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Abstract
Recent findings suggest that insomnia and emotion regulation are
closely connected. Insomnia is widely associated with medical and
psychiatric conditions as well as with impaired quality of life and
emotional functioning. Additionally empirical evidence suggests
that emotional dysregulation plays a crucial role in the onset and
maintenance of psychopathological disorders. Although these seem
to interact, very few studies investigated the relationship between
disturbed sleep and problems in emotion regulation. Cognitive
Behavioral Therapy for Insomnia (CBT-I) has been demonstrated
to be effective in comorbid insomnia. However, emotion regulation
skills are not included in this intervention. After reviewing the recent
findings of the literature, we aim to discuss future directions for the
inclusion of emotion regulation training in the treatment of insomnia
disorder.

Keywords
Insomnia, Emotion regulation, Sleep, Emotions, Treatment

Introduction
A growing body of literature suggests that poor sleep or insomnia
and emotion regulation are closely linked and there is a complex
interplay between them [1]. Insomnia is a sleep disorder characterized
by persistent difficulties in initiating, maintaining sleep or waking up
too early in the morning or sleep that is chronically non-restorative
or poor in quality. These difficulties are associated with negative
daytime outcomes as fatigue, depression, changes in several cognitive
functions such as alertness, attention, concentration, memory and
executive functions [2,3]. Patients with insomnia sleep 25 min less
than healthy good sleepers [4] and chronic insomnia (i.e. insomnia
symptoms for at least 3 times per week over a period of at least 3
months) has negative outcomes on health [5,6], and quality of life
[7]. Insomnia is also often associated with other mental disorders
[8] and may be considered a risk factor for depression [9]. For these
reasons DSM 5 [10] overcomes the distinction between primary and
secondary insomnia identifying an “insomnia disorder” that may or
may not be in comorbidity with other disorders.
Insomnia has also been associated with increased emotion
regulation difficulties [11]. This effect could have important
consequences for individuals healthy functioning as insomnia may
affect mental health both directly and through the mediation of the
emotional dysregulation. According to Gross [12], the terms ‘emotion
regulation’ and ‘emotion dysregulation’ refer to processes by which
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we change or maintain the intensity or the valence of an emotional
experience in order to appropriately respond to environmental
demands. The regulation of emotions may be conscious/overt or
non-conscious/covert. Several authors have tried to identify different
kind of regulatory strategies that we use in daily life to modify the
magnitude and/or type of emotional experience or emotion-eliciting
events [13].
The ability to adaptively regulate emotions is crucial for healthy
functioning. Both negative and positive emotions may be regulated.
Over the years many authors have focused mostly on strategies
used to influence and modify negative emotions. In fact, negative
emotions and dysregulation of negative affect have been shown to be
related to psychopathology [13,14]. Moreover, different theoretical
models have highlighted different specific strategies that are adaptive
or maladaptive, and the latter has been correlated with different type
of disorders. Maladaptive strategies which are generally considered
to be associated with negative outcome are: avoidance, rumination
and suppression (namely the suppression of the emotional display
or of the emotional experience), whereas adaptive strategies are
problem solving, acceptance and reappraisal [13].
It should be noted, that answering the question whether a strategy
is adaptive or maladaptive is context-dependent [15] and new
perspective theory [16] stated that flexibly adapting one’s behavior
across different stressor situations is equally if not more important
than the ability to use any single positive strategy. Nonetheless, most
of the extant scientific literature addressed the relationship between
the use of maladaptive strategies evidencing that their use is associated
to psychopathological disorders such as depression [17-20], anxiety,
eating disorders [13,14] and other mental disorders [21]. Moreover,
recent results suggest that difficulties in emotion regulation may be
markers of cognitive impairment in other psychological diseases [22].
Though it seems there is an obvious association between insomnia
or poor sleep and difficulties in emotion regulation, it is still an area
of research in considerable expansion, full of contradictory results
and paucity of consistent empirical evidence. Although recent
experimental research [23] studied altered emotion perception in
individuals with insomnia disorder, studies investigating the ability
to regulate emotion in patients with chronic insomnia are almost
lacking. In this review a selection of recent empirical research will be
presented, aiming to answer several questions and to highlight gaps
and suggestions for future research and for treatment.
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Does Emotional Experience Affect Sleep?
In a controlled study and using polysomnography [24] it was
found a reduction of sleep efficiency, total sleep time, percentage of
REM sleep as well as an increase of sleep onset latency, wake after
sleep onset and slow wave sleep, after inducing the emotion of failure
in a cognitive task in healthy adults. Schmindt et al. [25] found that
pre-sleep self-reported emotion of regret was positively associated
with the insomnia severity in erderly. More recently, a controlled
study conducted by the same research group [25,26] found that
the experimental induction of regret in healthy students increased
sleep onset latency. In general, empirical research supports the idea
that negative emotions experienced before bedtime impact sleep
quality. The effect of positive emotions on sleep is under debate.
According to Espie’s theory [27] pre-sleep emotional activation
of both negative and positive valence is supposed to disrupt sleep
through an enhancement of emotional arousal. However, empirical
evidence supporting this theory is still scarce whilst the opposite
relationship has been sometimes reported. In a cross-sectional study,
Steptoe et al. [28] found that positive emotions predicted a better
sleep quality controlling for health and socioeconomic status and
psychopathology. Wood et al. [29] found an association between the
emotion of gratitude experienced before going to bed and a better
sleep quality controlling for personality characteristics. In two weeks
prospective study Kalmbach et al. [30] found that self-report positive
emotions experienced during the day predicted a shorter sleep onset
latency and a longer total sleep time at night.

Does the Quality of Sleep Affect Emotional Experience
and the Ability to Recognize Emotions?
Several correlational and experimental studies have shown that
whole-night sleep deprivation or sleep restriction across multiple
nights (chronic sleep restriction) adversely influence adults’
emotional functioning [31-33]. The experimental induction of sleepdeprivation increases negative affect and reduces positive affect
[31,33,34]. A study by Tempesta et al. [35] investigated the effect
of sleep deprivation on the emotional rating of standardized visual
stimuli (pleasant, neutral and unpleasant stimuli) selected from the
International Affective Pictures Stimuli (IAPS) [36]. Forty healthy
participants, assigned to a deprivation group and a non-deprivation
group, rated valence and arousal of the pictures. Their sleep was
monitored using actigraphs. Both groups judged similarly pleasant
and unpleasant the pictures, showing no significant effect of the sleep
deprivation condition. Nevertheless, they judged neutral stimuli in
a more negative way compared to the non-deprived group. Authors
explain this finding according to the adaptive principle “better safe
than sorry” [37], suggesting that sleep deprivation may exacerbate
this tendency. They also found that the sleep deprived group showed
higher negative mood than well-rested participants. Other studies
investigated the effect of sleep deprivation on facial responsiveness
to emotional stimuli. Facial emotional reaction has an important
role in successful social interaction in every-day-life. Minkel et al.
[38] found a reduction of facial emotional expressiveness in sleep
deprived individuals while watching emotional film clips. Schwarz et
al. [39] studied the effect of shortened night sleep on facial reactions
to emotional stimuli using EMG task and rating their valence and
arousal. Results showed slower facial muscular reactions to each
type of emotional stimuli after sleep restriction but no difference in
valence and arousal. Another interesting study by Talbot et al. [34]
investigated the impact of sleep deprivation on the affective state in a
sample of adolescents and adults. They measured their habitual sleep
through sleep diaries and actigraphs for 5 consecutive nights, then
they presented a sleep deprivation condition (2 consecutive nights)
and a rested condition (order was counterbalanced). After each
condition, they collected data using an Affective Functioning Battery,
which included the Positive and Negative Affect Schedule and the
version for children (PANAS and PANAS-C), a worry generation
and most threatening worry task and a catastrophizing task. They
found that, according to their hypothesis, individuals reported less
positive affects during the sleep deprived condition respect to the
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rested condition. In contrast, no significant difference was found
in the negative affect between neither condition nor age group.
These findings on adolescent sample are in line with the results of
Dagys at al. [40] who found that adolescents after sleep deprivation
reported less positive emotions and lower positivity ratios (the
balance between positive and negative emotions using PANAS-C).
Another study of Baum et al. [41] has to be mentioned to extend the
literature on adolescent sleep deprivation. Their experimental design
included fifty adolescents (ages 14-17) and used self-report, parents’
report and objective data. A 3-weeks sleep manipulation protocol
was used, assessing emotions after a week of baseline, 5 consecutive
nights of sleep restriction (6.5 h per night allowed) and 5 consecutive
nights of normal sleep condition (10 h per night allowed) randomly
assigned and counterbalanced across participants. They monitored
their sleep through an actigraph and self-report instruments. They
found an increasing in negative effects. Participants rated themselves
as signiﬁcantly more tense/anxious, angry/hostile, confused, fatigued,
and as less vigorous during the sleep restriction condition. Both
parents and adolescents reports revealed greater oppositionality/
irritability and poorer emotion regulation during sleep restriction
condition compared to normal sleep condition. They found no crosscondition differences in depression or hyperactivity/impulsivity. A
young adult’s population was studied by Haack & Mullington [42].
The authors investigated the effect of sustained sleep restriction of the
50% of the normal sleep time for 12 days on emotional and physical
well-being. They found a reduction of optimism-sociability (15%)
and an amplification of bodily discomfort (3%) with ad increasing of
stomach pain, back pain and generalized body pain.
Taken together, results of the studies reviewed above allow us to
conclude that poor sleep quality and sleep deprivation is associated to
more negative emotional experience but just few studies investigated
the daytime emotional experience in patients with insomnia. For
instance, a study by Buysse et al. [43] using ecological momentary
assessment, indicated that individuals with insomnia, when compared
with good sleepers, reported higher negative mood and lower positive
mood. Another study [44] using the same design for two weeksperiod revealed that different indices of subjective sleep (e.g. total
sleep time, sleep efficiency and time of awakenings) in individuals
with insomnia were associated with measures of perceived daytime
functioning including mood the following morning, compared to the
good sleep group that showed no association.

Is the Relationship between Quality of Sleep and
Quality of the Emotional Experience Bidirectional?
As aforementioned, sleep and emotion may be related through
a bidirectional link [45]. According to the bidirectional hypothesis,
daytime negative emotions are supposed to disrupt sleep and in turn,
poor sleep may increase emotional experience the following day.
However this bidirectional link has been only indirectly confirmed
and to our knowledge only very few studies addressed it directly.
To explore the bidirectional hypothesis of sleep and emotion, a
recent study [46] used a 7 days prospective study with self-reported
measures of sleep and emotions (PANAS). In the study, students
were asked to complete a sleep diary and to evaluate their emotional
experience every day in the afternoon. Results showed that people
reporting poor sleep quality also referred to have more negative and
less positive emotions during the day as compared to good sleepers.
Similarly, participants who reported to have more positive and less
negative emotions also reported better sleep quality. However, the
results of the study did not support the bidirectional hypothesis: sleep
diary completed in the morning predicted the emotional experience
reported in the afternoon, whilst daytime emotions did not predict
the sleep quality of the following night. Other studies using PANAS
[47-49] support the hypothesis that poor sleep quality is linked
to increased negative emotions and decreased positive emotions.
Another recent study by Takano et al. [50] suggests the presence
of a self-reinforcing cycle involving repetitive thoughts, mood and
impaired sleep quality. They used a one-week sampling period with
a mobile-phone-based experience sampling method (ESM) to collect
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thoughts content and mood of participants eight times per day. Sleep
parameters were measured with actigraphs. Results showed that
repetitive thought was associated with longer sleep onset latency,
impaired sleep efficiency and a reduction of total sleep time. They also
found that impaired sleep efficiency was associated with decreased
positive affect the subsequent morning and reduced positive mood
was associated with increased repetitive thoughts during the day as
in a vicious cycle.

Insomnia, Poor Sleep and Emotion Regulation
In a pioneering study, Harvey [51] compared individuals with
insomnia and good sleepers in the use of thought control strategies
using the Thought Control Questionnaire for Insomnia (TCQ-I).
The results showed that participants with insomnia used the
strategies of suppression, reappraisal and worry significantly more
than good sleepers. Ree et al. [52] elaborated a refined version of the
questionnaire, named the Thought Control Questionnaire Insomnia
Revised (TCQI-R) evaluating a bigger number of cognitive emotion
regulation strategies. Comparing persons with insomnia and good
sleepers, the authors found that the firsts used all the strategies of
thought control more frequently than controls, expect for cognitive
distraction, which was the only strategy associated with better sleep
quality. In particular, aggressive suppression and worry showed to
be associated with worse sleep quality. More recently, Nota & Coles
[53] confirmed that rumination is cross-sectionally associated with
short sleep duration. However, very few studies have investigated the
relationship between insomnia symptoms and emotion regulation
abilities. Racine and colleagues [54] found that short and long sleep
duration (less or more than the population average sleep time, 6–8
hours) were associated with reduced ability of emotion regulation on
a population of 523 black women. Women sleeping 6–8 hours seemed
to be more able to regulate their daily lives emotions. The presence of
Insomnia symptoms might mediate the association between emotion
regulations and sleep duration. Another 3-years longitudinal study
of Tavernier & Willoughby [55] on 942 university students, showed
a signiﬁcant bidirectional association between sleep problems and
emotion regulation. That is, students who had more sleep problems
also reported less positive social ties and in turn the latter predicted
more sleep problems. Authors also found that problems in regulating
emotions mediated the relationship between sleep disturbances
and social ties. Recently, a study of Mauss et al. [56] found positive
association between poor sleep and impaired emotion regulation
ability. Particularly they investigated the effect of retrospective
measures of sleep quality on a specific adaptive emotion regulation
strategy: cognitive reappraisal (CRA), considered as the ability to
cognitively reframe a particular emotional negative event in order to
decrease its impact [57]. One hundred fifty-six participants completed
self-report questionnaires and laboratory tasks. In an individual
laboratory session, they first measured self-report sleep quality of the
previous 24 h and of the whole week and CRA using a film clips task,
following the procedures reported by Troy and colleagues [58]. Results
showed positive association between subjective ratings of sleep quality
and CRA. Specifically poor sleep quality of the past week was linked
with decreased cognitive reappraisal ability, while poor sleep of the
past 24h was marginally associated. The relationship between sleep
quality and CRA was also statistically controlled for a large number of
potential confounding variables (e.g. age, gender, mood and anxiety
disorder symptoms, caffeine consumption), suggesting that it was
not influenced by a third variable. In line with the hypothesis that
poor sleep is associated with emotion regulation abilities another
study of Velardin et al. [59] explored how sleep difficulties and sleep
stability are related to cognitive control disengaging attention from
negative emotional stimuli. Particularly they related this relationship
with depressive symptoms over a 3-weeks period. First they found
that a poor sleep quality during the 3 weeks period was associated
with increased depressive symptoms when controlled for symptoms
at baseline. Second, poor sleep quality predicted greater difficulties in
disengaging attention and the latter consequentially predicted greater
depressive symptoms. An experimental study of Vanderkerckhove
et al. [60] tested whether different emotion regulation strategies
Cerolini et al. J Sleep Disord Manag 2015, 1:1

might influence sleep physiology. Participants were instructed to use
either a cognitive-analytical or an experiential emotion regulation
strategy before polysomnographic assessment. Results showed that
experiential approach was related with increased total sleep time
and sleep efficiency index and decreased nocturnal awakenings
although an increase of sleep onset latency was observed compared
to cognitive-analytical approach. Instead, a recent cross-sectional
study of Sandru & Voinescu [61] found that difficulties in regulating
emotions predicted self-reported poor sleep quality. Results show that
emotion regulation difficulties were also associated with the presence
of dysfunctional beliefs about sleep.
Evidence from neuroimaging studies seems to support the
existence of the relationship between sleep quality and emotion
regulation. The principal brain region involved in emotion regulation
seems the prefrontal cortex (PFC), that plays an important role also
in the cognitive control of emotions [62] and several studies suggest
that the latter could be disrupted by disturbed sleep [63,64]. PFC has
been shown to be sensible to sleep loss. Moreover, an experimental
study by Yoo et al. [65] shows how participants who had been
sleep deprived exhibited reduced functional connectivity between
brain regions responsible for cognitive control (medial prefrontal
areas) and emotional responses (amygdala) while viewing negative
emotional pictures, compared to the control group. These findings
are in line with results of studies that used chronic deprivation [66]
and partial acute deprivation [67] supporting the association of these
two main domains and supporting the role of emotion-regulatory
control by prefrontal brain areas [62].

Implications for Treatment
Whilst cognitive and behavioral consequences of poor sleep and
insomnia have been studied in depth over the last decades, emotional
experience have been widely ignored and the empirical findings in
this field still need to be replicated and confirmed. The consequence
of this is that CBI-I, the main non-pharmacological therapy for
insomnia, is mostly based on behavioral and cognitive techniques.
However, results summarized above suggest that CBT-I programs
could benefit from the inclusion of specific techniques targeting
emotions and emotion regulation skills. To this issue, several studies
have already been conducted for assessing efficacy of programs
that specifically address emotions in insomnia. Ong and colleagues
published a group of studies evidencing that mindfulness protocols
alone [68] or combined with the standard CBT-I program [69,70]
are effective in reducing insomnia symptoms. The protocol used
taught participants to respond to disturbed sleep with mindfulness
skills rather than react automatically by increasing effort to rest. A
systematic review by Winbush and colleagues [71] identified 7 studies
before 2007 assessing efficacy of mindfulness and the same research
group also published a paper in 2011 [72] confirming efficacy of this
approach.
In recent years, several authors proposed brief psychoeducational
interventions focused specifically on improving emotional recognition
and regulation. They applied these programs to Binge Eating
Disorder (BED), for which, like for insomnia, a relationship has been
established between severity of the symptoms and negative affect or
emotion dysregulation. Efficacy of these programs in reducing BED
episodes have been demonstrated [73-75]. Although these findings
seem promising, no studies have applied these protocols to insomnia
yet.

Conclusions and Suggestions for Future Directions
Results of the studies summarized in the present review confirm
that emotion regulation may mediate the effect of insomnia symptoms
on different psychosocial outcomes. The hypothesis that could be
advanced is that sleep loss (either acute or chronic) may impair the
ability to use functional or flexible emotion regulation strategies thus
increasing negative mood which, in turn, may alter sleep in a vicious
cycle that produces in the long run negative health outcomes. To our
knowledge, no direct evidence supports this complex relationship
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yet, with the exception of Tavernier & Willoughby’s study [55].
Although the distinction between daytime and nighttime processes
seems forced, most of the studies reviewed above support most of the
bivariate relationships within this complex hypothesis namely that:
negative emotions impair sleep; sleep deprivation increases negative
emotions and reduces positive emotions; sleep deprivation impairs
the use of adaptive emotion regulation strategies and impaired
emotion regulation abilities is associated with poor sleep; if people
are trained to use adaptive emotion regulation strategies (like, for
instance, acceptance of mindfulness) insomnia symptoms can be
reduced.
Speculating about the neurophysiological mechanisms that
link bidirectionally insomnia and emotion dysregulation, sleep
instability seems a good candidate. Current research indicates
increased instability of both NREM [76] and REM Sleep [77] as
crucial neurophysiological machanisms in insomnia. The second
is particularly relevant for the line of reasoning followed in the
present review. According to the REM instability hypothesis, this
brain state requires a fine balance between arousing and de-arousing
brain mechanisms. For this reason it may be frequently interrupted
by a cognitive activity related to pre-sleep arousing concerns. The
chronic fragmentation of REM sleep might lead to dysfunctions in
the emotional neural networks, including limbic and paralimbic
areas that are specifically activated during REM sleep. This hypothesis
would also partially explain the emotion regulation problems of
persons with insomnia. As evidenced by Gujar at al. [78], REM sleep
plays an important role in the maintenance of effective processes of
emotion categorization during the day. More specifically, using a face
recognition task the authors found that sleep loss amplified reactivity
to negative emotions while a daily nap reversed this effect and
enhanced the impact of positive stimuli. Based on these results the
authors concluded that REM sleep may be necessary for the optimal
homeostasis of emotional brain regulation.
It should be outlined, however, that most of the literature
reviewed in the present paper shows the effects of sleep deprivation
on emotional experience. However, sleep deprivation is not an
“experimental model” of insomnia as the chronic sleep deprivation
that characterizes insomnia disorder may be associated to adjustment
processes that do not take place in the acute manipulation of sleep.
Few studies evaluated the association between habitual poor sleep or
habitual good sleep and emotional experience or emotion regulation
suggesting that poor sleep is related to increased negative or reduced
positive emotions. Again, poor sleep is not exactly the same as
insomnia. Finally, the emotion regulation training proposed for
BED has never been applied to insomnia. For these reasons, future
research should address these issues considering patients with
chronic insomnia.
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