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Mental imagery in bipolar disorder: a PRISMA-compliant systematic review of its characteristics, content and relation to emotion

Introduction

Rationale

Mental imagery refers to perceptual experiences of sensory information in the absence of external sensory input, often described as « seeing with the mind's eye » [START_REF] Kosslyn | Neural foundations of imagery[END_REF]. Mental imagery involves all of the senses, allows one to remember the past, anticipate the future and contributes to making decisions [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. Mental imagery has a particular clinical expression in individuals with psychiatric disorders compared to healthy individuals [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. Anomalies in mental images (MI) are prevalent across psychopathology and contribute to patient's difficulties, especially in emotional, motivational and behavioral domains [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. Mental imagery can be described through its cognitive or clinical aspects (Pearson, Deeprose, Wallace-Hadrill, Burnett Heyes et Holmes, 2013). The present literature review has focused on three aspects of MI: its clinical characteristics (i.e., frequency, vividness, likelihood), its content of mental imagery and the emotions associated to it.

Frequency refers to the repeated occurrence of experiencing MI in daily life [START_REF] Nelis | Mental imagery during daily life: Psychometric evaluation of the spontaneous use of imagery scale (SUIS)[END_REF]. The latter is also often called "spontaneous use of imagery" or "general use of imagery", which is the tendency to experience mental imagery in everyday life [START_REF] Reisberg | Intuitions and introspections about imagery: The role of imagery experience in shaping an investigator's theoretical views[END_REF]. The frequency of MI may be intrusive and involuntary in psychopathology [START_REF] Brewin | Intrusive Images in Psychological Disorders: Characteristics, Neural Mechanisms, and Treatment Implications[END_REF]. The presence of images has implications in the course of disorders such as obsessive-compulsive disorder where it is related to increased symptom severity as compared with individuals who did not have MI [START_REF] Speckens | Imagery special issue: Intrusive images and memories of earlier adverse events in patients with obsessive compulsive disorder[END_REF].

Vividness refers to the clarity by which an individual subjectively perceives an image [START_REF] Sutin | Phenomenology of autobiographical memories: The memory experiences questionnaire[END_REF]. Highly vivid MI are ubiquitous in psychopathology such as in anxiety disorders [START_REF] Hirsch | Mental imagery in anxiety disorders[END_REF], posttraumatic stress disorder (Clark et Macklay, 2015), schizophrenia [START_REF] Pearson | Mental Imagery: Functional Mechanisms and Clinical Applications[END_REF] and substance use disorder [START_REF] Connor | Alcohol consumption in young adults: The role of multisensory imagery[END_REF]. This also applies to behaviors such as food cravings [START_REF] Kemps | A Role for Mental Imagery in the Experience and Reduction of Food Cravings[END_REF] and suicidality (Ng, Burnett-Heyes, McManus, Kennerley et Holmes, 2016). The clearest illustration of vividness are symptoms of flashbacks in posttraumatic stress disorder where individuals visualize the traumatic events they have experienced in the past (Clark et Macklay, 2015).

Likelihood is the subjective perception that the images might come true in real life, or the extent to which MI increases the likelihood to engage in what is imagined and the perceived probability of these events in the future [START_REF] Holmes | Mental Imagery and Emotion: A Special Relationship?[END_REF]. Imagery has been shown to directly contribute to future behaviors, which has important clinical implications [START_REF] Holmes | Imagery about suicide in depression-"Flash-forwards[END_REF]. For example, the presence of suicide-related MI during a crisis in suicidal-depressed patients can influence on their future behaviors (Holmes et al., 2007b). As they were future-oriented and perceived has highly real by patients, authors referred to these MI of future events "flashforwards" (Holmes et al., 2007b).

Content of MI reveals current and specific preoccupations among healthy individuals and among of individuals with psychiatric disorders [START_REF] Ceschi | Imagerie mentale et psychothérapie[END_REF]. In psychopathology, MI typically take the form of scenarios generally inducing behaviors which maintain and reinforce symptoms [START_REF] Hirsch | Mental imagery in anxiety disorders[END_REF]. For example, individuals with posttraumatic stress disorder can visualize their past traumatic experience [START_REF] Ehlers | A cognitive model of posttraumatic stress disorder[END_REF] and those with social anxiety can have an imagined future scenario of themselves experiencing adverse social events (Hackmann, Clark et MacManus, 2000).

Mental imagery induces strong emotions [START_REF] Ceschi | Imagerie mentale et psychothérapie[END_REF]. In his bioinformational theory, [START_REF] Lang | A bio-informational theory of emotional imagery[END_REF] postulated that MI about an emotionally charged stimulus may activate the same associative network in the brain with that activated while an individual perceives a real stimulus, with similar physiological responses. Mental imagery has been shown to induce greater emotional responses than verbal representations of the same information [START_REF] Holmes | Mental Imagery and Emotion: A Special Relationship?[END_REF], 2010;Ji, Burnett-Heyes, MacLeod et Holmes, 2016). MI are especially relevant for the comprehension of emotional disorders and may play a central role in psychopathology [START_REF] Holmes | Mental imagery in emotion and emotional disorders[END_REF].

Bipolar disorders (BD) are characterized by mood disturbances, with manic or hypomanic episodes and depressive episodes, separated by periods of euthymia (APA, 2013).

BD counts among the most invalidating neuropsychiatric disorders, due to its functional impairment, chronicity, high level of comorbidity, and increased suicide risk [START_REF] Ferrari | The prevalence and burden of bipolar disorder: Findings from the Global Burden of Disease Study 2013[END_REF]WHO, 2001). Beyond mood instability, emotional dysfunction is a marker of BD, especially concerning emotional reactivity, emotion regulation, affect intensity and lability, even during euthymic phases [START_REF] Henry | Emotional dysfunction as a marker of bipolar disorders[END_REF][START_REF] M'bailara | Emotional hyperreactivity as a core dimension of manic and mixed states[END_REF][START_REF] Gruber | Real-world emotion? An experiencesampling approach to emotion experience and regulation in bipolar I disorder[END_REF]Johnson, Tharp, Peckham et MacMaster, 2016;[START_REF] Wolkenstein | Cognitive emotion regulation in euthymic bipolar disorder[END_REF]. A finer characterization of emotional disturbances in BD is needed to better understand mood instability [START_REF] Johnson | Emotion in bipolar I disorder: Implications for functional and symptom outcomes[END_REF][START_REF] Lemaire | Increased affective reactivity to neutral stimuli and decreased maintenance of affective responses in bipolar disorder[END_REF]. Moreover, the International Society of Bipolar Disorders Task Force recommends the study of different domains of emotions as emotion facial expression recognition, implicit emotion regulation, and reward processing [START_REF] Miskowiak | Affective cognition in bipolar disorder: A systematic review by the ISBD targeting cognition task force[END_REF].

Considering the central role of emotions in BD and their association with MI [START_REF] Goodwin | [END_REF], studying mental imagery in individuals with BD may contribute to a better understanding of the disorder. Differences in the strength and occurrence of positive and negative mental imagery have been described in adults with BD as compared to healthy controls [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. These specificities of MI in BD could be involved in mood dysregulation [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. In clinical settings, increasing attention is being given to imagery-focused cognitive therapy (ImCT), which can be used in Cognitive Behavioral Therapy settings [START_REF] Hackmann | Oxford Guide to Imagery in Cognitive Therapy (1er édition)[END_REF]. Techniques such as imagery rescripting, positive imagery promotion or imagery-based cognitive bias modification are used in ImCT [START_REF] Blackwell | Positive Imagery-Based Cognitive Bias Modification as a Web-Based Treatment Tool for Depressed Adults: A Randomized Controlled Trial[END_REF][START_REF] Hales | Imagery-Based Cognitive-Behavioral Assessment[END_REF][START_REF] Holmes | Positive Interpretation Training: Effects of Mental Imagery Versus Verbal Training on Positive Mood[END_REF]Holmes, Artnz et Smucker, 2007a;[START_REF] Mcevoy | Imagery-enhanced v. Verbally-based group cognitive behavior therapy for social anxiety disorder: A randomized clinical trial[END_REF][START_REF] Zhou | Face-to-face imagery rescripting as a treatment adjunct for day patients with an eating disorder: A randomised controlled pilot study[END_REF]. They target the reduction of negative imagery and the promotion of positive imagery by acting directly or indirectly on the images [START_REF] Ceschi | Imagerie mentale et psychothérapie[END_REF]. ImCT protocols exist for various psychiatric disorders disorders such as unipolar depression, posttraumatic stress disorder and bipolar disorders [START_REF] Blackwell | Positive Imagery-Based Cognitive Bias Modification as a Web-Based Treatment Tool for Depressed Adults: A Randomized Controlled Trial[END_REF][START_REF] Ehlers | A cognitive model of posttraumatic stress disorder[END_REF][START_REF] Hales | Imagery-Focused Cognitive Therapy (ImCT) for Mood Instability and Anxiety in a Small Sample of Patients with Bipolar Disorder: A Pilot Clinical Audit[END_REF].

To the best of our knowledge, to date, no systematic review has synthetized the literature on MI in BD. One previous literature review was non-systematic and was specifically focused on the relationship between mental imagery and emotion to do hypotheses for BD [START_REF] Holmes | Mental imagery as an emotional amplifier: Application to bipolar disorder[END_REF]. Since this latter theoretical paper, additional studies have been published.

Objectives

The aim of the present study was to conduct a systematic review of the literature on mental imagery in Bipolar Disorders with regard to (a) the subjective characteristics of mental imagery (i.e., frequency, vividness and likelihood), (b) content of mental imagery and in (c) the relation between mental imagery and emotion in individuals with BD.

Methods

Protocol and registration

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [START_REF] Liberati | The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: Explanation and elaboration[END_REF].

The protocol was not been pre-registered.

Eligibility criteria

All of the articles written in English or in French about the characteristics of mental imagery, its content and relation to emotions in BD were included. Due to the anticipated paucity of data, no publication date or publication status restrictions were imposed.

Participants diagnosed with bipolar disorder following DSM-IV (APA, 1994), DSM-5 (APA, 2013), ICD-10 (WHO, 2016) or ICD-11 (WHO, 2018) criteria were considered.

Information sources

The systematic review was conducted through four databases (PubMed, PsycINFO, PsycArticles, Psychological and Behavioral Sciences Collection) from September, 17 th 2019, to December, 3 rd 2019, using the keywords "mental imagery" and "bipolar disorder".

Search strategy and study selection

In each database, search results were screened by examining titles and abstracts, following the inclusion criteria. Duplicates were removed. Next, articles which were likely to meet the inclusion criteria were selected. Eligibility assessment was performed by the first author (FP) through a screening of the full texts. The characteristics of the articles were reported in an excel table (authors and dates, type of population, study design). Studies for which it was difficult to make a decision were assessed by two other authors (CM and KMB).

The reasons justifying exclusion of some articles were reported in a separate table.

Data collection process and data items

A summary table was built by the first author (FP) for the articles that met inclusion criteria. Information was extracted from each article on: (1) location and study design (randomized-controlled trial, cross-sectional study, longitudinal study), ( 2) aim of the study, (3) participants (age, sex, diagnosis), (4) methods (instruments and statistical analyses) (5) findings which were relevant for the objectives, (6) limitations reported by authors of the included studies.

Risk of bias in individual studies and across studies

Criteria for risk of bias assessment were defined a priori by choosing pre-existing tools [START_REF] Liberati | The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: Explanation and elaboration[END_REF]. As recommended in the absence of randomized-controlled trials among the included studies in the systematic review, an adaptation of the PRISMA Statement was needed. To do so, the authors chose to adapt tools for assessing risks of bias to the design of the studies [START_REF] Quigley | Critical appraisal of nonrandomized studies-A review of recommended and commonly used tools[END_REF]. The Transparent Reporting of Evaluations with Non-randomized Designs (TREND) Statement was used for cross-sectional studies (Des Jarlais, [START_REF] Des Jarlais | Improving the Reporting Quality of Nonrandomized Evaluations of Behavioral and Public Health Interventions: The TREND Statement[END_REF]. The use of this checklist has been suggested to contribute to the exhaustiveness of systematic reviews [START_REF] Armstrong | Improving the reporting of public health intervention research: Advancing TREND and CONSORT[END_REF][START_REF] Caetano | Standards for reporting non-randomized evaluations of behavioral and public health interventions: The TREND statement[END_REF][START_REF] Treasure | The TREND statement[END_REF][START_REF] Fuller | Evaluating the impact and use of Transparent Reporting of Evaluations with Non-randomised Designs (TREND) reporting guidelines[END_REF], to which we added an additional item ("Adjustment of confounding variables"). Authors rated risk of bias level as high (opinion papers, non-systematic reviews), moderate (cross-sectional studies) or low (randomized-controlled trials, systematic reviews and cohort studies) according to the hierarchy of evidence pyramid (Yetley et al., 2016).

Results

Study selection

Among the 81 articles screened, 53 were assessed for eligibility after the removal of the duplicates. Forty-eight of them were excluded for not meeting the inclusion criteria (see Table 1). Five studies met inclusion criteria. All of the latter studies were extracted from search databases. Figure 1 presents the flow diagram of the study selection.

Characteristics of the studies included in the review

All of the articles selected were published in English and described studies conducted in the United Kingdom. Studies had cross-sectional designs and one also included a longitudinal study [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. They involved a total of 298 unique participants with 58% of women (n=174) and 42% of men (n=124). Mean age was 41.47 (SD=12.09), ranging from 18 to 65 years old. Among participants, 152 had a diagnosis of BD following the DSM-IV criteria (APA, 1994). The diagnosis of BD was confirmed with the Structured Clinical Interview for DSM-IV (APA, 1994) with the exception of one study in which diagnoses were not reconfirmed as participants were directly recruited from a specialized mood disorder clinic with clinic entry diagnoses based on the DSM-IV criteria [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. They had a diagnosis of BD type I (n=107, 70%), BD type II (n=45, 29%) and cyclothymia (n=1, 1%). Most participants with BD were currently in euthymia (n=111, 73%) and others were currently in a depressive phase (n=41, 27%). Participants with BD included 62% of women (n=93) and 38% of men (n=57) (See Table 2 for details of the instruments used to assess clinical status across studies). Comorbidity type of participants with BD was reported in one study [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. The presence of comorbid anxiety disorders was reported in another study [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF].

Anxiety symptoms were controlled for in three studies [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF][START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. Participants with BD were compared to 146 control individuals in four studies [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF][START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. Controls were diagnosed with DSM-IV unipolar depression (n=46) or with anxiety disorders (n=25). The remaining individuals were non-clinical controls (n=49, 34%).

Different instruments were used to assess MI across studies as well as different statistical analyses. More details about this section are provided in Table 2 andin Table 3.

Results of individual studies

Synthesis of results

Due to an important methodological variability across studies (i.e., study design, characteristics of samples, instruments), we focused on describing studies and their limitations with a qualitative synthesis rather than meta-analysis (see Table 2).

Characteristics of mental imagery

When comparing individuals with BD currently in euthymia on the acute thymic phases they had experienced in the past, results showed that MI were experienced significantly more frequently in depression and hypomania than in euthymia [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF]. MI were equally prevalent between depression and hypomania. Authors did not find any significant differences between depression and hypomania on the frequency and vividness of MI.

Two studies assessed the characteristics of mental imagery in individuals with BD compared to healthy controls (Di Simplicio et al., 2016;[START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. No consensus about a difference in general imagery use was found [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. Focusing on anxious thymic states, individuals with BD rated thinking in MI as more frequent as compared to non-clinical controls in one study [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF].

Individuals with BD reported higher ratings of vividness compared to controls [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. Data about the likelihood of MI was provided in one study in which lower ratings of likelihood for positive future scenarios were found in individuals with BD as compared to controls (Di Simplicio et al., 2016).

Three articles compared individuals with BD to clinical controls with unipolar depression (UD) or with anxiety disorders on the characteristics of mental imagery (Di Simplicio et al., 2016;[START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. Individuals with BD had more frequent spontaneous use of imagery and more frequent intrusive prospective mental imagery compared to UD [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF]. Conversely, [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] did not find differences between groups on measures of general imagery use. Individuals with BD rated their most significant positive image as much more vivid than did individuals with UD [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. No differences between individuals with BD and individuals with anxiety disorders were found [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF]. [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF] provided several examples of intrusive images in depression and in hypomania. For illustration, some depression-related MI were about suicide ("Jumping off a bridge into a river: "a place where it could all be ended") and some hypomania-related MI reflected elation ("Winning a major award for writing, this gets me writing").

Content of mental imagery

Two studies provided examples of content of MI in individuals with BD with data about MI-related appraisals and responses [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF][START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF]. [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF] explored suicide-related MI (e.g., "Image of sticking a gun to my head or in my mouth.

Finding the right part of my brain to hit so the first shot would kill me", "Visualized harming myself with a razor"). Four broad themes have emerged about the appraisal of theses contents: "meta-cognitive interpretations", "suicide as a solution or coping strategy", "ambivalence about suicide", and "self-cognitions". Researchers found that five themes for individuals with BD emerged after participants were asked what the images made them want to do. These included the following: "take action to complete suicide", "not take action to complete suicide", "behavioral distraction" and "cognitive distraction/suppression" and "social/behavioral avoidance". [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] focused on positive mood states (e.g., "A group of people being deeply touched: excited, talkative and bonded by my presence", "Barcelona: the architecture, blue skies, food smells. A very sociable weekend"). The authors of the study gave the detailed appraisals of these contents (e.g., "An affirmation of things I already suspect", "Connected to my friends, popular") and the images-related responses (e.g., "I had the image before my birthday, then it was exactly like that, or maybe I just remember it that way", "To ask people if they would be interested in coming to Barcelona").

Associations between mental imagery and emotion

One study focused on assessing seven emotions which were sadness, guilt, shame, anxiety, anger, helplessness and euphoria across thymic phases of individuals with BD [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF]. MI in hypomania were strongly associated to euphoria, helplessness and anxiety. Ratings of enjoyableness were higher for hypomania than depression.

Depression-related images were associated with helplessness, sadness and anxiety. Several emotions were significantly more associated with depression-related MI than other thymic phases (i.e., helplessness, sadness, anxiety, anger and guilt). Significantly more distress and interference in daily activities were reported for images in depression compared to hypomania.

There were no differences on the intensity of emotions experienced between depression and hypomania.

Di Simplicio et al. (2016) assessed the emotional valence of MI, the general emotionality of the images and the intensity of specific affective states related to MI (i.e., threatening, demotivating and exciting) at different mood states (low, anxious and high), with comparisons between individuals with BD and healthy controls. During low mood states, individuals with BD rated their most significant mental image as more negative and more demotivating compared to non-clinical controls. In anxious mood states, individuals with BD rated their most significant mental image as more negative, threatening and emotional compared to non-clinical controls. In high mood states, individuals with BD rated their most significant image as more exciting compared to non-clinical controls. Overall, MI are associated with more interference in daily lives of individuals with BD compared to nonclinical controls [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF].

When compared with individuals with UD, individuals with BD rated their most significant positive image as significantly more exciting and pleasurable [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. It was supported another study in which individuals with BD found their most significant mental image during high mood states more exciting than individuals with UD [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF]. At times of low mood states, individuals with BD found their most significant mental image less demotivating than individuals with UD (Di Simplicio et al., 2016). In the case of suicidality, results showed that compared to those with UD, individuals with BD were more preoccupied with suicide-related images which were also significantly more compelling and pushed them more to take action to complete suicide [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF].

Risk of bias within studies and across studies

Studies presented high to moderate levels of risk of bias (see Table 4). All of them had cross-sectional designs and presented moderate common risks of bias concerning instruments (absence of psychometric properties of some instruments) and sample (sample size not defined a priori). The authors of the included studies reported their main limitations in their articles. Except for Di Simplicio et al. (2016), studies had a small total sample size. Effect sizes were not reported in two studies [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. Regarding comparison groups, cross-sectional studies included in the review presented several limitations in the representativeness of BD samples. Indeed, only Di Simplicio et al. (2016) made comparisons between individuals with BD, clinical control groups and a non-clinical control group. In two others studies, clinical controls were present but healthy controls were not [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. Another study compared individuals with BD to controls but not with individuals with UD [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. Absence of control groups was noticed for one study in which there also was no enough data about confounding variables which may have biased the strength of BD characterization [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF].

At the participant's level, studies presented a selection bias through the recruitment method which was mainly non-probabilistic [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] or convenience sample [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF][START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. Two studies compensated individuals for their participation [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. Moreover, some authors pointed to homogeneity in the characteristics of their sample [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF]. Finally, one study excluded a (hypo)manic group for reasons that were not reported (Di Simplicio et al., 2016). All of these elements may represent a moderate risk of bias about the representativeness of the targeted population. Additional research is therefore needed to increase the generalizability of the findings.

Studies also presented with bias regarding measures of MI. Three used retrospective measures which could induce recall bias (Di Simplicio et al., 2016;[START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF] did not include measures of imagery during mania and [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF] reported that they did not measure the effects of comorbidities on results.

Moreover, in one study, authors stated that mood elevation was self-reported, the distinction between MI in mood states or in thymic phases was not made and the effects of pharmacological treatment on the characteristics of MI were not controlled [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF].

In addition, a fatigue bias may be present due to the elevated number of measures in one study in which there also was no statistical corrections for multiple comparisons (Di Simplicio et al., 2016). Finally, conclusions about the characteristics of mental imagery, its content and relation to emotion were limited by the variability in ways to assess mental imagery through studies. This heterogeneity in measures must be taken into account when interpreting the results.

The elaboration of the review itself may present bias. First, all the studies originated from the United Kingdom, it therefore remains unclear whether they would apply to other regions of the world. Second, individuals with BD included in this review were mainly euthymic. As a result, the present systematic review did not allow us to draw conclusions about the acute thymic phases of depression and mania. Concerning the assessment of risk of bias, the instruments used were likely not free from bias but, to date, there is no consensus on the way authors should process to a critical appraisal of nonrandomized studies [START_REF] Quigley | Critical appraisal of nonrandomized studies-A review of recommended and commonly used tools[END_REF]. In this context, other tools were potentially worth considering. Finally, the heterogeneity of studies and their small number prevented a proper meta-analysis thereby limiting the strengths of the conclusions.

Discussion

Summary of evidence

The present systematic review of mental imagery in BD focused on the characteristics of MI (i.e., frequency, vividness and likelihood), its content and relation to emotion.

Regarding its characteristics, mental imagery was generally used more frequently in individuals with BD as compared to healthy controls [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. This seems to illustrate the overall greater frequency of MI in individuals with psychiatric disorders [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. Mental imagery also seems to be highly vivid in individuals with BD compared to controls [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. The latter finding could be explained by the presence of exacerbated characteristics of mental imagery across psychiatric disorders [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. The perceived-likelihood of images appears superior in individuals with BD compared to healthy controls with individuals with BD reporting more MI of future events [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]. Considering that individuals with BD display more acting out and higher levels of impulsivity compared to healthy controls [START_REF] Johnson | Suicidality in Bipolar Disorder: The Role of Emotion-Triggered Impulsivity[END_REF], we hypothesize that the motivational component of mental imagery may be exacerbated in this clinical population. Moreover, individuals with BD reported lower likelihood for positive MI compared to non-clinical controls [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF]. Effects of residual depressive symptoms may be involved here knowing that previous studies have shown deficits in positive imagery during a depressive thymic phase [START_REF] Holmes | Mental Imagery and Emotion in Treatment across Disorders: Using the Example of Depression[END_REF]. Only two studies highlighted differences in individuals with BD compared to individuals with UD, with a more frequent spontaneous use of imagery [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF] and a more vivid imagery [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] for individuals with BD. The absence of other differences between individuals with BD and clinical controls may suggest that dysfunctional mental imagery may be a transdiagnostic marker of psychopathology [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF]. When specifically focusing on MI in individuals with BD, it was found that images were more frequent in depression and in hypomania than in euthymia [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF].

There may be no significant differences between the depressive and hypomanic thymic phases on the frequency and vividness of MI [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF]. To date, the lack of studies characterizing the mental imagery of individuals with BD in each of the acute thymic phase, particularly in mania, does not allow us to know whether MI in individuals with BD are particularly activated during acute thymic phases. Moreover, most of the existing studies focused on mood states rather than thymic phases of individuals with BD.

Existing data on the content of mental imagery in BD suggests that mental imagery seems to be congruent with the individuals' current mood states or preoccupations and that MI are linked to subsequent action [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF][START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF].

The latter findings are consistent with evidence that MI are associated with disorder-related symptoms in other psychiatric disorders. For example, among persons with specific phobia of spiders, content typically will include spiders; among those with obsessive-compulsive disorder, content may include images of killing others in horrific circumstances [START_REF] Hirsch | Mental imagery in anxiety disorders[END_REF]. In addition, the emotional and motivational responses associated with the contents of MI emphasize the idea that mental imagery plays a role in motivation and behavior [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF].

Finally, the results showed that MI of individuals with BD induce more emotional effects compared to non-clinical controls, with "flashforwards" having a stronger impact on the daily lives of individuals with BD (Di Simplicio et al., 2016). Existing interventional and experimental studies support the maintenance role of mental imagery on emotional instability in BD (Holmes et al., 2016;[START_REF] O'donnell | The role of mental imagery in mood amplification: An investigation across subclinical features of bipolar disorders[END_REF]. Thus, mental imagery could contribute to the emotional hyperreactivity that characterizes BD [START_REF] Henry | Emotional dysfunction as a marker of bipolar disorders[END_REF]. The effect of mental imagery on emotional hyperreactivity may explain why the associations between emotion and mental imagery are stronger in individuals with BD as compared to what is observed in healthy controls. Moreover, the review reveals a congruence between emotional valence of MI and mood states [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF] and also between the type of emotion related to MI and thymic phases in individuals with BD [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF]. This congruency between what mental imagery makes individuals with BD feel and their thymic phase or mood state supports the hypothesis that emotions provoked by MI are related to the polarity of mood (Ng et al., 2016). Besides, while emotions such as helplessness and anxiety are common in depression and in (hypo)mania, other emotions would be specifically associated with mood states [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF]. If helplessness and anxiety are present in the two acute thymic phases, mental imagery may be an indicator of anticipating thymic relapse. Furthermore, depression-related images were more distressing and were associated with more interference in the daily lives of individuals with BD than mania-related images (Gregory et al., 2010). However, no significant differences between the depressive and hypomanic thymic phases on the intensity of emotions experienced were found [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF]. The latter finding suggests that emotions induced by elevated mood-MI may have high levels of intensity but could also be more pleasurable than depression-related images. The pleasure associated to MI during manic phases is consistent with the clinical observation that patients sometimes appreciate hypomanic and manic states due to the increase of energy and selfesteem. Lastly, compared to individuals with UD, individuals with BD had a more excitable and pleasurable imagery [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF]. The BD phenotype associated to periods of elevated mood may explain how individuals with BD can access to positive mental imagery [START_REF] Ji | Mental imagery in psychiatry: Conceptual & clinical implications[END_REF]. Taken together the results tend to confirm the hypothesis which proposes the central role of mental imagery in BD due to its association with emotion and its potential impact on mood instability [START_REF] Goodwin | [END_REF][START_REF] Holmes | Mental imagery as an emotional amplifier: Application to bipolar disorder[END_REF]Ng et al. 2016). Indeed, authors found that intrusive imagery of the future was associated with greater mood instability for individuals with BD compared to controls [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF].

The data summarized in the present review have important clinical implications. A better characterization of mood instability and emotional dysfunction could be enhanced by the study of mental imagery. Furthermore, the present review supports the relevance of ImCT for individuals with BD. This is supported by growing literature and the development of a specific practical guide for this clinical population [START_REF] Hales | Imagery-Focused Cognitive Therapy (ImCT) for Mood Instability and Anxiety in a Small Sample of Patients with Bipolar Disorder: A Pilot Clinical Audit[END_REF]Holmes et al., 2016;[START_REF] Holmes | Imagery-Based Cognitive Therapy for Bipolar Disorder and Mood Instability (1er édition)[END_REF][START_REF] Hundleby | Targeting intrusive imagery using a competing task technique: A case study[END_REF].

Limitations

Causality remains inadequately assessed due to study design. This systematic review does not allow us to conclude if negative mood induces negative imagery or the reverse, or both. The small number of studies and small sample sizes of cross-sectional studies limit the strength of the findings. Representativeness bias (e.g., differences on comparison groups across studies, a majority of BD individuals with a diagnosis of BD type 1, the use of a convenience samples) may limit further the generalizability of results. Nevertheless, it is noteworthy that clinical heterogeneity is a core dimension of BD [START_REF] Kupfer | Staging bipolar disorder: What data and what models are needed?[END_REF]. Finally, only one study reported the type of comorbidity of participants and three assessed anxiety symptoms whereas comorbid disorders or symptoms have potential effects on MI and emotions [START_REF] Hirsch | Mental imagery in anxiety disorders[END_REF]. In particular, anxiety symptoms are highly prevalent in individuals with BD and are associated with the characteristics of MI (APA, 2013;[START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF].

Conclusions

Future research should take place in different cultural backgrounds in order to extend the scope of results. Integration of a priori determination of sample sizes would be interesting to reinforce the statistical power. Additional studies are needed to increase the validity and the reliability of the existing results. We recommend to replicate studies to reinforce the reliability of results about specific differences in mental imagery characteristics, as compared with other disorders and healthy controls. Moreover, it may be important for future studies to take into account comorbid symptoms such as anxiety using dimensional scales.

Providing a clearer classification about the existing characteristics of mental imagery is needed to be determined the dimensions of the concept that may be central to assess. It appears relevant to assess the links between mental imagery and emotional instability in BD using dimensional tools. Indeed, individuals with BD can have emotional hyperreactivity and can suffer from emotional lability, even in the euthymic phase [START_REF] Henry | Emotional dysfunction as a marker of bipolar disorders[END_REF][START_REF] M'bailara | Emotional hyper-reactivity in normothymic bipolar patients[END_REF]. The Multidimensional Assessment of Thymic States (MATHYS; Henry, M'Bailara, Mathieu, Poinsot et Falissard, 2012) is an instrument which accounts for emotional reactivity over the past week. Such instruments may offer a better characterization of MI-induced emotional and mood disturbances across the thymic phases of the disorder.

Comparing the characteristics of mental imagery, its content and relation to emotion across the different thymic phases in BD would also be relevant. Conducting thematic content analyses of mental imagery across mood states in BD also may constitutes a direction for future studies [START_REF] Di Simplicio | An investigation of mental imagery in bipolar disorder: Exploring "the mind's eye[END_REF]. Describing the content of mental imagery in depression, in (hypo)mania and in euthymia may provide relevant clinical data about current concerns of individuals with BD, as in suicide-risk studies [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF]. Identifying potential specificities regarding the content of imagery among individuals with BD may be particularly interesting and clinically useful. It may be particularly relevant to compare persons with BD with persons who suffer from unipolar depression or borderline personality disorder. Moreover, intra-group comparisons among individuals in each of the three thymic phases of BD would also be informative. Using longitudinal study designs could permit to identify contents and emotions that may act as markers of switches between affective states in BD. Such findings may improve treatment targets in ImCT for BD. Tool Kind of information that can be extracted from it Included studies which used the tool 3. Hales et al. (2011) MODERATE: Authors provided little information about limitations by pointing difficulties to know which variables should be matched/controlled or distinguished between UD and BD participants. They questioned the representability of the clinical sample and highlighted the impossibility to prove a causal direction due to the cross-sectional design. Moreover, reviewers noted that information about psychometric properties of certain tools, blinding and the determination of sample size are missing. 4. [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] MODERATE: Authors provided main methodological limitations (retrospective design, self-report, response biases, absence of a healthy control group. They also pointed that the study design did not permit to distinguish images in pathological mood of images in non-pathological mood and participants' characteristics did not permit to explore the effects of pharmacological treatments on mental imagery. Moreover, reviewers noted missing data about psychometric properties of tools, about blinding and sample size determination. 5. Di Simplicio et al. (2016) MODERATE: Authors provided several limitations (absence of statistical correction for multiple comparisons, exclusion of an (hypo)manic group, potential recall bias). Moreover, reviewers noted a potential presence of fatigability bias due to the number of measures and missing data (sample size determination for statistical power, psychometric properties of certain tools).

Table 4

Synthesis of risk of bias assessment.

Fig. 1 .

 1 Fig. 1. Flow diagram for study selection

  Notes: BD = bipolar disorder; HC = healthy control; MDD = major depressive disorder; OCD = obsessive-compulsive disorder;PTSD = posttraumatic stress disorder ; BDD= body dysmorphic disorder ; AN = anorexia nervoca ; BN= boulimia nervosa; MI = mental imagery; nos = not otherwise specified; NS = not specified; UD = unipolar depression ALS = Affective Lability Scale; ASRM = Altman Self-Rating Scale Mania; BAI =Beck Anxiety Inventory;BDI = Beck Depression Inventory; BSSw = Beck Suicide Scale-worst ever version; IFES = Impact of Future Events Scale; MDQ = Mood Disorder Questionnaire; PIT = Prospective Imagery Task; QIDS-SR = Quick Inventory of Depressive Symptomatology; SCID-I = Structured Clinical Interview for DSM-IV; SMS = Short Message Service; STAI-S = State Trait Anxiety Inventory; SUIS = Spontaneous Use of Imagery Scale; VAS = Verbal versus imagery processing style; YMRS = Young Mania Rating Scale

Table 2

 2 (continued) 

Table 3

 3 Synthesis of mental images (MI) assessment tools across the included studies. Authors provided some methodological limitations (self-selection of participants, representability bias, range of emotions which were measured was limited, bias of recall due to the retrospective design, absence of a control group) and we noticed other ones (information about statistical power and psychometric properties are lacking).2. Holmes et al. (2011)MODERATE: Authors provided main methodological limitation and tried to reduce it (sample of convenience which limits representability of data but participants were matched by age and gender). Moreover, psychometric properties of tools were lacking and the absence of a unipolar depression group comparison limits the possibility to determine specificities belonging to bipolar disorder.

	Article	Risk of bias (high, moderate, low)
	1. Gregory et al. (2010)	MODERATE:
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Were not either about BD or mental imagery 9. [START_REF] Flaherty | Homeostasis and the control of creative drive[END_REF]; [START_REF] Mansell | Imagery and memories of the social self in people with bipolar disorders: Empirical evidence, phenomenology, theory and therapy. Imagery and the Threatened Self: Perspectives on Mental Imagery and the Self in Cognitive Therapy[END_REF]; [START_REF] Ng | Mental imagery and psychopathology: Examples of post-traumatic stress disorder and bipolar disorder[END_REF]; [START_REF] Stopa | Imagery and the Threatened Self[END_REF] Books references [START_REF] Deeprose | An exploration of prospective imagery: The impact of future events scale[END_REF] Provides an index of the impact of intrusive prospective imagery through the identification of three future events they had imagined over the past 7 days and stating whether each was positive or negative. Based on 24 statements about prospective imagery in relation to the past week, on a scale from 0 (not at all) to 4 (extremely).

Di Simplicio et al. (2016); [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF][START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF][START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] Intrusive Memory and Imagery Interview [START_REF] Patel | Intrusive images and memories in major depression[END_REF] Investigates the presences and the characteristics of intrusive MI in euthymia, depression, hypomania (on scales ranging from 0 to 100): frequency, distress, degree of interference with daily life, vividness, intensity, enjoyableness, emotions of sadness, guilt, shame, anxiety, anger, and helplessness. [START_REF] Gregory | Intrusive memories and images in bipolar disorder[END_REF] Mental Imagery Interview (Holmes et al., 2007 a) Assesses content and characteristics of MI at most anxious, most low and most high moods. Based on participant's most significant MI. Assessment of its emotional valence, general emotionality and intensity of specific associated emotion (i.e., threatening, demotivating and exciting) and for each MI. Characteristics of these MI are assessed (scales ranging from 1 to 9): frequency, realness and compellingness. [START_REF] Ivins | Mental imagery in bipolar affective disorder versus unipolar depression: Investigating cognitions at times of 'positive' mood[END_REF] Suicidal Cognitions and Flash forwards Interview (Holmes et al., 2007b) Content and characteristics of suicide-related MI. A checklist of typical categories structures the interview (e.g., "Planning ∕ preparing to harm yourself or make a future suicide attempt"). A 9-point Likert scales is used to assess: time spent preoccupied with suicide-related imagery, time spent preoccupied with suicide-related verbal thoughts, compellingness of suicide-related imagery, compellingness of suicide-related verbal thoughts. Participants are asked to select their most significant MI and to describe it. They also are asked: ''What did the image make you want to do?'' (response) and ''What did the image mean to you?'' (appraisal). 9-point Likert scales to assess distress and comfort associated with the flashforward. [START_REF] Hales | Cognitions in bipolar affective disorder and unipolar depression: Imagining suicide: Imagining suicide in bipolar disorder[END_REF] Prospective Imagery Task [START_REF] Stöber | Prospective cognitions in anxiety and depression: Replication and methodological extension[END_REF] Comprises 10 positive and negative hypothetical future scenarios: participants are asked to generate an image of each. Characteristics of MI are assessed on a five-point Likert scale: vividness, likelihood, realism. Higher ratings indicate more vivid and real prospective imagery.

Di Simplicio et al. (2016); [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF] Picture Word cue task (Holme s et al., 2008) A computer-based task examining self-reported spontaneous use of imagery in response to emotional information and emotional context. Average tendency to use images and verbal thoughts and average emotionality of the picture-word combinations were computed based on a scale ranging to 1 (not at all) to 9 (extremely).

Di Simplicio et al. (2016) Verbal versus imagery processing Style (Holmes et al., 2008) Two visual analogue scales in which participants rate how much on a scale of 1-9 their thinking had taken the form of verbal thoughts or mental images over the past 7 days. [START_REF] Holmes | Mood stability versus mood instability in bipolar disorder: A possible role for emotional mental imagery[END_REF]