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Introduction: Insomnia symptoms are very common in Bipolar Disorder. Our aim was to assess the potential as-

sociation between insomnia, emotion dysregulation and suicidality in subjects with Bipolar Disorder.
Methods: Seventy-seven subjects with Bipolar Disorder type II with a depressive episode with mixed features
were recruited. Patients were assessed with SCID-DSM-5, the Insomnia Severity Index (ISI), the Difficulties in
Emotion Regulation Scale (DERS), the Scale for Suicide Ideation (SSI) while evaluating manic and depressive
symptoms.
Results: Subjects with insomnia symptoms compared to those without showed higher scores in the DERS scale
and subscales, including impulsivity, and in the SSI scale. Insomnia symptoms significantly predicted the severity
of depressive symptoms, emotion dysregulation, and suicidality in subjects with bipolar disorder. In particular,
insomnia was related to difficulties in some areas of emotion regulation including impulsivity. Emotion dysreg-
ulation significantlymediated the association between insomnia and depressive symptoms (Z=2.9, p=0.004).
Furthermore, emotional impulsivity mediated the association between insomnia symptoms and suicidality (Z=
2.2, p = 0.03).
Conclusion: In our study, subjects with bipolar disorder suffering from insomnia experienced a greater severity of
depressive symptoms and suicidality compared to subjects without insomnia. Insomnia was associated with
emotion dysregulation, impulsivity and suicidality. Further research is necessary to investigate if these latter
features may benefit from early insomnia treatment in subjects with bipolar disorder.

© 2019 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Mood disorders includes a spectrum of conditions that can encom-
pass elevated mood such as mania/hypomania and depressed mood
[1]; major forms, such as major depressive unipolar and bipolar disor-
ders, are, among all, the most prevalent and likely to be recurrent,
chronic and disabling [2,3]. Therefore the impact on public health is a
matter of major concern leading to global burdens of disease in terms
of disability, morbidity, premature mortality [2,4,5] and to a significant
risk for suicidality [3,6]. The understanding of the mechanism involved
in the development and maintenance of bipolar disorders should thus
be considered as a priority to identify potential early markers that
could help in improving treatment strategies.

Insomnia is a clinically significant feature of bipolar disorder, listed
as a diagnostic criterion for mood disorders according to the Diagnostic
nt of Clinical and Experimental
y.

en access article under the CC BY-N
and Statistical Manual of Mental Disorders-DSM, starting as early as
1980 [7]. It is highly prevalent across the entire course of bipolar disor-
der, with 80–100% of individuals experiencing it during a depressive ep-
isode, 30–35% during a manic and mixed episode and 45–55% in the
inter-episodic phase [8–11]. Insomnia was related to bipolar disorder
severity [9] and to emotional hyper-reactivity during remitted phases
[12,13]. Insomnia was shown to increase the risk of bipolar disorder
relapse and recurrence as it is one of the most frequent residual symp-
toms [13]; it is also an independent risk factor for bipolar disorder and
a frequent early sign occurring prior to both depressive and manic
episodes [14–16]. Recently, it has been shown that targeting insomnia
may favorably impact on the trajectory of bipolar disorders [10,17].
Although insomnia might be a potentially-modifiable early marker
associated with emotion dysregulation, impulsive behaviors and
suicidality in a variety of psychiatric disorders [18–20] its potential
association with these clinical features in bipolar disorder is to date
poorly understood.

Namely, emotion dysregulation has been proposed as a critical com-
ponent in the development and maintenance of mood disorders with a
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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feedback recursively and dynamic loop reinforcing mood instability
[21–23]. Emotion dysregulation is defined as an impairment in the
modulation of some aspects of emotional functioning including early
emotional processes, the appraisal and evaluation of stimuli and
emotional response with its behavioral and physiological components
in both the immediate context and in the long-term objectives/goals
of individuals [21–23]. Although emotional dysregulation has been re-
lated to mood instability, impulsive behaviors, and increased risk of
suicidality in individuals with bipolar disorder [21–23], its association
with insomnia during acute phases of bipolar disorder remains unclear.

As already suggested, insomnia could contribute to emotional
dysregulation, consequently leading to exaggerated neural and
behavioral reactivity to experiences [24,25]. In fact, a dysfunction in
the neural circuitry underlying emotion regulation was observed in
individuals suffering from insomnia (for an overview see [26]). Sleep
disruption, including insomnia, is shown to affect brain regions
deputized to emotion, motivation and cognition regulation, thus, by
impairing the top-downmodulation of emotional processing, contribut-
ing to emotional dysregulation [27,28]. In addition, insomnia was found
to be related, via negative effect on prefrontal cortical functioning, to
impairments in both basic cognitive functions and higher-order cogni-
tive processing involved in supervisory control, problem solving,
flexibility and self-control [29,30].

Therefore, insomnia is associated to the alteration of the entire
decision-making process leading to risky decisions, impulsive and
aggressive behaviors [19,31].

Insomnia can be identified as an independent risk factor for suicide
[32]. Different mechanisms have been hypothesized to underline this
association. Hypothesis were made that insomnia-related emotion
dysregulation and the impairment of decision-making processes related
to insomnia may lead to impulsive and aggressive behaviors: these
alterations may increase the risk of suicidality in relation to insomnia
(for an overview see [20,32]). Although insomnia have been related to
emotional dysregulation, impulsive behaviors, and increased risk of
suicidality [18,21–23], their association during acute phases of bipolar
disorder is still unclear.

In consideration of the above mentioned hypotheses about the role
of insomnia in emotion dysregulation, impulsive behaviors and
suicidality, the focus of our research was to investigate their potential
relationship in a sample of mixed depressive patients with bipolar
disorder type II. We hypothesized that insomnia symptoms may play
a role in emotion dysregulation, impulsive behaviors and suicidality
during acute phases of bipolar disorder. We also aimed to explore the
potential processes underlying the relationship between these variables
by using a mediation analyses. Since emotion dysregulation and
impulsivity may play a potential role linking insomnia to suicidality,
we investigated a possible mediation role for emotional dysregulation/
impulsivity in subjects with bipolar disorder.

2. Methods

2.1. Selection of subjects and psychometric questionnaires

The current study included a subsample of participants from the
ongoingmain research plan aimed to characterize insomnia in different
types of mood disorders. The subjects in our sample were diagnosed
with Bipolar Disorder type II during a major depressive episode with
mixed features, satisfying the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM-5) criteria [1], hospitalized at the
Psychiatry Unit of the University of Pisa, Italy, from December 2015 to
April 2017. Subsequently when the study will be completed the role of
insomnia in other forms of mood disorders will be evaluated and
compared.

Our inclusion criteria were 1) a current diagnosis of major depres-
sive episode with mixed features in Bipolar Disorder type II 2) age be-
tween 18 and 65 years and 3) the willingness to sign an informed
consent to the study and were hospitalized at the Psychiatry Unit of
the University of Pisa, Italy. All subjects were assessed using standard-
ized questionnaires, including the structured interview for DSM-5
(Structured Clinical Interview for Axis I Disorders- SCID-I) [33] investi-
gating the presence of a current or lifetime psychiatric diagnosis, the
Insomnia Severity Index [34] rating insomnia symptoms, the Difficulties
in Emotion Regulation Scale (DERS) [35,36] evaluating emotion dysreg-
ulation and Scale for Suicide Ideation (SSI) measuring suicidality [37].
The Beck Depression Inventory- II (BDI-II) [38] and the Young Mania
Rating Scale (YMRS) [39] were used to evaluate respectively depressive
and manic symptoms. Sleep disorders were assessed through a clinical
evaluation conducted by an expert in sleep medicine (LP) and the use
of other sleep questionnaires [40] to rule out other sleep disorders (i.e.
obstructive sleep apnea syndrome, restless legs syndrome, circadian
sleep disorders etc.). All the subjects also filled clinical report forms
which included current pharmacological therapy, at baseline.

The exclusion criteria were: 1) a current and lifetime diagnosis of
substance abuse, 2)a depressive episode with psychotic features,
3) other types of bipolar disorder, 4) a cognitive impairment (MiniMen-
tal State Evaluation [41]), 5) a current diagnosis of sleep disorders other
than insomnia.

The study conformed to the Declaration of Helsinki and all partici-
pants provided written informed consent prior to being enrolled in
the study.

2.1.1. Psychiatric diagnosis
The assessment of previous and current psychiatric diagnosis ac-

cording to the criteria of DSM-5 [1] was performed using the Structured
Clinical Interview for Axis I Disorders (SCID-5) [33]. The SCID is consti-
tuted by different modules, each of them including specific questions
addressed to the detection of diagnostic categories criteria according
to DSM-5. Interviews were conducted under the clinical judgment of
trained interviewers.

2.1.2. Insomnia severity
Insomnia severity was evaluated with the Insomnia Severity Index

(ISI) [34].The Index is a 7-item self-report questionnaire with a two
weeks recall period. The total score ranges from 0 to 28. For the pur-
poses of this study, according to the ISI authors' recommendations, an
ISI score of ≥8 indicated insomnia symptoms. The ISI has been validated
in a previous Italian sample [42].

2.1.3. Emotion regulation
Emotion regulation was measured with the Difficulties in Emotion

Regulation Scale (DERS) [35]. The DERS is a 36-items and a 5-point
scale (ranging from 1 – almost never to 5 – almost always). The total
DERS score ranges from 36 to 180 with higher scores reflecting greater
difficulties regulating emotion. The questionnaire includes six subscales
1) Non acceptance of emotion (for example: “When I'm upset, I become
angrywithmyself for feeling thatway”), 2)Difficulties engaging in goal-
directed behaviors (for example: “When I'm upset, I have difficulty
concentrating”), 3) Impulse control difficulties (for example: “I
experience my emotions as overwhelming and out of control”),
4) Limited access to effective regulatory strategies (for example:
“When I'm upset, I believe that there is nothing I can do to makemyself
feel better”), 5) Reduced emotional clarity (for example: “I am confused
about how I feel”, and 6) Lack of emotional awareness (for example: “I
pay attention to how I feel” reverse scored). For the Italian version see
Sighinolfi et al. [36].

2.1.4. Psychiatric scales
Depressive symptoms were assessed using the Beck Depression In-

ventory (BDI-II): the BDI-II is a self-report 21-question inventory, and
it is one of themost widely used instruments for measuring the severity
of depression. The total score ranges from 0 to 63. According to the au-
thors' recommendations, a BDI score N 13 is indicative of depressive



Table 1
Demographic and psychometric variables.

Subjects with bipolar disorder with insomnia
(n = 54)

Subjects with bipolar disorder with no insomnia
(n = 23)

p

Age (years) 47.6 ± 12 50.3 ± 13 0.371
Gender (female) n°(%) 35 (62.3) 10 (63.8) 0.494
Illness duration (years) 18.2 ± 12.6 20.4 ± 11.6 0.483
Positive family history n°(%) 41(77.6) 18(77.6) 0.818
ISI-insomnia symptoms 12.9 ± 4.9 3.2 ± 1.9 b0.001
DERS total emotion dysregulation 111.1 ± 19.3 94.6 ± 18.1 0.001
DERS non acceptance 19.8 ± 5.8 14.1 ± 5.7 0.001
DERS difficulties in goals-behaviors 17.5 ± 4.3 14.2 ± 4.3 0.017
DERS emotional impulsivity 15.9 ± 4.9 12.4 ± 3.8 0.003
DERS difficulties regulatory strategies 25.1 ± 6 19.1 ± 6.5 0.001
DERS reduced emotional clarity 13.3 ± 2.8 13.3 ± 52.9 0.278
DERS lack of emotional awareness 19.7 ± 6.3 21.3 ± 3.5 0.797
BDI-II-depressive symptoms 23.3 ± 11 16.7 ± 8.2 0.014
YMRS-manic symptoms 8.2 ± 5.3 9.2 ± 6.2 0.505
SSI- suicidality 7.2 ± 5.5 3.7 ± 3.7 0.032
Current drug treatments N° (%) N° (%)

Antidepressants 12(56.8) 28(56.8) 0.595
Mood stabilizers 40(55.8) 12(55.8) 0.102
Lithium 34(64.9) 11(64.9) 0.434
Benzodiazepines 27(56.8) 10(56.8) 0.725
Antipsychotics 35(77) 14(77) 0.944

Anxiety comorbidity 14(17.2) 7(17.2) 0.556

Legend. Data are reported as mean ± standard deviation-SD and percentage. ISI: Insomnia Severity Index, DERS:Difficulties in Emotion Regulation Scale, DERS subscales: DERS Non Ac-
ceptance of emotion, DERS Difficulties in goals-behaviors, DERS impulsivity, DERS Difficulties regulatory strategies, DERS Reduced emotional clarity, DERS Lack of emotional awareness.
BDI-II: Beck Depression Inventory, YMRS:Young Mania Rating Scale, SSI: Scale for Suicide Ideation. Significance in bold.
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symptoms, while moderate/severe depression is indicated by a score of
BDI N 20 [38,43]. In this study we used an adjusted total BDI-II score
which did not included the item 16 (i.e., changes in sleep) to avoid col-
linearity with the ISI score.

Manic symptoms were investigated with the Young Mania Rating
Scale (YMRS).This is an instrument to be completed by the clinician
while conducting the interview on the patient. It is an 11-item scale. Cli-
nicians rate the severity of the symptoms from 0 (no symptoms/normal
behavior) to 4 (extreme deviation) based on the subjective information
provided by the patient about the last 48 h and the clinical observation
of behavior during the interview. According to the developer of the
questionnaire, items 5, 6, 8 and 9 have a double weight for calculating
the total score. A YMRS score N 7 is indicative of manic symptoms
[39,44].

Suicidality was evaluated using the Scale for Suicide Ideation (SSI)
[37]. It consists of 19 items assessing three dimensions of suicide idea-
tion: active suicidal desire, specific plans for suicide, and passive suicidal
desire. Each item is rated on a 3-point scale from 0 to 2. The total score
ranges from 0 to 38with the higher the total score related to the greater
the severity of suicide ideation. In some previous studies on adult
suicidality a score ≥ 6 has been used as a cut off threshold for clinically
significant suicidal ideation [37,45].

2.2. Statistical analyses

The statistical analyses were performed using NCSS (2008). Results
were expressed as Mean ± Standard Deviation (SD). The Shapiro Wilk
Test was used to check the normality of the variables. Differences in
means between subjects with bipolar disorder with insomnia symp-
toms (ISI ≥ 8) versus subjects with bipolar disorder without insomnia
symptoms (ISI b 8) were assessed using t-tests for normally distributed
variables, or theMann-Whitney U/Wilcoxon Test for non-normally dis-
tributed variables. Categorical variables were analyzed via the χ2 test.
Mean p-values were adjusted for the number of tests using the
Bonferroni correction. An a priori power estimation analysis provided
a sample size of n= 35with a power of 0.8. Univariate linear and logis-
tic regression analyses were performed in order to test correlations be-
tween insomnia symptoms, emotion dysregulation and suicidality in a
group of subjects with bipolar disorder while taking into account
other factors (manic/depressive symptoms, current psychiatric comor-
bidity, current pharmacological treatments, family history for psychiat-
ric disorders, illness duration).

Multiple linear regression models were then built with emotion dys-
regulation and suicidality as dependent variables. In the case of a signifi-
cant correlation (p b 0.05) between the values and dependent variables
on theunivariate analyses, the valueswereused as independent variables.
All the multiple regression models were checked for multicollinearity. A
variable was excluded from the model if it had a variance inflation factor
N10 and a condition number N100 in the Eigenvalues of Centered Correla-
tions. A mediation analysis using the Sobel test [46] was performed in
order to study the potential processes thatmay underling the relationship
between these variables. All pathways of the mediation were tested.

3. Results

3.1. Descriptive statistics and comparative analyses

Of the 130 potential participants evaluated, 77 subjects (n°48, 62.3%
females, mean age 48.4 ± 12.4 years) met the inclusion/exclusion
criteria for Bipolar Disorder type II depressive episode with mixed fea-
tures. Twenty-eight subjects who also suffered from other mental and
sleep disorders and 25 subjects who did not complete the evaluations
were lastly excluded from the final sample. The comparison between
subjects with bipolar disorder with and without insomnia symptoms
showed that subjects with insomnia scored higher in the rating scales
measuring depressive symptoms and suicidality, and in emotion regula-
tion. In particular, patients in our sample suffering from insomnia were
more likely to experience higher difficulties in impulse control, in the
access to effective regulatory strategies, in acceptance of emotion and
in engaging in goal-directed behaviors (Table 1).

3.2. Correlations between variables

3.2.1. Determinants of emotion dysregulation
Weused a univariate analysis in bipolar patients tofind a statistically

significant positive correlation between emotion dysregulation and
both insomnia and depressive symptoms (Table 2). No correlations
were observed with other variables considered (illness duration p



Table 2
Univariate andmultivariate regression analyses on emotion dysregulation in subjectswith
bipolar disorder.

Univariate Multivariate

B p B p

DERS
ISI 1.12 0.002 0.76 0.018
BDI-II 0.96 b0.001 0.86 b0.001
YMRS 0.01 0.092 – –
DERS non acceptance
ISI 0.47 b0.001 0.35 b0.001
BDI-II 0.31 b0.001 0.26 b0.001
YMRS 0.04 0.723 – –
DERS difficulties in goals-behaviors
ISI 0.19 0.011 0.11 0.131
BDI-II 0.18 b0.001 0.17 b0.001
YMRS 0.04 0.588 – –
DERS impulsivity
ISI 0.16 0.044 0.082 0.323
BDI-II 0.17 b0.001 0.171 b0.001
YMRS 0.14 0.013 0.142 0.092
DERS difficulties regulatory strategies
ISI 0.41 0.001 0.27 0.001
BDI-II 0.35 b0.001 0.31 b0.001
YMRS 0.05 0.668 – –

Legend: Results of the univariate and multivariate regression analyses between the DERS:
Difficulties in Emotion Regulation Scale and DERS subscales: DERS Non Acceptance of
emotion, DERS Difficulties in goals-behaviors, DERS impulsivity, DERS Difficulties regula-
tory strategies and other variables. ISI: Insomnia Severity Index, BDI-II: Beck Depression
Inventory, YMRS:Young Mania Rating Scale and other variables. B = unstandardized re-
gression coefficient. Significance in bold.

Table 3
Univariate and multivariate regression analyses on suicidality in subjects with bipolar
disorder.

SSI Univariate Multivariate

B p B p

ISI 0.29 0.008 0.17 0.098
DERS 0.07 0.023 0.09 0.132
DERS non acceptance 0.19 0.077 – –
DERS goals-behaviors 0.27 0.072 – –
DERS impulsivity 0.50 b0.001 0.38 0.032
DERS regulatory strategies 0.26 0.007 0.16 0.383
BDI-II 0.17 0.003 0.12 0.052
YMRS 0.36 0.001 0.31 0.003

Legend. Results of the univariate and multivariate regression analyses between the SSI:
Scale for Suicide Ideation and the other variables considered. ISI: Insomnia Severity
Index, DERS: Difficulties in Emotion Regulation Scale, DERS subscales: DERS Non Accep-
tance of emotion, DERS Difficulties in goals-behaviors, DERS impulsivity, DERS Difficulties
regulatory strategies and other variables. BDI-II: Beck Depression Inventory, YMRS:Young
Mania Rating Scale, B = unstandardized regression coefficient. Significance in bold.

Emotional 
impulsivity 

Suicidality 
Insomnia  
symptoms 

a.=0.16 
SEa=0.06 

direct effect =-0.29, p=0.008 
mediated  effect Z=2.07, SE: 0.03, p=0.0037 

b=0.43 
SEb=0.13 

Fig. 1. Mediation analyses Emotional impulsivity mediated the association between
insomnia symptoms and suicidality. a: unstandardized regression coefficient for the
association between the independent variable and mediator, SEa = standard error of a.
b: coefficient for the association between the mediator (in presence of independent
variable) and the dependent variable, SEb = standard error of b. Z = Sobel test value.
Significance in bold.
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=0.72, positive family history for psychiatric illness p= 0.73, benzo-
diazepines: p = 0.75, antidepressants: p = 0.86, neuroleptics: p =
0.99, lithium: p = 0.17, mood stabilizers: p = 0.78, anxiety comor-
bidity p = 0.36).

The multiple-regression model including emotion dysregulation as
the dependent variable, depressive and insomnia symptoms as inde-
pendent variables, was found significant (F = 7.2, p ≤ 0.001). Both var-
iables remained related to emotion dysregulation. (Table 2).

DERS subscales such as non-acceptance of emotion, difficulties en-
gaging in goal-directed behaviors, emotional impulsivity and difficulties
in regulatory strategies were all significantly related to insomnia symp-
toms (Table 2).

No correlationswere found between these DERS subscales and other
variables considered.

3.2.2. Determinants of suicidality
The univariate analysis in subjects with bipolar disorder showed a

positive correlation among suicidality, depressive andmanic symptoms,
emotion dysregulation and insomnia (Table 3). In addition, it revealed a
correlation with emotional impulsivity and difficulties in regulatory
strategies. No correlations were found between suicidality and other
variables considered (illness duration p = 0.77, positive family history
for psychiatric illness p = 0.12, benzodiazepines: p = 0.55, antidepres-
sants p= 0.32, neuroleptics: p= 0.42, mood stabilizers: p= 0.32, anx-
iety comorbidity p = 0.75).

The multiple-regression model including suicidality as the depen-
dent variable, insomnia symptoms, manic /depressive, emotion dysreg-
ulation as independent variables, was significant (F = 6.2 p ≤ 0.0001)
emotional impulsivity and manic symptoms remained significant.

3.2.3. Mediation analyses
We also postulated a mediation role for emotion dysregulation be-

tween insomnia symptoms and other factors considered, identifying
the potential processes underneath. A mediation analysis was con-
ducted with emotion dysregulation (DERS totals score) as themediator
between insomnia symptoms (ISI score) and depressive symptoms
(BDI-II score). It revealed a mediation effect of emotion dysregulation
(Z = 2.98, p = 0.004). Emotional impulsivity mediated the association
between insomnia symptoms and suicidality (SSI score) (Fig. 1 Z =
2.07, p = 0.037). Non other mediation analyses were proved to be
significant.
4. Discussion

We observed a sample of subjects diagnosed with bipolar disorder II
during a depressive episode with mixed features and evaluated any in-
somnia symptoms, emotion dysregulation and suicidality, while consid-
ering their manic/depressive symptoms, current pharmacological
therapy and other clinical/demographic factors that may contribute to
mood disorders.

Our results confirm the view that insomnia symptoms may be im-
portant features in bipolar disorder. Patients with insomnia symptoms
experienced a greater severity of depressive symptoms, greater difficul-
ties in emotion regulation, notably impulsivity, and higher risk of
suicidality compared to subjectswithout insomnia. Insomnia symptoms
resulted significantly correlated with emotion dysregulation, emotional
impulsivity and suicidality in subjects with bipolar disorder.
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Of our sample, subjects with insomnia experienced depressive
symptoms at a higher extent as previously observed [9] and higher dif-
ficulties with emotion regulation. In particular they showed difficulties
in acceptance of emotion, in engaging in goal-directed behaviors, in im-
pulse control and in limited access to effective regulatory strategies.
These data may support previous evidence about the association be-
tween sleep disturbances and emotion dysregulation in bipolar patients
during remitted phases [11,12]. Patients with insomnia also showed
higher suicidality than patients without insomnia supporting data
about the association of insomnia with suicidality [20,32].

In subjects with bipolar disorder emotion dysregulation was
correlated not only with depressive symptoms, but also with insomnia
symptoms. Interestingly, insomnia symptoms were correlated with
difficulties in acceptance of emotion, in engaging in goal-directed
behaviors, in impulse control and limited access to effective regulatory
strategies. These data are consistent with previous evidence about the
role of poor sleep quality and emotion dysregulation in bipolar patients
[11,12].

In the same line, suicidality was related to manic, depressive symp-
toms and emotion dysregulation, especially to emotional impulsivity
and to difficulties in regulatory strategies, as previously observed [47],
but also to insomnia symptoms. Indeed, emotional impulsivity and
manic symptoms were the factors more strongly related to suicidality.

Results of the mediation analyses confirmed the hypothesis of this
study: emotion dysregulation may mediate the relationship between
insomnia symptoms and bipolar symptoms, notably depressive symp-
toms and suicidality. In particular, emotional impulsivity might have a
role in the relationship between insomnia and suicidality in subjects
with bipolar disorder.

The present studymay support evidence coming from experimental
studies showing that sleep has important functions for the regulation of
mood and emotion [48–51] while disturbed sleep, in particular insom-
nia, might lead to maladaptive emotional regulation, and consequently
to exaggerated neural and behavioral reactivity to experiences
[11,24,25,27]. Disturbed sleep has been linked to impulsive and aggres-
sive behaviors [19,44] and consequently, to the increased risk of
suicidality (for an overview see [20]).

Evidence proved an impairment in the top-down modulation of
emotional processing when sleep is disturbed [27,28]: a dysfunction
in the neural circuitry underlying emotion regulation was reported in
individuals suffering from insomnia (for an overview see Riemann
et al., [29]). Changes observed in brain structures in individuals with in-
somnia, such as a reduction in the volume of the prefrontal cortex and
an increase in the amygdala volume [29], are in fact involved in en-
hanced emotional reactivity [21–23]. In addition, there is considerable
evidence to suggest that sleep disruption impairs cognitive functioning
involved the decision making process including simple tasks. It might
also affect high order cognitive processes, which are largely controlled
by the neural activity within the prefrontal cortex [29,30]. Furthermore,
some data suggests a reduced functional connectivity in individuals suf-
fering from insomnia between parietal and medial prefrontal cortices
related with an impairment in executive function [52]. This finding is
substantiated through studies of experimental sleep loss which show
that sleep disruption significantly reduces the functional connectivity
in frontal brain regions, including the ventromedial regions involved
in making decisions [30]. Likely, the impact of disturbed sleep on pre-
frontal cortical functioning contributes to loss of control over emotions,
namely over the regulation of aggressive impulses with context-
appropriate behaviors [19]. Insomnia symptomsmay therefore be asso-
ciatedwith amplified reactivity across the full range of affective valence.
Therefore, they may potentially contribute to reported deficits in judg-
ment and decision making related to sleep disruption [30,53].

The evaluation of sleep disturbances and namely of insomnia in
subjects with bipolar disorder should be included in the routinary
clinical evaluation of subjects with bipolar disorder for its potential
therapeutical implications and preventive treatment strategies with
long-term outcome. As already postulated, the treatment of sleep
disturbances in bipolar disorder may improve the trajectory of the
disorder [10,17]. Further research is needed to study the effect of the
insomnia treatment on emotion dysregulation, impulsivity and
suicidality in subjects with bipolar disorder.

Our results should be interpreted in light of several limitations in-
cluding the lack of physiological measures of insomnia symptoms. Sec-
ondly, despite the use of mediation analyses, the cross-sectional design
of the study limits any causal interpretation. Consequently, longitudinal
studies are needed to examine the direction of risk and generalizability
of the current findings.

In conclusion, this study suggests that: i) patients with bipolar disor-
der experiencing insomnia may hold a greater severity of mood symp-
toms, difficulties in emotion regulation and higher suicide risk
compared to patients without insomnia; ii) insomnia symptoms may
predict emotion dysregulation, particularly emotional impulsivity, diffi-
culties in regulatory strategies and suicidality; iii) emotional impulsivity
might play a mediating role in the relationship between insomnia and
suicidality in subjects with bipolar disorder.

These findings may have clinical and therapeutical implications. In
particular the assessment of insomnia in bipolar subjects should be a
priority in order to identify those whomay benefit from early insomnia
intervention strategies.
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