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Abstract

Sudden infant death syndrome (SIDS) has been mainly described from a risk per-
spective, with a focus on endogenous, exogenous, and temporal risk factors that can
interact to facilitate lethal outcomes. Here we discuss the limitations that this risk-
based paradigm may have, using two of the major risk factors for SIDS, prone sleep
position and bed-sharing, as examples. Based on a multipronged theoretical model
encompassing evolutionary theory, developmental biology, and cultural mismatch
theory, we conceptualize the vulnerability to SIDS as an imbalance between cur-
rent physiologic-regulatory demands and current protective abilities on the part of
the infant. From this understanding, SIDS appears as a developmental condition in
which competencies relevant to self-protection fail to develop appropriately in the
future victims. Since all of the protective resources in question are bound to emerge
during normal infant development, we contend that SIDS may reflect an evolution-
ary mismatch situation—a constellation in which certain modern developmental
influences may overextend the child’s adaptive (evolutionary) repertoire. We thus
argue that SIDS may be better understood if the focus on risk factors is comple-
mented by a deeper appreciation of the protective resources that human infants
acquire during their normal development. We extensively analyze this evolutionary-
developmental theory against the body of epidemiological and experimental evi-
dence in SIDS research and thereby also address the as-of-yet unresolved question
of why breastfeeding may be protective against SIDS.
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Sudden Infant Death Syndrome (SIDS, or “cot death”) poses the ultimate riddle
vexing pediatricians, public health experts, and evolutionary biologists alike: Why
should a human infant, after an exquisitely complex intrauterine development, sud-
denly succumb to death, without any obvious disease to explain the disaster?

With this background it may come as no surprise that both the pathogenesis and
the etiology of SIDS are still poorly understood. Environmental (e.g., parental smok-
ing), behavioral (e.g., placing an infant prone for sleep), and social (e.g., social depri-
vation) risk factors are universally accepted as part of the pathogenetic matrix. The
fact that most infants exposed to external risks do not suffer adverse outcomes has
been explained by assuming additional biological vulnerability on the part of the vic-
tims, which may set the stage for deadly exogenous—endogenous interactions under
unfavorable temporal conditions (Filiano & Kinney, 1994; Guntheroth & Spiers,
2002). This so-called Triple Risk Hypothesis has been widely accepted as the core
theoretical framework of SIDS pathogenesis, although protective influences such as
breastfeeding have not been negated (Hauck et al., 2011).

However, there are indications that the prevailing focus on risks may not suffice to
explain the pathogenesis of SIDS. A wide range of biological vulnerabilities has been
implicated as parts of the pathological matrix of SIDS, yet each of these influences
may only be relevant for a subset of cases (Duncan & Byard, 2018). Also, the predic-
tive power of any given risk constellation is dismally poor: among infants with the
same risk exposures, only a small minority will succumb to SIDS. Obviously, there
is a lot of dark matter in the SIDS universe.

Unresolved Questions

The dark matter seems to be reflected in the epidemiological record, which presents
a wide array of riddles. Risk of SIDS is very low in the first 4 weeks of life and then
increases to a five times higher peak between 2 and 4 months of age. As it seems, the
younger, more immature infants are relatively protected in a “grace period” of sorts.
But why should a 3-month-old baby be more vulnerable to the typical SIDS risk fac-
tors than a 3-week-old?

There is more dark matter. Boys are more at risk of SIDS than girls by a margin
of 60:40 (Carpenter et al., 2004; Moon et al., 2007). Boys are also more likely to be
placed prone by their caregivers (Jonge et al., 1994; Oyen et al., 1997), a position
clearly identified as a major risk factor for SIDS. Yet, if one compares the relative risk
of SIDS associated with prone sleeping in case-control studies, the individual risk
estimate may be up to three times higher for girls than for boys (Oyen et al., 1997).
Why should girls be more susceptible to the dangers of the prone position?

To stick with the sex riddle, two thirds of the SIDS victims who die in their own
crib are boys (Byard et al., 2012; Fleming et al., 2015). In the bed-sharing situation,
however, the gender ratio is equal or even reversed (Byard et al., 2012; Fleming et
al., 2015). Could this mean that boys get along better in a shared sleep environment
than girls? And if so, how may this be explained?

The shared sleep environment comes with another open question: prone sleeping
has been clearly identified as a major risk for SIDS. Yet, prone sleeping may be less
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predictive of SIDS for routinely bed-sharing infants than for infants sleeping soli-
tarily (Blair et al., 2014; McGarvey et al., 2006).

Conversely, prone sleeping was reported as a strong risk factor for inexperienced
prone sleepers—but much less so for routinely prone sleeping infants (Klonoff-
Cohen & Edelstein, 1995b; L’Hoir et al., 1998; Li et al., 2003; Mitchell et al., 1999b;
Oyen et al., 1997). In an analysis of the Nordic SIDS cohort, 92% of the infants found
facing straight down belonged to the group of inexperienced prone sleepers (L’Hoir
et al., 1998).

The same experiential background seems to apply to bed-sharing: nonhabitual
bed-sharing (“last night only”’) was shown to be an important risk factor for SIDS—
routine bed-sharing, however, does not seem to be associated with an increased risk
of SIDS (Scragg et al., 1993; Vennemann et al., 2012).

Differential Effects of Risk Factors in Different Infants

Obviously, risk factors alone are not able to explain the epidemiological record of
SIDS. Apparently, the “risk currency”—the classic value in SIDS research—has a
floating exchange rate. For some infants, a given risk may have a very high value; for
others, its worth may be very small—or perhaps even zero.

Here we will argue that this risk moderation may be determined by the develop-
mental characteristics of the child. We do so in reference to the behavioral-neurode-
velopmental hypothesis formulated by Burns and Lipsitt (1991) and Lipsitt (2003)
(partially taken up by Mitchell et al., 1999b, as well as Davies & Gantley, 1994),
which we expand and integrate into a wider paradigm which also incorporates evo-
lutionary theory.

This evolutionary-developmental theory, as we call it, conceptualizes SIDS as an
outcome at the crossroad between the current environmental challenges that a given
infant faces (i.e., his or her risk landscape) and the developmental resources that
this infant has accumulated (i.e., his or her protective landscape). We will investi-
gate these protective variables in detail, describe their evolutionary origin, and will
argue with reference to the existing literature how this evolutionary-developmental
theory may provide an understanding of SIDS beyond the predominantly risk-based
hypotheses.

As an example, we will examine the arguably most significant risk factor for SIDS
and accidental suffocation, prone sleeping, which in many countries has been attrib-
uted to half or more cases (Mitchell & Thompson, 2001; Oyen et al., 1997; Priya-
darshi et al., 2022; Trachtenberg et al., 2012). We will present evidence that the risk
associated with prone sleeping fluctuates with the presence of modifying influences
and may in fact be yet another exemplar of the floating exchange rate suggested
above: instead of exerting a “fixed” risk effect, prone sleeping may constitute a facili-
tating risk influence under specific conditions.

We will then expand on other risk determinants, including exposure to tobacco
smoke and unsafe sleep environments. Finally, we will discuss how the evolution-
ary-developmental theory could help clarify the—as of yet unexplained—protective
effects of breastfeeding and how it may fit with recent suggestions that bed-sharing
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under safe conditions may be protective against SIDS (Bartick et al., 2022; Blair et
al., 2014).

The Developmental Perspective

The Riddle of the “Grace Period”

... even the smallest and weakest of babies have no trouble at all in squirm-
ing out from under unwanted coverings. All parents know that well (Raring,
1975:63)!

As noted above, the epidemiologic profile of SIDS follows a peculiar temporal pat-
tern, with an apparent “grace period” of a comparatively low incidence covering the
first developmental stage, the newborn period—a pattern that is also observed for
accidental suffocation (Erck Lambert et al., 2019; Shapiro-Mendoza et al., 2006).
This pattern is very different from the mortality distribution in infant deaths in gen-
eral, which goes along with postnatal maturity: the more immature the child, the
higher his or her risk of death. Indeed, SIDS and accidental suffocation are the only
infant “disorders” that to a certain extent spare the neonate (Guntheroth & Spiers,
2002). This postnatal relative benignity is followed by a brisk increase in risk for
SIDS in the second month, reaching a peak incidence between 10 and 24 weeks of
age, when 85% of SIDS deaths occur.

The question why there may be an increased vulnerability in the 2- to 5-month
bracket has inspired several hypotheses (Blackwell et al., 2015; Fleming et al., 1994,
Guntheroth & Kawabori, 1975; Spiers, 2000). None of them has been more thor-
oughly drawn up and bolstered by experimental studies than the behavioral-devel-
opmental theory of Lewis Lipsitt (in part worked out together with Barbara Burns;
Burns & Lipsitt, 1991; Lipsitt, 1976, 2003). As it happened, their focus (now more
than 50 years ago) was prone sleeping and the very question: what processes may
make prone sleeping a risk that appears to surface much more strongly affer the neo-
natal period? Burns and Lipsitt used this question to develop a distinct “behavioral”
hypothesis of SIDS which claims that infants may depend on some sort of learned
protective behavior to stay safe once they exit their first developmental period, during
which they had been protected by innate reflexes.

Their idea started from Myrtle McGraw’s description of a biphasic infant devel-
opment, which she exemplified with studies of the grasping, stepping, and diving
reflex (McGraw, 1963). Initially infants rely on their inborn subcortical protective
behaviors to protect themselves against environmental challenges, such as immer-
sion in water or occlusion of the airways (type A behavior). After the neonatal period
this reflectory program gradually subsides to allow for the flexible development of
volitional regulatory and motor competences which finally supplant the initial reflec-
tory program, with volitional regulation fully established by about 5 months of life

! Dr. Raring, whose own child died of SIDS, was an early advocate for SIDS research.
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(type C behavior). In between, infants go through a critical or “disorganized” transi-
tion period in which their innate protective repertoire is gradually supplemented by
the emerging volitional responses (type B behavior). How closely this behavioral
sequence mirrors neurological maturation and how much it may relate to the infant’s
capacity for learning of protective behaviors can be gleaned from observations in
premature infants, where disturbed type A and type B patterns can indicate a risk of
cerebral palsy. In fact, reduced general movement variability (manifested in abnor-
mal type A and B behaviors) can be used as a clinical indicator of disturbed learning
capacities in premature infants (De Bock et al., 2017; Groen et al., 2005).
Importantly, and central to the “behavioral” theory of SIDS by Burns and Lipsitt,
these volitional, “cortical” responses do not appear automatically but rely on learn-
ing, through which the infants gradually augment, upgrade, and, finally, replace their
inborn capacities (Burns & Lipsitt, 1991; McGraw, 1963). More specifically, this
learning relies on two components: biological readiness and environmental support.
This means that, for the development of an adequate protective volitional response to
occur, infants must have sufficient biological resources but also need to be provided
with a social and physical environment conducive to learning through experience.

Transitional Challenges—and Their Solution

Burns and Lipsitt (1991) have identified this transitional learning period as the ulti-
mate ground zero for SIDS. Referring to the complex challenges of breathing and air-
way control, they argue that infants become vulnerable to SIDS if they cannot muster
the transition from subcortical reflexive behaviors to learned cortical behaviors in an
adequate and timely manner—whether for lack of learning opportunities or because
of preexisting neurodevelopmental limitations.

The most pertinent example may be the infant’s response to airway compromise
(for a review, see Thach, 2018). Any covering of the neonate’s nostrils or mouth
elicits a fixed order of reactions: First, the baby shakes its head from side to side,
then pulls its head back (head lift), moves its hands to the face, and then, if its air-
ways are still compromised, starts to cry and thrusts the covering object away from
its face, optionally followed by a sigh of relief (Swift & Emery, 1973). However, as
Swift and Emery showed in their experiments with nasal occlusion, this response
differs in intensity and effectiveness between infants. Interestingly, airway protec-
tion was more effective in newborns than in older infants, suggesting waning reflec-
tory abilities and supporting McGraw’s assumptions of a biphasic developmental
model (Lipsitt, 2003; Swift & Emery, 1973). As Burns and Lipsitt spell out in detail,
this acquisition of novel, volitional protective abilities relies on two key ingredients:
biological readiness and environmental opportunities for learning (Burns & Lipsitt,
1991; Lipsitt, 2003).

The importance of biological readiness has been underscored by observations by
Anderson and Rosenblith, who, in the 1960s, examined the respiratory occlusion
reflex of newborns and found that infants with a weaker reflectory response were
more likely to subsequently succumb to SIDS (Anderson & Rosenblith, 1971). Pos-
sibly, these infants enter the above-mentioned transition period at a lower learning
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level or with distinct impediments relevant to learning, and may thus remain more
vulnerable.

Studies of neonatal learning undertaken as early as the 1920s have elucidated how
infants expand their inborn reflex repertoire and how heavily this relies on associa-
tive learning (operant conditioning; for a review, see Tarullo et al., 2011, and Lip-
sitt, 1998). According to this body of experimental work, both approach behaviors
(such as rooting or sucking) and escape behaviors (such as head turning) are readily
reinforced through sensory and social cues from the baby’s normal environment.
For example, human infants rapidly learn to alter their sucking behavior in response
to the sound of their mother’s voice (DeCasper & Fifer, 1980). They also rapidly
learn to associate the exposure to citrus odor with head turning while being gently
stroked—a learned response that they remember for at least 24 h and which can then
be triggered by the odor alone, even during sleep (Sullivan et al., 1991). Other experi-
ments using air puffs or other stimuli have shown how easily neonates can learn to
change their behavior in response to environmental cues, whether awake or asleep
(Fifer et al., 2010; Siqueland & Lipsitt, 1966).

Paluszynska et al. (2004) as well as Lijowska et al. (1997) have shown in experi-
ments how relevant such learning may be for infants to manage the challenges of
the prone position. As they show, infants placed prone easily encounter situations of
airflow restrictions and must then escape suffocation by complex coping behaviors,
including both motor and regulatory competences related to arousal management
and adequate signaling. When experimentally subjected to respiratory compromise
(either by covering their faces or by exposing them to higher carbon dioxide lev-
els), the prone infants react with motor strategies such as “nuzzling,” lifting their
heads, and/or turning their heads to one side or the other, accompanied or followed
by sighs, startles, limb thrashing, and finally full arousal and signaling (crying). As
both Paluszynska et al. and Lijowska et al. show, these strategies are very differently
developed and combined and thus differently effective between infants. Turning the
head to both sides, for example, was typical for experienced prone sleepers only (who,
in Paluszynska’s study, also had advanced gross motor development compared with
inexperienced infants). Interestingly, in both studies, neither the conceptional age nor
the actual age of the infants correlated with the efficacy of the protective behaviors
observed, again suggesting experience as the modulating influence (Paluszynska et
al., 2004).

This adds to other evidence for a role of learned behaviors during the prone sleep-
ing experience. The prone sleeping infant can frequently be observed in a face-
straight-down position—indeed, this seems to be a common occurrence in normal
infants 10 to 22 weeks of age studied sleeping prone (Waters et al., 1996). These
episodes—which apparently trigger brief episodes of asphyxia due to rebreathing
expired air—were shown to have a median duration of more than 3 min but are
invariably terminated by brief arousals followed by the infants’ active movements,
which include turning the head from one side to the other (Chiodini & Thach, 1993;
Waters et al., 1996).

@ Springer



Human Nature (2024) 35:153-196 159

The Lesson of Breastfeeding

Early physiologists have described similar “learning by doing” in their observation
of infant behavior during breastfeeding (Gunther, 1961; Lipsitt, 1998). Not surpris-
ingly, babies frequently experience restricted breathing while at the breast, to which
they react with protective maneuvers such as turning their heads. As it seems, these
maneuvers—being heavily reinforced through the resulting increase in airflow—get
more effective through exposure. Indeed, babies apparently show signs of improved
reactions after just one or two experiences of nasal occlusion during breastfeeding
(Gunther, 1961). Here again, learning from experience within a “normal,” expectable
care environment may play a central role—and the complete lack of such “learn-
ing opportunities” during bottle-feeding may come to mind. Experiential learning of
protective behavior at the breast may indeed be a promising explanation for the pro-
tective effects of breastfeeding against SIDS (to be discussed in the section on “The
Breastfeeding Riddle,” below).

Interestingly, animal experiments of exposure to hypoxia during quiet sleep show
what may happen if such associative learning is not allowed for. Instead of learning
how to protect themselves, rat pups show habituation (decreased responsiveness)—
in other words, their hypoxia-induced arousal response gets weaker (Darnall et al.,
2010). This may be highly relevant to the human infant, too. Infants with develop-
mental risks may be less able to mount an effective escape response in situations of
airflow compromise and be less likely to experience “reward” from increased airflow.
This may induce a vicious cycle: instead of learning to escape, the infant may habitu-
ate—and become more vulnerable once faced with severe or long-lasting events of
airway obstruction (Tarullo et al., 2011).

Epidemiological Support for the Developmental Perspective

The epidemiological record exemplifies the heavy weight that developmental readi-
ness may carry in relation to the current environmental risks an infant is exposed to.
As early as 1979, Lipsitt, Sturner and Burke published a case-control study of SIDS
victims within their cohort of 4000 infants they followed longitudinally. They found
that the variables that distinguished SIDS victims and survivors were all indicators
of what they termed “carly-onset developmental impairment” (Lipsitt et al., 1979).
These neurodevelopmental risks included low APGAR scores, low birth weight,
postnatal respiratory distress, and prolonged hospital stays—a collection which made
the authors state: “Perinatal distress parameters, combined with sensorimotor and
learning indices in the newborn, may well provide the sharpest definition of those
infants most vulnerable to SIDS” (Lipsitt et al., 1979). Incidentally, the same perina-
tal parameters are shown to go along with general movement restrictions—abnormal
type A and B behaviors as described above (Mallmann et al., 2023).

Since then it has become apparent that the vast majority of SIDS victims have
experienced suboptimal intrauterine conditions (Blair et al., 2006b; Oyen et al.,
1995), and these seem to multiply the effects of the environmental risks encountered
(Oyen et al., 1997). In the Nordic Epidemiological SIDS Study, for example, the odds
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ratio for SIDS for prone-sleeping infants with a birth weight of >2500 g was 11.6
[95% CI: 6.8-20]; for infants <2500 g, it was 83.2 [95% CI: 25-276] (Oyen et al.,
1997). This fits with observations that infants with low body weight from any cause
have a maturational delay in their development of protective head turning (Ratliff-
Schaub et al., 2001; Waters et al., 1996).

Plausibly, the developmental disadvantage may also be reflected in the position of
SIDS victims at the time of death. In the New Zealand Cot Death Study, in the group
of SIDS victims who died in the face-down position, the proportion of infants with a
birth weight under 2500 g was 3.5 times higher than in the group of SIDS victims not
face down at the time of death (Thompson et al., 2006).

Although this shows that biological factors like prematurity, low birth weight, or
exposure to tobacco toxins during pregnancy may set up a “developmental bottle-
neck” in SIDS pathogenesis, there is evidence that postnatally acquired developmen-
tal risks may also contribute—and may become more influential under unfavorable
biological preconditions. In the Nordic Epidemiological SIDS Study, 92% of the
SIDS victims found facing straight down belonged to the group of inexperienced
prone sleepers (L’Hoir et al., 1998). Similarly, Mitchell, in his analysis of the New
Zealand cot death cohort, found only 10% experienced prone sleepers among those
SIDS victims who turned to the prone position during their last sleep (Mitchell et al.,
1999b).

How closely SIDS risk from prone sleeping may be tied to experience-based com-
petencies acquired during development has also been noted in other observations. In
the New Zealand cot death study, infants who have established a pattern of spontane-
ously changing sleep position (either turning from or to prone) were at much lower
risk of SIDS than infants without these abilities (Mitchell et al., 1999b). The same
was observed in studies from Scotland and from the Netherlands (Brooke et al., 1997,
L’Hoir et al., 1998).

Why the risk of succumbing to SIDS in the prone position is so closely tied to
developmental readiness may find an explanation in the higher physiologic chal-
lenges of the prone position. Several regulatory systems are under higher strain in
the prone position, including blood pressure regulation, temperature regulation, brain
perfusion, and cerebral oxygenation as well as autonomic control of arousal and car-
dio-respiratory responses (Chiodini & Thach, 1993; Galland et al., 2002; Yiallourou
et al., 2008; for a review, see Horne, 2018). It is therefore plausible that especially
the infants with developmental impairments and thus inadequate protective skills will
benefit most from being placed supine—in a position in which the airways are more
reliably protected from blockage (Lipsitt, 1976; Swift & Emery, 1973).

Finally, the evolutionary-developmental theory may be able to explain the some-
what counterintuitive finding that premature infants tend to die of SIDS at a later
(uncorrected) postnatal age than term infants, with the most premature infants show-
ing the latest SIDS mortality peak (Habich et al., 2024). This extension of the neona-
tal “grace period” in the more immature infants could relate to the fact that primitive
reflexes seem to disappear later in premature infants (Olhweiler et al., 2005), possibly
indicating a later onset of the “disorganized” transition period described by McGraw.
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Which Abilities Exactly?

The assumption of the prone position as the physiologically more challenging sleep
position can explain why the risk of SIDS is so intricately tied to the sleep position.
Evidently, infants placed primarily supine cannot turn to prone on their own in the
first few months of life and are thus protected from any dangers that may be asso-
ciated with the prone position (the timing of being able to roll over varies widely
between individual infants, ethnicities, sex, and routine sleep position; for a review,
see Nelson et al., 2004). It is therefore plausible that the acquired skill of rolling
over may contribute to the peak incidence of SIDS in the 2- to 5-month bracket.
Yet, protective abilities independent of the ability to actively change body position
completely must also play into the positional risk. For one, only a tiny proportion
of infants suffers lethal consequences from rolling over—most infants have enough
protective abilities to be resilient to the prone position. Also, when infants are being
put to sleep in the prone position in the first place, their risk of SIDS varies greatly
by age, with infants 1 to 12 weeks of age about four times less likely to experience
SIDS than the 13- to 24-week-old infants (Oyen et al., 1997). While this could reflect
the changing prevalence of exposure at different ages as well as interaction with other
age-related factors, it may also indicate greater positional resilience in the younger
infants.

Identifying exactly which abilities may help prone-sleeping infants to protect
themselves adequately remains speculative. Yet, the search for an answer may ben-
efit from a closer look at the cascade preceding SIDS. A significant portion of SIDS
victims apparently move within their sleep spaces “in such a manner as to allow
their faces and/or heads to become covered by bed clothing” (Thach, 2001). Another
substantial number rolled into a secondary prone position without entrapment or
covering and then died. Apparently, infants either fall or are pushed into the prone
position passively (e.g., from the inherently unstable side position), or they may use
their motor abilities as a first step to maneuver themselves into potentially danger-
ous zones—but then some of them may lack the motor or regulatory abilities to cope
with the situation (e.g., protect their airway adequately) or to steer clear of the dan-
ger zone. The first step may be easier than the second one or may not need much
learning. The second step(s), however, may require competencies reinforced through
practice. As Paluszynska et al. (2004) show, turning out of the face-down position
is an actively learned skill, and it is only perfected after the infant has acquired the
ability to turn its face down. As also described by this team, prone-sleeping infants
of any age frequently turn their heads into the face-down position (facing the sleep
surface directly). How well they then can react in case of compromised breathing
seems to depend on experience: the inexperienced infants will only nuzzle and lift
their heads. However, truly effective airway management relies on more complex
behaviors such as turning the head, ideally to both sides—an ability only found in the
experienced prone sleepers in their study. This, again, may be a reminder that infants
learn through associative learning how to “expand” their reflective head lift into more
complex abilities.

There has been a lot of debate about the role of inadequate arousals in explaining
the increased risk of SIDS in prone-sleeping infants. As of yet, there is no clear patho-
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physiological mechanism to explain the association (Fleming et al., 2017). Although
prone sleeping may increase the arousal threshold relative to supine sleeping (Hauck
& Hunt, 2000; Horne et al., 2001), there is no indication that an “arousal deficit”
alone—independent of other developmental or regulatory deficits—can explain the
increased risk of prone sleeping (Thach, 2001). Physiologically, the development
of autonomous regulation (including cardiorespiratory control and arousability) and
general cortical status are closely interlinked (Kahn et al., 2003). In the same vein,
neuropathological studies of SIDS victims have shown pervasive deficits in multiple
regulatory brain regions in the brainstem and cerebellum, all involved in respiratory
regulation, cardiovascular control, as well as arousal (Horne, 2018). Likewise, SIDS
victims were found to experience reduced or incomplete arousals (Kato et al., 2003)
but also to move less during sleep, (Kahn et al., 1992; Schechtman et al., 1992), have
lower stamina and activity levels (Burns & Lipsitt, 1991; Kaada, 1994), as well as
live in an environment with lower estimates of developmental stimulation (Kelman-
son, 1993). So, plausibly, the increased risk that the prone position obviously confers
to some infants may be related not just to inadequate arousal once compromised but
rather to neurodevelopmental risks pertaining to the whole chain of events in the
respiratory defense response, which includes both regulatory and motor abilities.

Toward a Common Denominator: How to Explain Variations on the
Risk of Prone Sleeping

The above observations describing the importance of developmental factors for safe
sleep in the prone position should, of course, be reflected in the epidemiological
record. Indeed, the association between SIDS and prone sleeping varies with the
presence of a range of influences, which mirror (a) increased environmental chal-
lenges and (b) decreased developmental readiness.

The risk of SIDS associated with the prone position was shown to be higher in
winter, in colder latitudes, or if the infant is overheated or ill (Mitchell et al., 1999a;
Ponsonby et al., 1993). Increased risk is also associated with a vast array of physi-
cal properties of the infant’s sleep space, such as heavy bedding or a soft or uneven
sleeping surface (Kemp et al., 1994; Ponsonby et al., 1993). These influences may all
be summarized as increased current adaptive challenges since they pose increased
regulatory demand on the protective abilities of the infant.

Other risk associations of prone sleeping appear to be developmental in nature and
seem to reflect maturational readiness, as evidenced by.

® the age factor: prone sleeping is evidently more dangerous between 2 and 5
months of age (Oyen et al., 1997). As suggested above, this may 