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Sudden infant death syndrome
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ABSTRACT

Sudden infant death syndrome (SIDS) continues to be the
most common cause of postneonatal infant death. SIDS is a
complex, multifactorial disorder, the cause of which is still not
fully understood. However, much is known now about envi-
ronmental risk factors, some of which are modifiable. These
include maternal and antenatal risk factors such as smoking
during pregnancy, as well as infant-related risk factors such as
non-supine sleeping position and soft bedding. Emerging evi-
dence also substantiates an expanding number of genetic risk
factors. Interactions between environmental and genetic risk
factors may be of critical importance in determining an in-
fant’s actual risk of SIDS. Although no practical way exists to
identify which infants will die of SIDS, nor is there a safe and
proven prevention strategy even if identification were feasible,
reducing exposure to modifiable risk factors has helped to
lower the incidence of SIDS. Current challenges include wider
dissemination of guidelines to all people who care for infants,
dissemination of guidelines in culturally appropriate ways,
and surveillance of SIDS trends and other outcomes associ-
ated with implementation of these guidelines.
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udden infant death syndrome (SIDS) is defined as the

sudden death of an infant under 1 year old that is un-

expected by history and unexplained after a thorough
postmortem examination, including a complete autopsy, in-
vestigation of the scene of death and review of the medical
history." Despite declines in SIDS rates of more than 50% in
Canada, the United States and many other countries, SIDS
continues to be the leading cause of postneonatal infant
death, accounting for about 25% of all deaths between 1
month and 1 year of age.>* The declines in rates are attrib-
uted in large part to educational campaigns advocating that
infants be placed on their back to sleep, that an overall safe
sleeping environment be provided and that other potential
risk-reduction measures be taken. The SIDS rates in Canada
and the United States were 0.3 and 0.6 per 1000 live births
respectively in 2002, compared with rates of 0.8 and 1.3 per
1000 live births respectively in 1990 (Canada: Statistics
Canada and Canadian WHO Statistical Information Ser-
vices; Aurore Coté: personal communication, 2005).>*
There is evidence in some countries, however, that this re-
markable progress is reaching a plateau. Changes in the
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classification of sudden unexpected deaths in infants by
medical examiners, coroners and other certifiers from SIDS
to the categories of asphyxia and “unknown” may be falsely
reducing SIDS rates while the overall rate of death from un-
expected deaths in infants remains the same.** In order to
reduce SIDS rates further, it may be necessary to develop
more robust campaigns or other intervention strategies that
focus on all of the modifiable risk factors.

Researchers continue to investigate possible causes of
SIDS and the factors associated with an increased or de-
creased risk of occurrence. More recently, the genetic basis of
SIDS has been an emerging area of research. In this review,
we summarize the pathophysiology, epidemiology and ge-
netic risk factors as well as the interactions between genetic
and environmental risk factors, with particular emphasis on
newer findings. In addition, we include the new SIDS policy
statement from the American Academy of Pediatrics.

Pathophysiology

There are no routine autopsy findings pathognomonic of SIDS
and no findings required for its diagnosis. There are, however,
some common observations.® Petechial hemorrhages occur in
68%—95% of cases and are more extensive than in explained
causes of infant death. Pulmonary congestion is present in
89% of SIDS cases (p < 0.001 compared with non-SIDS
deaths), and pulmonary edema in 63% (p < 0.01).

In autopsies performed according to a research protocol,
infants who died of SIDS were found to have several identifi-
able changes in the lungs and other organs and in brainstem
structure and function.®” Nearly two-thirds of them had
structural evidence (tissue markers) of pre-existing, chronic
low-grade asphyxia, and other studies identified biochemical
markers of asphyxia, including vascular endothelial growth
factor (VEGF) in cerebrospinal fluid (CSF).* The mean VEGF
concentration in CSF was 308 (standard deviation [SD] 299)
pg/dL in SIDS cases compared with 85 (SD 83) pg/dL in non-
SIDS-related infant deaths. SIDS infants have been found to
have structural and neurotransmitter alterations in the brain-
stem, consistent with abnormalities in autonomic regulation.
These brainstem findings include persistent increases in
dendritic spines (indicating neuronal maturational delay) and
delayed maturation of synapses in medullary respiratory cen-
tres, decreased tyrosine hydroxylase immunoreactivity in cat-
echolaminergic neurons, and decreases in serotonin (5-HT)
1A and 2A receptor immunoreactivity.*’
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Up to 60% of SIDS cases have been found to show
histopathological evidence of varying degrees of hypoplasia
of the arcuate nucleus, an integrative site for vital autonomic
functions, and neurotransmitter studies have identified re-
ceptor abnormalities in some SIDS cases that involve several
receptor types relevant to autonomic control.” These deficits
include significant decreases in binding to kainate, mus-
carinic cholinergic and 5-HT receptors.

Risk factors

A number of factors, both modifiable and not, have been
found to have significant associations with SIDS (Box 1). It
is possible that the case—control design, used frequently in
studying risk factors for SIDS, introduces unmeasured bi-
ases through both selection and participation of cases and
controls.’ However, studies using complete cohort and
case series data have confirmed findings from case—control
studies.™ ™ In addition, multiple logistic regression analy-
sis of data from case—control studies does control for po-
tential confounders to a substantial extent, albeit perhaps
not always completely. Although we can never be fully sure
that all possible confounders are considered in these analy-
ses, the general consistency of findings across studies for
many of the risk factors described herein strengthens their
overall validity.

Sociodemographic factors
Although SIDS affects infants from all social strata, lower so-

cioeconomic status, younger maternal age, lower maternal
education level and single marital status are consistently as-

sociated with an increased risk of SIDS. In the United States,
infants who are black, American Indian and Alaskan Native
are 2—3 times more likely than white infants to die of SIDS,
whereas Asian, South Pacific and Hispanic infants have the
lowest incidence rates.?> Rates of SIDS 5—7 times higher
among indigenous peoples than in other groups have been
reported in other countries.” Some of this disparity may be re-
lated to the higher concentration of poverty and other adverse
environmental factors found in the communities with higher
incidence. Despite declines in SIDS across all social and racial
groups following educational campaigns, recent trends indi-
cate that there are now even greater social and racial
disparities.***>*

Infants are at greatest risk of SIDS at 2—4 months of age,
with most SIDS-related deaths having occurred by 6 months.
This characteristic age distribution has decreased in some
countries as the SIDS incidence has declined, with occurrence
of deaths at earlier ages and flattening of the peak inci-
dence.*"” Similarly, the commonly found winter seasonal
predominance of SIDS has declined or disappeared in some
countries as the prevalence of infants sleeping in the prone
position has decreased, which supports prior findings of an
interaction between sleeping position and factors more com-
mon during colder months (e.g., overheating and infec-
tion).*** Infant boys are 30%-50% more likely than girls to
be affected.>*>*

Pregnancy-related factors

Several pregnancy-related factors are associated with an in-
creased risk of SIDS, which suggests a suboptimal in utero
environment.” Studies have shown that mothers of SIDS in-

fants generally receive less prenatal care

Box 1: Environmental factors associated with an increased risk of sudden infant

death syndrome (SIDS)*

Maternal and antenatal Infant risk factors

risk factors

o Age (peak 2-4 mo, but peak may be

and initiate care later in pregnancy than
do mothers of living control infants.****
Other pregnancy-related risk factors in-
clude low birth weight, preterm birth, in-
trauterine growth retardation and shorter
intervals between pregnancies.**>** SIDS
infants are often the second or higher-or-
der birth child. This effect may be related

» Smoking decreasing)

» Alcohol use (especially o Male sex
periconceptionally and in first « Race/ethnic background (e.g., black,
trimester) Native Indian, other indigenous group)

« |llegal drug use (especially opiates)
» Inadequate prenatal care

» No pacifier (“dummy”) used at bed
time

» Low socioeconomic status » Prematurity

» Low age * Prone or side sleeping position

» Low level of education » Recent febrile illness

 Single marital status « Exposure to tobacco smoke
 Increased parity » Soft sleeping surface, soft bedding
« Short interval between pregnancies « Thermal stress/overheating

« Intrauterine hypoxia « Face covered by bedding

» Fetal growth retardation » Sharing bed with parents or siblings

« Sleeping in own room rather than in
parents’ room

« Colder season, no central heating
*Adapted from Hunt and Hauck.”
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to social strain in the care environment or
possibly to increased risk of infection
from siblings."*

Maternal substance use

There is a major association between
intrauterine exposure to cigarette smok-
ing and risk of SIDS. In studies compar-
ing SIDS rates before and after risk-
reduction campaigns, infants of mothers
who smoked were about 3 times more
likely than those whose mothers did not
smoke to die of SIDS before implementa-
tion of the campaigns and 5 times more
likely after the campaigns.* Most studies
have shown that the risk of death is pro-
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gressively greater as daily cigarette use increases, but the ac-
curacy of self-reported cigarette use data is uncertain.?***2°
There may be a small independent effect of paternal
smoking.> It is difficult to assess the independent effect of
postnatal exposure to environmental tobacco smoke, because
parental smoking behaviours during and after pregnancy are
highly correlated.> An independent effect of postnatal expo-
sure to tobacco smoke has been found in a small number of
studies as well as a dose response for the number of house-
hold smokers, people smoking in the same room as the in-
fant, cigarettes smoked and time the infant was exposed.”” '
These data suggest that keeping the infant free of environ-
mental tobacco smoke may further reduce an infant’s risk of
SIDS.

The evidence linking prenatal illegal drug use and SIDS is
conflicting. Overall, the studies do link maternal prenatal
drug use, especially opiates, with an increased risk of SIDS
ranging from 2- to 15-fold.»*° In general, studies have not
found an association between SIDS and maternal alcohol use
prenatally or postnatally. In one study involving Northern
Plains Indians, however, periconceptional alcohol use and
binge drinking in the first trimester were associated with a
6-fold and an 8-fold increased risk of SIDS, respectively.* In a
Dutch study, maternal alcohol consumption in the 24 hours
before the infant died was associated with a 2—-8-fold in-
creased risk.*” Siblings of infants with fetal alcohol syndrome
have been reported to have a 1o0-fold increased risk of SIDS
compared with controls.*®

Infant sleep practices and environment

The prone sleeping position has consistently been shown to
increase an infant’s risk of SIDS.? As rates of prone sleeping
have decreased in the general population, the odds ratios for
SIDS among infants still sleeping prone have increased. For
example, in Norway the odds ratio for SIDS among infants
sleeping prone was 2.0 before an educational campaign and
11.0 after the campaign.* Infants at highest risk of SIDS may
be those who are usually placed in another sleeping position
but were placed on their stomachs for last sleep (“unaccus-
tomed prone”) or were found in the prone position (“sec-
ondary prone”).** The unaccustomed prone position is more
likely to occur in daycare or other settings outside the home
and highlights the need for all infant caretakers to be edu-
cated about appropriate sleep positioning. Initial recommen-
dations in SIDS risk-reduction campaigns considered
placing an infant on his or her side to sleep to be nearly
equivalent to the supine position in reducing the risk of
SIDS, but subsequent studies have indicated that infants who
sleep on their side are twice as likely to die of SIDS as infants
sleeping supine.** Thus, current recommendations call for
placing all infants on their back for sleep except those few
with specific medical conditions, for which a different posi-
tion may be justified.** Some newborn nursery staff still
place infants on their side, which models inappropriate in-
fant care practice to parents. Many parents and health care
providers were initially concerned that supine sleeping
would be associated with an increased risk of adverse conse-
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quences (e.g., difficulty sleeping, vomiting or aspiration).
However, evidence suggests that the risk of regurgitation
and choking is highest among infants who sleep in the
prone position.** Infants sleeping on their backs have not
been shown to have more episodes of cyanosis or apnea than
infants sleeping in other positions, and reports of apparent
life-threatening events decreased in Scandinavia after in-
creased use of the supine position.** A US cohort study
showed that infants sleeping on their back or side were not
more likely than prone sleepers to have clinical symptoms or
reasons for outpatient visits, and some symptoms and visits
were actually less common among the supine sleepers.**

Soft mattresses, older mattresses and soft, fluffy bed-
ding such as comforters, pillows, sheepskins and poly-
styrene-bean pillows have been associated with a 2—3-fold
increased risk of SIDS.>*>** Combinations of risk factors
result in even higher risk; for example, prone sleeping in
soft bedding has been associated with a 20-fold increased
risk of SIDS.* Loose bedding, including heavy comforters,
covering the head and face has also been associated with an
increased risk.*>*” Overheating has been associated with in-
creased risk of SIDS based on indicators such as increased
room temperature, high body temperature, sweating, and
excessive clothing or bedding.? Some studies have identi-
fied an interaction between overheating and prone sleep-
ing, with overheating increasing the risk of SIDS 6-10-fold
only among infants sleeping in the prone position.***
High external environmental temperatures, however, have
not been associated with increased SIDS incidence in the
United States.*

Several studies have implicated bed sharing as a risk fac-
tor for SIDS. Earlier case—control studies in England and
New Zealand showed a 5—9-fold increased risk associated
with bed sharing only among infants of mothers who
smoked.*>** More recent studies have found that bed shar-
ing was associated with increased risk of SIDS even if
mothers did not smoke or if they breast-feed, particularly
among younger infants.*>**** Bed sharing has been found
to be extremely hazardous when other children are in the
same bed, when the parent is sleeping with an infant on a
couch or other soft or confining sleep surface and when the
infant is less than 4 months of age.***>*"**>* Risk is also in-
creased with longer duration of bed sharing during the
night; returning the infant to his or her own crib was not
associated with increased risk.”>** Some authors have hy-
pothesized potentially protective effects among infants
who are bed sharing and breast-feeding based on observa-
tions from sleep laboratory studies, including improved
maternal inspections, more infant arousals and less deep
sleep.”>*® However, no epidemiologic studies have reported
a protective effect from bed sharing, and bed sharing hence
should not be encouraged as a method of reducing SIDS
risk. There is evidence that sleeping in the parents’ room
without bed sharing is associated with about a third the
risk of SIDS compared with sleeping in a room separate
from the parents.***“*>%” Thus, the safest place for an in-
fant to sleep may be in the parents’ bedroom in a separate
crib or bassinet.
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Box 2: Genes identified in case-control studies for which
the distribution of polymorphisms differed between
infants who died of SIDS and control infants*

Cardiac ion channelopathies

« Sodium channel (SCN5A)

» Potassium channel

Promoter region of the serotinin (5-HT) transporter gene
(5-HTT)

Autonomic nervous system development
 Paired-like homeobox 2a (Phox2a)

» Rearranged during transfection (RET)

« Endothelin-converting enzyme-1 (ECE1)
o T-cell leukemia homeobox (TLX3)

o Engrailed-1 (ENT)

Infection and inflammation

» Complement C4A and C4B

« Interleukin-10

*Adapted from Hunt.”

Infant feeding practices and exposures

The association between breast-feeding and SIDS is inconclu-
sive, which may reflect the different ways in which breast-
feeding is defined and measured.** Most studies demon-
strated a protective effect of breast-feeding that was not
present after adjusting for confounding factors, which sug-
gests that breast-feeding is a marker for lifestyle or socioeco-
nomic status and not an independent factor.> A few studies
showed a reduced risk even after adjustment for potential fac-
tors, or they showed a dose response in which longer breast-
feeding duration was associated with lower risk.**** A recent
analysis from the United States found that breast-feeding is
associated with a decreased risk of postneonatal deaths over-
all but not with a decreased risk of SIDS.*® Although the bene-
fits of breast-feeding are many, data are currently inadequate
to recommend it as a strategy to reduce the risk of SIDS.

Use of a pacifier has been associated with a significantly
lower risk of SIDS in the majority of case—control studies
when used for last or reference sleep. A meta-analysis found
this reduced risk to be equal to an adjusted summary odds
ratio of 0.39 (95% confidence interval [CI] 0.31-0.50).>° A re-
cent California study found an even lower risk associated
with pacifier use during last sleep (adjusted odds ratio 0.08
[95% CI 0.03-0.21]), and reduced risk was found in all so-
ciodemographic and risk categories examined, including
breast-fed infants.* It is not known whether this reduction
results from a direct effect of the pacifier itself or from asso-
ciated infant or parental behaviours. There is increasing evi-
dence, however, that pacifier use and dislodgement may en-
hance arousability of infants during sleep or help regulate
autonomic control.*"%

Concerns have been expressed about recommending paci-
fiers as a means of reducing the risk of SIDS for fear of creat-
ing adverse consequences, particularly interference with
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breast-feeding.®**> However, no association between pacifier
use and breast-feeding duration has been found in well-
designed randomized controlled trials when the pacifier was
introduced after breast-feeding was established.”® Small in-
creases in the incidence of otitis media and of respiratory
tract and gastrointestinal illness have been reported among
pacifier users compared with nonusers.* One study found
that the risk of SIDS was increased among habitual pacifier
users who did not use it for last sleep compared with those
who did use it for last sleep and those who never used a paci-
fier.** This finding was not found in other studies in multi-
variate analysis.>*® The finding suggests, however, that for
habitual users, pacifiers should be used consistently when
placed for sleep. The Netherlands and Germany have recom-
mended pacifier use as a way to potentially reduce the risk of
SIDS.%”® The most recent American Academy of Pediatrics
guidelines recommend pacifier use once breast-feeding has
been established.* The Canadian Paediatric Society recom-
mends that counselling about pacifiers be part of routine an-
ticipatory guidance, but “until further research leads to more
conclusive evidence on adverse outcomes,” pacifier use
should be a matter of parental choice.®** The Canadian Pae-
diatric Society also recommends that the use of pacifiers not
be routinely discouraged, since the current evidence suggests
a decreased risk of SIDS associated with their use.

Upper respiratory tract infections have generally not been
found to be an independent risk factor for SIDS. These and
other minor infections, however, may play a role in the patho-
genesis of SIDS. An increased risk of SIDS, for example, has
been found to be associated with illness among infants sleep-
ing in the prone position, those heavily wrapped and those
whose heads were covered during sleep.”

In case—control studies, fewer SIDS infants than control
infants were found to have been immunized.** However,
among immunized infants, no temporal relation between
vaccine administration and death has been identified. Parents
should be reassured that immunization does not present a
risk for SIDS.*

Genetic risk factors

Sequencing the estimated 25 ooo genes in the human
genome has resulted in fundamental changes in our under-
standing of the role of specific genes in both health and dis-
ease. Genetic studies have now identified multiple ways in
which infants who died of SIDS differ from healthy infants
and those dying of other causes (Box 2).”>”* Long QT syn-
drome is associated with sodium- and potassium-channel
polymorphisms.” Overall, it is estimated that 5%-10% of
SIDS cases are associated with a defective cardiac ion channel
and hence an increased potential for a lethal arrhythmia.
Several studies have identified polymorphisms in the sero-
tonin transporter (5-HTT) gene in infants who have died of
SIDS.”® Serotonin (5-HT) is a widespread neurotransmitter
that affects a wide array of autonomic functions, including
breathing, cardiovascular and circadian regulation. Several
polymorphisms have been identified in the promoter region
of the 5-HTT gene. Compared with the S allele, the L allele in-
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creases effectiveness of the promoter, resulting in reduced 5-
HT concentrations at nerve endings. White, black and Japan-
ese infants who died of SIDS were more likely than matched
controls to have the L allele. There is also a negative associa-
tion between SIDS and the S/S genotype. The L/L genotype
has been associated with increased 5-HT transporters on neu-
roimaging and postmortem binding studies in SIDS infants.”

Genetic studies have identified mutations in SIDS infants
pertinent to early embryologic development of the autonomic
nervous system.” The 5 genes with identified mutations are
listed in Box 2. Genetic differences among SIDS infants have
also been reported for the complement C4 gene: in a case—
control study, SIDS infants who had a mild upper respiratory
tract infection before death were more likely than SIDS in-
fants without infection and living control subjects to have
deletion of either the C4A or C4B gene.” Partial deletions of
the C4 gene in combination with a mild upper respiratory
tract infection may thus increase the risk of SIDS. SIDS in-
fants have also been reported to have polymorphisms in the
gene promoter region for interleukin-ro (IL-10), an anti-
inflammatory cytokine. IL-10 polymorphisms result in de-
creased IL-10 levels, which could lead to decreases in anti-
body production or increases in inflammatory cytokine
production.”

No cost-effective way currently exists to screen for any of
these genetic polymorphisms in early infancy. Indeed, except
for the cardiac ion channelopathies, no specific clinical ab-
normality or phenotype has been de-

polymorphisms in other SIDS cases, but there are no ante-
mortem QT-interval data available for SIDS infants with post-
mortem genetic data. Infants who later died of SIDS were
found to have higher heart rates and diminished heart rate
variability in all sleep and waking states.”” Some infants who
later died of SIDS had deficient autonomic heart rate re-
sponses to obstructive apnea, which may have led to reduced
electrical stability of the heart in response to external or en-
dogenous stress factors.”

Interactions between genetic
and environmental risk factors

The actual risk of SIDS in individual infants is determined by
complex interactions between genetic and environmental risk
factors (Fig. 1). There appears, for example, to be an interac-
tion between prone sleeping position and impaired ventila-
tory and arousal responsiveness.”” Face-down or nearly face-
down sleeping does occasionally occur in prone-sleeping
infants and can result in episodes of airway obstruction, but
healthy infants will arouse before such episodes become life-
threatening.®* However, infants with insufficient arousal re-
sponsiveness to asphyxia would be at risk of sudden death.”
There may also be interactions between modifiable risk fac-
tors such as use of soft bedding, prone sleeping position and
thermal stress, and links between genetic risk factors such as

lineated for the polymorphisms identi-
fied in SIDS infants. However,
abnormalities one might expect from
the identified polymorphisms are con-
sistent with autopsy findings and with
the physiologic studies available in
young infants later dying of SIDS and
in infants at increased risk of SIDS
(siblings of prior SIDS infants and in-
fants having had an apparent life-
threatening event).”””® The observed
physiologic abnormalities are indica-
tive of deficient brainstem autonomic
neuroregulation including respiratory
pattern, chemoreceptor sensitivity,
control of heart and respiratory rate
and variability, and asphyxic arousal
responsiveness. A deficit in arousal re-
sponsiveness may be a necessary pre-
requisite for SIDS to occur but may be
insufficient to cause SIDS in the ab-
sence of other genetic or environmen-
tal risk factors.”

The ability to shorten the QT inter-
val as the heart rate increases appears

Thermal
stress

Environmental
risk factors

Sleeping face
down or on side

Soft bedding

Genetic
risk factors

5-HTT
polymorphism

A

4

Impaired
autonomic l ANS .
regulation polymorphism

A

A

Cardiac
ion channelopathy

\
v
Complement
. or interleukin

polymorphism

to have been impaired in some SIDS in-
fants, which suggests that such infants
may be predisposed to ventricular ar-
rhythmia.* This is consistent with ob-
servations of cardiac channel gene

Fig. 1: Schematic summary of potential interactions between environmental and genetic
risk factors for sudden unexpected death in infancy and sudden infant death syndrome
(SIDS). The clinical consequences (phenotype) are not known for the autonomic nervous
system and serotonin transporter (5-HTT) polymorphisms. Adapted from Hunt.”
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ventilatory and arousal abnormalities and temperature or
metabolic regulation deficits. Cardiorespiratory control
deficits could be related to 5-HTT polymorphisms, for exam-
ple, or to polymorphisms in genes pertinent to the develop-
ment of the autonomic nervous system. Affected infants
could be at increased risk of sleep-related hypoxemia and
hence more susceptible to adverse effects associated with un-
safe sleeping position or bedding. Infants at increased risk of
sleep-related hypoxemia and secondary acidosis could also be
at increased risk of fatal arrhythmias in the presence of a car-
diac ion channelopathy.®*

Recent febrile illness, often related to upper respiratory
tract infection (Box 1), has been observed in 50% or more of
SIDS cases. Although not considered to be of primary etio-
logic significance, such otherwise benign infections could in-
crease the risk of SIDS in infants with genetically determined
impaired immune responses (Box 2).” Interactions between
upper respiratory tract infection or other minor illnesses and
other factors such as prone sleeping position may also play a
role in the pathogenesis of SIDS. Mast-cell degranulation has
been reported in SIDS cases, a finding consistent with an ana-
phylactic reaction to a bacterial toxin. Some family members
of SIDS infants have been found to have mast-cell hyper-
releasability and degranulation, which suggests that this may
be another genetic factor influencing fatal outcomes in the
presence of otherwise minor infections in infants.”

The increased risk of SIDS associated with fetal and post-
natal exposure to cigarette smoke may be related at least in
part to genetic factors affecting brainstem autonomic con-
trol.>”” Both animal and clinical studies have shown de-
creased ventilatory and arousal responsiveness to hypoxia
following fetal nicotine exposure, and impaired autoresusci-
tation after apnea has been associated with postnatal nicotine
exposure.*®® Decreased brainstem immunoreactivity to se-
lected protein kinase C and neuronal nitric oxide synthase
isoforms has been observed in rats exposed to cigarette
smoke prenatally, another potential cause of impaired hy-
poxic responsiveness.®” Smoking increases susceptibility to
viral and bacterial infections and increases bacterial binding
after passive coating of mucosal surfaces with smoke compo-
nents, implicating interactions between smoking, cardiores-
piratory control and immune status.®**°

Infants at increased risk of SIDS

Infants at increased risk of SIDS include those who have had
an apparent life-threatening event, siblings of prior SIDS in-
fants and infants born preterm.*’

An apparent life-threatening event is defined as a sudden,
unexpected change in an infant that is frightening to the
caregiver but does not lead to sudden death or persistent col-
lapse. Sudden colour change (cyanosis or occasionally
marked pallor) is the most frequent observation, typically as-
sociated with initial unresponsiveness to external stimula-
tion; apparent apnea is another frequent observation. A his-
tory of an unexplained apparent life-threatening event has
been reported in 5%—9% of SIDS infants, but no definitive
incidence rates are available. The risk of SIDS may be up to
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3—5 times greater among infants with such a history.® Al-
though most studies of apparent life-threatening events have
not specified gestational age at birth, 30% of infants with
such a history in the Collaborative Home Infant Monitoring
Evaluation (CHIME) study had a gestational age of less than
38 weeks at birth.*

The next-born siblings of first-born infants dying of a nat-
ural cause have been found to be at significantly increased
risk of death during infancy from the same cause, including
SIDS.7>°*%% The risk of recurrent infant death from the same
cause as in the index sibling is increased to a similar degree
among subsequent siblings for both explained causes and for
SIDS (relative risks for recurrence 5—-13 and 5-6, respectively).
The extent to which the risk of SIDS may be increased in sub-
sequent siblings is controversial, primarily because of the ab-
sence of objective criteria for ruling out intentional suffoca-
tion and to limited prior understanding of the role of genetic
risk factors.”®”* However, there are now substantial data in
support of genetic risk factors for recurrent SIDS, and recent
epidemiologic data confirm that second infant deaths in fam-
ilies are not rare and that at least 80%—90% are natural.>* Re-
current infant death from SIDS in subsequent siblings is 6
times more likely than from homicide.

Many studies have identified an inverse relation between
the risk of SIDS and birth weight or gestational age.® The
postnatal age of preterm infants who died of SIDS was found
to be 5—7 weeks more, and the postmenstrual age 4—6 weeks
less, than that of term infants who died of SIDS.”” Compared
with infants whose birth weight was 2500 g or more, those
with a birth weight of 1000-1499 g and 1500-2499 g were
about 4 and 3 times more likely, respectively, to die of SIDS.*°

Clinical strategies

Intervention

No method currently exists to identify future SIDS cases at
birth, and there is no proven intervention even if prospective
identification were feasible. No assessment of cardiorespira-
tory pattern or other autonomic abnormality has sufficient
sensitivity and specificity to be useful for screening. There is
no evidence that home electronic surveillance using existing
technology reduces the risk of SIDS.** Although a prolonged
QT interval can be treated, neither the role of routine neonatal
electrocardiographic screening nor the safety of treatment
has been established, and parental screening is not helpful
owing to the high frequency of spontaneous mutations caus-
ing long QT syndrome in infants and to the variable presence
of prolonged QT intervals in adults with a relevant geno-
type~70’77

Even though it is not possible to identify future SIDS in-
fants at birth, it is possible to identify infants at high risk of
SIDS based on combinations of established risk factors such
as low birth weight, exposure to tobacco smoke, single par-
ent, low maternal education and intent to bottle feed. Identi-
fying high-risk infants can be the basis for targeted enhanced
educational interventions to maximize adherence to recom-
mendations for reducing the risk of SIDS.
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Reducing the risk of SIDS

This goal is achievable, as evidenced by the dramatic de-
creases in SIDS rates associated with reductions in prone and
side sleeping positions and other modifiable risk factors.
The new American Academy of Pediatrics (AAP) guidelines
to reduce the risk of SIDS in individual infants are appropri-
ate for most infants.> The main components are summa-
rized in Box 3.

The recommendations of the Canadian Paediatric Society
(CPS) are very similar, the main exception being pacifier
use.** The CPS recommends that the use of pacifiers not be
routinely discouraged, rather than encouraged, at bedtime. It
also recommends that pacifiers continue to be used in neona-
tal intensive care units for non-nutritive sucking and comfort
in the preterm or sick infant.

Recommendations about bed sharing have been contro-
versial. The CPS and AAP have similar recommendations
about bed sharing and room sharing: infants should sleep in
safety-approved cribs for the first year of life under all circum-
stances, and parents should be made aware that room shar-
ing is associated with lower SIDS rates.® The CPS also recom-
mends that hospitals not permit mothers to sleep in the same

bed as their newborn during the postpartum period, while
still ensuring maternal-infant interaction for successful
breast-feeding initiation.

Because the majority of these recommendations are based
on findings from observational studies rather than on evi-
dence from randomized clinical trials, the effects of the
newer guidelines remain to be seen. However, we support the
AAP recommendations, since they are based on sound data
and absence of any evidence of potential harm and are there-
fore likely to be effective.

Summary

SIDS is a complex, multifactorial disorder for which contin-
ued research is needed to fully understand the relevant inter-
actions between genetic and environmental risk factors that
affect causation. In the meantime, epidemiologic evidence
and interventions based on this research have helped to re-
duce the incidence of SIDS. Current challenges include wider
dissemination of guidelines to all people who care for in-
fants, dissemination of guidelines in culturally appropriate
ways, and the surveillance of SIDS trends and other outcomes
associated with the implementation of these guidelines.

death syndrome (SIDS)

may impair their alertness.

not be used.

sack, may be used in place of blankets.

comfortable temperature.

sleeping (positional plagiocephaly).

rebreathing stale air are not recommended.

Box 3: Main components of the American Academy of Pediatrics guidelines to reduce the risk of sudden infant

« Term and preterm infants should be placed on their back to sleep. There are no adverse health outcomes from a
supine sleeping position. Infants should not be placed on their side to sleep.

 Infants should sleep in their own crib or bassinet that conforms to the safety standards of the Consumer Product
Safety Commission, preferably in the same room as their parents. Placing the crib or bassinet near the mother’s bed
will facilitate breast-feeding and contact. Infants should never be placed in a bed or on a sofa or chair with other
children. They should not be brought into bed with parents who are excessively tired or are using substances that

« Infants should be placed on a firm mattress to sleep. Waterbeds, sofas, soft mattresses or other soft surfaces should

» Soft materials in the infant’s sleep environment should be avoided, either over, under or near the infant. These
include pillows, comforters, quilts, sheepskins, cushion-like bumper pads and stuffed toys. Because loose bedding
may be hazardous, blankets, if used, should be tucked in around the crib mattress. Sleep clothing, such as a sleep

» Avoid overheating and overbundling. The infant should be lightly clothed for sleep and the thermostat set at a

 Infants should have some time in the prone position while awake and be observed. Alternating the placement of the
infant’s head as well as his or her orientation in the crib can also minimize the risk of head flattening from supine

» The use of devices advertised to maintain sleep position, to “protect” a bed-sharing infant or to reduce the risk of

» Home monitoring may be of value for selected infants who have extreme instability. However, there is no evidence
that monitoring decreases the incidence of SIDS, and it is therefore not recommended for this purpose.

» Consider the use of a pacifier at bedtime and naptime. The pacifier should be used when placing the infant down for
sleep but not be reinserted once it falls out (after the infant falls asleep). For breast-fed infants, delay the
introduction of a pacifier until the infant is 1 month old, to ensure that breast-feeding is well established.

» Mothers should not smoke during pregnancy, and infants should not be exposed to secondhand smoke.

» The national Back to Sleep campaign should be expanded to emphasize the multiple characteristics of a safe sleeping
environment and to focus on the groups who continue to be at increased risk of SIDS. Educational strategies should
be tailored to each racial/ethnic group to enhance compliance. In addition, these educational messages should be
targeted to secondary care providers, including day-care providers, grandparents, foster parents, babysitters and
health care professionals working in neonatal intensive care units and nurseries.
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