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Adverse childhood experiences can deleteriously affect future physical and mental health,
increasing risk for many illnesses, including psychiatric problems, sleep disorders, and,
according to the present hypothesis, idiopathic nightmares. Much like post-traumatic
nightmares, which are triggered by trauma and lead to recurrent emotional dreaming
about the trauma, idiopathic nightmares are hypothesized to originate in early adverse
experiences that lead in later life to the expression of early memories and emotions in
dream content. Accordingly, the objectives of this paper are to (1) review existing litera-
ture on sleep, dreaming and nightmares in relation to early adverse experiences, drawing
upon both empirical studies of dreaming and nightmares and books and chapters by
recognized nightmare experts and (2) propose a new approach to explaining nightmares
that is based upon the Stress Acceleration Hypothesis of mental illness. The latter
stipulates that susceptibility to mental illness is increased by adversity occurring during
a developmentally sensitive window for emotional maturation—the infantile amnesia
period—that ends around age 3. Early adversity accelerates the neural and behavioral
maturation of emotional systems governing the expression, learning, and extinction of
fear memories and may afford short-term adaptive value. But it also engenders long-
term dysfunctional consequences including an increased risk for nightmares. Two mech-
anisms are proposed: (1) disruption of infantile amnesia allows normally forgotten early
childhood memories to influence later emotions, cognitions and behavior, including the
common expression of threats in nightmares; (2) alterations of normal emotion regulation
processes of both waking and sleep lead to increased fear sensitivity and less effective
fear extinction. These changes influence an affect network previously hypothesized to
regulate fear extinction during REM sleep, disruption of which leads to nightmares. This
network consists of a fear circuit that includes amygdala, hippocampus, and medial pre-
frontal cortex and whose substantial overlap with the stress acceleration findings allows
the latter to be incorporated into a wider, more developmentally coherent framework.

Keywords: nightmares, stress acceleration, affective disorders, infantile amnesia, adverse childhood experiences,
trauma

EXPLAINING IDIOPATHIC NIGHTMARES

This work proposes a novel explanation for idiopathic nightmares, i.e., nightmares for which the
causes are still unknown. Such nightmares are common, affecting almost everyone at least occasion-
ally but rising to the level of a clinical problem for about 5% of the population (1-5). Although
idiopathic nightmares may be distinguished from nightmares for which a proximal cause is more
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obvious, e.g., trauma, drug ingestion, epilepsy, and bereavement
(6), it is still unclear why only some individuals succumb to night-
mares in these circumstances and where, ultimately, the unusual
dysphoria of nightmares originates. Furthermore, there are many
potential causes of idiopathic nightmares that have been treated
in the literature, such as hereditary factors (7), psychological
distress (8), an alexithymic personality style (9, 10), or schizoid
personality style (11), even eating certain foods before bed
[e.g., cheese and dairy; (12)], but none of these has been reliably
shown to account for a majority of nightmares. Furthermore, some
writers have speculated that nightmares are an active, functional
phenomenon which has adaptive consequences for emotion
regulation (13). A variety of mechanisms have been proposed,
including desomatization (14), affective downregulation (15),
and fear extinction (16). One evolutionary theory of nightmare
function (17) proposes that nightmares reflect the operation of
an endogenous mechanism that bestows adaptive advantage by
simulating rehearsals of threat perception and avoidance. Some
evidence supports the idea (18) but this and other functional
theories are far from accepted as proven. In short, numerous
potential causes of idiopathic nightmares have been proposed,
even systematized into theories of nightmare function, but
their validity remains contentious (13) and none has proven to
adequately explain the bulk of nightmares.

Idiopathic nightmares are often so frequent or distressing that
they warrant a psychiatric diagnosis, i.e., Nightmare Disorder
(1, 2), and require targeted treatment. For some individuals,
nightmares are chronic, having been present since early child-
hood. For others, they disappear after childhood only to resurface
in adolescence or adulthood, often in response to seemingly
benign events such as changing schools, retiring, viewing a fright-
ening movie or having a minor accident. Idiopathic nightmares
are also frequently comorbid with psychiatric conditions such
as social anxiety, phobia, or depression and may presage future
PTSD or self-harm and suicidal behaviors. But in many cases,
nightmares occur with frequencies and associated distress that
are low and tolerable and not considered by individuals or health
professionals to be pathological. In short, idiopathic nightmares
span a wide spectrum of severity and predict other illnesses but
are often considered benign.

So is there a cause for such nightmares? And could this cause
account for both frequent, distressing and infrequent, benign
types of nightmares? The present work suggests that the answer
to these questions is yes, and that their ultimate cause may be
similar to that of a closely related phenomenon: the post-traumatic
nightmare. Both idiopathic and post-traumatic nightmares may
be due to a vulnerability triggered by adverse experiences. What
may be unique to idiopathic nightmares, however, is that the
adverse experiences at fault occur early in childhood and are
either forgotten or—because they are not considered traumatic
by conventional standards—dismissed as causally irrelevant.

But the possible influence of early adversity on nightmare
etiology should be re-examined in light of a growing awareness
of the high prevalence and multiplicity of adversities in child-
hood and of the need to broaden and assess the relative severity of
these adversities at different critical ages (19-21). To illustrate the
magnitude of the situation, one US population study spanning

2004-2011 of over 5.5 million maltreated children (ages 1-18)
found a cumulative prevalence of state-confirmed maltreatment
in 2011 of 12.5%; fully 46% of these children were maltreated
before their fifth birthday (22). Many other forms of severe
adversity are not typically included in such maltreatment reports:
bullying, discrimination, witnessing violence, media/technology
exposures, and foster care placement, to name only a few (19).
Consideration of such adverse experiences vastly widens the
scope of possible causes for idiopathic nightmares and links the
latter conceptually to the etiology of post-traumatic nightmares.

The present investigation explores this central question of
nightmares’ origins in early adversity. Its objectives are twofold:
(1) to review the literature relating dreaming, nightmares and
sleep more generally to early adverse experiences, drawing upon
both empirical studies and books and book chapters by recog-
nized nightmare experts and (2) to propose a new approach to
explaining nightmares that is based upon the Stress Acceleration
Hypothesis of mental illness.

A Spectrum of Nightmare Severity

The present approach considers idiopathic and post-traumatic
nightmares to be phenomena related on a nightmare severity
spectrum (5). This implies that idiopathic nightmares may
constitute a subthreshold, preclinical, or partial form of PTSD
(23). The two types of nightmares are often distinguished on the
grounds that post-traumatic nightmares reproduce features of
the trauma—so-called replicative nightmares reported by 42-53%
of PTSD patients (24-26)—or that they represent a trauma in
symbolic or distorted form (24, 27). In fact, emotions are the ele-
ment that is most likely to influence PTSD dreams; up to 80% of
dreams replay trauma-related emotions, irrespective of whether
these replicate other trauma features (28). Idiopathic nightmares,
while not replicating prior trauma per se, are similar in that they
produce recurrent, dysphoric themes (29) that relate to waking
stress and emotional concerns (30). In light of such parallels,
distinctions between replicative and idiopathic nightmares
need reevaluation. This would require, as a first step, identify-
ing participants’ early adverse experiences and, subsequently,
determining if memories of these experiences—emotions in
particular—appear in nightmares. This type of comparative
evaluation has not been accomplished. Indeed, it is rare to see any
comparison between post-traumatic and idiopathic nightmares
[but see Ref. (31)].

Thus, whereas causal links between trauma and post-traumatic
nightmares are well established, similar links between less severe
adversities and idiopathic nightmares are only beginning to
come into clearer focus. The unification of post-traumatic and
idiopathic nightmares along a single adversity-related spectrum
may provide answers to the long-standing puzzle of the origins of
nightmares and may also provide a unified framework for answer-
ing questions about the variable appearance of nightmares over
the lifespan, about the frequent comorbidities of nightmares and
about nightmares constituting a risk factor for other illnesses. The
proposed framework for explaining idiopathic nightmares points
to the necessity of evaluating forms of early adversity and to the
further possibility that memories for such adversity—emotional
memories especially—resurface in idiopathic nightmares.
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THE RAVAGES OF EARLY ADVERSITY

Altricial mammals, such as humans, must care for their young
through a long, vulnerable period of infancy. And although the
threats of infancy are largely buffered by parental presence (32) and
the rapid forgetting of fearful events ensured by infantile amnesia
for this developmental period (33), infants are frequently exposed
to many forms of adversity. Such exposure is a potent risk factor
for physical and mental health problems in later life [review in Ref.
(34)]. Early adversity increases risk for diverse physical conditions:
obesity/diabetes, asthma, lung cancer, autoimmune conditions,
migraine, cardiovascular disease, and health-risk behaviors
(35, 36); reviews in Ref. (37-39). In fact, adversity increases
mortality risk in a graded fashion. Baboons exposed to three or
more sources of early adversity die a median of 10 years earlier
than do those exposed to one or no sources (40). Similarly, adult
humans exposed to six or more childhood adverse experiences die
on average 20 years earlier than do adults with no exposure (41).

Early adversity also leads to psychiatric disorders such as
psychosis, PTSD, borderline personality, anxiety, depression,
and suicide [reviews in Ref. (38, 42-44)]. One study examining
20 DSM-IV anxiety, mood, substance, and disruptive behavior
disorders found early adversity associated with 45% of childhood
onset disorders and 26-32% of later onset disorders (44). These
relationships are also graded; more severe or sustained exposures
produce greater health consequences (45, 46).

Sleep disorders are among the many illnesses linked to early
adversity [reviews in Ref. (47, 48)]. Relationships have been
documented for poor sleep quality, feeling unrested (49), narco-
lepsy, sleep apnea (50), sleep violence (51), disruptive nocturnal
behaviors (52), trouble falling/staying asleep (47, 53), and sleep
terrors (54) among others. Such studies, too, find graded rela-
tionships with symptom severity (48, 53), e.g., each additional
childhood adversity is associated with a 10% increased risk of
troubled sleep in adulthood (47).

Nightmares Are Associated with Early
Adversity

Nightmares are central among the sleep disorders associated with
early adversity and the relevant literature is summarized below.
However, because available studies vary in the precision with
which the age of early adversity is assessed, support for the role of
early adversity as stipulated by the Stress Acceleration Hypothesis
is problematic. Studies that probe generically about “past
adversity” or “childhood adversity” provide age estimates that
cannot be pinpointed as the present approach requires (see Stress-
Induced Foreshortening of the Infantile Amnesia Period).
Nonetheless, findings from several studies converge in supporting
the general notion that early adversity increases nightmare risk.
The studies least carefully controlled for age of adversity—all
cross-sectional or retrospective in nature—evaluated childhood
adversities without specifying a specific age range. One assess-
ment of 30 lifelong nightmare sufferers (55) found that a “major
life event” preceding nightmare onset could be identified by
60% of participants. A second study (50) showed that the likeli-
hood of participants reporting a traumatic event “in childhood”
was higher among those currently reporting nightmares often

(55% or 11/20) than only sometimes (27% or 46/170) or never (24%
or 24/100) combined (X, = 7.81, p = 0.005). This relationship was
strong (p = 0.008) for self-reported physical abuse, for which 35,
11, and 9% of the often, sometimes, and never groups, respectively,
reported past incidents, but was absent for maternal separation,
maternal loss, and sexual abuse. Duval et al. (56) reported that
19- to 24-year-old women who reported abuse in childhood or
adolescence (age unspecified) currently recalled more nightmares.
This relationship was graded for none, low, moderate, and high
abuse levels on measures of monthly bad dreams (no awakening;
means: 2.18, 2.39, 2.85, 3.99) and nightmares (means: 0.90, 0.88,
0.99, 2.69). However, the Childhood Trauma Questionnaire used
did not permit distinguishing childhood from adolescent abuse.

Other retrospective studies have differentiated childhood
and adolescent adversities. One survey of 539 Canadian women
(57) found that histories of sexual or physical abuse predicted
frequent nightmares, frequent recurrent nightmare themes,
and more difficulties returning to sleep after nightmares but no
differences between participants abused before or after age 14.
A second study (58) demonstrated that adverse experiences
before age 14, compared to no adversity, led to more frequent
recall of nightmares, more distress from nightmares, and greater
waking impact of nightmares. A third study (59) showed that
7- to 19-year-old Kurdish children (N = 122) with high levels of
trauma reported more nightmare awakenings, more dreams with
death, destruction, fear, anger, hostility, and anxiety and fewer
dreams with bizarreness/symbolism, narrative quality, and a
pleasant atmosphere than did children with low levels of trauma.

The studies most precisely specifying age have evaluated
adversity in the infantile years. One longitudinal study of 6,050
UK children (60) demonstrated robust links between family
adversity occurring from pregnancy to age 4 and later nightmares
at ages 2.5-6.8 years. It also revealed a link between early child
temperament and persistent nightmares, a finding that replicates
alongitudinal study of 987 Quebec children (61) in which mother
ratings of the child’s difficult temperament at 5 months and
anxiety at 17 months predicted bad dreams at 29 months—bad
dreams which then largely persisted until 6 years of age.

A study of very early adversity (62) in a nationally repre-
sentative sample of 5,020 Hungarian adults demonstrated an
association between retrospectively reported maternal separation
for at least a month in the first year of life and currently recalling
frequent nightmares. The effect was independent of age, gender,
and education, but not depression. However, a similar relationship
between maternal separation and frequent dysphoric emotions,
i.e., oppressive and unpleasant dreams, was also found and was
independent of all confounding measures.

One retrospective study (63) provides new details about the
nature and age of early adverse events in relation to nightmares
using responses to the Traumatic Antecedents Questionnaire
[TAQ; (64)] for 62 nightmare sufferers (42 females; Mg:
24.3 + 4.2 years; 2+ nightmares/week), and 61 matched con-
trols (41 females; Myge: 24.0 & 4.6 years; <1 nightmare/month).
The TAQ assesses eight forms of traumatic and non-traumatic
adversity (e.g., neglect, separation, emotional, and physical)
separately for four age strata (years 0-6, 7-12, 13-18, adult).
Nightmare participants scored higher than controls for adversity
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at all ages; even for 0-6 years they reported higher total adversity
(p = 0.005), sexual (p = 0.026), emotional (p = 0.011), alcohol/
drug (p = 0.052), witnessing (p = 0.07), physical (p = 0.08), and
other (p = 0.06) abuse scores than did controls. In short, night-
mare participants reported more past adversity—both traumatic
and non-traumatic—including during early childhood.

Item-by-item group comparisons for the 0-6 age stratum in
this study reinforced the notion that different types and degrees of
early adversity befell the nightmare group (Table 1). Item scores
that were elevated for the nightmare group included some that
were clearly traumatic, e.g., #29: I was in a situation in which I was
convinced that I would be physically injured or lose my life, and #31:
Isaw dead bodies, and possibly #34: I saw sexual things that scared
me, but also items that were general in nature (# 9: My parents con-
fided things in me that made me feel uncomfortable; #18: The rulesin
my family were unclear and inconsistent), not clearly recalled (#40:
Somethingterriblehappenedto methat stillremainsamysterytome),
or even seemingly benign (#3: not excelling at something). This
diversity and, especially, evidence that very general adverse
events were reported by nightmare participants, reinforces the
observation that many participants could not name specific
events that might have triggered their nightmares, even though
they believed such events had occurred. Specifically, even though
53.2% (33/62) of the nightmare group claimed an event preceded
onset of their nightmares, only 35.5% (22/62) could describe one.
For the control group, 59.0% (36/61) claimed an event preceding
their nightmares and only 24.6 (15/61) described one. For both
groups, a variety of possible trigger events was listed, but by far
the most common were interpersonal events, usually involving
the parents: death of a parent or other family member, parental
divorce or separation, family discord, and bullying; only rarely
was a clearly traumatic event described, i.e., a sexual assault in
one nightmare participant.

Finally, it is noteworthy that, as with other physical and psy-
chiatric illnesses, relationships between adversity and nightmares
appears graded, e.g., duration of childhood sexual abuse corre-
lates positively with adult nightmare frequency and distress (65).

To summarize, research converges on the notion that risk
for developing nightmares increases following early adversity
exposure. While studies vary in the precision with which they
have determined a participants’ age when adversity occurred,

some suggest that events in the infantile amnesia period—even
as early as the first year of life—influence adult nightmares. Some
also suggest that adverse events need not be blatantly traumatic
to have an effect; different types and severities of adversity are
reported. Nightmare sufferers themselves describe experiences
that range from seemingly benign (birth of a sibling) to generally
disagreeable (inconsistent parental rules) to serious but non-
traumatic (separation of parents) to outright traumatic (seeing
dead bodies). Moreover, although many suspect past adverse
events, they cannot specify them (something terrible happened
to me that still remains a mystery to me). In short, nightmares
may be influenced by experiences that are not obviously adverse,
that may not be appreciated as causal, or that may not be clearly
remembered, but that have a lingering emotional impact. If so,
the causes of idiopathic nightmares may be of the same general
ilk as those for post-traumatic nightmares only less severe and,
possibly, cumulative in nature. This principle is nicely illustrated
in a careful clinical study conducted by Hartmann (11, 66, 67)
described next.

Hartmann’s Clinical Evaluation of

Nightmare Sufferers

Hartmann’s (11, 66, 67) work highlights the sometimes subtle
nature of early adversity. He assessed 50 individuals with lifelong
nightmares (3-4 nightmares/week) for evidence of a past history
of trauma. He questioned them about childhood experiences
in an attempt to “... find any unusual characteristics, including
the possibility of any traumatic events or unusual family relation-
ships or dynamics that might have led to the onset of nightmares”
(p. 67). He was confident in his participants’ abilities to accurately
report these experiences, finding that they remembered their
early childhoods “unusually well” (p. 67). Although Hartmann
did not find clear evidence of early trauma, his participants did
report being quite sensitive as young children and possibly more
vulnerable to milder forms of adversity. For example, he observed
that many of his participants had a younger sibling born when
they were 1-3 years of age:

. they did appear to have taken the birth of the
sibling unusually hard ... It seemed rather that the

TABLE 1 | Traumatic Antecedents Questionnaire (TAQ) items for 0-6 years of age that discriminate between Nightmare and Control groups.

TAQ item (0-6 years of age) Nightmare Control
Mean #P %P Mean #P %P MWU? p?
3. I was really good at something (like sports, a hobby, school, work, or some creative activity) 228 52/58 89.7 266 52/53 981 -1.75 0.081
9. My parents confided things in me that made me feel uncomfortable 0.55 16/56 28.6 0.19 6/53 11.3 2.29 0.022*
18. The rules in my family were unclear and inconsistent 071 19/69 322 0.26 11/58 19.0 2.00 0.045*

25. Someone in my family had a problem with alcohol and/or drugs

0.60 14/58 24.1 0.28 8/61 13.1 1.83 0.071

29. | was in a situation in which | was convinced that | would be physically injured or lose my life 0.10 3/60 5.0 0.00 0/61 0.0 1.76  0.078

31. | saw dead bodies 0.08 4/61 6.6 0.00 0/61 0.0 2.03 0.043*

34. | saw sexual things that scared me 0.20 4/61 6.6 0.00 0/61 0.0 2.54 0.011*

38. | believe that one of my brothers or sisters was sexually molested 0.16 4/58 6.9 0.00 0/58 0.0 2.04 0.041F

39. | have had another very frightening or traumatic experience where | felt intense fear, helpless, 0.33 4/58 6.9 0.02 1/60 1.7 2.92 0.004*
or horrified

40. Something terrible happened to me that still remains a mystery to me 0.35 10/58 17.2 0.02 1/60 1.7 2.96 0.003**

Mean, mean TAQ item rating; #F, number of participants; %F, percent of participants.

aMann-Whitney U standardized test statistic, two-tailed; *p < 0.05; **p < 0.01. From Ref. (63).
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psychological makeup of the nightmare sufferers was
perhaps already somewhat unusual, even at the age of
one to three, so that the birth of a sibling was especially
painful or traumatic to them. (p. 70).

He concluded that a traumatic etiology could not be completely
ruled out and that “... a relatively ordinary event, such as the birth
of a younger sibling, could have been felt to be especially painful and
traumatic; most of them may indeed have had a series of “traumas”
of this kind during childhood.” (pp. 106-107).

Thus, according to this nightmare expert, a combination
of “sensitivity” and events as seemingly benign as birth of a
sibling might be sufficient to incite nightmares. The possibil-
ity was considered by researchers (68, 69) who assessed birth
order in relation to nightmare frequency under the assumption
that firstborn children would suffer adversity in the form of
“dethronement” by the birth of a sibling. Their findings sup-
ported the assumption: the frequency of frightening dreams
among firstborn children (15.2%) was over twice that of last-born
children (6.7%; p < 0.02)—independent of confounders age,
sex, and sibship size. They replicated the findings as well [but cf.
Ref. (70)]. Birth of a sibling might seem to be an innocuous
event in a child’s life, and birth order studies have even found
firstborns to possess positive qualities such as high success and
achievement [review in Ref. (71)]; however, several studies in
the same review also link firstborns to emotionally maladaptive
attributes such as “most fearful in new situations” (five studies),
“most vulnerable to stress” (three studies), and “least emotional-
ity” (three studies).

The following illustrates a preschool child’s intense reaction to
the presumably adverse event of a sibling’s birth: “... Harry was
three and a half years old when his youngest brother was born. ... Just
before his brother’s birth he became aggressive, began hitting his
brothers and sisters, and became angry at his mother and her large
stomach and told her he was going to open up her stomach and cut
up her new baby. About a month after the baby’s birth, Harry began
to have nightmares from which he awoke in terror. He dreamt that
someone was coming to hurt him, that monsters were after him,
that a large woman was coming to kill him. Here the nightmares
clearly seem to be portraying a very specific fear of punishment for
his aggressive wishes” [(72), pp. 65-66].

There are other signs in the Hartmann histories of possible
early adversity. Significantly more of his nightmare group had
close relatives with a psychiatric condition, interactions with
whom could have been a source of adversity. Further, 18/50
(36%) of his patients fit a DSM diagnosis of schizophrenia,
schizotypal disorder, or borderline personality disorder; many
others showed preclinical signs; there were no such signs among
controls. Similar clinical findings were reported by Kales et al.
(55) who noted higher levels of schizotypy and emotional
problems (e.g., quick to withdraw emotionally, overreact to per-
ceived mistreatment and considered committing suicide) among
nightmare participants than among controls. Furthermore,
more nightmare than control participants reported emotional
problems in their families and that family members had com-
mitted suicide.

Nightmares Are Developmentally
Persistent

If there is growing evidence of emotion-mediated causal links
between early adversity and later idiopathic nightmares, much
less is known about when nightmares may arise in relation to
this adversity. Some evidence suggests that nightmares often arise
in childhood and persist until later in life. There may be a peak
in nightmare prevalence early in adolescence [e.g., Ref. (73)],
but another study of >950 children found that bad dreams were
present in some as young as 29 months of age (61). In fact, for
bad dreams rated by mothers as occurring often or always the
prevalences for children 29, 41, 50, 60, and 72 months of age
were 2.4, 3.9, 2.2, 2.6, and 1.5%, respectively. Thus, there was a
peak prevalence at 41 months (3.5 years) compared with other
early ages. This peak is particularly noteworthy considering that
3.5 years of age is the widely accepted infantile amnesia upper
boundary (see later section). These analyses further showed that
when bad dreams did occur in early childhood, they tended to
persist over time; of the 68.2% of children who had bad dreams
at 29 months, 82.0% still had them at 41 months, and, of these,
88.3% still had them at 50 months, 87.3% at 60 months, and 89.7%
at 72 months (61). A similar longitudinal stability was found for
851 8- to 11-year-old children assessed at 3 time-points over
2 years (74).

Although nightmares may start early in life and persist as a
lifelong problem, this is not always the case. The impact of early
adversity on nightmares may surface only after some variable
delay. For example, an accumulation of milder adverse experiences
might increase one’s susceptibility to nightmares over time, with
nightmares appearing only after an adversity threshold has been
attained. Their appearance may thus be (imprecisely) blamed on
seemingly minor events—the last adversity encountered. Similar
considerations pertain to post-traumatic nightmares. Sometimes
these emerge relatively promptly post-trauma but sometimes
they appear only after a substantive delay, so-called delayed-onset
PTSD (75). An accumulation of trauma experiences is known to
increase risk for future PTSD (76, 77).

THE STRESS ACCELERATION
HYPOTHESIS OF MENTAL ILLNESS

The present section explores application of the Stress Acceleration
Hypothesis of mental illness [SAH-MI; (78)] specifically to the
pathogenesis of nightmares. The SAH-MI in its simplest form
stipulates that susceptibility to mental illness is increased by
adverse experiences that occur during an early, developmentally
sensitive window. This sensitive window exists in other altricial
species, e.g., rats (33) and dogs (79), and corresponds in humans
to the period from birth to approximately 3.5 years of age
(80). It is commonly referred to as the infantile amnesia period
(33, 81) and is defined more fully later. Early exposure to adversity
is postulated to trigger a pattern of changes that is common across
species, specifically, a precocious maturation of emotional regula-
tion systems such that basic emotion processes, particularly those
governing fear expression, learning and extinction for the infant,
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shift prematurely to an adult-like form. This acceleration may
afford short-term adaptive advantages, such as better emotional
self-regulation in the absence of adequate caregiving, but its
long-term consequences may be disproportionately damaging; it
may lead to anxiety, depression and an increased risk for mental
illness—including, according to the present thesis, the manifesta-
tion of nightmares.

The SAH-MI is grounded in evolutionary theories of devel-
opment and is supported by substantial behavioral and neuro-
cognitive research with both human and non-human subjects
(9, 78). 1t is consistent with other theories, such as psychosocial
acceleration theory, and findings that support them, such as evi-
dence that the timing of puberty onset in females is accelerated
after socioemotional adversity in the first 5 years of life [review
in Ref. (82)]. In line with these views, the present work considers
stress acceleration as a mechanistic explanation for nightmares
and, in particular, to explain how adversity may induce cognitive,
behavioral, and neural changes to emotion regulation processes
during both wakefulness and sleep, processes that are particularly
germane to explaining nightmare production.

Stress Acceleration Affects Emotional

Regulation

A comprehensive set of literature reviews (9, 32, 78, 83-86)
details the hypothesis that early environmental factors, e.g., early
caregiving or the lack thereof, modulate the timing and course of
emotional development. The principal tenets of this hypothesis
are summarized in Table 2, sections A and B; additional assump-
tions as applied here to nightmares are summarized in section C.
The previous authors’ works are predicated on several general
assumptions about evolutionary pressures on development
(assumption 1), the role of early adversity in future mental illness
(assumption 2), and the preservation of emotional functioning
across species (assumption 3). Readers are directed to the original
reviews for further clarification of, and empirical support for, these
general assumptions. Assumption 3, that emotion neurocircuitry
and function is preserved across species (3, 4), is critical to both
the SAH-MI and the current thesis in that it allows comparative
analysis of findings from research based on both human and
non-human subjects.

Stress Acceleration Has Cognitive,

Behavioral, and Neural Effects

As shown in Table 2, sections B4 and B5, the SAH-MI claims that
early adversity accelerates development of both emotional behav-
ior and the behavior’s neurobiological underpinnings. Literature
supporting these claims is extensive, especially for rodent models
of emotion (9, 78), and only some representative findings are
discussed here. In relating this literature to the pathogenesis of
nightmares, it will be useful to distinguish among effects that
are more specifically pertinent to human cognitive-emotional
processes, including effects on emotional imagery, emotional
memory, and sleep. These distinctions will highlight processes
central to nightmare production and phenomenology but that are
not typically considered in relation to SAH effects of emotional
functioning more generally.

TABLE 2 | Assumptions of the Stress Acceleration Hypothesis of mental
iliness (A, B) and additional assumptions proposed for nightmares (C).

(A) General assumptions

1. Evolutionary: developmental trajectories respond to the environment to
confer survival advantage®

2. Developmental: early adverse experiences influence later mental illness®:
e Focus on adverse caregiving: abuse, neglect, maternal separation
¢ Also relevant: bullying, witnessing violence, death, trauma, etc.

3. Neural: neurocircuitry of emotional functioning is highly preserved across
species®:
* Infantile amnesia period (in altricial mammals)
e Affect network: limbic-prefrontal connections

(B) Assumptions about stress-induced acceleration
4. Adversity accelerates the nature and timing of early emotional behavior
e Foreshortening of infantile amnesia period?
o persisting infantile influences on adult behavior
e Fast-tracking of adult-like emotional behavior®
o heightened fear expression
o relapse-prone fear extinction
5. Adversity accelerates the nature and timing of emotion neurobiology’
e Affect network: amygdala, medial prefrontal cortex, hippocampus,
anterior cingulate cortex

(C) Assumptions pertinent to nightmares
6. Accelerated early development of emotion circuitry sets the stage for
nightmares
e Development of sleep-related emotion regulation processes (fear learn-
ing, extinction) parallels that of waking-related processes
o qualitative change in processes after infantile amnesia boundary
o adversity-induced acceleration of processes
* Foreshortening of infantile amnesia period increases access to normally
forgotten memory traces during dreaming:
o primordial feelings
o infantile memories
e Acceleration of sleep-related emotion regulation mechanisms
o NREM sleep mechanisms (sleep spindles)
o REM sleep mechanisms (%REM, theta EEG)
7. Adversity-induced acceleration produces alterations common to
nightmares, comorbidities, and correlates
¢ Nightmares are comorbid with anxiety, depression, schizophrenia spec-
trum, suicide/self-harm, PTSD
¢ Nightmares may be a preclinical (partial) form of PTSD
* Nightmare sufferers may be high in environmental sensitivity, creativity,
recall of early memories

(87, 88); (44, 89); °(33, 90); 9(91); ¢(78); (92).

THE STRESS ACCELERATION
HYPOTHESIS OF NIGHTMARES

Section C6 of Table 2 details the key assumptions of the SAH-MI
as it applies to nightmares (see also Figure 1). First, there occurs
a foreshortening of the infantile amnesia period—with parallel
changes hypothesized to occur for dreaming such that, in later
development, access to both primordial feelings and infantile
memories is increased. Second, there occurs a precocious matu-
ration of emotional memory processes which both sustains feel-
ings and memories from the infantile period and alters emotional
reactions to ongoing events. Third, there is modification of REM
and NREM mechanisms implicated in emotion memory and
regulation. Thus, early adversity not only displaces an evolutionarily
preserved amnestic barrier to early memories, but it alters
emotional learning in such a way that these early memories—
including memories for the adversity itself—are given a much
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FIGURE 1 | The stress acceleration hypothesis of nightmares stipulates that (A) intensely emotional events originating in the infantile amnesia period
are normally inhibited to adult recall at the infantile amnesia boundary, which ends at about 3.5 years of age (vertical black line). But early adverse
experiences may cause this boundary to be advanced (vertical red line), rendering these early events more accessible to memory (red region). (B) Because dream
formation draws upon early memories, the dream experiences of adults who had suffered early adversity may be nightmarish because they include some of these
normally forgotten elements (nightmare cloud). Dreams of adults with no early adversity will not include these early memory elements (dream cloud). (Image credit:

Sabrina Nielsen).

longer lifespan and a greater influence over adolescent and adult
development. These influences on emotional development will be
described in turn.

Stress-Induced Foreshortening of the

Infantile Amnesia Period

The nightmare application of the SAH hypothesis stipulates, in
accordance with other theories, that adversity induces a fore-
shortening of the infantile amnesia period and that this change
renders the individual vulnerable to the influences of normally
forgotten early emotions and memories. However, the present
theory goes further to stipulate that this change will have effects
on emotion and memory processes in both awake and sleep states.
As the hypothesized source of nightmares, infantile amnesia
foreshortening should be particularly likely to affect neural pro-
cesses underlying dreaming and sleep-related emotional memory
consolidation. Evidence pertaining to the presumed effects of
infantile amnesia foreshortening on emotions and memory dur-
ing both waking and dreaming is considered in the next sections.

Infantile Amnesia: Waking State

The phenomenon of infantile amnesia, or the absence of memory
for events from the first few years of life, was first described by
Henri and Henri (93) and later named and elaborated by Freud
(81, 94). Freud considered infantile amnesia a paradoxical rid-
dle: on the one hand, most early memories are forgotten despite
the vivid nature of early experiences (“... no trace is found in an
adult’s memory of impressions dating from that time which are
important, impressive and rich in affect” 1901, p. 83) and, on the

other hand, such early experiences profoundly influence adult
behavior (“...the very impressions which we have forgotten have
nevertheless left the deepest traces in our psychic life, and acted
as determinants for our whole future development.” 1905, p. 28).
To illustrate the impact of this thinking, Breuer and Freud (95)
proposed that “hysteria,” an early conceptualization of anxiety
disorder, was due to a fearful event remaining in memory and
activating anxious thoughts and maladaptive behaviors. This
notion that early memories contribute to anxiety disorders is
still widely held [review in Ref. (96)] and is a component of the
present explanatory framework for nightmares.

Although Freud’s notion that both dreams and neurotic
symptoms express unconscious early impressions (“infantile
wishes”) was a cornerstone psychoanalytic concept, it was also
a constant challenge to him forming a coherent explanation of
nightmares: nightmares do not on the surface appear to fulfill
any kind of wish as commonly understood. Yet, the notion of
enduring unconscious influence is surprisingly consistent with
stress acceleration frameworks and with the current suggestion
that early adverse impressions influence nightmares.

The paradoxical nature of infantile amnesia pointed out by
Freud influenced developmental theorists [e.g., Ref. (98, 99)] and
was supported empirically in the early twentieth century [reviews
in Ref. (100, 101)] and more recently [reviews in Ref. (33, 91)]. A

'Freud considered many memory traces from the infantile period to consist of
inchoate sexual feelings and proposed that these memories were transformed into
unreliable “screen memories” so as to avoid the anxiety that the infantile memories
might evoke. In a related vein, psychoanalytic scholar Ernest Jones proposed that
nightmares originate in repressed sexual desires (97).
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key development was the demonstration that infantile amnesia is
not restricted to human infants; rather, it is a biologically deter-
mined developmental milestone demonstrated in rats (102) and
other altricial species (103, 104). Campbell and Campbell first
demonstrated its cross-species generality: both infant and adult
rats showed equivalent levels of learning and expressing of fear
when tested immediately after training, but infants alone showed
a rapid rate of forgetting when tested at later times. This directly
parallels research showing that both 3- and 4-year-old children
form episodic memories, but that 3-year olds fail to retain those
memories following delays as brief as 30 min, whereas 4-year olds
retain them up to a week later (105). Studies of adults’ retrospec-
tive dating of autobiographical memories demonstrate that few
memories predate age 4; Rubin’s (80) assessment of over 11,000
such memories reported for age 10 and younger found that only
3.9% occurred before age 4, and the percentage rose sharply
afterward (Figure 2). Such findings, together with a large neuro-
biological literature [review in Ref. (33)], indicate that infantile
amnesia is a normal developmental feature of altricial species
and, in humans, sets in at about 3.5 years of age. The estimated
boundary of 3.5 years might even be an underestimate. If early
adversity indeed foreshortens this boundary as the SAH-MI
stipulates and if some of Rubin’s (80) participants had experienced
prior adversity as might be expected from epidemiological stud-
ies (106, 107), then the estimated normal boundary of 3.5 years
may be later, possibly even closer to 4 years. More detailed study
of this point is needed.

Although early adversity may advance the infantile amnesia
boundary, memory for adversity may be affected in different ways
for children of different ages. Terr (108) found that the age range
of 2.5-3 years was critical; children younger than 28 months
when traumatized had only the spottiest of recall of the trauma,
whereas older children had more complete recall. Field studies
of injured young children confirm such observations. Children
aged 18 months to 5 years who underwent emergency room visits
for burns, lacerations, fractures, etc. and were interviewed within
a few days and again 6 months later recalled very little at either
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FIGURE 2 | Distribution of participant ages at the time of childhood
autobiographical memories aggregated over 11,289 memories from
762 participants in 33 studies [from Ref. (80)].

time point when they were younger than 30 months at the time of
the injury, but recalled very well when they were older than this
(109). Similarly, children aged 12-33 months who had experi-
enced injuries and emergency room treatments could not report
their experiences either immediately or 2 years later when they
were younger than 18 months at the time of the injury, but older
children could give more detailed reports at both times (110).

Accordingly, empirical determinations of infantile amnesia in
the case of early trauma has produced a range of estimates, in
part due to variations in the specificity and pertinence of probe
questions but also because of factors such as culture, trauma dis-
tinctiveness, time elapsed since trauma, and reminders [review in
Ref. (111)]. However, there is a general consensus that, because
of limited language capacities, traumatic events experienced
before the age of around 2 years are not accessible in verbal form
but may manifest in behavioral or physiological ways, and that
only “bits and pieces” of memories can be recalled verbally for
trauma occurring up to 2.5 years of age (111). Thus, while early
adversity may influence children as early as birth, differences
in language competency may determine in what form—verbal
vs. non-verbal—adversity-induced accelerations of the infantile
amnesia boundary will be expressed.

Infantile Amnesia: Dreaming Parallels
As there is little research on dreaming in the infantile amnesia
period, there is consequently little agreement about dreaming
prevalence and characteristics at this time. There is no research
whatsoever about whether a shift in dream recall or dream
content at the end of the infantile amnesia period may parallel
the transition described earlier for emotional memory. Available
studies on children’s dreams are specifically weak on these points
because they have not assessed childrens dreaming at the critical
juncture of the infantile amnesia boundary, i.e., ages 2-3 years vs.
ages 4 and older; rather, such studies either exclude very young
children altogether or group them such that their ages straddle
both sides of the boundary, e.g., 3-6 years. Some studies investi-
gating early developmental changes in sleep neurophysiology do
provide evidence relevant to the question; these are reviewed in a
later section (see Evidence from Changes in Sleep Architecture).
To date, the best available evidence about a potential dreaming
parallel to infantile amnesia is to be found in a series of studies
(112, 113) comparing a cohort of children aged 3-5 years of age
with older cohorts (5-7, 7-9, 9-11, 11-13, and 13-15 years).
The youngest cohort is still imperfect in that it straddles the
infantile amnesia boundary, but reports of “dreaming” in this
group nonetheless offer some compelling clues. Briefly, this work
suggests that dreaming is impoverished or absent altogether dur-
ing the infantile amnesia period and begins a shift to adult-like
dreaming only as children cross the infantile amnesia boundary.
Comparisons of these normative findings with observations on
nightmares reported by traumatized children will allow us to
address the more specific question of whether the phenomenon
of infantile amnesia acceleration induces a parallel acceleration
in dream production.

Foulkes’ studies (112-114) employed both home and polysom-
nographic dream collection methods and a longitudinal design
that compared children with themselves multiple times over a
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5-year span. He considered his “single most amazing finding” to
be the puniness of dreaming among the 3- to 5-year-old cohort
relative to that for older children and adults [(114), p. 56]. The
youngsters recall of dreaming from any stage of sleep was rare,
occurring on a median of 15% of REM sleep awakenings and 0%
of non-REM sleep awakenings. And when some recall did occur,
reports were exceedingly brief (median: 13 words/report for boys;
14 for girls) and depicted isolated events that were static (non-
kinematic) and lacking narrative structure. The images were largely
devoid of social interactions, either pleasant (4% of reports with
content) or unpleasant (6%), and devoid of emotions (8%)—fear
or anger was never seen. There were few self-movements (13%) or
other types of motor activity (26%). Animals were the predomi-
nant characters in both girls’ (45%) and boys’ (33%) reports and
these eclipsed family members (17%). These features, except for
the predominance of animal characters, were all distinct from the
dreams of older subjects. Foulkes (113) concluded that ... these
findings are quite unique, not merely against the standard of adult
dreams, but also against that of children’s dreams at all other ages at
which we studied them, including these very same children’s dreams
two years later at ages 5-7” (p. 48).

Perhaps even more striking in these results is the finding
that, whereas the frequency of recalling dreams among all older
children (from 5 to 15 years) was consistently correlated with
measures of cognitive skills, especially with the visuospatial
Block Design task, 3- to 5-year olds were unique in showing no
such correlations. In fact, their dream reporting was associated
with dependence on adults, talkativeness and verbal spontaneity,
attributes Foulkes thought may have encouraged confabulation
or dream report false positives. In other words, the paltry amount
of dreaming that did occur among 3- to 5-year olds was relatively
devoid of socioemotional imagery, unrelated to adult-like cogni-
tive competency, and possibly confabulated, whereas the older
children’s dreams did contain socioemotional imagery, did reflect
their visuospatial competency, and was not likely confabulated.
This pattern of results may constitute a nocturnal parallel to the
normal developmental sequence of changes in emotional memory
that leads up to the infantile amnesia boundary, specifically, a
shift from rudimentary dreaming that is sparse, easily forgotten,
and lacking mechanisms to represent emotions or social interac-
tions, to an adult-like form that is more abundant, kinematic,
and socioemotionally rich. These, and other, findings led Foulkes
to conclude that a capacity for dreaming parallels waking state
competency for visuospatial cognition and, since such skills are
largely absent in 3- to 5-year olds, dreaming too is largely absent.

Foulkes’ results thus support the notion of a parallel between
waking and sleeping development very early in life and, in
particular, between a shift from infantile to adult-like emotional
memory during wake and a shift from impoverished to socially
rich adult-like dreaming during sleep. Accordingly, it is rea-
sonable to expect that early adversity will induce an abnormal
acceleration of this shift in dreaming processes just as it is does
acceleration of fear memory processes during wakefulness. While
research is also very limited on this point, there is some evidence
that early adversity is associated with children having nightmares
before they reach the age of the infantile amnesia boundary. This
evidence is largely clinical and anecdotal [review in Ref. (115)],

although some new empirical findings about remembering very
early dreams are presented in a later section.

Terr (115), Mack (116), and Hartmann (67) discuss accounts
of apparent nightmares by children as young as 8-13 months, but
these are clearly exceptional cases. The authors interpret context,
behavioral indicators (“dream-enactments”) and rudimentary
verbalizations to infer that such experiences are nightmares.
Hartmann (67) suggests that a large number of the “waking up
crying” episodes of children around age 1 are preverbal night-
mares but acknowledges that they may be sleep terrors, which are
at their peak prevalence (34%) around this age (117). Terr (118),
as well, suggests that “infants physically demonstrate that they are
dreaming by making mouthing movements or little sounds in their
sleep. Toddlers may scream from sleep without awakening, but this
kind of dreaming is often too primitive and inexpressive to establish
that traumatic dreams are actually taking place” (118). Terr also
considers that these are sleep terror dreams® and provides the
example of a 3-year-old girl whose sister had been kidnapped
from her school bus and buried alive: the girl reported her first
ever dream to her mother: “In a hole. I—in a hole, Marjorie cried
out in the middle of the night. The dream, one of being buried alive,
had been transmitted from the older sister, who had experienced
premature burial and dreamed it several times, to her toddler
sibling” (p. 241).

There is somewhat stronger evidence that adversity-induced
nightmares can be recalled by children older than 2.5 yr. First,
in one study (61) of 987 preschoolers aged 7 months to 6 years,
parent ratings of bad dreams at a frequency of often or always in
the months prior to testing occurred in 2.4% of children aged
29 monthsand 3.9% aged 41 months. Further, these measures were
predicted by proxy measures of earlier adversity, such as mother
ratings of the child at 5 months being difficult, restless or likely
to cry, or at 17 months being anxious and emotionally disturbed.
Second, in a clinical study (108) of 20 children with documented
trauma that had occurred prior to age 5 (range: 6-58 months), 4
of the children (20%) were observed to remember trauma-related
dreams—all of these children were older than 34 months when
remembering the dreams. Another four children between 20 and
34 months screamed at night without parents being able to verify
dream content.

Infantile Amnesia: A Wider View
Together, the preceding findings suggest a time line for the devel-
opment of emotional memory processes during both waking and

*Distinguishing nightmares (a REM sleep phenomenon) from sleep terrors
(a non-REM sleep phenomenon) without the benefit of polysomnographic record-
ings is problematic, especially among preschool and preverbal children. However,
in light of recent evidence [e.g., Ref. (119)] that somnambulistic episodes (of which
sleep terrors are one type) are associated with emotionally vivid dream content as
frequently (80%) as dreams are associated with REM sleep awakenings (80%), and
evidence that dreaming in both REM and non-REM sleep are produced by the
same dream-producing mechanism, it is likely that adversity-induced changes to
this dream mechanism will influence both REM sleep nightmares and non-REM
sleep terrors, in addition to other disturbed forms of dreaming (e.g., sleep paralysis,
terrifying hypnagogic hallucinations). Thus, the SAH-NM approach may help
explain the pathophysiology of sleep terrors including, especially, why REM sleep
is disturbed in this non-REM sleep disorder (120).
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sleep states. The normal developmental sequence may be that
children younger than age 3.5 learn, but fail to retain, emotional
memories while awake but also dream very little and without
socioemotional themes and feelings when asleep; they subse-
quently develop more adult-like capacities for both memory and
dreaming after this age. Adverse experiences may accelerate this
normal developmental sequence for both waking and sleeping
processes such that intensely emotional memories and dreams
are retained and recalled from abnormally early ages.

Children younger than 2.5 years have been observed to
express reactions to traumatic experiences in non-verbal
(or implicit) ways during both wakefulness and sleep. During
wake, this is most commonly seen in the form of bodily responses,
trauma-specific fears, reenactive behaviors, or repetitions of
trauma-related movements during play (108). During sleep,
they rarely recall nightmares but show behavioral signs of sleep
disturbance that belie the adversity’s influence, including dream-
enactments, vocalizations, and other sleep terror signs. Adversity
may thus influence non-verbal and verbal expressions of emo-
tional memory and dreaming differently for different ages. Prior
to age 2.5, adversity may lead to changes in behavioral (implicit)
memory systems and possibly also to an increased vulnerability
for nightmares indexed only by behavioral markers (behavioral
repetitions, sleep motricity) but which only manifest as night-
mares per se later, as cognitive—emotional processes fully mature.
Other factors, such as the severity or chronicity of an adversity
or a child’s natural resilience mechanisms, may also prevent
immediate expression of nightmares even while contributing to
the founding of a nightmare vulnerability.

Infantile Amnesia Foreshortening

and Nightmares: The Evidence

Foreshortening of the infantile amnesia period may have weighty
cognitive and neurobehavioral consequences for the develop-
ment of emotional memory systems during both waking and
sleep; these may be separated for convenience into influences
on primordial emotions and infantile memory elements (Table 3).

First, primordial emotions, which include feelings accompanying
instinctive behaviors (121) and evolutionarily basic emotions
(122), may leave traces that consciously or unconsciously influ-
ence waking cognitions, images, and behaviors. Judging from the
poorly regulated emotional behaviors of young children (e.g., cry-
ing outbursts, temper tantrums, fits of joy, etc.), primordial emo-
tions are likely to be more vivid, volatile, and uncontrolled than
are emotions experienced by older children or adults. Primordial
emotions include, for the present work, feelings of anxiety, fear,
dread, and terror that constitute the predominant feelings in
nightmares, but may also include other intense emotions; anger,
sadness, disgust, joy, interest, and other basic emotions all develop
early in ontogeny and are felt by children long before they develop
language, symbolization or a self-concept (123, 124). This cor-
responds with the fact that as many as 30-51% of nightmares
contain emotions other than fear, e.g., anger, sadness, or frustra-
tion (125).3

Second, adversity-induced foreshortening of the infantile
amnesia period may result in a greater number and variety of
infantile memory elements influencing wake and dream processes
later in life. Accordingly, individuals whose infantile amnesia
period has been affected may report more frequent and more
richly detailed memories of events that stem from ages 0-3 years
than do others. These likely include memories of the adversities
that led to infantile amnesia foreshortening in the first place,
e.g., memories of separation, neglect, abuse, bullying, or other
stressful experiences. Or, they may include affectively charged
memories that are independent of adversity, e.g., early caregiv-
ers, a first pet, early dreams or milestones such as birthdays, and
family festivities. Freud (126) claimed that dreams are replete
with infantile memory elements, and he undertook voluminous
descriptions of dreams and memory sources to illustrate the

*The intense nightmarish mentation accompanying sleep terrors often encapsulates
primordial emotions of the type described for vegetative systems such as thirst,
the hunger for air or food, pain, or sexual arousal (121). As sleep terrors are also
influenced by early adversity, the stress-acceleration hypothesis of nightmares may
account for the development of sleep terrors as well.

TABLE 3 | Acceleration factors combining to influence emotion functioning and nightmares.

Factor Implications for wake state

Implications for nightmares

Comorbidities

Atypical mental contents from Foreshortening of infantile amnesia period

infancy
— primordial emotions 0 negative or positive
o intense
o unusual
— infantile memory elements o embodied (kinesthetic, vestibular)

o preverbal

o fragmentary, non-episodic

Infantile influences on dreaming

(0]

Possible symptoms

dreamed threats and other outsized o phobias
emotions )

o0 anxiety
nightmares

typical dreams: flying, falling, chase, o
evil forces

unusually good memory for
childhood

Prematurely developed emotional Adult-like memory
processes

— fear expression, fear learning 0 increased fear sensitivity

— fear extinction o relapse-prone (vs. relapse-proof)

Adult-like dreaming

(0]

(0]

Possible symptoms
poor dream affect regulation— o affect distress

including no affect " )
9 o suicidal behavior

reduced efficacy of REM extinction, o re-emergent primordial fears
REM and NREM emotion

consolidation
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extent of this association. There have as yet appeared no alter-
native, easily applied methods for charting such early memory
sources. Accurately tracking dream elements to infantile memory
sources may well require protocols that are modeled on proce-
dures for sampling early autobiographical memories. Training in
introspective observation may also be needed.

For both waking and dreaming situations, memories arising
prior to the normal infantile amnesia boundary are likely to be
vivid, unusual, and qualitatively different from later childhood
memories. Although phenomenological work on such unique
early memories is needed, I suggest that at least two characteris-
tics may distinguish them.

(1) Episodic fragmentation. Because the infantile amnesia period
is pre-episodic, i.e., toddlers cannot normally form memories
of specific events occurring in a particular time and place,
memories from this period may be fragmented or incomplete—
references to spatial context are especially likely to be missing
(127) as these rely on maturation of the hippocampus.
Sensorimotor encoding. Because infantile memories are
largely preverbal and pre-symbolic, they may be encoded
primarily in sensory form; motricity and body sensation are
particularly important to early attempts at episodic memory
(128) and might therefore be characteristic. The embodied
features of memory have been described in the case of symp-
tom formation among very young traumatized children, e.g.,
repetitive behaviors, trauma-specific fears (129).

2)

In sum, foreshortening of the infantile amnesia period may
lead—during both waking and sleep states—to abnormally better
access to primordial emotions and infantile memory fragments;
very likely, most such memories will comprise both components.
While there is little phenomenological study of such memories,
they are likely distinctive in being fragmented or incomplete,
preverbal, pre-symbolic, and embodied. The present thesis is that
these memories influence dreaming in a manner analogous to
how they influence formation of the symptoms of mental illness.
One effect may be an increase in memories of early-life dreams
and nightmares (see later). The memories that are most likely to
issue from the infantile amnesia period will likely reflect the dys-
phoric feelings and impressions of adverse events that led to the
foreshortening effect, much like the flashbacks and nightmares
of PTSD often reflect the traumatic experiences that led to the
illness—as trauma replications, symbolic transformations, or
emotional reactivations.

However, as the previous discussion should make clear,
adversity-induced early-life changes may broaden access to a swath
of memories beyond only negative events. Preserved infantile
reminiscences may spare some emotionally positive or neutral
features in addition to those linked to adversity. Animal studies
(33) provide ample evidence for the post-adversity sparing of
dysphoric memory traces but also give some indication thata more
generalized sparing occurs. For example, some appetitive behav-
iors from the infantile period have been experimentally preserved,
behaviors such as approaching a spout to drink sweetened milk
(130). Similarly, human studies support the notion that infantile
fear memories are preserved later in life but as yet similar evidence

that positive or neutral memories are also preserved is still forth-
coming (33). Some new supporting evidence is described later.

The next sections describe three types of evidence that
converge to support the hypothesis that adult nightmares are
associated with early childhood adversity and foreshortening of
the infantile amnesia period.

Evidence from Clinical Histories of Nightmare
Sufferers

Assessments of chronic nightmare sufferers provide evidence
consistent with the notion that foreshortening of the infantile
amnesia period increases access to an emotionally wide-ranging
spectrum of one’s earliest memories. Clinical histories of night-
mare sufferers described earlier (66) revealed that these patients
remember their early childhoods “unusually well” (p. 67).
Hartmann characterized his patients as intensely introspective,
sensitive, interested in themselves and their childhoods, and pos-
sessing a psychological makeup somewhat unusual even at this
early age. And although he did not consider infantile amnesia
specifically in his theorizing about nightmare genesis, he did
point squarely in the direction of this vital memory boundary:

It is true that we tend to forget or repress most events
of the first four or five years of life; but I and other
interviewers were impressed that these nightmare
sufferers...exhibited less such repression than most of
us ... they were sometimes able to remember quite viv-
idly scenes from their second, third, and fourth years.
[(11, 66, 67), p. 106].

Hartmann’s probing for early trauma led him to a careful
evaluation of the strength and quality of nightmare sufferers’ early
memories, which inadvertently produced important evidence of
increased access to memories from the infantile amnesia period
in this population.*

Evidence from Early Dreams: Qualitative

Freud stipulated that infantile memories were readily identifiable
in dreams possessing a typical content; he considered many such
typical dreams as having relatively innocuous memory origins:

“There cannot be a single uncle who has not shown
a child how to fly by rushing across the room with
him in his outstretched arms, or who has not played
at letting him fall by riding him on his knee and then
suddenly stretching out his leg, or by holding him up
high and then suddenly pretending to drop him.” “In
after years they repeat these experiences in dreams; but
in the dreams they leave out the hands which held them

up ...” (p. 375).

*Hartmann’s in-depth assessment of lifelong nightmare sufferers was an important
contribution to developing his notion of “thin boundaries,” which he subsequently
validated as a basic personality construct. The present analysis raises the intrigu-
ing possibility that breaching of the infantile amnesia boundary among nightmare
sufferers may inadvertently have influenced Hartmann’s conceptualization of this
more general personality construct.
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Furthermore, he considered such early experiences to con-
stitute a source of dream anxiety: “Childish ‘romping’...is what
is being repeated in dreams of flying, falling, giddiness and so on;
while the pleasurable feelings attached to these experiences are
transformed into anxiety.” [(126); pp. 375-376].

To investigate potential links between typical dream content
and infantile experience, a convenience sample of early dream
themes was examined for evidence of their resemblance to
early childhood experiences (131). A total of 21,733 females
(Mage=25.1+10.3 years) and 5,478 males (Mg =25.7 - 11.1 years)
indicated on a 56-item checklist which dream themes they had
experienced (as well as one additional “other” category). They
estimated which of these dreams was (a) their most frequent, and
(b) their earliest occurring; they also indicated (c) their age for the
earliest occurring dream and estimated (d) their typical monthly
nightmare recall using a 9-point scale.

As shown in Figure 3, the four most commonly selected earli-
est dreams accounted for 40.2% (10,940/27,211) of all selected
dreams; in decreasing prevalence these were items I-being chased
(14.02% or 3,816), 12-falling (11.44% or 3,113), 11-flying or soar-
ing through the air (9.45% or 2,572), and 56-encountering a kind
of evil force or demon (5.29% or 1,439). All of the 53 other dreams
(including 57-other) individually accounted for less than 3% of
the total number.

The four dreams most commonly identified as occurring
earliest in life are readily interpretable as deriving from
infantile experiences. The themes of falling and flying singled
out by Freud were in fact the second and third most prevalent
earliest dreams. Although these themes may well originate
in early play experiences (126), they may also reflect more
problematic early situations. Falling during early childhood is
common (e.g., down stairs, from a bed, from a changing table
or furniture, from a playground device, etc.) and can cause
serious injuries (132). In one epidemiological study of 0- to
4-year olds (133), the annual rate of injury hospitalization and
death from falls was twice the rate of the next most common
cause (poisoning).

Dreams of being chased and demonic forces were not consid-
ered in detail by Freud but both reflect the common occurrence of
threats in dreams (18) and nightmares (134) as if primitive “fight
or flight” reactions tend to shape the content. The chase dream is
one of the most cross-culturally constant themes (135-138), the
most common nightmare theme [(67), p. 60] and the most preva-
lent recurrent dream theme from both childhood (41.5%) and
adulthood (14.6%) (139). Accordingly, the game of chasing and
being chased is very popular among young children. Even infants
as young as 4 months are adept at visually recognizing chasing,
possibly because it constitutes part of an innate, survival-based,
action schema (140). It is feasible that early adverse experiences in
which chase figures prominently trigger the occurrence of chase
and threat dreams.

Altogether, this brief survey of early dream remembrances
reveals that a limited number of themes accounts for most earliest
recalled dreams. These themes—falling, flying, being chased, and
evil forces—appear to reflect early childhood experiences of play
(e.g., flying) but probably also adverse experiences such as falling
or being chased. These may even reflect adverse experiences that
led to a foreshortening of the infantile amnesia period to begin
with.

Evidence from Early Dreams: Quantitative
The current model stipulates that early memories should be more
available to individuals who have undergone early adverse experi-
ence, acceleration of the infantile amnesia boundary and, thus,
who report more frequent nightmares as adults. Consequently,
the model would predict that frequent nightmare sufferers more
often remember dreams that are dated to earlier in life than do
individuals without frequent nightmares. More specifically, the
model would predict that frequent nightmare sufferers remember
dreams that occurred prior to the end of the infantile amnesia
period (3.5 years).

This hypothesis was tested quantitatively using the same
responses described above and in two steps (131). First, current
recall of nightmares (log-transformed) was assessed relative to
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FIGURE 3 | Earliest reported typical dream themes for 27,211 participants. Four themes accounted for 40.2% of all earliest themes reported (131).
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participants’ ages when they had their earliest dream. Second,
nightmare recall was assessed for participants whose earliest
recalled dream was either positive or negative in tenor. It was
expected that in both cases frequent nightmare sufferers would
recall dreams from earlier ages than would controls.

Nightmares As a Function of Age of Earliest Dream

Only 17,014 participants (3,535 males; 13,479 females) from
the data set who specified an earliest dream occurring at age 10
or younger were included. As shown in Figure 4A, a one-way
ANOVA with 10 levels of Dream-Age (1-10 years) as independ-
ent variable and current (log) nightmare recall as dependent
variable revealed a highly significant main effect (Fo700 = 6.08,
p < 0.0000001) showing that earlier recalled dreams were
associated with frequent current nightmares. Contrasts revealed
significant differences between ages 3 and 4 and ages 5 and 6. All
of ages 1-3 differed from all of ages 4-10.

These results are striking support for the hypothesis.
Participants whose early dream memories fell within the infantile
amnesia window had much higher current rates of nightmares
than did participants who had more normal memory access
outside of this window—and this was independent of current age.
The significant change from ages 3 to 4 is particularly noteworthy
as 3.5 years is when infantile amnesia normally ends and adult-
like memory processing begins. And although there were no
significant differences in nightmare frequency between ages 1 and
3, there is a clear graded relationship between the two measures.

Nightmares As a Function of Early Dream Valence
The foreshortening effect for positive dreams was assessed by
repeating the analysis only with participants who identified 1 of

12 Typical Dreams Questionnaire (TDQ) dream themes with an
emotionally positive valence, e.g., eating delicious foods, flying,
or seeing an angel. A largely similar pattern of results was found
(Figure 4B). Participants recalling earlier positive dreams again
reported more current nightmares, but there was now a signifi-
cant breakpoint between ages 2 and 3. Age 2 differed from all later
years (p < 0.05) except ages 5 and 6 for which there were trends.
Age 1 had a low sample size (12) and only differed marginally
from later ages.

The effect for negative dreams was assessed by repeating the
analysis with participants who recalled one of 32 emotionally
negative TDQ items, e.g., being chased, physically attacked, killed,
or smothered. The same pattern was again found (Figure 4C), i.e.,
nightmare frequency was higher for recall at age 3 than at age 4
and marginally higher at age 5 than at age 6. Post hoc tests again
revealed differences between ages 1 and 3, but not age 2, and all
later ages, specifically.

These results together support the additional expectation that
foreshortening of the infantile amnesia period is independent of
the dream memory’s emotional valence, i.e., that a generalized
increase in access to early memories is provoked. Not only does
this finding support Hartmann’s early observation that night-
mare sufferers have “unusually good” memories for early child-
hood but it may also explain why frequent nightmare sufferers
also more often report a range of positive dream experiences
(e.g., flying dreams, lucid dreams), are more frequently endowed
with more creative skills (141), and display broader than normal
access to emotional semantic networks (142). Increased access
to a greater range of early memories may set the stage for devel-
opment of both maladaptive and adaptive cognitive abilities in
adulthood.
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FIGURE 4 | Participant-estimated monthly nightmare recall for earliest typical dreams occurring at different ages. (A) All 56 items of the Typical Dreams
Questionnaire (TDQ) included (n = 17,014); (B) 12 positive TDQ items (n = 3,366); (C) 32 negative TDQ items (n = 11,868). In all three cases, current nightmares are
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Significant differences are shown only for comparisons of adjacent ages: **p < 0.01; *p < 0.05 [from Ref. (131)].
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Evidence from Behavioral and Animal Studies
Cognitive phenomenological evidence that memories from the
infantile amnesia period can influence later cognitive activity
cannot, understandably, be replicated with non-human animal
studies. Nonetheless, animal studies do provide converging
behavioral and neurophysiological support for the stress accel-
eration thesis. There are two main types of evidence: results
demonstrating that (1) learning during the infantile amnesia
period continues to influence later behavior—even if that learn-
ing is forgotten and (2) adversity accelerates the transition from
infantile to adult modes of emotional learning.

Infantile Learning Continues to Influence Behavior

Evidence for continuing effects of infantile learning on future
behavior [reviews in Ref. (33, 91, 143)] consists in demonstra-
tions that fear conditioning during the infantile period alters the
neural mechanisms of future emotional learning. This continuing
effect is frequently referred to as a memory “trace” or “engram”
that influences future behavior (91). For example, one review
(143) concludes that “... early memories leave at least a partial
trace that continues to influence later functioning despite not
being explicitly recalled ...” (p. 136).

This type of covert early influence is illustrated in rodent
studies that assess the effects on future learning of a memory
acquired during infancy but then forgotten. One study (144)
used the fact that, in adult animals, first-time task learning is
dependent on activation of N-methyl-p-aspartate (NMDA)
receptors (145) but later task relearning is not (146). Li and
Richardson (144) demonstrated that this change from NMDA
dependence to NMDA independence remains true even if very
young rats that have forgotten the initial fear conditioning task
are retrained on it in adulthood. The early learning changed the
neurobiology of later learning even though the learned behavior
was forgotten.

In a second study (147), infant rats exposed to inescapable
shock in one multisensory context did not fear that context as
adults but did express stronger fear learning to a different con-
text. Again, the neurocircuitry of fear learning was altered even
though the learning originating in the infantile amnesia period
was forgotten. Poulos et al. (147) consider this augmented fear
conditioning to be analogous to those types of PTSD patients
who do not remember their precipitating traumatic event
(e.g., asphyxiation with amnesia) yet exhibit a greater propensity
for developing phobias and expressing reactivity to other emo-
tional stimuli (148, 149).

Such studies have also revealed neurobiological changes that
accompany the behavioral changes. In an experiment similar to
that of Li and Richardson (144), Kim et al. (150) showed that,
despite forgetting a task on a behavioral level, infant rats exhibited
persisting amygdala activity (mitogen-activated protein kinase
phosphorylation) that reflected the early-life learning. Similarly,
in the Poulos et al’s (147) study, persistence of the infantile trace
was accompanied by increased expression of amygdala glucocor-
ticoid receptors and atypical (2-peak) circadian rhythms of basal
corticosterone. Numerous other neural changes are detailed in
the review papers cited above. Such long-term effects are akin
to recently discovered persisting health effects presaged by early

adversity, such as adversity at 1.5 years predicting increased
levels of C reactive protein at age 15 (151), or sexual abuse at ages
3-5 (vs. abuse in adolescence) being associated with increased
Epstein-Barr virus antibodies in adulthood (152).

Adversity Accelerates Transition from Infantile to Adult
Emotional Learning

Much evidence for the accelerated infantile amnesia boundary
points to early adversity changing two principal types of emo-
tional processes: fear retention and fear extinction. In the case
of fear retention, animals exposed to early adversity retain fear
memories much longer than usual [review in Ref. (143)]. For
example (153), with maternal separation used as an adverse rear-
ing condition, infant rats were given trials pairing a noise (as CS)
and a shock (as US) and then tested for their fear of the noise
(behavioral freezing) 1 or 10 days later. Maternally separated pups
learned the association as well as did standard-reared pups—both
expressed fear 1 day later—but the standard-reared pups forgot
the association 10 days later, expressing little CS-elicited freez-
ing, whereas maternally separated pups maintained high levels of
freezing at 10 days and even at 30-day follow-up. Similar effects
were observed if early adversity was induced by administering
the stress hormone corticosterone to mothers rearing the pups.
Similar effects were also produced (83) when the adverse condi-
tion consisted of an acute stressor (24-h maternal separation)
rather than a chronic one (3-h/day separation, postnatal days
2-14). Li et al. (143) suggest that their findings help explain why
early adversity predicts later anxiety disorders [e.g., Ref. (154)];
like the rat pups, anxious individuals may retain memories of
early adverse experiences much longer than normal. The same
may be true of nightmare sufferers, for whom the memories are
expressed mainly during dysphoric dreams.

For fear extinction, young animals exposed to adverse condi-
tions shift prematurely from a relapse-resistant (infantile) mode of
extinction learning to a relapse-prone (adult) mode [review in Ref.
(155)]. Thus, adversity-exposed animals will more easily retain
a learned fear response even after extinction training, e.g., if a
reminder of the fear is given, rather than rapidly erasing the fear
memory as a control animal would do. To illustrate, two groups
of infant rat pups, one maternally deprived and one not, both
learned a fear retention task—shock-associated freezing—equally
well and both were trained to extinguish this response equally
effectively in a given context; the maternally separated group
showed a return of fear when tested in a new context whereas
the non-separated group did not; this relapse effect continued at
14-day follow-up (83).

Studies such as these demonstrate the cross-species generality
of stress acceleration effects. Both acute and chronic early-life
adversities reliably induce a premature transition from infant to
adult-like expression of fear memory processes; stressed animals
cease to exhibit normal infantile amnesia in favor of a more adult-
like pattern of fear retention and relapse-prone fear extinction.
While it remains to be clarified how such acceleration effects lead
to long-term dysfunction, Cowan et al. (83) suggest that a disrup-
tion of differential developmental timing may be a factor; early
maturation of some emotional processes creates competition for
other neural systems that are developing concurrently (156), in
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other words, the behavioral neotony of immature individuals may
be adversely affected.

Evidence from Changes in Sleep Architecture

The notion that stress acceleration contributes to nightmare
pathology would be bolstered by parallel evidence that early
adversity accelerates sleep-related mechanisms implicated in
nightmare etiology—especially as these mechanisms manifest
around the time of the infantile amnesia boundary. Evidence for
such changes is at present slim, although several areas of study
may be mined for corroborating findings: descriptive studies of
sleep architecture in infants and toddlers, infant sleep in relation
to attachment security, and animal studies of early adversity
effects on sleep to name a few. The following preliminary review
supports the possibility that some markers of sleeps emotional
memory and regulation functions, including NREM sleep spin-
dles and REM sleep proportion, change abruptly around the end
of the infantile amnesia period, thus paralleling the developmen-
tally normal memory and dreaming changes described earlier.
Some evidence also suggests that adversity prior to the infantile
amnesia boundary leads to accelerated development of these
sleep markers as it does with fear memory processes.

NREM Sleep and Sleep Spindles

NREM sleep spindles, primarily stage 2 (N2) sleep spindles, reflect
memory plasticity mechanisms [reviews in Ref. (157, 158)],
especially the consolidation of new learning [reviews in Ref.
(159, 160)]. For example, increases in spindle density follow
improvements on a motor task in a graded fashion; performance
gains correlate positively with the rate of spindle expression
during intervening sleep (161). This is the case even for children
(36-67 months) trained on a visuospatial location task and
allowed to nap; sleep spindle density correlates positively with
degree of pre- to post-nap task improvement (162).

Sleep spindle density is also associated with the consolida-
tion of emotional memories and with development of emotion
regulation. In fact, increasing spindle density pharmacologically
improves memory for emotional stimuli (163). In 5-year olds,
spindle density is associated with favorable emotion/behavior
patterns, such as less internalizing behavior and more prosocial
behavior (164). Spindle density also correlates differentially
with positive and negative coping strategies on the MacArthur
Story Stem Battery, i.e., negatively with use of denial/avoidance
and positively with use of positive emotions (165). Critically,
spindle density correlates positively with dream and nightmare
recall (166) and, compared with controls, nightmare sufferers
have more fast spindles and correlations between spindles and
anxiety (167).

Important developmental changes also characterize the
expression of sleep spindles near the infantile amnesia bound-
ary. As shown in Figures 5A,B, sudden persistent increases in
both N2% sleep and N2 spindle density occur between ages 3
and 4 (168). There is also an increase in spindle duration slightly
later, from 4 to 5 years (Figure 5C). Evidence is still scant about
whether early adversity accelerates these switches to “adult-like”
spindle functioning as the SAH-NM hypothesis would predict;
however, one study (169) shows that inter-spindle interval

decreases and spindle duration increases after head trauma in
infants <3.5 years.

REM Sleep: REM %, REM Latency, and REM Theta

REM sleep or active sleep, its physiological precursor in infants,
is the predominant sleep stage in newborns, comprising on aver-
age 60% (range: 55-80%) of total sleep (170). Normally, REM%
decreases through infancy; a comparison of 2- and 5-year olds
found reductions in both REM minutes (175-140) and REM%
(29-24%) (171). This REM decrease may be accelerated by early
adversity. A review of eight relevant studies (172) revealed that
maternal separation produced REM sleep inhibition or disap-
pearance altogether and longer REM latencies. To illustrate, in
one study (173), 10 pigtail monkeys maternally separated at
age 26 weeks showed decreases in REM sleep from baseline
(M =90 min) on all 4 separation days (M = 21, 36,48, and 46 min)
but a robust rebound on 3 reunion days (M = 88, 95, and 89 min).
Also, REM latency increased from baseline (M = 64 min) to a
4-day mean of 172.7 min during separation followed by a return
to near-baseline (M = 102, 80, and 77 min) on reunion days. Such
demonstrations of immediate negative influences of adversity
on REM sleep suggest—but do not prove—that with chronic
maternal separation, REM sleep parameters may be permanently
altered.

More recent findings concerning chronic adversity, although
mixed, do indicate such a permanent change—but in a direction
opposite to that for acute separation. Some studies show that
early adversity produces permanent changes in baseline REM
sleep, e.g., increased REM% (174, 175), more REM episodes with
more theta oscillations (175), shorter REM latency, and longer
REM duration, as well as reduced SWS (176). One study (175)
showed parallel increases in fear memory retention and REM
sleep, including increased neuronal replay (theta synchroniza-
tion in REM) in hippocampal, amygdala, and medial prefrontal
circuits. However, other work suggests that permanent changes
may only be detected when the animal’s REM sleep is later chal-
lenged by stress. For example (177), female rats exposed to either
long maternal separation (LMS) or brief maternal separation as
infants had similar baseline sleep as adults; however, after being
stressed (1 h in cold chamber), LMS rats alone showed a REM
sleep increase. Other work using chronically maternal separation
(178) combined with chronic mild stressors in adulthood (tilted
cage, wet bedding, social threat, etc.) produced similar results:
more REM sleep, REM episodes and NREM episodes ending in
REM sleep, and less REM theta. In brief, early chronic adversity
permanently changed how REM sleep responded to later stress
challenges; its regulatory functionality may have been altered to
become more reactive. This reactivity may include an increased
likelihood of nightmares.

In fact, in human participants similar changes in REM sleep
have been documented; changes in dream emotion have also been
found. In one study (179), women with irritable bowel syndrome
(IBS) and a history of abuse/neglect had higher REM% sleep than
did women without abuse/neglect, either with or without IBS;
groups did not differ on other PSG measures. In a second study
(180), participants with anxious attachment styles had shorter
REM sleep latencies and more frequent REM dreams containing
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There is a marked increase in N2% and simultaneous decrease in

N3% at the infantile amnesia boundary [from Ref. (168)]. (B) Spindle density shows a clear and persistent increase across the infantile amnesia boundary, whereas

(C) spindle duration increases from ages 4 to 5 [from Ref. (168)]. N2 sleep and spindle density art

changes and have been linked to cognitive capacities, e.g., IQ.
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aggression and self-denigrating themes than did participants
with secure attachment.

Thus, although acute adversity tends to reduce the amount of
REM sleep, chronic adversity either increases it or alters REM
reactivity such that it is more likely to increase when confronted
with sources of stress. While more research is needed to resolve
discrepancies with animal studies, these findings do suggest a
parallel with the proposed origins of nightmares, i.e., chronic
early adversity may lead either to recurrent lifelong nightmares
or render individuals more sensitive to ongoing sources of stress,
which in turn trigger nightmares.

In sum, several NREM and REM sleep attributes associated
with sleep’s emotional memory and regulation functions change
abruptly around the end of the infantile amnesia period, thus
mirroring changes documented for the waking state. Some
evidence supports the additional notion that these changes may
be accelerated by early adversity, again in parallel with waking
changes in emotional memory. Taken together with evidence
of changes in early dream production and in the recall of early

dreams around the infantile amnesia boundary, there is con-
verging support for the central tenets of the stress acceleration
hypothesis of nightmares.

Neural Effects of Early Adversity

Theliterature covering adversity-induced changes in neural devel-
opment in humans (34, 181, 182), non-human primates (183),
and rodents (184) is too extensive to review here. Research detail-
ing the neural changes underlying stress acceleration effects, in
particular, has been reviewed by several authors (9, 185-187) and
will be discussed only selectively in the present context. Findings
showing that adversity triggers changes to a fear memory and
extinction circuit is of particular interest to the present approach
because the regions implicated in the reviewed work overlap
substantially with components of a model previously proposed
as a neurocognitive explanation for nightmare pathology (5, 16).
This model, a modified version of which is referred to here as
the Nightmare-Affect Network Dysfunction (NM-AND) model, is
illustrated in Figure 6. The substantial overlap between the stress
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FIGURE 6 | The Nightmare-Affect Network Dysfunction systems-level model of fear memory processes showing only the main connections thought
to influence fear memory production and extinction during REM sleep dreaming. The model focuses on the amygdala (Am), hippocampus (Hip), anterior
cingulate cortex (ACC), and medial prefrontal cortex (mPFC)—especially the vmPFC and dmPFC segments. It also displays the influence of prefrontal cortex on
hippocampus via sensory cortices (visual, auditory, somatosensory) in the production of dynamic multimodal and spatiotemporally veridical imagery as well as the
generation of amygdala-provoked autonomic activation. This network is hypothesized to support a REM sleep and dreaming function of producing and maintaining
fear extinction (safety memories) and of preventing fear from returning (renewal, spontaneous recovery). Although the vmPFC, dmPFC, and ACC interact with Am
and Hip bidirectionally for multiple affective and decision-making functions, the figure shows only pathways relevant to their inhibitory regulation of Am output by
cortical and hippocampal mediation to facilitate fear extinction and prevent fear renewal by safety memory contextualization. Am stimulates Br and Hy to activate
autonomic correlates of fear imagery, e.g., tachycardia. Dysfunction in the network produces nightmares and may be due to Am over-activation or failure of
hippocampal/PFC downregulation of fear during imagery formation. However, it remains unknown if nightmares themselves are pathological or reflect an active
mechanism of extinction or contextualization. vmPFC, ventromedial PFC; rmPFC, rostromedial PFC, dmPFC, dorsomedial PFC; C, central nucleus; B, basolateral
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acceleration findings and the NM-AND model allows incorpora-
tion of the latter into a wider, more developmentally coherent
framework and opens nightmare research to a greater number of
hitherto unexamined questions.

The fear extinction function proposed by the NM-AND
model to occur during sleep is similar in some respects to the
affective contextualization function proposed for the default
mode network (188), which partially overlaps (vmPFC, ACC) the
NM-AND network and which, intriguingly, may also be active
during dreaming (189-192). Although other brain regions have
been shown to support fear memory processes since first publica-
tion of the AND model, and although the circuits of the model are
now acknowledged to be implicated in many emotion regulation
functions, there is still a consensus that the Am, Hip, vimPFC,
and ACC are central to fear learning [review in Ref. (193, 194)]
and, especially, fear extinction [reviews in Ref. (187, 188, 195)].
New research implicates vmPFC in the learning of safety memo-
ries by the inhibition of fear responses previously linked to danger
signals in the Am (196) and implicates a dmPFC-hippocampus
circuit that controls fear renewal by modulating Am output
according to differing contexts (197). Children exposed to early
adversity may be more dependent on the latter circuit (198).
New research also links mPFC to the production of multimodal
imagery (199-203) and spatiotemporal orientation (204, 205).

CONCLUSION

Substantial progress has been made in delineating the immediate
and long-term neural changes wrought by adversity. Adversity
can deleteriously affect the future physical and mental health of
a child, thereby increasing their risk for many illnesses, includ-
ing nightmares. A major effect of early adversity is to accelerate
maturation of emotional behaviors and neurocircuits during the
developmentally sensitive, infantile amnesia period. This may
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