M�aori and non-M�aori controls in relation to use of a sofa
as the nominated sleep space and/or recent use by caregivers
of alcohol and/or cannabis and other drugs. This suggests
that our previous findings, in which smoking in pregnancy
is the key difference in the disparity in SUDI experienced
by M�aori compared with non-M�aori, are still accurate.22

We note that maternal smoking of tobacco during pregnancy
and after the birth of the child is highly correlated, but the ef-
fect of smoking in utero on the fetus is profound, resulting in
reduced birthweight and reduced arousal response.34-37

Key strengths of the study were the inclusion of nearly all
eligible cases (96%), and the collection of complete datasets
from controls. Limitations included a lower-than-expected
response rate for controls andmissing data across the variables
for cases, compared with controls, although this has beenmiti-
gated by imputation. Imputation helped to minimize the issue
ofmissing data, but it is also a limitation.However, a sensitivity
analysis of the original individual participant data meta-
analysis of SIDS and bed sharing showed that the results were
consistent with the imputed results, suggesting we can have
confidence in the imputed results.38

The combination of tobacco smoking in pregnancy and
bed sharing continues to present the greatest SUDI risk for
infants, and very young infants are at even greater risk, which
further increases with each additional hazard (sofa-sleeping
and/or recent use by caregivers of alcohol and/or cannabis
and other drugs). For infants younger than 3 months, bed
sharing even without smoking and hazards is associated
with an increased risk of SUDI. Further initiatives are
required to address the environment in which a large propor-
tion of SUDI deaths occur. Given that smoking remains a
pivotal and modifiable risk factor, there is continued need
for the implementation of effective, appropriate programs
for smoking cessation, safe sleep, and the supply of safe sleep
beds, to reduce SUDI rates in New Zealand and address the
significant and ongoing SUDI disparity among M�aori and
other vulnerable populations. n
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