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s u m m a r y

The pathophysiology of insomnia remains poorly understood, yet emerging cross-disciplinary ap-
proaches integrating natural history, observational studies in traditional populations, gene-phenotype
expression and experiments are opening up new avenues to investigate the evolutionary origins of
sleep disorders, with the potential to inform innovations in treatment. Previous authors have supported
that acute insomnia is a normal biopsychosocial response to a perceived or real threat and may thus
represent an adaptive response to stress. We further extend this hypothesis by claiming that insomnia
reflects a fear-related evolutionary survival mechanism, which becomes persistent in some vulnerable
individuals due to failure of the fear extinction function. Possible treatments targeting fear extinction are
proposed, such as pharmacotherapy and emotion-based cognitive behavioral therapy.

© 2020 Elsevier Ltd. All rights reserved.
To sleep is to distract oneself away from the universe, and this
distraction is not easy when being chased with swords drawn out.

Jorge Luis Borges, The Aleph and Other Stories, 1949

Introduction

Insomnia is defined as a subjective complaint of difficulty in
falling or staying asleep despite having the opportunity to do so [1].
The pathophysiology of insomnia both in its acute (<1 mo of
symptoms) and chronic (>3ms of symptoms) phase remains poorly
understood. Genetic factors [2], personality traits [3], which are
also largely genetically determined [4], and stressful environmental
events, have been associated with insomnia, but their specific
definition and role in the development and maintenance of
insomnia need further investigation.
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On average, every y, over one third of the adult population ex-
periences three or more nights of insomnia (for two or more wks)
[1,5,6]. In other words, up to 100% of individuals worldwide expe-
rience acute insomnia over a period of 2e3 ys. The near universality
of acute insomnia supports the idea that it may be a normal, if not
adaptive, aspect of human functioning. Under an evolutionary
perspective, “we live with insomnia today because at some point in
our evolutionary history, insomnia allowed us to live” (Dean Handley,
Sepracor, circa 2005, cited in [7]). According to this interpretation,
acute insomnia may be seen as a physiological response to acute
stressors or ‘‘threats’’ [7e11], reflecting the ability of the organism
to override and delay the more basic circadian and homeostatic
drives in case of danger. In addition, new operational criteria for
acute insomnia have been proposed [7], including a more graded
temporal scale of symptom duration (from acute insomnia e 3e14
ds to transient - 2e4 wks, and subchronic insomnia - 1e3 ms) [7],
which helps to observe insomnia under the perspective of a con-
tinuum between normal, physiological symptoms to more dis-
tressing, pathological conditions.
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Abbreviations

ACC anterior cingulate cortex
CB1 cannabinoid receptor type 1
CBT cognitive behavioral therapy
CBT-I cognitive behavioral therapy for insomnia
CR conditioned response
CS conditioned stimulus
DSM5 Diagnostic and statistical manual of mental disorders- fifth edition
EEG electroencephalography
ICSD International classification of sleep disorders
NREM non-rapid eye movement sleep
REM rapid eye movement sleep
UR unconditioned response
US unconditioned stimulus
VLPO ventrolateral preoptic nucleus
vmPFC ventromedial prefrontal cortex

Glossary of terms
Fear conditioning the pairing of a previously neutral stimulus with an innately aversive reinforcer (e.g., shock or loud noise), a

procedure which comes to elicit a conditioned fear response.
Fear extinction when a neutral conditioned stimulus that previously predicted an aversive unconditioned stimulus no longer does

so, and the conditioned response subsequently decreases.
Evolutionary mismatch specific traits that were once advantageous for human survival, became maladaptive due to changes in the

environment.
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Importantly, only some individuals satisfy international
insomnia disorder criteria [5,12] on a recurrent or chronic basis.
Specifically, of the 35e50% of subjects suffering from insomnia
symptoms in the Western World [1,5], approximately 50%
(~10e20%) face a chronic course of the disease [1,5], lasting three or
more ms (and usually ys) according to both ICSD-3 and DSM-5
[5,12]. Contrary to the transient character of acute insomnia,
chronic insomnia seems to become a maladaptive and pathological
process where hyperarousal [13] becomes self-perpetuating, even
in the absence of the initial signals of danger. Although several
longitudinal or natural history studies of insomnia have been
conducted [14e17], more studies of this type are needed in order to
uncover the main determinants underlying the transition from
transient symptoms to a persistent disorder. Several theories have
tried to explain the transition from acute to chronic insomnia
[18,19]. Most models support the idea that behaviors and cogni-
tions adopted by the individuals to cope with acute insomnia,
actually reinforce the problem and produce chronic insomnia,
mainly by instrumental conditioning [20].

In this review, the idea of the evolutionary function of insomnia
will be further investigated. We propose a fear-related survival
mechanism underlying the origin of insomnia. As fear is a key
emotional component of survival by giving rise to appropriate
behavioral responses, it has been preserved throughout evolution
[21]. It is here proposed that in both small-scale societies (i.e.,
where the product of adult work is not money, but food) and large
scale agricultural and economically developed societies, several
real or perceived stressors give rise to acute insomnia symptoms
through fear induction and the stress response. The proposed
model also predicts that wakefulness/hyperarousal in chronic
insomnia is maintained through fear conditioning e that is, the
pairing of a previously neutral stimulus (conditioned stimulus, CS)
with an innately aversive reinforcer (unconditioned stimulus, US),
ultimately eliciting a conditioned fear response (CR) [22,23]. In the
context of insomnia, this conditioning refers to the induction of
wakefulness (CR) in response to any CS that was once a neutral
stimulus [24], such as the bed, bedtime, place (neighborhood),
clock watching, darkness or any thought or mental image, and
which was associated with the initial stressor (US). Fear extinction
will take place when the CS that previously predicted the US no
longer does so, and the CR (arousal in this case) subsequently de-
creases [22,25], permitting normal sleep. We propose that the
failure of fear extinction and of return to safety would account for
the persistent phase of insomnia and hyperarousal in some in-
dividuals (chronic insomnia). Thus, we postulate that targeting
dysfunctional conditioned threat memories (i.e., CS-US associa-
tions) [26e28] would be important for a successful treatment of
insomnia.

The adaptive function of acute insomnia

According to evolutionary mismatch theory, specific traits that
were once advantageous for human survival became maladaptive
due to changes in the environment resulting in gene-environment
mismatch [29]. In other words, humans have evolved for how
things were, not how things are. This hypothesis has been used to
describe the occurrence and perpetuation of somemedical diseases
[30]. For example, obesity has often been examined from an envi-
ronmental mismatch perspective. Low metabolic rates and the
tendency to accumulate body fat would have been evolutionarily
favorable for Paleolithic hunter-gatherers, for whom food was not
always easily available. However, this advantage has progressively
lost its attributes and became a pathology in societies where access
to food is steady. Insomnia can also be viewed under the lens of
evolutionary mismatch, as it seems to originally reflect an adaptive
response to real or perceived stressors and threats that automati-
cally activate ‘fight or flight’ systems and are related to the emotion
of fear. Threat-related experiences (real or perceived) seem to be at
the origin of many acute forms of insomnia in both the distant past
and present of human history, while failure to extinguish this threat
would account, at least partly, for its maladaptive persistence over
time. According to evolutionary mismatch, initially adaptive
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solutions from our ancestral past and their modern ‘homologues’,
would automatically activate the same ‘fight or flight’ systems.

Previous authors support this view. Spielman and Glovinsky
state “No matter how important sleep may be, it was adaptively de-
ferred when the mountain lion entered the cave” [8]. For McNamara
and Auerbach, insomnia is also an adaptive response to a perceived
or real threat [9]. Ellis and colleagues suggested that acute insomnia
is a normal biopsychosocial response to a perceived or actual
stressor [7]. According to this hypothesis, everyone is at risk for
acute insomnia as long as insomnia represents an adaptive response
to stress (i.e., a real or perceived threat prevents the inhibition of
wakefulness). This idea is also found in the Cano-Saper rodent
model (see section ‘Physiological evidence for adaptive insomnia’).

Evolutionary anthropology and sociology: evidence for adaptive
insomnia

Among mammals, sleep duration correlates negatively with
predation risk, foraging and social interactions [31], implying that
trophic level and ecology, and not functional benefits of sleep, are
the primary drivers of sleep duration [11]. The patterns emerging
from studies of small-scale societies indicate a mean of total sleep
duration of 7.0 h within a 24 h period [32]; yet, when the sleep is
timed within the circadian period, it appears to be expressed
flexibly in response to ecological pressure [33,34]. A recent study in
Hadza hunter-gatherers of Tanzania [33] shows that a chronotype
variation e driven primarily by demographic diversity in age
inherent in forager bandse and the resulting asynchrony in activity
levels allow one ormore individuals to stay awake during the night.
Іn this study it was demonstrated that in 99.8% of the nighttime
period at least one individual adult was awake, with amedian value
of eight individuals awake at any given epoch (min) during the
sleep period. This naturally ‘sentinalized’ sleep environment would
have enhanced group level survival by way of social niche con-
struction that provided protection from environmental dangers
[33]. Importantly, when surveyed for the fear stimuli (asked to
rank, from greatest to least threatening, the sleep period threats
within their environment), the Hadza's top two sleep-related fears
are both people and animals (84.2%) and second is lack of food
(65.8%) (Samson, unpublished data). This data demonstrates that
biotic forces in the environment are primed as relevant to survival
in populations that occupy a niche that resembles those of early
humans, and may explain why they are characterized by shorter
sleep duration, lower sleep quality, and greater levels of sleep
fragmentation than humans sleeping in economically developed
nations [34].

The strong links between environmental dangers, fear and acute
insomnia were present not only in ancestral populations or small-
scale subsistence societies, but also in modern, economically
developed societies. Studies in both Western and non-Western
countries demonstrate that sleep quality and insomnia symptoms
are strongly associated with perceived safety from crime and
violence in one's neighborhood or country [35,36], with people
living in more dangerous neighborhoods (i.e., environments where
the emotion of fear predominates) having considerably poorer
sleep quality than those living in safer environments. Specifically,
when controlling for age, gender, education, employment and in-
come, perceived neighborhood safety, as rated on a scale from
0 (not safe at all) to 5 (completely safe) was consistently associated
with reduction in the odds of insomnia symptoms in five countries
Mexico, Ghana, India, China, Russia [35]. Moreover, sleep-onset
insomnia is strongly associated with female gender, being black/
African American, lower education attainment, lack of insurance,
and food insecurity [37]. The effect of food insecurity was the
largest in magnitude in predicting sleep symptoms, with an impact
on sleep over and above the effects of any measured sociodemo-
graphic/socioeconomic variable [37,38]. This finding highlights the
universality and strong positive correlation of food insecurity and
acute insomnia symptoms in both our ancestors and modern so-
cieties. Poor sleep quality is also strongly associated with poverty
and race, with employment, education and health status signifi-
cantly mediating this effect only in poor subjects [39].

Under an evolutionary perspective, sleep-maintenance
insomnia and early morning awakening seem to have similar
threat-related origins and adaptive function with sleep-onset
insomnia, as they have been strongly associated with food inse-
curity [37]. This variable was measured by assessing likelihood of
running out of food, inability to afford food, inability to provide
adequate food for children and similar items [37]. Besides, external
threats may occur any time of the night. As the Australian an-
thropologist George B. Silberbauer reported about the G/wi
hunter-gatherers of southern Africa [40]: “A G/wi camp never has
an uninterrupted night's sleep. There is always someone awake,
adding wood to the household fire, eating a snack, listening to a
strange noise in the bush, or keeping watch if dangerous animals are
near. For this reason, the divisions of the night are almost as
important as those of the day.”

Another clear example of this is with Malagasy small-scale ag-
riculturalists (Fig. 1), who exhibit a clear first and second sleep
pattern in response to the need to work fields during the morning
and evening, and buffer peak thermodynamic stress during the
noon period by napping [41]. Therefore, sleep patterns can be
adapted not only according to the potential presence of threats, but
to social and biological functions too (Samson; personal communi-
cation). Another intriguing example of this is when social and
cultural practices spur nightetime activity, such as the epeme dance
of the Hadza foragers, which occurs only during monthly times
with the smallest lunar phase [42] (Fig. 1).

Physiological evidence for adaptive insomnia

Although the vast majority of literature on hyperarousal per-
tains to chronic insomnia, growing evidence from psychophysiol-
ogy and neurophysiology studies offers substantial support to the
presence of increased levels of arousal in acute insomnia. There are
few EEG studies of stress-induced acute insomnia. In a cage-
exchange paradigm [45], male rats were placed in a cage recently
vacated by another male rat; the odor of the other male was
perceived as threatening and stressful. A period of “acute insomnia”
was observed 5e6 h after the stressor and was characterized by
increased wakefulness and high-frequency EEG power during
NREM sleep compared to controls [45]. Increased high frequencies
in the gamma band [46] and decreased low frequencies in the delta
band [47] were also found in humans when sleeping in a novel and
potentially insecure environment (first-night effect) [46,47], and
may reflect the ability to maintain multisensory functional inte-
gration and motor coordination if needed, as in case of a danger
(night watch). In addition, transient insomnia due to the first-night
effect or previous to school examinations has been related with
increased skin conductance response and heart rate during all sleep
stages [48,49]. The aforementioned findings support a higher
baseline sympathetic activity in these individuals than in controls
(physiological and cortical hyperarousal), although not as high as
during maximum stress such as major surgery or intravenous
administration of 50 mg hydrocortisone [50,51]. These findings
suggest that these individuals are hypervigilant under certain
stressful circumstances, with elevated motor readiness and ‘fight-
or-flight’ responses. Future studies are needed in order to establish
if cortical hyperarousal characterizes both chronic and acute
insomnia [19,52,53].



Fig. 1. Flexible sleep expression across cultures. The timing of the primary and supplementary sleep patterns in humans is variable across cultures. For example, the Hadza hunter-
gatherers are characterized by a monophasic nocturnal sleep pattern illustrated by a primary, early morning bout with supplemental daytime napping. Preindustrial, European
agricultural societies are characterized by a biphasic, “first sleep, second sleep” [43]. Postindustrial economies with societal demands on activity from “9 am to 5 pm,” and non-work
related evening activity show a monophasic pattern [44]. A small-scale, non-electric agricultural society in Madagascar shows a bifurcated pattern of nocturnal sleep bouts with
supplemental daytime napping [41]. Image adapted from [34].
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Interestingly, this hyperarousal in acute insomnia follows the
well-known sleep-wake switch model by Saper et al. [54], in which
the authors recognized the role of cognitive/emotional inputs, like
stress, in shaping the interplay between sleep andwakefulness, and
the dynamics between the circadian and homeostatic drives. The
same authors also subsequently recognized the role of physiolog-
ical inputs [55], like hunger, pain and autonomic signals, and found
direct connections between centers regulating these physiological
processes and the ventrolateral preoptic nucleus (VLPO), the main
sleep-promoting center [56].

In sum, physiological (e.g., hunger, pain) and cognitive/
emotional inputs (e.g., stress and fear because of external threats)
can lead to hyperarousal, what would ultimately contribute to
increased fitness benefits for the organism. This ability to override
and delay the more basic circadian and homeostatic drives poten-
tially has an adaptive function allowing individuals to continue
being aware of dangers within their environment. Indeed, it was
vital for our ancestors to be able to fully wake-up or postpone sleep
in face of predators or a hostile conspecific.

Does acute insomnia retain adaptive function in modern
environments?

The evidence from evolutionary, sociological and physiological
studies supports the idea that acute insomnia reflects an increased
ecological pressure and is a result of a natural process signaling that
activity is preferred over sleep. Accordingly, acute insomnia may
have offered increased fitness benefits for our ancestors at the
presence of an external threat (e.g., defending oneself or the group
against predators and hostile conspecifics or mother-infant care).
During the instance of threat initiation, acute insomnia would
activate global hypervigilance in order to bring the individual to a
more threat-prepared state.

Throughout human history, the nature of threats causing
sleeplessness (acute insomnia) has considerably changed. In our
ancestral past, threats were predominantly real/actual (e.g.,
predators and hostile conspecifics), whereas now they are pre-
dominantly perceived/anticipated (e.g., anxiety). At the presence
of a real external threat (e.g., crime, war zones) [35,36], acute
insomnia remains as functional as it used to be, but would lose
such function when a threat is not immediate or real, such as in
anxious individuals. Indeed, considering the high prevalence of
insomnia symptoms in western countries (>20% of the general
population [57e59]), which e relative to our ancestral environ-
ments e are characterized by increased safety and low crime/war
incidence, it seems that acute insomnia has largely lost the
adaptive function it used to have. For example, in a recent study
comparing sleep complaints between several developed/devel-
oping countries in Africa and Asia, South Africa, the wealthiest
country had as high prevalence of sleep problems as Bangladesh,
the second poorest country in the study [60]. In the absence of
immediate threats and in situations where sleep is sought by the
subject, acute insomnia manifests in maladaptive behaviours.

Why insomnia symptoms are so common in modern western
societies, if an immediate danger from the external environment
is not an issue anymore? The answer probably resides on the
fact that modern societies have to face other types of threats.
These threats, like those connected to our social life - ostracism
and exclusion, loss of status, shame, failure in an exam etc e

require actions (or reactions) that are delayed in time. Staying
awake may become counterproductive instead of being an
advantage, and could lead to a vicious cycle and increase stress
levels due to sleep deprivation. Moreover, our brain evolved and
adapted to be able to foresee potential dangers in an uncertain
future. This might reduce risk-taking behaviors, but at the same
time may be a disadvantage if the anticipation of danger pre-
vents sleep.

Other sources of acute insomnia are related to rearing offspring
and parent-child attachment. First, a common evolutionary reason
of acute and chronic insomnia in parents as observed in the
clinical practice is the need for parents to stay awake throughout
the night to take care of infants. Second, the occurrence of
frequent arousals is strongly associated with separation anxiety of
the child and insecure parent-child attachment [61]. Such an
insecure attachment decreases the child's ability to fall asleep
alone and return to sleep if an arousal takes place without sig-
nalling it to the parents.

Thus, chronic insomnia seems to reflect a pathological process
where hyperarousal becomes self-perpetuating (via conditioning),
even in the absence of the initial threat. In the framework of our
evolutionary-emotional hypothesis, this translates into a failure of
the fear extinction processes, with no decline in conditioned fear
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responses throughout time in certain vulnerable individuals (see
later section).

The maladaptive nature of chronic insomnia

If fear-related, fight-or-flight responses are at the origin of many
acute forms of insomnia, its perpetuation or remission should also
be related to the preservation or extinction respectively of stimuli
that maintain wakefulness over time. Following from our hypoth-
esis, the model would place fear extinction processes (and their
deficit) at the core of the physiopathology of the transition between
acute and persistent forms of insomnia.

Fear conditioning and fear extinction

In general, fear conditioning refers to the pairing of a previ-
ously neutral stimulus (conditioned stimulus-CS) with an innately
aversive reinforcer (e.g., shock or loud noise) (unconditioned
stimulus-US), a procedure that elicits a conditioned fear response
(CR) [23]. Fear conditioning is subserved by the lateral nucleus of
the amygdala, which encodes the association between the CS and
the US, and, via projections to the central nucleus of the amygdala,
anterior cingulate cortex (ACC) and insula, controls the expression
of the CR [62]. Fear conditioning is rapidly formed in both humans
and animals, sometimes even following a single conditioning trial,
and is usually maintained for long periods [63]. Importantly, and
similarly to the physiological responses found in insomnia, fearful
stimuli (both innately aversive and conditioned) also increase
sympathetic nerve activity and induce a state of hyperarousal (CR),
as reflected by increased heart rate, cortisol levels, alertness,
emotional reactivity, cognitive processing, electrodermal activity
and fast EEG frequencies (in the beta/gamma band) [64e66]. On
the other hand, fear extinction is defined as the gradual decrease
of the CR, because the CS no longer predicts the US [25,26]. During
fear extinction, an inhibitory (CS-noUS) memory that opposes the
expression of the original fear (CS-US) memory is formed [67], due
to molecular changes within the basolateral amygdala. The new
extinction memory later undergoes consolidation, by way of the
basolateral amygdala, ventromedial prefrontal cortex (vmPFC),
and the hippocampus. The retrieval of the extinction memory is
related to increased activity in the vmPFC, which exerts an
inhibitory control on fear expression by decreasing amygdala
output [62]. Fear extinction is reflected by decreased arousal, such
as decreased electrodermal activity, anterior theta and amygdala
responses [68] and increased gamma oscillations in the (inhibi-
tory) vmPFC [69].

The persistence of fear in the absence of any imminent threat is
a hallmark of anxiety disorders [70]. Impaired ability to acquire or
retrieve extinction learning may underlie such pathological anxiety
[26]. Importantly, a delay of fear extinction is also found in chronic
insomnia without comorbidity [71].

Delayed fear extinction and cortical hyperarousal in insomnia
disorder

During fear conditioning, patients with insomnia disorder
demonstrated activity in the ACC and the anterior insula, regions
which are typically related to the expression of conditioned fear
[71]. Moreover, poorer sleep quality was associated with greater
activation of these regions. This study supports the idea that,
compared to controls, insomnia patients may demonstrate
enhanced anticipation of aversive threat-related events [71]. Dur-
ing the phase of extinction learning, when controls activated the
vmPFC, the patients showed no significant activity in this region.
During early extinction recall, the patients showed activation in
regions related to both fear expression (amygdala, insula, ACC) and
fear extinction (vmPFC), pointing out the presence of delayed fear
extinction in chronic insomnia [71].

A similar conclusion, of delayed resolution of emotional distress,
comes from a study showing that chronic insomnia patients have
reduced overnight resolution of emotional distress due to restless
REM sleep [72]. Recently, the same research group showed that,
compared to good sleepers, patients with insomnia disorder have a
stronger recruitment of the limbic circuit, in particular the dorsal
ACC (dACC), and stronger galvanic skin responses when remem-
bering long-term emotional memories [73]. Such difference be-
tween the groups was not found for novel emotional memories.
Based on this finding the authors conclude that insomnia disorder
involves a deficiency to dissociate the limbic circuit (especially the
dACC) from the emotional memory trace.

Additional work comparing chronic insomnia patients to
healthy controls also demonstrated a decreased functional con-
nectivity between the amygdala, insula, striatum and thalamus,
and, at the same time, an increased functional connectivity be-
tween the amygdala, premotor cortex and sensorimotor cortex [74].
As the amygdala is the main region implicated in fear conditioning
processes, these results seem to further support dysfunctional fear
processes and elevated motor readiness for ‘fight-or-flight’ re-
sponses in insomnia disorder.

Therefore, some individuals with chronic insomnia demonstrate
stronger fear conditioning than controls and a delay or failure in
extinction learning. In some of these patients, even in the absence of
any stressors, some CS (e.g., bed, bedtime, place, thoughts ormental
images) produce wakefulness. This concept seems to be in accor-
dance with the so-called ‘hyperarousal model’ of chronic insomnia
[13]. Hyperarousal in chronic insomnia is both somatic (physiolog-
ical) and cortical. Similar to acute insomnia, physiological arousal in
chronic insomnia is reflected by increased electrodermal activity
[75], heart rate [76] and cortisol levels [77] compared to controls.
Cortical hyperarousal refers to enhanced information processing
and cognitive activities at bedtime, as reflected by higher beta and
gamma power at bedtime or during sleep of people with chronic
insomnia [13,19,52,53,78]. Neuroimaging studies show that chronic
insomnia is characterized by persistent wake-like activity in neural
structures during sleep, resulting in simultaneous waking and
sleeping neural activity patterns [79,80]. These local activations
[81e83]mayexplainwhy these individuals continue being awake or
aware of the external environment despite the occurrence of amore
global EEG sleep pattern.

According to the currentmodel,when the initial stressor (US) that
caused acute insomnia is absent, and if fear conditioning (CS/CR)
has taken place during a ‘sensitive’ period (during probably the so-
called transient or subchronic insomnia, see also section Cognitive
behavioral therapy (CBT)), specific CS (e.g., bed, place, etc) can
maintain the CR (conditioned wakefulness/arousal) for long periods
and explain chronic insomnia. These stimuli should normally be
compatible with sleep, but they become incompatible due to their
association with the US. The unconditioned response-UR (wakeful-
ness in acute insomnia) and the CR (wakefulness in chronic
insomnia) are both reflected by a physiological and cortical hyper-
arousal (i.e., a similar response as found in all states of conditioned
fear, see also section Fear conditioning and fear extinction). This
hyperarousal would be an adaptive physiological response to stress
in acute insomnia -especially in the instance of real danger- and a
maladaptive response to non-extinguished conditioned stimuli in
chronic insomnia. Therefore, we suggest that one primary focus of
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treatment for chronic insomnia should address this dysfunctional
fearextinction (see sectionAnevolutionarymedicineapproach to the
treatment of chronic insomnia).

An evolutionary medicine approach to the treatment of
chronic insomnia

Taking an evolutionary perspective on insomnia can enhance
our understanding of the etiology of this disorder and in many
cases provide new treatment options [84,85]. Under such a
perspective, clinicians should seek alternative treatments in order
to alleviate the sources of anxiety and stress characterizing chronic
insomnia [86]. According to this model, an efficient therapy for
chronic insomnia should attempt to identify the CS and the US, and
to enhance extinction learning in order to decrease the hyper-
arousal/wakefulness (CR) over time. This is interpreted as learning
new, inhibitory CS-noUS associations (extinction or safety mem-
ory), which oppose the original CS-US associations (threat mem-
ory) [26]. Therefore, accelerating fear extinction and the return to
safety would be the main objectives of such personalized and
emotion-based treatment for chronic insomnia. These treatments
would include pharmacotherapy and cognitive-behavioral therapy.

Pharmacotherapy

Some medications have been used in the past in order to
extinguish a CS. D-cycloserine, an N-methyl-D-aspartate glutamate
receptor partial agonist, facilitates extinction learning and en-
hances extinction-related brain activation [87]. Valpoic acid, a
histone deacetylase inhibitor, also enhances fear extinction and
prevents new acquisition of fear conditioning [88], both in wake-
fulness and sleep [89]. Studies testing for the efficacy of valpoic acid
and D-cycloserine in chronic insomnia are needed. Prazosin, a a1-
adrenergic receptor antagonist, and beta-blockers (e.g., proprano-
lol), have also been found to enhance fear extinction processes in
rats [90] and humans [91] respectively. Cannabinoid receptor type
1 (CB1) receptor agonists accelerate extinction learning [92], and
are known to improve sleep continuity and to reduce sleep latency
[93]. Finally, a recent animal study showed that melatonin facili-
tates the extinction of conditional cued fear [94]. Melatonin seems
to increase REM duration [95] and its chronic use may successfully
treat chronic insomnia [96], although its modest effects [97] indi-
cate the existence of different insomnia phenotypes. Both the
sopoforic effects of CB1 agonists and melatonin and their effects on
fear extinction (including sleep-dependent ones) could be used as
an efficient treatment of chronic insomnia.

Cognitive behavioral therapy (CBT)

Under the scope of the current emotional model of insomnia,
a personalized emotion-related CBT should be in the center of the
management of chronic insomnia, as fear extinction has been
considered the main psychophysiological mechanism behind this
therapy [98]. Exposure therapy may be particularly suited for
enhancing extinction (inhibitory) learning [26], allowing the
patient to emotionally engage and process the stressful mem-
ories in the absence of the feared outcomes. This ultimately leads
to the creation of a non-fearful (safety or extinction) memory.
Several methods can be used in order to enhance extinction
learning of exposure therapy (e.g., positive affect induction,
violation of expectancy, context attenuation, mental rehearsal of
CS-noUS associations) [26], once the CS and US are sufficiently
identified. Interestingly, extinguishing wake-promoting CS
reminds us of the quasi-desensitization treatment [99,100],
where repeated pairing of neutral cues (e.g., visual imagery of
neutral activities) with some CS (e.g., clock watching) may also
reduce insomnia symptoms and conditioned arousal. Repeated
pairing of sleep-related cues with sleep (e.g., rocking bed or other
external stimuli) [101e103] may also enhance the extinction
process. In addition, cognitive strategies should address other
conscious thoughts associated with negative affect and which
reinforce conditioned arousal, such as anxious anticipation of
sleeplessness.

The use of medication (e.g., valproid acid, melatonin) and of
psychotherapeutic techniques that enhance extinction could be
done during both the chronic phase of insomnia, which is charac-
terized by delayed/failed extinction and the period of transient
(2e4 wks of symptoms) and subchronic insomnia (symptoms >1
mo but <3 ms). During this period, classical (fear) conditioning
processes may occur [24], therefore it represents a critical window
during which fear extinction may be better manipulated and
enhanced. This would ultimately prevent the transition from acute
to chronic insomnia. More phenomenological studies identifying
specific insomnia phenotypes are needed in order to develop such
personalized therapies (see also section Strengths and limitations
of the model). Importantly, a single CS may not be responsible for
the maintenance of chronic insomnia. Both cued and contextual
fear conditioning components have to be addressed for an efficient
emotion-based cognitive-behavioral treatment of insomnia. The
systematic measurement of indices of sympathetic activity and of
fear conditioning/extinction (e.g., electrodermal activity, heart rate,
cortisol levels, theta/gamma oscillations) before, during and after
treatment may provide supplementary support for the current
hypothesis and assess treatment efficiency across several time-
points.
Strengths and limitations of the model

The current model may complement other models of insomnia.
Notably, it takes into account the evolutionary origin of this dis-
order, the role of emotional processing in its pathophysiology, and
it attempts to explain the transition from acute to chronic
insomnia.

Other models of insomnia have described this transition. The
traditional Three-Factor (3P) behavioral model [18] considers how
behaviors and cognitions adopted by the individual to cope with
acute insomnia would actually reinforce the problem and produce
chronic insomnia, by instrumental conditioning. However, it has
been suggested that if only instrumental factors would account for
chronic insomnia, CBT for insomnia (CBT-I) would produce more
than 50% of remission in the acute treatment phase [24]. Impor-
tantly, previous to the current proposed model, the 4P model [24],
an extension of the 3P model, and the neurocognitive model [19]
had already taken into account classical conditioning as a perpet-
uating factor of insomnia. On the other hand, the cognitive model
[104] proposes that the transition from acute to chronic insomnia
occurs when sleep-related worry makes patients selectively attend
to sleep-related threats and the daytime consequences of insomnia.
Nevertheless, no model we know of considers the emotional
component of the disorder or the role of fear extinction in the
pathophysiology of transition between acute and chronic insomnia.
This emotional (fear) perspective, which is based on recent
empirical evidence from neuroimaging, clinical, anthropological
and sociological studies, differentiates it from other evolutionary



Practice points

In this paper it is proposed that:

1) Acute insomnia reflects an evolutionary survival mech-

anism and an adaptive response to real or perceived

stress;

2) Such a mechanism seems dysfunctional in modern so-

ciety due to radical improvements in environmental

safety;

3) Failure to extinguish the real or perceived threat would

account, at least partly, for their persistence over time

and the chronic form of insomnia in some individuals;

4) Accelerating fear extinction and the return to safety by

pharmacotherapy and cognitive-behavioral therapy,

would be the main objectives of a personalized and

emotion-based treatment for insomnia.
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approaches [11]. For example, environmental safety and other
environmental factors (e.g., food insecurity, ‘sentinalized’ sleep
patterns) have been largely neglected from insomnia models, with
only few of them claiming that acute insomnia may be vestigial
[7,11]. Finally, the current models do not address sufficiently
whether acute and chronic insomnia are distinct entities or if the
same hyperarousal mechanism accounts for both of them and for
the three forms of insomnia (initial, middle, late). Our evolutionary-
emotional model of insomnia e with its emphasis on the delay of
fear extinction e addresses some of these missing points opening
the way to more studies, which should thoroughly explore the or-
igins (e.g., threats vs food insecurity) and differences of initial,
middle and late insomnia, one of the least addressed issues in the
insomnia literature.

Another strength of themodel is that it supports the existence of
strong links between insomnia and anxiety, as fear conditioning is
central in the pathophysiology of anxiety disorders [105]. Unlike
other sleep disorders, such as sleep apneas, an associated stress is a
strong determinant for the pathophysiology of acute insomnia,
with an external or internal stressor usually triggering episodes of
insomnia. Stress may involve both negative and positive events. For
example, overall cortisol levels on the two ds before a positive
event (e.g., a holiday) were above normal in children reporting
positive expectations for this event [106]. Emotional/reward sys-
tems respond to opportunities when they come with significant
uncertainty, i.e., prediction error [107]. With respect to acute
insomnia, one could potentially broaden the current view from
threats to unexpected opportunities, independently of their
emotional valence.

Yet, fear conditioning is not and cannot be the only patho-
physiological mechanism of chronic insomnia, nor can a dysre-
gulated extinction learning account exclusively for the transition
to chronicity. In the previous version of ICSD [108], insomnia was
subdivided into several subtypes (e.g., psychophysiological, par-
adoxical, idiopathic, inadequate sleep hygiene, insomnia due to
drug or substance, insomnia due to a medical condition). Our
model can sufficiently explain psychophysiological insomnia and
insomnia associated with a psychiatric disease (like an anxiety or
trauma-related disorder); these are very common forms of
chronic insomnia, clearly associated with hyperarousal and fear
conditioning. On the other hand, paradoxical insomnia is possibly
the most obscure and less understood variant of insomnia [109],
along with idiopathic insomnia [110], and it can't be excluded that
other unknown factors play a significant role in the pathophysi-
ology of these subtypes. However, it should be noted that
insomnia subtypes have been currently removed from current
classifications [5,12] after the observation that inter-rater agree-
ment was very poor [111]. Indeed, their boundaries and defini-
tions are extremely blurred, possibly due to the fact that paths
inducing insomnia are often multifactorial and different subtypes
may partially overlap in the same subject. For example, insomnia
symptoms due to organic conditions (e.g., physical disease, in-
juries, pain, starvation, etc) are known to be sustained by
different neurobiological systems from those due to real or
perceived threats, although sometimes two pathways may coexist
(e.g., for physical conditions implying both pain and a threat for
survival).

Moreover, patients with insomnia disorder are characterized by
high heterogeneity in terms of mood, personality traits, life events,
coping strategies and cognition [112]. Five insomnia disorder sub-
types have been recently described according to the degree of
distress, reward sensitivity and reactivity to life events of patients
[113]. Subtype 1 is characterized by high general distress, subtype 2
with moderate distress/high reward sensitivity, subtype 3 with
moderate distress/low reward sensitivity, subtype 4 with low
distress/high reactivity and subtype 5 with low distress/low reac-
tivity. It has been proposed that these phenotypes underlie distinct
causes of chronic insomnia and respond differently to treatment
[113]. It is likely that the current model can better explain the
subtype 4, characterized by longer duration of insomnia response
to life events, high emotional reactivity and more frequent child-
hood trauma [113]. Patients with this subtype experience standard
tones as more salient and emotionally relevant than controls (as
shown by ERPs) [113], supporting a delay in extinction and a defi-
ciency to downregulate emotional distress over time. As subtypes 1
and 2 are characterized by high pre-sleep arousal, one could
include them in the model too. Future work should investigate
insomnia phenotypes in relation to the extinction of the fear
response in order to better identify underlying insomnia mecha-
nisms and develop personalized therapies.

Testing the hypotheses and predictions of the current
perspective will require 1) natural history and observational
studies in both small-scale societies [32,33,114] and economically
developed or developing countries (in both safe and less safe
neighborhoods), 2) longitudinal studies attempting to determine
the specific role of genetics, neurobiology, personality traits and
stressful environmental events in the etiology of acute/chronic
insomnia, 3) studies using experimentally induced stress in the
laboratory [115,116], and 4) treatment trials, in order to test if
targeting specific threat memories alleviate the symptoms of
chronic insomnia.

Conclusions

In this comprehensive hypothesis-driven review, we maintain
that insomnia can be the result of an evolutionary survival
mechanism. The current perspective considers that insomnia may
have evolutionary origins and takes into account the role of
emotional processing and individual factors in its pathophysi-
ology. Moreover, it attempts to explain the transient form of in-
somnias, which is related (but not always) to an adaptive stress
response to a perceived or real threat, and a more persistent
(pathological) form of this disorder, where a failure or delay of
extinction learning accounts at least partly for its pathophysi-
ology. Finally, it proposes potential specific treatments, such as
cognitive-behavioral therapy focused on specific threat memories.
Future longitudinal and natural history studies of insomnia dis-
order would shed more light on the understanding of the patho-
physiology of this disorder.



Research agenda

Testing the hypotheses and predictions of this model will

require:

1) Natural history studies in both small-scale and

economically developed societies;

2) Longitudinal studies searching for the specific role of

genetics, personality traits, neurophysiology and stress

in the etiology of acute/chronic insomnia;

3) More studies using experimentally induced stress in the

laboratory;

4) Clinical trials, in order to test if treatments targeting fear

extinction improve symptoms of insomnia disorder.
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