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Risk Factors, Protective Factors, and Current
Recommendations to Reduce Sudden Infant Death Syndrome

A Review
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IMPORTANCE Sudden infant death syndrome remains the leading cause of death in infants

aged 1month to 1year in the United States.

OBSERVATIONS While its exact cause is unknown, sudden infant death syndrome is believed

to be multifactorial, ie, occurs in infants with underlying biological vulnerability who
experience an exogenous stressor, such as prone/side sleeping or soft bedding, during a
critical developmental period. Much genetic and physiologic evidence points to impaired
arousal responses to hypercarbia and hypoxia, which ultimately leads to asphyxia. Known risk
factors for infants include prone and side sleeping, soft bedding, bed sharing, inappropriate
sleep surfaces (including sofas), exposure to tobacco smoke, and prematurity; protective
factors include breastfeeding, pacifier use, room sharing, and immunizations.

CONCLUSIONS AND RELEVANCE Despite our improved understanding of the physiologic
mechanisms that cause sudden infant death, the mainstay of risk reduction continues to be a
safe sleep environment, as most infants who die suddenly and unexpectedly do so in unsafe

sleep environments.
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uddeninfant death syndrome (SIDS) remains the third lead-

ing cause of allinfant mortality in the United States (after con-

genital malformations and disorders related to short gesta-
tionand low birth weight) andis the leading cause of deathininfants
aged Tmonth to 1year, with greater than 1900 deaths per year (ap-
proximately 0.49 deaths per 1000 live births).' Suddeninfant death
syndrome is defined as the sudden death of an infant younger than
1year that cannot be explained after a thorough investigation, in-
cluding autopsy, scene investigation, and clinical history.2 Despite
advances in our understanding of the pathophysiology of SIDS, it re-
mains a diagnosis of exclusion.

Sudden unexpected infant death (SUID) is a term that encom-
passes SIDS (International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision code R95), asphyxia (in-
cluding "accidental suffocation and strangulationin bed"; code W75),
andill-defined and unknown deaths (code R99) for infants younger
than 1year. An explanation may be determined after autopsy and
death scene investigation in deaths that begin with an SUID diag-
nosis. Examples of this include SUIDs with cardiac, metabolic, and
infectious etiologies. However, because there are no consistent au-
topsy findings that can reliably distinguish between SIDS and unin-
tentional suffocation, the determination of the final cause of death
generally relies on the scene investigation. Indeed, with more con-
sistent death scene investigation, there has been a diagnostic shift
over the past 20 years; some deaths that would previously have been
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considered SIDS are now being classified into other categories, such
as accidental suffocation and strangulation in bed, asphyxia, andill-
defined deaths.>* Sudden unexpected infant death accounts for
more than 3500 deaths annually in the United States.

While SIDS rates have more than halved since the beginning of
the Back to Sleep campaign (now “Safe to Sleep”) in 1994, there has
been no further decline since 2006. In contrast, deaths attributed
to accidental suffocation and strangulation in bed and ill-defined
deaths have increased in the past decade, such that the overall SUID
rate has remained constant since 2000.°

Despite the overall declinein deaths, racial variance in SUID rates
has persisted. The rate of SIDS in non-Hispanic African Americanin-
fants and American Indian/Alaskan Native infants remains more than
twice that of non-Hispanic white infants (0.87 and 0.96, respec-
tively, vs 0.42 deaths per 1000 live births), while Asian American and
Hispanicinfants have lower rates (0.2 and 0.22 deaths per 1000 live
births, respectively).” Similarly, rates of accidental suffocation and
strangulationin bed and ill-defined deaths are 2 to 3 times higherin
non-Hispanic African American and American Indian/Alaskan Na-
tiveinfants thanin non-Hispanic white infants.' These disparities are
present independent of socioeconomic status. Similar racial vari-
ance is observed in other Western countries. For example, in New
Zealand, which has one of the highest SIDS rates among Western
countries,* the rate in Maori natives is almost 5 times that of their
European counterparts.®
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Pathophysiology

Sudden infant death syndrome has long been believed to be multi-
factorial in origin. The triple risk hypothesis, which is the most
widely accepted model, proposes that SIDS occurs when there is
(1) a vulnerable infant in a (2) critical but unstable period of devel-
opment of homeostatic control (the highest risk period is at ages 2
to 4 months, with 90% of instances occurring before age 6
months) who experiences (3) an exogenous stressor (eg, prone or
side resting position, soft bedding, or in utero or environmental
tobacco exposure). Based on the model, all 3 factors must be pres-
ent for a death to occur.” Much research has focused on potential
physiologic etiologies that may create vulnerability in the infant.
While no studies have satisfactorily provided a complete explana-
tion, each factor studied may play a contributory role in selected
infants.

Asphyxia has long been thought to be the primary cause of
death in many instances of SIDS, based both on the practices (eg,
supine positioning and/or lack of soft bedding) known to be pro-
tective against SIDS and on the frequent autopsy finding of pulmo-
nary edema, which is often seen with asphyxiation.®® Infants rest-
ing in the prone position or lying with soft bedding may rebreathe
exhaled carbon dioxide, potentially leading to hypercarbia and
hypoxia.' If infants' environment does not change or infants are
unable to extract themselves from the hazardous situation, they
will ultimately die of asphyxia."

Some researchers believe that infants who died of SIDS have an
increased rate of chronic hypoxia. Several studies have demon-
strated changes in surfactant on autopsies of infants who died of
SIDS.'23 Decreased surfactant results in lower lung compliance and
is suspected to lead to a chronic relative hypoxia. In utero tobacco
exposure is also known to decrease lung capacity and compliance,
which may lead to chronic hypoxia.™ Elevated levels of vascular en-
dothelial growth factor,” lactate,'® and erythropoietin,”” all of which
aressigns of chronic hypoxia, are documented more frequently inin-
fants who died of SIDS compared with healthy controls. These data
support the hypothesis that hypoxia occurs prior to death in these
infants.

There is increasing evidence to suggest that a failure of the
arousal mechanism to trigger the distressed infant to wake up may
be acommon pathway in SIDS. It is known that infants sleeping prone
have higher arousal thresholds than those sleeping supine,'® and this
is a plausible mechanism for the increased risk seen with prone
positioning.

There are other studies that suggest that decreased auto-
nomic regulation is a possible contributing factor in SIDS. Indeed,
there are known biochemical differences in the brains of infants
who died of SIDS. Neuropathologic investigations have studied
serotonin (specifically 5-hydroxytryptamine receptors) levels in
the brainstems of infants who died of SIDS and controls, as seroto-
nin is known to have neuroexcitatory effects in the ventrolateral
medulla, leading to increased respiratory drive and arousal. Infants
who died of SIDS had elevated levels of 5-hydroxytryptamine
metabolites, indicating greater breakdown of serotonin, and lower
densities of serotonin receptor binding sites.’ In addition, genetic
studies have demonstrated polymorphisms in the serotonin trans-
porter protein 5-HTT, which transports serotonin intracellularly.
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These polymorphisms increase the promoter activity of the trans-
porter, thus decreasing extracellular serotonin concentrations and
reducing available concentrations at the synapse.2° These findings
may also contribute to impaired thermostasis and cardiac rhythm
dysregulation. New work has looked at levels of the neuropeptide
orexin, which is also believed to affect arousal thresholds; Hunt et
al*' recently demonstrated immunogenicity to orexin in infants
who died of SIDS compared with age-matched controls, support-
ing the concern for impaired arousal in these infants.

Neuronal immaturity and increased rates of cell death have also
been postulated to contribute to SIDS. Lavezzi et al*? found that a
marker present on mature neurons, neuronal nuclear antigen, was
significantly decreased in infants who died of SIDS compared with
controls, indicating increased neuronal immaturity. Others have sus-
pected that there may be alterations in the myelination of neurons
in infants who died of SIDS, although evidence for this is limited.?
Several laboratories have looked at rates of cell death and apopto-
sisininfants who died of SIDS, postulating that increased cell death
would lead to decreased autonomic regulation and arousal. Data over
the years have been variable, depending on the markers examined.
While data since 1995 revealed no increase in neuronal apoptosis
and cell deathininfants who died of SIDS compared with controls,>*
newer studies have indicated increased cell death specifically in the
brainstems of infants who died of SIDS.%> However, the exact con-
tribution of brainstem apoptosis to the mechanism of death re-
mains unclear.

Cardiac arrhythmias remain another potential contributor to
SIDS. Most of this work has focused on prolonged QT syndrome as
apotential arrhythmogenic cause, given that it is both common and
frequently asymptomatic. An increased rate of prolonged QT syn-
drome has been reported in families who have lost a child to SIDS.
One prospective study of 34 000 infants found a higher rate of pro-
longed QTc syndrome in infants who ultimately died of SIDS thaniin
those who did not.® Additionally, autopsies of infants who died of
SIDS have found anincreased rate of alterations in SCN5A, which re-
sults in a sodium channelopathy that is a known cause of pro-
longed QTc syndrome.?”

New work has focused on the known association of SIDS with
arecent viralinfection, most commonly a mild upper respiratory tract
infection. There is evidence of an increase in interferon-y in infants
who died of SIDS, which may alter cytokine responses, making it
more difficult to fight infection.?® Other evidence shows an in-
crease in interleukin 6, a proinflammatory cytokine, in infants who
died of SIDS.2° The effect that this immune modulation has on the
nervous system is still being investigated.

Alterations in inflammatory cytokines have sparked consider-
able new interestin the potential contribution of the bacterial biomes
of infants who died of SIDS and how that may affect the overall in-
flammatory response. In 1999, Blackwell et al*° reported that 86%
of infants who died of SIDS were colonized with Staphylococcus
aureus compared with 56% of controls. Further, Highet et al®*' found
that the nasopharynges of infants who died of SIDS were more likely
to be colonized with Clostridium perfringens, Clostridium difficile,
Clostridium innocuum, and S aureus than controls. S aureus has also
been found more commonly in the respiratory tracts of infants sleep-
ing prone than those sleeping supine,> perhaps providing an addi-
tional explanation for the association of prone sleeping with an in-
creased risk of SIDS.
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|
Epidemiology: Risk and Protective Factors

It is important to note that case-control studies are the mainstay of
SIDS research, as significant ethical issues preclude randomized clini-
cal trials. Case-control studies can only determine associations of spe-
cific factors and SIDS, and causation cannot be inferred. In addition,
because the controls in the case-control studies are age-matched to
infants who died of SIDS and therefore can be up to age 1year, all rec-
ommendations to reduce the risk of SIDS pertain to infants until age
1year.

Risk Factors

Sleep Position

Although prone positioning was noted to be arisk factor in uninten-
tional suffocation deaths in 1944,32 the association with SIDS was
first identified in 19652 in the United Kingdom and then corrobo-
rated in the 1970s by studies from Europe, Australia, and New Zea-
land. Safe to Sleep campaigns promoting the supine sleep position
beganinthe late 1980s in other Western countries and in the United
Statesin1994; all were associated with significant decreases in rates
of SIDS. It has now been conclusively shown that sleeping prone is
associated with an increased risk of SIDS (adjusted odds ratios,
2.3-13.1).343 Prone positioning is associated with increased risk of
hypercapnia and subsequent hypoxia,3”3° depressed cerebral
oxygenation,*© increased rates of overheating,*' altered auto-
nomic control of the infant cardiovascular system,*? and increased
arousal thresholds.' Studies have found the risk of side position-
ing (adjusted odds ratio, 2.0; 95% Cl, 1.2-3.4) to be similar to the risk
of prone positioning (adjusted odds ratio, 2.6; 95% Cl, 1.5-4.5)** and
that side positioning has a higher population-attributable risk than
prone positioning.3® This may be at least partially explained by the
instability of the side position; infants placed on their side are more
likely than those on their back toroll into the prone position.** Place-
ment in or rolling to the prone position places infants at extremely
high risk of SIDS.** Side and prone positioning are of particular con-
cern when the infant is with a new caregiver, eg, a day care pro-
vider, who may place a usual supine sleeper in the prone position.**
Infants should be placed in the supine position for every sleep by
every caregiver.

Bed Sharing

Bed sharing (ie, sleeping on the same surface as another person) is
associated with increased rates of SIDS in case-control studies.*¢*
Bed sharing was found in one analysis of infant deaths to be the most
important risk factor for infants younger than 4 months.*® The risk
associated with bed sharing may be in part because of soft mat-
tresses and other soft bedding, the risk of overheating, and the risk
of overlay (ie, another individual rolling on top of the child). How-
ever, the recommendation against bed sharing is controversial, as
bed sharing facilitates breastfeeding,*>°° which is a known protec-
tive factor against SIDS.>" Additionally, bed sharing is more com-
mon in minority groups, perhaps because of cultural traditions, and
those of lower socioeconomic status, relating to space constraints.
Room sharing (ie, sleeping in proximity to the infant, allowing the
individual to see, hear, smell, and/or touch the infant) without bed
sharingis the safest sleep arrangement.*®*’ It can also permit easy
access to the infant for comforting and feeding.
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The risk of SIDS while bed sharing is highest when one or both
parents are smokers, when the mother smoked during pregnancy;,
when the infant is born prematurely or with low birth weight, when
the adult bed sharer has ingested alcohol or arousal-altering medi-
cations or drugs, when bed sharing occurs on a sofa or couch, when
there is soft bedding, when infants bed share for the entire night,
and when infants are younger than 11 weeks.36¢>2 There is no in-
creasein SIDS risk for infants who are held or fed in bed with an awake
caregiver and are then placed into their own space to sleep before
the caregiver goes to sleep.3®

Soft Bedding

The use of soft bedding, including blankets, pillows, sheep skins, bum-
per pads, and positioners, in the infant sleep environment has been
associated with a 5-fold increase in SIDS, independent of infant sleep
position, and a 21-fold increase when the infant is prone.* The Con-
sumer Product Safety Commission has also reported anincreased risk
of unintentional suffocation and asphyxia deaths with soft bedding
use.>3 Soft bedding may also contribute to the risk associated with
overheating and head covering. The presence of soft bedding was
found in one analysis of infant deaths to be the most important risk
factor for infants older than 4 months, as these older infants may roll
into soft bedding and be unable to extract themselves.*® Wearable
blankets or sleep clothing are acceptable alternatives to loose blan-
kets or sheets.

Sleep Surfaces

The safest sleep surface for aninfant is a firm, tight-fitting crib mat-
tress. Cribs, bassinets, and playpens may be acceptable sleep loca-
tions if they meet these criteria.

Sofas are one of the most dangerous sleep surfaces, with odds
ratios of SIDS as high as 66.9.*” One investigation found that 12.9%
of sleep-related deaths studied occurred on a sofa or couch and that
infants who died on sofas were more likely to be sleeping with an
adult, ontheir side, and exposed to prenatal smoking; in addition, the
sofawas more likely to be a new rather than a usual sleep location.>*
These deaths were also more likely to be coded as unintentional suf-
focation. It has been proposed that the soft cushiony surfaces and
sloping edges of the sofa may predispose to these unintentional
deaths. Parents should be cautioned to never place aninfant for sleep
on a couch, sofa, or equally cushioned surface. Parents should also
take care to never fall asleep with an infant on such surfaces.

It is also not uncommon for infants to be placed for sleep in car
seats, strollers, swings, infant carriers, and slings, often because the
infant falls asleep more quickly or because of concerns about gastro-
esophageal reflux. One study found that the average infant spends 5.7
hours per day in a car seat or similar sitting device.>® This is particu-
larly concerning in young infants who do not have sufficient head con-
trolto support their airway adequately in these devices, as this canlead
tounintentional deaths.>® Additionally, particularly when placed on high
or soft surfaces, car seats are prone to falling and flipping, potentially
leading to injury or suffocation if the infant lands face down.>” When
usingslings, itis recommended that infants' heads remain outside the
sling and visible to parents as a precaution against suffocation.>®

Maternal Smoking
Bothin utero and environmental tobacco smoke exposure have been

linked in a dose-dependent fashion to anincreased risk of SIDS.>9-¢!
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In addition to reducing lung compliance and volume, in utero expo-
sure is neurotoxic, leading to impaired arousal mechanisms and de-
creased heart rate variability in response to stress, compromising a
distressed infant's ability to respond appropriately to the
environment.523 While it can be difficult to separate the effects of
environmental smoke exposure on infants from prenatal expo-
sure, environmental smoke exposure is also thought to decrease lung
compliance and volume.

One analysis estimated that one-third of instances of SIDS could
be prevented if tobacco smoke exposure was eliminated.®* In ad-
dition, differences in nicotine metabolism among ethnic groups may
explain some of the racial and ethnic disparity in infants who died
of SIDS, as non-Hispanic African American parents are more likely
to be slower metabolizers®®; smoking may thus have a relatively
stronger effect on non-Hispanic African American infants.®” In-
deed, arecent study found that increases in cigarette taxes led toa
decrease in infant mortality, with an increased effect on non-
Hispanic African American infants compared with non-Hispanic white
infants.®®

Prematurity

Premature and low-birth-weight infants are 4 times more likely to
die of SIDS than their full-term counterparts.®”®® Much of this risk
may be derived from animmature autonomic system, leading toim-
paired arousal mechanisms and anincreased risk of hypercarbia. Al-
though premature infants are at increased risk for apnea of prema-
turity, thereis no evidence that these apnea episodes precede SIDS
deaths, and thus, apnea monitors are not recommended for SIDS
prevention.®® However, it has been shown that preterminfants are
at equal or increased risk of SIDS when placed prone and are more
likely to be placed prone at home, presumably because they were
more likely to have been placed pronein the hospital.”® Premature
infants should be placed supine as soon as they are clinically stable,
preferably by 32 weeks postmenstrual age, and early enough so that
they can become accustomed to the supine position before hospi-
tal discharge.

Protective Factors

Breastfeeding

Multiple studies have shown that breastfeeding or giving ex-
pressed breast milk toinfants is protective against SIDS.> While the
decrease in SIDS is most pronounced in infants who are exclusively
breastfed, breast milk consumption to any extent and for any du-
rationis protective.® Parents are encouraged to feed the infant breast
milk as much as possible and for as long as possible.

Pacifier Use

A recent meta-analysis of pacifier (dummy) use in infants found a
strong protective effect.”' Proposed mechanisms include increased
arousability, increased sleeping blood pressure, and increased low fre-
quency heart rate variability and decreased high frequency heart rate
variability, indicating improved autonomic control.”? Use of pacifier
atonset of sleep is protective, even when the pacifier falls out of the
mouth after the infant falls asleep.”®”* A pacifier can be introduced
informula-fed infants as soon as desired. Because there is some con-
cern that pacifier use may interfere with breastfeeding, introduc-
tion of the pacifier to breastfed infants should be delayed until breast-
feeding has been well established.
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Immunizations

Case-control studies and analyses of the US Vaccine Adverse Event
Reporting System have shown no positive association between im-
munizations and subsequent SIDS. While one recent meta-analysis
found that the risk of SIDS is halved by immunization,” others have
not found this level of protection.”® Fear of subsequent SIDS should
not be a reason for nonimmunization.

|
Current Recommendations

The American Academy of Pediatrics publishes recommendations
to reduce the risk of SIDS.”” These include supine placement on a
firm surface without soft bedding, bumpers, or positioners; room
sharing without bed sharing; avoidance of overheating; pacifier
use; avoidance of maternal smoking, alcohol, and illicit drug use
during and after pregnancy; and avoidance of monitors and other
products that are marketed to prevent SIDS. Breastfeeding as
much as possible and for as long as possible is recommended. The
guidelines also recommend routine prenatal care for expectant
mothers and immunization for infants. Medical personnel (includ-
ing neonatal intensive care unit personnel) are urged to promote
and model SIDS guidelines both in the hospital and in office visits,
and the media are urged to use safe sleep guidelines in their mar-
keting campaigns. Finally, the recommendations call for additional
research on SIDS.

. |
Direction of Future Research

Despite our improved understanding of the pathophysiology of
SIDS, additional work focusing on physiologic pathways and genetic
features that may increase vulnerability for SIDS is needed.
Research on the immature brain and arousal mechanisms has led to
new hypotheses and discovery of biological markers believed to
contribute to the final pathway of SIDS; however, further research is
needed to identify how specific infections and the immune system
may affect both neurologic development and arousal mechanisms
as well as how ineffective arousal mechanisms can be altered to
avert these deaths. Ultimately, a better understanding of the
pathophysiology of these systems may aid in not only identifying
at-risk infants but also identifying potential biologic targets for
SIDS prevention.

Currently, the mainstay of prevention continues to be a safe
sleep environment, as most infants who die suddenly and unexpect-
edly do so in unsafe sleep environments. Therefore, future research
must also focus on the interplay between pathophysiology and
known environmental and behavioral risk factors, specifically how
environmental exposures, such as sleep position, exposure to smok-
ing, and sleep location, alter typical physiologic responses. Finally,
additional research must focus on more effective educational
campaigns and strategies. Particular attention should focus on
high-risk groups, such as non-Hispanic African American and
Native American/Alaskan Native parents, for whom prior cam-
paigns have been less effective. It is likely that a combination of
epidemiologic, physiologic, and genetic research will be needed to
identify trends, determine predispositions, and modify both
intrinsic and extrinsic risks.
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