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1 | INTRODUCTION
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Colleen E. Carney®

Summary

Cognition is central to the experience of insomnia. Although unhelpful thoughts
about and around insomnia are a primary treatment target of cognitive behaviour
therapy for insomnia, cognitive constructs are termed and conceptualised differently
in different theories of insomnia proposed over the past decades. In search of con-
sensus in thinking, the current systematic review identified cognitive factors and pro-
cesses featured in theoretical models of insomnia and mapped any commonality
between models. We systematically searched PsycINFO and PubMed for published
theoretical articles on the development, maintenance and remission of insomnia,
from inception of databases to February, 2023. A total of 2458 records were identi-
fied for title and abstract screening. Of these, 34 were selected for full-text assess-
ment and 12 included for analysis and data synthesis following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. We
identified nine distinguishable models of insomnia published between 1982 and
2023 and extracted 20 cognitive factors and processes featured in these models;
39 if sub-factors were counted. After assigning similarity ratings, we observed a high
degree of overlap between constructs despite apparent differences in terminologies
and measurement methods. As a result, we highlight shifts in thinking around cogni-

tions associated with insomnia and discuss future directions.
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fruitfully led to the development of effective non-pharmacological

treatments for insomnia. In particular Cognitive Behaviour Therapy

Research advances have left little doubt that the causes of insomnia
are multi-factorial in nature, from genetics and physiology to
brain mechanisms and psychology (Riemann et al., 2022; Van
Someren, 2021). Whilst no one single approach fully explains the
development and maintenance of insomnia, understanding of the psy-

chological factors underpinning the perpetuation of insomnia has

for Insomnia (CBT-I), which has garnered robust evidence of efficacy
and effectiveness and is now recommended as the first-line treatment
by multiple learned societies across continents (National Institute for
Health and Care Excellence, 2022; Qaseem et al., 2016; Ree
et al., 2017; Riemann et al., 2017; Wilson et al., 2019). Despite these

successes, CBT-1 is not a one-size-fits-all panacea. Around 40% of
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patients who received CBT-l did not show “therapeutic response”
(defined as Insomnia Severity Index, ISI, change score >7) whilst 60%
did not achieve “clinical remission” (defined as ISI score <8) at post-
treatment (Morin et al, 2009; Morin & Benca, 2012). And whilst
CBT-I's positive treatment effect is generally well-maintained, only
50-60% of patients achieve remission 6-12 months after treatment
(Muench et al., 2022).

In considering future directions of CBT-I, multiple opinion leaders
recommend exploring ways to maximise treatment outcomes, identify-
ing pathways that mediate treatment effect, and addressing factors
associated with non-response (Harvey & Tang, 2003; Kyle et al., 2013;
Manber et al., 2015; Muench et al., 2022; Vitiello et al., 2013b, 2013a).
It seems reasonable to think that continual advances of CBT-I would in
part rely on better understanding of the cognitions and behaviours
underpinning persistent insomnia because CBT-I involves methods and
interventions that intend to change these.

In CBT, behaviour and cognitions are intricately linked. The role
of cognitions has come to the forefront riding on the so called “cog-
nitive revolution” of psychological research which saw the addition
of a cognitive mediator in the direct stimulus-response model of
behaviour (Gelder, 1997; Rachman, 1997). Cognitions refers to men-
tal events such as thoughts and beliefs. Though not observable by
others, cognitions can be consciously accessed and measured via
self-report. The cognitive perspective has been applied to conceptu-
alise a range of emotional disorders (e.g., depression, specific phobia,
panic disorder, social phobia, posttraumatic stress disorder, obses-
sive compulsive disorder, health anxiety, eating disorder, generalised
anxiety disorder) and subsequently to a range of physical health
conditions that are compatible with the biopsychosocial framework,
including insomnia. Across these models, the general principles
remain the same, in that our thoughts and interpretations of a cer-
tain situation could influence emotions and physiology, as well as
what we do in response. The specific cognitive constructs of inter-
est, however, differ between fields of applications in form
(e.g., attention, perception, appraisal, information processing, mem-
ory, imagery) and level (e.g., core beliefs, intermediate beliefs and
attitudes, automatic thoughts, metacognitions).

Most people with insomnia identify “cognitive arousal” over
“somatic arousal” as the main cause of their sleep problems (Lichstein &
Rosenthal, 1980). This is consistent with clinical observations over the
years of a “racing mind” as the crux of the insomnia experience
(Borkovec, 1982; Espie, 2007; Geer & Katkin, 1966; Harvey, 2001;
Spielman et al., 1987). However, the definition and operationalisation of
such “racing mind” and cognitive arousal in general vary between theo-
retical models of insomnia. Their roles in the initiation and maintenance
of insomnia also differ, with some investigators on the one hand sug-
gesting cognitive arousal is a mere epiphenomenon of nighttime wake-
fulness (Freedman & Sattler, 1982), whereas some other investigators
proposing that they are key drivers or mediators of the vicious cycle of
insomnia (Harvey, 2002; Morin et al., 2003).

Since multiple cognitive models of insomnia have been proposed
over the years, the aims of this systematic review are therefore to:

(1) identify, describe, and review published models of insomnia that

have featured cognition as a factor contributing to the development,
maintenance and/or remission of insomnia; (2) map common cognitive
factors shared between models; and (3) to highlight shifts in thinking
in cognitive conceptualisations of insomnia over time and consider

future research and clinical directions.

2 | METHODS

2.1 | Searches

Searches were performed in PubMed and PsyclInfo, the two most rele-
vant electronic databases that cover publications in medicine and psy-
chology in general, using tailored search terms developed by two of
the authors (NT, BS) jointly with two information specialists (JG, SJ) to
reflect the pre-specified inclusion and exclusion criteria (see Appendix
A on online supporting information for detailed search strategy). Each
of these databases was searched from inception to October 2022.
The searches were updated in February 2023. The protocol for this
systematic review was not prospectively registered, though we fol-
lowed the PRISMA guideline (Page et al., 2021) for reporting (see
Appendix B for a checklist).

2.2 | Eligibility criteria

In terms of inclusion criteria, articles were included if they are (1) the-
oretic articles, defined as manuscripts examining existing evidence
with the explicit goal of generating new theoretical frameworks;
(2) on chronic or persistent insomnia; (3) providing an original per-
spective on the role of psychological factors in the development,
maintenance and/or remission of insomnia disorder; (4) in humans;
(5) with at least one of the factors featured in the theory/model is
concerned with cognitions, which is broadly defined as mental
events such as attention, thoughts/beliefs, perception, appraisal,
information processing, and memory etc.

Articles were excluded if their focus was on (1) acute insomnia or
sleep disorders in general, (2) comorbid insomnia (e.g., insomnia disor-
der comorbid with depression, anxiety disorder, posttraumatic stress
disorder, dementia, head-injury, cancer, HIV/AIDS, chronic obstruc-
tive pulmonary disease, pain), (3) explaining the link of insomnia with
another medical or psychiatric condition, another sleep disorder or
substance (mis)use, (4) the effect of sleep disturbances on cognitive
decline, (5) insomnia management strategies and their effectiveness,
rather than the nature of cognitive processes that manifest or mitigate
insomnia, (6) insomnia in specific groups (e.g., individuals with a his-
tory of abuse, pregnant women, older adults in care home, prisoners),
(7) infants who are yet to develop a stable circadian rhythm and
sleep patterns. Articles were also excluded if they (8) primarily
summarised - qualitatively or quantitatively - existing literature with-
out proposing new theories or perspectives, (9) primarily discussed
the role of emotion/affect/mood in insomnia, (10) their full text was

not in English.
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2.3 | Search strategies and data extraction

Hits returned were downloaded and imported to COVIDENCE
(https://www.covidence.org/), an auditable online platform for sys-
tematic review management. COVIDENCE was used by the review
team to manage search results, remove duplicates, perform the
screening and data extraction, and store study information. Reference
lists of papers identified for inclusion of full-text screening were
hand-searched to identify any relevant literature missed.

After removing duplicates of hits between databases, two of the
authors (NT, BS) performed the title and abstract screen on the
unique returns independently. Any discrepancies were discussed and
resolved between the reviewers, erring on the side of caution
(i.e., passing an article onto full-text screen if there was insufficient
information to support inclusion/exclusion).

Full texts of the papers considered potentially eligible were
obtained. The authors then independently assessed each paper against
the inclusion and exclusion criteria. Studies that did not meet all inclu-
sion and exclusion criteria were excluded, with reasons provided. Any
discrepancies between the two reviewers at the full-text screening

stage were resolved, in consultation with the wider review team.

2.4 | Synthesis approach

Given the theoretical nature of the articles included, data extraction
was carried out by two of the authors (NT, BS) reiteratively using a
pro-forma with open text description. The authors are both clinical
researchers interested in psychological models of insomnia, but have
different training backgrounds (Psychology; Nursing), theoretical affili-
ations (CBT; Biopsychosocial), and familiarity (Primary research areas:
CBT-I, Insomnia and Chronic pain; Sleep, OSA and Chronic Pain). Their
interpretation of findings was cross-checked with all other authors in
the final stage of manuscript preparation.

Study characteristics (e.g., year and country of publication, publi-
cation type) and model characteristics such as cognitive factor(s), con-
ceptual definition(s), and model figures (if available) were extracted
from each publication. The data extraction was performed with the
aims to provide a summary of the key idea(s) and key cognitive
factor(s) of each identified theory/model. Common and unique
feature(s) across the identified theories/models were also highlighted
in the results. Where more than one article was published on itera-
tions of the same theory, these articles were considered and
described in conjunction to enhance coherence and to reflect the pro-
gression/refinement of ideas over time.

Cognitive factors within models were identified and conceptual
similarity of constructs across models was graded as “high” or “low”,
for visualisation. Highly similar constructs had shared nomenclature,
conceptualisation, were featured as core component(s) within model,
and/or were cross-referenced with previous models. Low similarity
was indicated if cognitive factors had little overlap and if there was no
or minimal cross-referencing of concepts between them in their

respective models.

Research

3 | RESULTS

3.1 | Study selection

A total of 2458 records were identified through electronic data
search. Upon duplicates removal, 2077 studies remained. After title
and abstract screening, 34 studies were selected for full-text assess-
ment. Additionally, one book chapter (Morin, 1993) and three articles
(Borkovec, 1982; Espie, 2023; Fichten et al., 2001) that had not been
captured by primary electronic searches were manually added to full-
text review. The most common reasons for exclusion were not being
a theoretical paper (n = 14) and absence of cognitive factors on pro-
posed theoretical model (n = 4). In all, 12 publications were selected

for analysis and data synthesis (Figure 1).

3.2 | Study characteristics

Ten articles (Borkovec, 1982; Espie, 2002, 2023; Espie et al., 2006;
Fichten et al., 2001; Harvey, 2002; Lundh & Broman, 2000; Ong
et al., 2012; Perlis et al., 1997; Rash et al., 2019) and two book chapters
(Harvey, 2005; Morin, 1993) describing nine distinguishable models of
insomnia were included (Figure 2). These were published between
1982 and 2023, with the majority published between 1992 and 2006
(66.7%, 8/12). Most studies were led by authors in the USA (41.7%)
(Borkovec, 1982; Harvey, 2002, 2005; Ong et al., 2012; Perlis et al.,
1997), followed by the UK (25%) (Espie, 2002, 2023; Espie et al., 2006),
Canada (25%) (Fichten et al., 2001; Rash et al., 2019; Morin, 1993) and
Sweden (8.3%) (Lundh & Broman, 2000). Articles were published in psy-
chology (50%) or sleep-related scientific journals.

Of the nine models identified, two specifically sought to explain
psychophysiological insomnia only (Espie et al., 2006; Perlis et al., 1997),
one psychophysiological and subjective insomnia (Borkovec, 1982), three
“primary”/chronic insomnia (Harvey, 2002; Ong et al, 2012; Rash
et al,, 2019). Insomnia type was not specified in the remaining models.
The identified models highlighted cognitive factors involved with the
development (Borkovec, 1982; Espie, 2002, 2023; Espie et al., 2006;
Lundh & Broman, 2000; Morin, 1993; Ong et al, 2012; Perlis
et al, 1997, Rash et al, 2019), maintenance (Borkovec, 1982;
Espie, 2002, 2023; Espie et al., 2006; Fichten et al., 2001; Harvey, 2002;
Harvey, 2005; Morin, 1993; Ong et al., 2012; Rash et al., 2019), and
remission (Borkovec, 1982; Espie, 2002, 2023; Espie et al, 2006;
Harvey, 2002, 2005; Morin, 1993; Ong et al., 2012; Rash et al., 2019) of
insomnia. For two of the models (Espie, 2002; Harvey, 2002), we identi-
fied additional theoretical papers elaborating on aspects of the theories.

All models were conceptualised for adults and the extent to which the

models apply to children and adolescent populations was not specified.

3.3 | Models’ description

Below we provide a summary of the nine distinguishable models

we identified, with particular emphasis placed on the cognitive
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factors mentioned in these models. Models are presented chrono-

logically (Figures 3-5).

3.3.1 | Borkovec(1982)

In this early psychological theory, worry was hypothesised as the
central cognitive factor that underlies sleep-onset insomnia. Worry
in Borkovec's (1982) theory referred to intrusive, uncontrollable
thoughts, and images that are attention-grabbing in nature. These
cognitions are not necessarily negative in tone, but engagement in
worry can result in arousal that may interfere with the body's
engagement with sleep mechanisms. Worry can also lead to a
wake-like phenomenon during lighter stages of sleep, that has been
linked to distorted time perception. Borkovec (1982) suggested that
worry may be a product of a “obsessively worrisome cognitive
style” characteristic of many people with insomnia (p. 892). The
focus, frequency and intensity of worry can vary from day to day,
as an interaction with the environment. Importantly, worry was
thought to be a cognitive factor that can be accentuated by a bed-
room environment, which is typically a sensory deprived environ-
ment making it easier for cognitive intrusion to be noticed, and can
be elicited or reinforced by association (i.e., conditioning). This
helped to explain how insomnia was maintained and why therapeu-
tic effects were found for treatment strategies (e.g., relaxation,
stimulus control, paradoxical intention) that act to terminate or

direct attention away from sleep-incompatible intrusive cognitions.

Borkovec (1982), however, acknowledged that insomnia is a het-
erogeneous concept and restricted the application of his proposal
to “sleep onset insomnia of the psychophysiological and subjective
subtypes” (p. 891).

3.32 | Morin (1993)

Morin took the view that chronic insomnia does not develop dramati-
cally overnight, but is a gradual evolution from situational insomnia
that fails to improve even when the precipitating stressor is removed.
In his integrative model of insomnia, hyperarousal was posited as the
common pathway to insomnia. Once the arousal level, be it cognitive,
emotional or physiological, is raised above a critical threshold, the
body's natural sequence to sleep onset would be interrupted. Morin
(1993) suggested that these arousals can be conditioned by both night
time and daytime events and that learned behavioural and cognitive
responses play a crucial role in perpetuating insomnia, with appraisal
of the initial sleep difficulty as a determining factor of chronic insom-
nia. Such appraisal could take the form of worry/rumination/amplifi-
cation over sleep loss and its daytime consequences, unrealistic
expectations about sleep, misattribution of causes of insomnia, and
unhelpful beliefs about sleep-promoting practices. These cognitive
factors are collectively named as cognitive distortions in Morin's
model and are best assessed and exemplified by the Dysfunctional
Beliefs and Attitudes About Sleep Scale (DBAS). Alongside maladap-
tive sleep behaviours/habits, these dysfunctional sleep cognitions are
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FIGURE 2 Atimeline of the identified theories/models of insomnia featuring cognitions

posited to provoke emotional distress and intensify insomnia, and

therefore constitutes a primary target for intervention.

3.3.3 | Perlisetal (1997)

Based on the observation that people with insomnia typically present
high frequency EEG activity in the Beta (14-32 Hz) and Gamma
(>32 Hz) ranges at or around sleep onset, Perlis et al. (1997) proposed
that this form of cortical arousal is a primary feature of chronic insom-
nia. Although the phenomenology of interest is situated within the
neurocognitive level - in contrast to other models of insomnia with a
more clinical focus, these high frequency EEG activities were thought
to be an analogue of cognitive arousal, representing the presence of
high-level cognitive processes that are normally diminished and/or
suppressed during normal sleep (i.e., sensory processing, information
processing, and long-term memory formation). Specifically, it was sug-
gested that - due to the enhanced sensory processing - individuals
with insomnia are more responsive to perturbing environmental stim-
uli and, thus have more trouble falling/staying asleep. Due to the

enhanced information processing - and thus awareness of

events - occurring around sleep-onset and during sleep, people with
insomnia experience greater difficulty distinguishing sleep from wake-
fulness and have a greater tendency to perceive lighter stages of sleep
as wake. Further, due to enhanced formation of long-term memory
during the sleep initiation period, people with insomnia can draw on
information not accessible by people without insomnia when making
judgement about their sleep and may help to explain the average ten-
dency in insomnia to overestimate the amount of time awake and to

underestimate time asleep.

3.34 | Lundh and Broman (2000)

In their integrative model, Lundh and Broman (2000) introduced a
framework that distinguishes “sleep-interfering processes” from
“sleep-interpreting processes” to conceptualise insomnia. The former
processes aligned closely with the arousal concept and referred to all
kinds of physiological, behaviour, cognitive, and interpersonal vulnera-
bility factors that may predispose, result in, or prohibit recovery from
a state of hyperarousal. The latter processes were thought to be key

in driving complaints of insomnia. They were concerned with attitude,

95U8917 SUOWIWIOD SAITE81D 3|qeal|dde auy Ag peusenob afe sop e WO ‘8sN J0 S3|nJ oy Aleld1 8U1UO A1 UO (SUONIPUOD-PUE-SWLIB) 0D AS 1 AReJq 1 ]BU|UO//:SANY) SUONIPUOD pue SWis 1 8u) 385 *[£202/.0/22] U0 AReid178uluo A1 “59L Ad £26€T SITTTT 0T/10p/wod A3 |im Alelq i jpul|uo//sdny wolj pspeojumod ‘0 ‘698259€T



Journal of
6of 21 Slee) 58Sl TANG €T AL.
Research
(a) (C) BEHAVIOURAL INTERPERSONAL
DYSFUNCTIONAL COGNITIONS AROUSABILITY STIMULUS- AND COGNITIVE RELATIONS
 WORRY OVER SLEEP LOSS .- :’:;::;';:' AROUSAL STRATEGIES (conflicts,
~ UNREALISTIC SOECTATONS - slow habituation) ASSOCIATIONS with regard to the * emotional
* MISATTRIBUTIONS/AMPLIFICATIONS Sao s sleep situation involvements)
NN AROUSAL
N | physiological,
emotional,
MALADAPTIVE HABITS cognitive

AROUSAL
+ EMOTIONAL
* COGNITIVE

+ PHYSIOLOGIC

* EXCESSIVE TIME IN BED

* IRREGULAR SLEEP SCHEDULE

* DAYTIME NAPPING

* SLEEP - INCOMPATIBLE ACTIVITIES

CONSEQUENCES PR
+ 'MOOD DISTURBANCES -- -
+ FATIQUE
+ PERFORMANCE IMPAIRMENTS
+ SOCIAL DISCOMFORT

(b) > VULNERABILITY OR EXTANT PHYSICAL / PSYCHIATRIC ILLNESS
PRECIPITATING EVENT
ACUTE BIOPSYCHOSOCIAL EVENT

MALADAPTIVE COPING STRATEGIES
INCREASED TIME IN BED
STAYING AWAKE IN BED

CONDITIONED AROUSAL

COGNITIVE ALTERATIONS
SENSORY PROCESSING
INFORMATION PROCESSING

SOMATIC
E COGNITIVE]
CORTICAL /I.ONG TERM MEMORY FORMATION

COMPLAINT OF INSOMNIA
CAN’T FALLASLEEP <—

WAKE UP FREQUENTLY +—
PERCEIVED WAKEFULNESS VS PSG SLEEP
OVERESTIMATION OF WAKEFULNESS

—

FIGURE 3
(2000), (d) Fitchen et al. (2001). Reproduced with permission.

beliefs, personal standards that influence a person's interpretation of
their own sleep difficulties, and may interact with sleep-interfering
processes in maintaining and exacerbating insomnia. Cognitive factors
highlighted in the Lundh and Broman (2000) model are not dissimilar
from those featured in previous theories, such as negatively valenced
cognitive activity, worry about sleeplessness and its adverse daytime
consequences, unhelpful sleep expectations, and attributions of
insomnia. However, the inclusion of perfectionism with regards to
sleep and daytime functioning as a vulnerability factor is novel. Their
explicit acknowledgment that insomnia is a “complaint” determined
by the interaction of sleep-interfering and sleep-interpreting pro-
cesses has highlighted the value of addressing people's subjective

appraisal of sleep and daytime functioning.

3.3.5 | Fichten etal. (2001)

With a focus on sleep fragmentation experienced by many older peo-
ple, Fichten et al. (2001) proposed a revised cognitive model of insom-
nia featuring negative cognitive activity as an important mediator of
insomnia complaints. Negative cognitive activity in this model referred

specifically to “negative, worrying, and anxious thoughts and self-

(d)

)

SLEEP
T convian
L g = INSOMNIA
ATTRIBUTIONS PERFECTIONISM BELIEFS ABOUT
of poor sleep high personal sleep need,
and daytime standards concerning consequences of
functioning sleep and daytime poor sleep, etc.
functioning
NOCTURNAL AWAKENINGS
COGNITIONS
negative
BEHAVIOURS AFFECT PERCEPTION
maladaptive = distress = time dragging
OBJECTIVE SUBJECTIVE
findings of complaint
insomnia of insomnia

Schematic representations of models originally published before 2002. (a) Morin (1993), (b) Perlis (1997), (c) Lundh & Broman

statements during periods of nocturnal wakefulness” (p. 666). Whilst
not considered the root cause of insomnia, these negative thoughts
were thought to be the “experiential component of physiologic corti-
cal arousal” (p. 687). Negative thoughts can interfere with returning
to sleep, cause negative affect, lead to maladaptive sleep-related
behaviour and distorted perception of time passage. And hence,
influencing both “objective” findings of insomnia and “subjective” dis-

tress and complaint of insomnia.

3.3.6 | Espie (2002, 2023), and Espie et al. (2006)

In contrast to other models that emphasise sleep pathology, Espie
(2002) proposes a psychobiological model of good (or normal) sleep as
a starting point for understanding the development, maintenance, and
treatment of insomnia. Good sleep is seen as the natural state of the
human organism and under normal circumstances the homeostatic
and circadian processes “default” to good sleep. The “core” of normal
sleep is maintained by an involuntary, harmonious interaction
between the circadian system and homeostatic sleep drive, and asso-
ciated perceived sleep quality. Automaticity (“involuntary nature of

the well-adjusted schedule”) and functional plasticity (capacity to
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permission.

“absorb and readjust” to real life situations) are assumed protective
properties of good sleep. These protective properties are maintained
by four interacting subsystems: physiological de-arousal, cognitive de-
arousal, sleep-related stimulus control, and daytime facilitation of
night-time sleep. In the absence of strong enough inhibition that out-
weighs the stable sleep pattern (i.e., “inhibitory insufficiency”), normal
sleep is maintained. In this context, insomnia is proposed as resulting
from chronic inhibition of one or more of the component processes,
or in other terms, a persistent loss of expression of normal sleep.
Building upon the psychobiological model of insomnia, Espie et al.
(2006) emphasises the role of “automaticity”, along with the circadian
and homeostatic systems, in the regulation of sleep among good
sleepers. Via the attention-intention-effort (A-I-E) pathway, good
sleepers passively or involuntarily respond to internal and external
cues that “act as automated settings conditions for sleep” (p. 216). As
explained by the authors, “the good sleeper approaches sleep, just as
s/he walks or talks - without thinking much about it and without a
consciously explicit plan” (p. 216). This automatic sleep schedule is
inhibited when attention, intention, and/or effort (A-I-E) are put into
the sleep engagement process. According to the AIE pathway, selec-
tive attention to sleep (i.e., sleep-related attention bias) is driven by

factors such as preoccupation about sleeplessness, worry following

sleep “deprivation”, and the longing for sleep. Following attentional
focus on sleep, explicit intentive actions are “designed to deliver sleep
and to eliminate wakefulness” (p. 229). Such intentions are counter-
productive and further inhibit the automaticity of the normal sleep
observed in good sleepers. The third factor, “effort”, whether cogni-
tive (e.g., suppression of mental stimulation) and/or behavioural
(e.g., going to bed earlier) is conceptualised as a development of inten-
tion. Sleep effort is often manifested by actively attempting to sleep
and increase sleep opportunity. It is worth noting that the A-I-E path-
way is described in terms of overlapping stages as opposed to discrete
components.

After over 20 years of his original publication, Espie (2023) revis-
ited the psychobiological inhibition model (PIM) and its related A-I-E
pathway. Espie re-presents the four subsystems associated with sleep
facilitation as physiological de-arousal, cognitive de-arousal, beha-
vioural consolidation, and emotional neutrality. These subsystems are
proposed in a conditioning paradigm, which may be adaptive and pro-
mote good sleep or maladaptive and inhibit good sleep resulting in
insomnia disorder. Great emphasis is placed on PIM as a generic and
unifying framework that is able to accommodate insights from other
insomnia models. PIM is also presented as a personalisable framework

as it allows for varied aetiology and perpetuating circumstances and is
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FIGURE 5 Schematic representations of models originally published after 2011. (a) Ong et al. (2012), (b) Rash et al. (2019). Reproduced with
permission.

thus suitable to guide the selection of specific cognitive and beha-

vioural therapeutics for treating insomnia in a personalised manner.

3.3.7 | Harvey (2002, 2005)

Building upon the theoretical and empirical work underpinning cogni-
tive models of anxiety disorders, Harvey (2002) proposed a cognitive
model to delineate the cognitive processes contributing to the main-
tenance of insomnia. The model draws on earlier psychological con-
ceptualisations of insomnia (Borkovec, 1982; Espie, 2002; Lundh &
Broman, 2000; Morin, 1993; Perlis et al., 1997) but highlights the cog-
nitive processes that differentiate people who experience occasional
insomnia from those whose difficulty sleeping turns into a chronic
problem. The model describes a cascade of cognitive processes expe-
rienced by people with insomnia in bed during the night, as well as
during the day. In both scenarios, negatively toned cognitive activity
about not getting enough sleep and the impact of sleep problems was
thought to be a trigger of autonomic arousal and emotional distress,

activating a state of anxiety. In such an anxious state, attentional

biases towards threat (e.g., sleep incompatible events and cues of
poor health or daytime performance) and automatic monitoring of
these threats within the body and in the surroundings are expected to
take place. It was also suggested that the preferential allocation of
attentional resources to detect sleep-related threats increases the
likelihood of detecting “evidence” of not sleeping and/or not func-
tioning optimally due to insomnia, reinforcing the perception of sleep
or daytime performance deficits and further motivating worries about
sleeplessness and threat-monitoring. Additionally, the vicious cycle
can be aggravated by unhelpful beliefs about sleep (such as those
described by Morin) and safety-seeking behaviours adopted by people
with insomnia may inadvertently serve to prevent disconfirmation of
those unhelpful beliefs (e.g., thought suppression, imagery control).
With the vicious cycle not being self-correcting, people with insomnia
can become progressively more absorbed and preoccupied by their
sleep problems, night and day.

The intrusive nature of the negatively toned cognitive activity
was further elaborated in a subsequent chapter by Harvey (2005),
who then also explained how sleep beliefs, metacognition, thought

suppression and misperception of sleep can impact on the persistence
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(Continued)

TABLE 1

Theoretical models by author(s)

Journal of
Sl

ep
Research

Rash

Ong
et al.

Lundh & Fichten Espie &
etal.

Broman

Perlis

et al.

Harvey

Espie et al.

et al.

Morin

Borkovec

Cognitive factors®

Attentional bias

Secondary arousal [Metacognitive arousal]

ESRS\,M

Rigidity in sleep-related behaviour and beliefs

Attachment to sleep-related needs and

expectations

TANG ET AL

Absorption in solving the sleep problem

Acceptance

Psychological flexibility

Cognitive defusion

Being present

Self-as observer

Values

Committed action

featured as a core component within the model, @ High similarity with constructs highlighted in other models, 0 Low similarity

Note: “[]” = indicate rephrased terminology from original model publication. @ Cognitive factor(s)

with constructs highlighted in other models, & Cognitive factor(s) is not featured within the model.

?Refer to Table 2 for definitions. Only cognitive components from theoretical models were included in this table. Similarity ratings to be interpreted within column, column by column.

of these intrusive thoughts, i.e., whether they would be selected for
further attention in the form of worry or rumination. Of the four cog-
nitive processes highlighted, metacognition was the only factor not
featured in the 2002 model. It is an umbrella term referring to
thoughts and beliefs that people hold about their thoughts (Wells &
Capobianco, 2020). One metacognition considered to be particularly
relevant to the persistence of insomnia was positive beliefs about
worry. It was suggested that positive beliefs about worry (e.g., “helps
to sort things out in my mind”) would promote worrying in bed, which
would in turn feedback to “excessive negatively toned cognitive activ-
ity” and kick start the whole cascade of cognitive activity maintaining
insomnia as described in Harvey (2002).

3.38 | Ongetal (2012)

As a refinement to existing concepts of cognitive arousal, Ong et al.
(2012) proposed to incorporate metacognition about insomnia
(i.e., thinking about thinking about insomnia) alongside unhelpful men-
tal activities such as worry, dysfunctional beliefs and attitudes about
sleep and daytime consequences that have been identified in previous
cognitive models of insomnia (Espie, 2002; Fichten et al., 2001;
Harvey, 2002, 2005; Morin, 1993). In this two-level model, metacog-
nitions about insomnia are thought to be a source of secondary cogni-
tive arousal, which serves to amplify the negative tone of thoughts
about insomnia at the primary level, further increasing attentional,
perceptual, and emotional biases that perpetuate insomnia. Whilst the
role of these metacognitions of insomnia are not dissimilar to the
sleep-interpreting processes described in Lundh and Broman (2000),
in characterising the cognitive factors that give rise to secondary
arousal Ong et al. (2012) drew on the theoretical framework under-
pinning the third wave therapies in which one's relationship with
thoughts is considered to be more important than the content and
structure of thoughts (Hayes et al., 2004). Hence, the cognitive ele-
ments thought to fuel secondary arousal were rigidity in sleep-related
behaviour and beliefs, excessive attention towards sleep-seeking or
sleep aversive thoughts and behaviour, emotional attachment to
sleep, over absorption in solving the sleep problem. The metacognitive
model of insomnia further hypothesised that mindfulness and
acceptance-based approaches to the treatment of insomnias that tar-
get secondary arousal by promoting psychological flexibility, balance,
equanimity and commitment to values would have beneficial down-
stream effect on the primary arousal that interferes with sleep,
thereby reducing symptoms of insomnia. This approach is in contrast
to traditional approaches such as CBT-I, which targets primary arousal

with hypothesised “upstream” effects on secondary arousal.

3.39 | Rashetal (2019)

In an attempt to explain the therapeutic effect of mindfulness-based
therapies (MBTs) for insomnia, Rash et al. (2019) proposed to adopt
an overarching psychological process model of sleep. The central
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hypothesis is that MBTs may improve sleep by promoting psychologi-
cal flexibility, which refers to the ability to stay in contact with difficult
thoughts, feelings and bodily sensations, and to accept and navigate
through situations according to personal values (Hayes et al., 2006;
Hayes & Plumb, 2007). Accordingly, the process variables thought to
be relevant to insomnia include those specified in the generic ACT
model (Hayes et al., 2012): (1) acceptance, (2) cognitive defusion,
(3) contact with the present, (4) self-as-observer, (5) values, and
(6) committed action. These processes are non-specific to insomnia,
but their cultivation via MBTs is thought to help develop psychologi-
cal flexibility, with possible beneficial effects on sleep-interfering,
sleep interpreting and meta-cognitive processes (as outlined in Har-
vey, 2002, 2005; Lundh & Broman, 2000; Morin & Espie, 2003; Ong
et al,, 2012; Perlis et al., 1997), facilitating natural sleep-related dear-
ousal, as described in Espie (2002).

3.4 | Trends and observations

In Table 1, we listed all key cognitive components extracted from each
identified model. A total of 20 cognitive factors were extracted; 39 if
sub-factors were counted. We made an attempt to highlight similarities
between constructs based on definitions provided. This was an inter-
pretative process through which we derived several observations
detailed below: Despite the distinctive focus and terminologies used in
each of the nine models, there is a surprising amount of similarities and
correspondences between conceptualisations. This is likely due to the
fact that all models are built upon the same bedrock of empirical
research into cognitive phenomena associated with insomnia. Similar
clinical phenomena and puzzles are noted across models (e.g., elevated
levels of pre-sleep cognitive arousal; perceived deficits and complaints
of sleep and daytime performance) but proposed explanations of how
these come into being or are being intensified and maintained are dif-
ferent. For example, worry - or essentially enhanced negatively toned
cognitive arousal - is the most shared cognitive factor across models. It
is considered as a response to insomnia resulting in hyperarousal in the
Borkovec (1982), Morin (1993), Perlis et al. (1997), Fichten et al. (2001),
Lundh and Broman (2000), Harvey (2002) and Ong et al. (2012) models.
However, in the Espie et al. (2006) and Rash (2019) models, worry is
considered as an “activating agent” that hijacks attentional processes
associated with natural dearousal, interfering with the default downre-
gulation into sleep and prompting insomnia complaints.

A wide range of cognitive processes is described in the models
identified. With subtle differences in definition and conceptualisation
(i.e., a lack of common terminology), it is not an easy task to identify a
lower-level denominator to highlight shared commonalities. Although
broadly speaking, most of the cognitive processes featured could be
mapped onto general categories concerning thoughts, attention, per-
ception, appraisal, and memory. Exceptions to that were components
of psychological flexibility based on the acceptance and commitment
therapy (ACT) framework, with emphasis not on the content and
structure of the cognition but on the function and a person's relation-

ship with the thoughts. We note that there are more validated

Research

instruments/tasks available for the assessments of the content and
structure of cognition, than meta-cognitions and processes proposed
in ACT-based models (Hiller et al., 2015). We also note that whilst the
CBT models of insomnia tend to be formulated around the insomnia
experience, ACT models of insomnia treatment tend to focus on the
recovery process non-specific to insomnia (Table 2).

Despite the cognitive emphasis of some of the identified models,
the cognitive processes were seldom proposed in isolation from the
physiological experience of insomnia. On the contrary, the majority of
these models acknowledged insomnia as a multi-level experience and
made specific links to the (hyper)arousal concept to make plain how
cognitions weave the psychological experience of insomnia with the
physiological phenomenon of sleeplessness (Riemann et al., 2010). For
example, in the Perlis et al. (1997) model, cortical arousal as indicated
by high frequency EEG activity were thought to be reflecting
enhanced sensory processing, information processing, and memory
function. In the models by Borkovec (1982), Morin (1993), Lundh and
Broman (2000), Fichten et al. (2001), Harvey (2002), and Ong et al.
(2012), worry and increased negatively toned cognitive activity were
thought to lead to arousal that interferes with sleep onset mecha-
nisms. And finally in Espie's PIM model, attention and intention to
sleep and sleep effort were thought to be cognitive factors that pre-
vent natural de-arousal associated with normal sleep onset. These
cognitive factors might also have a disruptive impact on the default
settings of the sleep homeostat and circadian timing system.

4 | DISCUSSION

The current review revealed a vibrant scene over the past four decades,
with nine distinguishable models of insomnia featuring at least one cog-
nitive factor. This affirms the traction of cognition as an important factor
explaining the development, maintenance, and/or remission of insomnia.
There was a surprising amount of similarity between models. Among
the 20-39 cognitive factors and processes identified, our analysis sug-
gested that “worry”, “rumination”, “enhanced information processing”,
“negatively valenced thoughts”, “excessive negatively toned cognitive
activity”, “autonomic arousal/emotional distress”, and “primary arousal”
are the most cross-cutting cognitive factors among models.

Most of the cognitive processes shared across models continue
to receive widespread research attention. In particular, cognitive
arousal appearing as worry and/or rumination, whereby findings have
suggested that - whilst both are repetitive thought processes - they
are separate constructs with different contents (e.g., verbal thoughts
vs. images), focus (e.g., what if vs. why), perspective (e.g., future
vs. past), and possibly effects on emotion regulation and insomnia
symptom presentation (Carney et al., 2010b, 2013; Galbiati
et al., 2018). Timing and state of appearance also seem to make a dif-
ference with night time sleep-related worry found to be have a stron-
ger association with insomnia symptoms, compared with daytime
worry and one's general tendency to ruminate (Lancee et al., 2017).
This is consistent with other studies emphasising the nocturnal timing

of cognitive arousal (Kalmbach et al., 2020) and that sleep-related
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cognitive arousal was more closely associated with measures of sleep
onset and maintenance problems than general cognitive arousal with-
out a sleep focus (Spiegelhalder et al., 2012). It is also consistent with
a 2020 meta-analysis of 15 randomised controlled trials (RCTs) that
has found a significant moderate to large effect of CBT-I in reducing
worry (Ballesio et al., 2021), with effect on sleep-related worry
[as measured with the Anxiety and Preoccupation About Sleep Ques-
tionnaire, and Dysfunctional Beliefs About Sleep questionnaire (Morin
et al., 2007; Tang & Harvey, 2004a)] being larger than that on general
worry [as measured with the Penn State Worry Questionnaire, and
Worry Domains Questionnaire (Jansson-Frojmark & Linton, 2007;
Meyer et al., 1990)]. The effect of CBT-I on rumination reduction was
non-significant and small, although the null effect may be explained
by the small number of RCTs including rumination as an outcome
measure and that there was high heterogeneity between studies.

Relatedly, another widely investigated cognitive construct is dys-
functional beliefs and attitudes about sleep. Over the years, the DBAS
scale has received validations in its original 30-item version (Chung
et al., 2016; Espie et al., 2000; Morin, 1993) as well as in shorter ver-
sions of 16 items (DBAS-16) (Carney et al., 2010a; Morin et al., 2007)
and of 10 items (DBAS-10) (Edinger & Wohlgemuth, 2001; Espie
et al., 2000). With empirical research, we have come to understand
that these unhelpful beliefs occur not only in adults but also in
children (Gregory et al., 2009; Schneider et al., 2019). It has been
demonstrated in prospective studies that DBAS - alongside other
cognitive-behaviour factors - is associated with the maintenance
of insomnia symptoms (Jansson & Linton, 2007; Norell-Clarke
et al., 2014). Thankfully, DBAS is responsive to CBT-I. A 2020 meta-
analysis of 16 RCTs found a large effect of CBT-I in reducing dysfunc-
tional beliefs about sleep at post-treatment, with effect maintained at
follow-up from 3 to 18 months (Thakral et al., 2020). It is important to
note that reduction in DBAS is a predictor of both self-reported and
polysomnography-measured treatment gains (Morin et al., 2002).
Further, multiple analyses of temporally structured data from RCTs
or prospective cohort studies have shown that changes in DBAS is a
significant mediator of improvement in insomnia symptoms following
CBT-l (Parsons et al, 2021; Sunnhed et al, 2022). Together,
these findings build a strong case for a causal role of unhelpful beliefs
(as a cognitive factor) in the maintenance and remission of insomnia.
The clinical significance of unhelpful beliefs however does not stop
here, as in recent years, the DBAS has also been found to predict
and to help understand insomnia comorbid with cancer (Tremblay
et al., 2009), schizophrenia (Chiu et al., 2015), chronic pain (Afolalu
et al., 2018), myocardial infarction (Da Costa et al., 2017), as well as
the link from insomnia to suicide (McCall & Black, 2013).

Interest has grown in the role of metacognitive processes with
the advent of the third-wave therapies and the emergence of
process-based insomnia models (Ong et al., 2012; Rash et al., 2019).
There have been studies showing an association between psychologi-
cal flexibility and sleep quality in people with chronic pain, whereby all
components of psychological flexibility together account for up to
19% of variance in insomnia symptoms (McCracken et al., 2011). Of
the six components of psychological flexibility, mindfulness is the
most studied in terms of its role in insomnia and emotion regulation. It

has been proposed that mindfulness-based interventions are a feasi-
ble adjunct or alternative to CBT-I (Ong & Kalmbach, 2023). This is
not out of the blue, as a 2019 meta-analysis of 19 trials has found
moderate evidence that mindfulness-based interventions improved
sleep quality with durability up to 5-12 months compared with non-
specific active controls. However, we note that no significant effect
on sleep quality was found when compared with evidence-based
active controls. Relatedly, a 2016 meta-analysis of six earlier RCTs
found the mediation by mindfulness to be tentative and possibly limited
to self-reported total wake time and sleep quality but not to other sleep
parameters (e.g., SOL, WASO, TST, SE) or outcome measures (ISI, PSQ),
DBAS) (Gong et al., 2016). Further research would certainly help to
ascertain the effect of mindfulness-based interventions on sleep and
whether enhanced mindfulness is a critical mediator of therapeutic
change. It would also be interesting to evaluate whether matching
treatment approaches with conceptual targets (CBT-l targeting dys-
functional beliefs and attitudes about sleep vs. Mindfulness targeting
unhelpful metacognitions) would help move us towards precision medi-
cine for insomnia. We should stress though that this area of research is
rapidly evolving, with growing interest in using ACT-based therapies for
insomnia. ACT has great emphasis on the components of psychological
flexibility other than mindfulness, such as acceptance, committed
action, cognitive defusion, self as context, and values (Paulos-Guarnieri
et al,, 2022). There is also novel work investigating the bidirectional link
between self-compassion and sleep (Rakhimov et al., 2022a, 2022b)
and the role of wider metacognition in mediating/regulating of arousal
and sleep quality (Palagini et al., 2017; Zamani et al., 2022).

It is important to note that the conceptualisations identified in the
current systematic review are primarily devised for the understanding
of insomnia in adults. The extent to which the cognitive elements can
be applied to understanding insomnia in children and adolescents is yet
to be determined. That said, cognitive arousal (in the form of fear and
worry) has been implicated in the presentation of insomnia in children
as young as 8-10 (Gregory et al, 2008) with elevated level of
cortical arousal (in the form of beta EEG power) in adolescents
with insomnia during sleep onset and different NREM sleep stages
(Fernandez-Mendoza et al., 2016). Further, there is evidence from a
2018 meta-analysis of six RCTs that cognitive and behavioural sleep
interventions have a therapeutic effect on sleep in school-aged children
and adolescents (Aslund et al., 2018). Whilst components of these sleep
interventions varied between RCTs, six key components were identi-
fied and these included typical components of CBT-l, namely sleep
education, sleep hygiene, sleep restriction, stimulus control, cognitive
therapy, relaxation/mindfulness. These interventions target cognitions
to the extent that all of the six RCTs included a sleep education compo-
nent, three of them included a cognitive therapy component, and 3 of

them included a relaxation/mindfulness component.

4.1 | Limitations

The current systematic review represents an effort to comprehen-
sively search and identify relevant human models of insomnia that
feature cognitions in the explanatory framework. Whilst the number
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of theoretical articles identified is larger than what was reported in
earlier narrative reviews (Espie, 2007; Talbot & Harvey, 2016), our
search was limited to only two electronic databases deemed to be
most relevant to the publication of psychological theories of insomnia
(Medline and Psyclnfo) and did not actively include grey literature and
MSc/PhD theses. Although our search was topped up with consulta-
tions with experts in the field, the current systematic review may have
missed out novel or unconventional theories that await further devel-
opment and testing.

We should also note that our search did not go beyond the
English language restriction. There was limited cultural diversity in the
articles identified, and hence in the understanding of cognitive factors
involved in the development and maintenance of insomnia across cul-
tures. Large scale epidemiological studies have revealed that insomnia
is also highly prevalent in non-English speaking countries
(Ohayon, 2002; Soldatos et al., 2005). It would be interesting from an
anthropological perspective to investigate the extent to which lan-
guage and cultures shape our cognitive experience of and response to
insomnia (Knutson, 2013).

Due to the theoretical nature of the information being synthesised
in the current systematic review, we are aware of the potential con-
scious and unconscious biases associated with our own training back-
grounds, theoretical orientations, and familiarity of the different
models. To minimise these, we adopted a systematic and structured
approach to our data extraction and followed the PRISMA guidelines in
our conduct and reporting of our findings. We also embraced recom-
mendations for qualitative research to declare an interpretative element
in our findings and be transparent our training backgrounds, theoretical

orientations and roles in the process (e.g., CORE-Q) (Tong et al., 2007).

5 | CONCLUSION

Within the bounds of the above limitations, our systematic review has
provided a timeline of cognitive factors and processes proposed to
explain the development, maintenance and/or remission of insomnia.
The number and variety of models suggests a “let a hundred flowers
bloom” scenario, and given the growing empirical evidence supporting
a causal role of cognition in insomnia, we believe the field has moved
past the idea that cognitive arousal is a mere epiphenomenon of
sleeplessness. The recent expansion to include metacognitions and
generic ACT-based processes for the consideration of insomnia may
serve well in offering new treatment avenues, particularly for insom-
nia occurring in a multi-comorbidity context. However, progress on
this front would depend on researchers’ and clinicians’ theoretical
uptake and the availability of validated instruments to measure the
featured cognitive processes. In fact, the need to unify terminologies,
definitions and assessment methods is shared by cognitive constructs
featured in CBT models as well. We need better tools to assess cogni-
tive factors and processes, and the development of appropriate tools
should be aided by better understanding of the key components or

latent dimensions of the identified cognitive factors and processes.

Research

We recommend future research to apply empirical approaches to
examine these and to profile the neurophysiological correlates of each
key component and latent dimension. This we believe would provide
a foundation for identifying core cognitive outcomes for future clinical
trials and enhancing comparability between studies, serving as a step-
ping stone towards advancing the field. Finally, all of the models iden-
tified in the current systematic review were developed based on
human data collected in experimental and clinical contexts. With the
advent of Al technology and the widespread use of digital CBT-I and
other health apps, alternative approaches to insomnia modelling are
on the horizon. In the near future, we may witness a surge of compu-
tational cognitive models of insomnia that utilise big data simulations
and machine learning algorithms for theory generation, development,
and evaluation (Haslbeck et al., 2022; Tai et al., 2019).
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