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Abstract

BACKGROUND—Evidence regarding the performance of Bipolar Disorder patients (BD) on 

Emotional Processing (EP) is conflicting, suggesting that heterogeneity within this population 

may exist. It is not completely understood if this impacts on clinical presentation and functional 

outcomes.

METHODS—A total of 207 BD patients were recruited. Patients underwent MATRICS 

Consensus Cognitive Battery as well as a clinical evaluation to detect premorbid traits, 

comorbidities and clinical features. Performance on each basic emotion on the Emotional 

Recognition Task (ERT) and Reading the Mind in the Eyes Test were entered into hierarchical 

cluster analyses in order to determine the number of clusters and to assign subjects to specific 

clusters. We then compared subgroups on clinical factors and real-world community functioning.

RESULTS—No differences between BD patients as a group and controls were found in EP 

performance. Two clusters of BD patients were found, one with “intact” performance (71.2%) that 

performed as healthy controls (HC) and other with “impaired” performance (28.8%) performing 

worse than HC and schizophrenic patients on basic emotion recognition. Patients in the “impaired 

group” presented higher rates of childhood trauma, schizotypal traits, lower premorbid IQ and 

education, poor psychosocial functioning and cognitive performance.

Corresponding author contact: Katherine Burdick, PhD, Boston, MA, 02215, kburdick1@bwh.harvard.edu.
CONTRIBUTORS
AS, CM, MS, FG and KB participated in the study conception and design. AS and CM conducted data analysis and wrote the article. 
MS, FG and KB provided critical revisions of the manuscript with important intellectual content.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

CONFLICT OF INTERESTS
None

HHS Public Access
Author manuscript
J Affect Disord. Author manuscript; available in PMC 2021 September 03.

Published in final edited form as:
J Affect Disord. 2020 April 01; 266: 194–200. doi:10.1016/j.jad.2020.01.082.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



LIMITATIONS—Cross-sectional data which limits our ability to infer directionality of our 

findings.

CONCLUSION—These results suggest the presence of two subgroups regarding EP performance 

with unique clinical and neurodevelopmental profiles associated. Next steps will include using 

these data to identify a homogeneous group of patients to target these disabling symptoms with 

treatment.
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INTRODUCTION

There is a copious amount of evidence suggesting that patients with Bipolar Disorders 

(BD) experience neurocognitive deficits even during periods of euthymia(Bourne et al., 

2013; Mann-Wrobel et al., 2011), particularly in the domains of attention, memory, and 

executive function (Bora et al., 2009). Neurocognitive deficits have been described in 

premorbid stages of the condition(Olvet et al., 2010; Ratheesh et al., 2013), in first-episode 

patients(Bora and Pantelis, 2015), pediatric populations(Nieto and Castellanos, 2011), and 

in older adults(Depp et al., 2007). However, a number of reports have suggested that a 

substantial heterogeneity exists regarding individual performance in BD (Burdick et al., 

2014; Martino et al., 2008; Reichenberg et al., 2009). In fact, neurocognitive heterogeneity 

has been also described in unaffected siblings(Russo et al., 2017), as well as in older 

adults with BD(Martino et al., 2018). Broadly, several independent studies have identified 

three distinct cognitive profiles among patients with BD: an intact group, who present a 

preserved neurocognitive performance; a selectively impaired group, whose neurocognitive 

performance is only significantly affected in select cognitive domains; and a globally 

impaired group(Burdick et al., 2014; Jensen et al., 2016; Lewandowski et al., 2014; Van 

Rheenen et al., 2017).

Relative to this substantial body of research focused on neurocognition in BD, studies of 

emotional processing are limited and results have been mixed. Specifically, Aparicio et al. 

(2017) (Aparicio et al., 2017) reported that tasks that assay higher-level social cognitive 

abilities are impaired in euthymic patients with BD versus controls, while performance on 

measures of emotional-processing (i.e., lower-level) were relatively conserved, a finding 

replicated by others(Martino et al., 2011; Robinson et al., 2015). Conversely, Samamé 

et al. (2015) conducted an individual-task meta-analysis and found a small (d=0.37) but 

significant deficit in emotional processing among BD patients (Samamé et al., 2015), in 

line with other reports showing impaired EP performance in BD as a group(David et 

al., 2014; de Brito Ferreira Fernandes et al., 2016). Taken together, these results point to 

impaired emotion processing, at least in a subset of patients with BD. Indeed, a recent 

meta-analysis comparing BD and schizophrenia (SZ) patients reported that SZ patients 

performed significantly worse than BD patients on tasks of emotion recognition (d = 0.39) 

but considerable heterogeneity (p for Q < 0.001 and I2 = 61–68%) was found, suggesting 
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that a substantial number of BD patients were performing the same or worse than SZ 

patients(Bora et al., 2016).

In the current study, we tested the hypothesis that different subgroups of BD patients can 

be defined by their EP task performance, with some patients showing normal patterns, 

while others are impaired. We used an empirical approach rather than an arbitrary cut-off to 

classify patients. Hierarchical clustering was applied to a large cohort of affectively stable 

BD patients to examine: (1) whether definable subgroups exist; (2) how many subgroups 

emerge; and (3) the neurocognitive, clinical, and functional profiles associated with these 

subgroups.

METHODS

Patients

Participants with DSM-IV BD-I and II (N=212) were recruited from the Icahn School 

of Medicine at Mount Sinai Hospital (ISMMS). Inclusion criteria were: (1) diagnosis of 

BD I or BD II; (2) age 18–65 years; (3) current affective stability [<12 on the 24-item 

Hamilton Rating Scale for Depression (HAMD(Hamilton, 1960)); and <8 on the Clinician

Administered Rating Scale for Mania (CARS-M(Altman et al., 1994))]. Exclusion criteria 

included a history of central nervous system (CNS) trauma, neurological disorder, or 

attention deficit hyperactivity disorder; diagnosis of recent substance abuse/dependence 

(past 3 months); electroconvulsive therapy (ECT) in the past 12 months; an active and 

unstable medical problem that may interfere with cognition; medications with known 

adverse cognitive effects (i.e., topiramate, tricyclics, anticholinergics); agents that enhance 

cognition (e.g., amphetamine, dopamine agonists) and IQ below 70. Benzodiazepines were 

not allowed within 4 hours of testing.

Healthy Controls (HC) (N=59) with no personal or family history of an Axis-I disorder 

were recruited through advertisements. All other exclusion criteria for HCs mirrored those 

for the BD sample, with the exception of an Axis-I disorder. Schizophrenic patients (SZ, 

n=63) were recruited from the same center (ISMMS) and the same protocol was applied. SZ 

patients had to be symptomatically stable in order to be included, and the same inclusion and 

exclusion criteria were applied to them. The study was approved by the ISMMS Institutional 

Review Board (IRB). BD and HC participants provided written informed consent prior to 

participating in the study.

Neurocognitive Measures

The MATRICS Consensus Cognitive Battery (MCCB; Matrics Assessment Inc., 

USA(Nuechterlein et al., 2008)) was used to measure neurocognitive functioning. The 

MCCB was originally developed to be used in clinical trials targeting cognition in 

schizophrenia; however, recent studies demonstrated its suitability to effectively capture 

neurocognitive deficits in BD patients(Burdick et al., 2011). The MCCB is composed of 

several individual tests that give rise to seven cognitive domains: processing speed, attention 

and vigilance, working memory, verbal learning, visual learning, reasoning and problem 
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solving, and social cognition. The battery can be completed in a single session of about 70 

minutes.

Premorbid intelligence was estimated using the WRAT-3 reading test. Standardized scores 

were used, where higher scores indicate better performance.

Emotional processing

The CANTAB Emotion Recognition Test (ERT) was used to evaluate facial emotion 

recognition. It is a computerized test that includes 60 photographs of different individuals 

displaying facial expressions of six basic emotions (sadness, happiness, anger, fear, disgust, 

and surprise). The photographs stay on the screen for 5 seconds and the participants choose 

one of these six basic emotions. Total scores, sub scores for each individual emotion, 

and mean overall latency response time were obtained. Additionally, we administered 

the Reading the Mind in the Eyes test(Baron-Cohen et al., 1997) (RMET). RMET is a 

computerized task in which patients are shown 36 photographs of the eye region of faces 

and are asked to select among 4 options the best word that describes what the individual in 

the picture is thinking or feeling, and also to indicate whether the photographed face is a 

man or a woman. This task is sensitive to subtle emotion processing deficits since it involves 

recognition of complex mental states. Only total score was obtained.

Clinical, pharmacological, and functional outcomes

Data on current symptoms, history of psychosis, number of mood episodes and lifetime 

history of co-morbid substance use disorders were collected using the Structured Clinical 

Interview for the DSM-V (SCID-V) interview and standardized mood ratings (HAMD and 

CARS-M).

Premorbid adjustment was assessed using the Premorbid Adjustment Scale(Cannon-Spoor et 

al., 1982) (PAS) which assesses the “degree of achievement of developmental goals” over 

the course of childhood, adolescence, and where applicable, adulthood. Individual items 

in the childhood and adolescence categories assess premorbid adjustment by asking about 

sociability and social withdrawal, peer relationships, scholastic performance, adaptation to 

school, and ability to form socio-sexual relationships prior to the onset of illness.

A history of childhood trauma was assessed using the Childhood Trauma 

Questionnaire(Bernstein et al., 1994) (CTQ). The CTQ consists of 28 questions which 

comprise 5 subscales: Physical Abuse, Physical Neglect, Emotional Abuse, Emotional 

Neglect, and Sexual Abuse.

Psychosis proneness as a trait was assessed using the Schizotypal Personality 

Questionnaire(Raine, 1991) (SPQ) that evaluates nine schizotypal traits: ideas of reference, 

social anxiety, odd beliefs/magical thinking, unusual perceptual experiences, eccentric/odd 

behaviors, no close friends, odd speech, constricted affect, and suspiciousness/paranoid 

ideation. Trait impulsivity was evaluated through the Barratt Impulsiveness Scale(Patton et 

al., 1995) (BIS-11) that describes impulsivity in three main areas: motor, planning, and 

attentional.
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Functional outcomes were evaluated using the Brief UCSD Performance-Based Skills 

Assessment scale(Patterson et al., 2001) (UPSA-B). This scale was designed to evaluate an 

individual’s functional capacity in selected domains of basic living skills. These two subtests 

administered were Financial Skills and Communication. A global score was calculated by 

summing all items, with greater UPSA scores representing worse functioning.

Statistical analysis

Quantitative variables are presented as mean and standard deviation, or, in case of noticeably 

skewed data, as median and interquartile range. Case-control differences in demographic, 

neurocognitive, and emotion processing measures were assessed using chi-square test for 

categorical variables and Student’s t-test for continuous variables.

To identify homogeneous subgroups of BD patients based on their emotional processing 

performance, we conducted a hierarchical cluster analysis (HCA). Similarity between cases 

was computed with the squared Euclidian distance and Ward linkage was used as the 

agglomeration procedure. We pre-standardized the variables used to construct the clusters 

(total score for the RMET and each separate emotion from the ERT) prior to conduct the 

HCA. The inspection of the dendrogram was used as criterion to establish the appropriate 

number of clusters to retain and also by inspection of the drop in the agglomeration 

coefficients as described by Sugar et al. (1998)(Sugar et al., 1998). Finally, we inspected 

the scree plot using Principal Component Analysis (PCA) to further validate the number 

of appropriate clusters. Once a consensus between the authors was achieved and the 

appropriate number of clusters provided by the data was identified, in a second step of 

the analysis, we performed a k-means analysis requesting to provide the previously defined 

number of clusters and cluster membership was saved as a grouping variable. We compared 

the emotional processing profiles of the BD clusters with HCs using Analysis of Variance 

(ANOVA) and to provide additional information on diagnostic specificity, we also compared 

BD clusters with a sample of 63 patients with SZ collected using the same protocol from the 

same hospital.

Finally, to begin to understand the clinical and functional correlates of cluster membership, 

descriptive analyses (ANOVA and χ2 applied as appropriate) were carried out to investigate 

differences in demographic characteristics, clinical features, neurocognitive functioning, 

and functional disability between the identified BD clusters. Further, to explore if the 

variables shown significant in the univariate analysis predicted cluster belonging, we fitted 

logistic regression models using the resulting clusters as dependent variables adjusting 

by demographic variables. Secondary analyses to control for general task accuracy were 

performed, using the grouping variable as an explanatory variable, and the mean overall 

latency response and premorbid IQ as covariates.

RESULTS

Demographic and clinical data

A total of 212 BD patients were included in the present analysis. Of these, 169 were 

diagnosed with BD I and 43 with BD II. Mean age of the BD patients was 44.1 (±12.1) and 
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mean age at onset was 21.7 (±7.9). 47.2% of the BD sample was white and 48.1% were 

female. Mean duration of education of patients was 14.5 years (±3.3). Control group (n=55) 

was comprised by 54% females, with a mean age of 43.8 (±13.8) and 15.5 (±1.8) years of 

education.

The comparison sample of 63 SZ patients (46% female) had a mean age of 42.2 (±13.3) and 

13.6 years of education (±2.3) They were symptomatically-stable (mean BPRS was 25.5 ± 

6.2, mean total SANS was 16.5 ± 13.9).

At the group level (all BD patients vs controls), BD patients performed significantly worse 

than controls on the MCCB composite score; however, we did not observe significant 

differences on tasks of emotional processing except for sadness recognition (Table 1).

Clustering of BD patients

Results from the hierarchical clustering analysis showed that the patient group would be best 

described by two discrete clusters. First, the agglomeration coefficient showed the largest 

drop between observation 255 and 256 (last observation). Second, visual inspection of the 

dendrogram also revealed 2 clusters as the best fit. Confirmatory scree plot from a PCA 

using standardized emotional processing variables is shown in Supplementary eFigure 1. 

Once a consensus was reached that two was the optimal number of clusters to describe 

emotional processing performance among the BD sample, we proceeded to compare relevant 

variables between the two clusters. The first resulting cluster included 151 patients (71.2%; 

“intact”), and the second cluster included 61 patients (28.8%; “impaired”). Accuracy 

in identifying happiness and anger showed the greatest correlation coefficients (0.886 

and 0.700, respectively) suggesting that they contributed more than the other emotional 

processing domains to classify subjects into the final clusters.

Figure 1 shows the performance of the two BD clusters, and healthy controls on all 

emotional processing tasks. Supplementary eFigure 2. shows the performance of the BD 

clusters and SZ patients. Broadly, one cluster of BD patients outperformed HC while the 

other cluster performed worse than SZ patients as a group. When ANOVA was performed, 

we found no differences in the performance of the impaired BD cluster and the SZ patients 

in Reading the Mind in the Eyes total score (p=0.148) and the recognition of happiness, 

anger and surprise on the ERT. However, the impaired BD cluster performed significantly 

worse than SZ patients in the recognition of sadness, disgust, and fear (all p < 0.001). 

In contrast, the intact BD cluster did not perform significantly different from the healthy 

controls on any of the emotion processing measures.

Clinical, neurocognitive, and functional characteristics of the BD clusters

The two resulting clusters presented with similar clinical profiles. No appreciable 

differences were found between the clusters regarding BD subtype, rapid cycling, psychosis 

history, or the number of prior mood episodes or hospitalizations. No significant differences 

were observed regarding the pattern of medication use (Table 2).

However, interesting differences were noted on demographic factors, premorbid features, 

and neurocognitive performance. Overall, we found that the impaired cluster had a lower 
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proportion of females, a lower proportion of Caucasians, fewer years of education, and 

lower premorbid IQ than did the intact cluster. BD patients in the impaired cluster were 

more likely to have suffered childhood trauma (specifically, physical and sexual abuse as 

well as physical neglect). Perhaps not surprisingly, the impaired cluster had more severe 

neurocognitive impairment and lower psychosocial functioning than did the intact cluster 

(Table 2). Finally, the impaired cluster had a higher number of psychosis-like traits as 

evidenced by a significantly higher score in the following subscales: ideas of reference, 

unusual perceptual experiences, no close friends, and suspiciousness (Table 2). Finally, 

patients in the impaired cluster exhibited a lower proportion of current alcohol abuse, as 

compared to intact patients (14.8% vs 32.5%).

After adjusting for demographic variables, of all the variables shown significant in Table 

2, only childhood sexual abuse (OR=2.24, p=0.02), composite neurocognitive score (OR 

for a one-unit increase in Z-score = 0.90, p< 0.001), and premorbid IQ (OR for a one-unit 

increase in standardized score = 0.96, p<0.001) predicted cluster membership.

Finally, we explored whether clusters based on EP performance still predicted functional 

and cognitive outcomes after accounting by the a priori selected confounders, namely, sex, 

race, premorbid IQ and mean overall response latency (i.e., as a proxy of overall EP task 

proficiency). We observed that, despite an attenuation in the point estimate, the observed 

clusters still predicted clinically relevant outcomes for BD patients such as psychosocial and 

financial functioning and neurocognitive status (Table 3). Moving from the “intact” to the 

“impaired” cluster was associated with a deterioration in UPSA total scores, UPSA financial 

scores, SAS total scores and the composite z-scores for global neurocognitive functioning.

DISCUSSION

To our knowledge, this is the first study to use an empirical approach to classify BD 

patients based upon emotional processing performance profiles. Using validated measures 

of emotion recognition (RMET and individual basic emotion recognition from the ERT), 

we classified patients based upon their objective performance, identifying two discrete 

subgroups – one with emotion processing deficits and the other with intact emotion 

processing.

When comparing the full sample of affectively stable BD patients (n=212) to healthy 

controls, performance was comparable on both of the emotion processing tasks. These 

results are consistent with some prior studies that have reported intact emotion processing in 

BD(Aparicio et al., 2017; Martino et al., 2011; Robinson et al., 2015) but are in contrast with 

several other studies that have reported impaired performance in BD(Barrera et al., 2013; 

David et al., 2014; de Brito Ferreira Fernandes et al., 2016; Samamé et al., 2015). These 

conflicting findings may be due to the presence of within-group heterogeneity, as has been 

previously shown on measures of neurocognitive functioning(Burdick et al., 2014; Russo et 

al., 2017; Van Rheenen et al., 2017).

Indeed, using hierarchical clustering, we found empirical evidence supporting the existence 

of two distinct clusters among BD patients. One “intact” cluster represented 71.2% of 
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the sample and performed similarly to HCs and even outperformed controls on anger and 

surprise recognition (Figure 1). The other cluster (“impaired”) performed significantly worse 

than HCs on all emotion processing measures. The impaired cluster had deficits that were as 

severe or even more severe than those seen in a sample of SZ patients who were tested on 

the same battery (Supplementary eFigure 2).

When characterizing these BD clusters on demographic, clinical, and cognitive features, 

we found that the impaired cluster was characterized by lower cognitive reserve (based 

upon education level and premorbid IQ), higher rates of childhood trauma, and more salient 

psychosis-like traits (e.g. schizotypy; but not psychosis history). These characteristics - 

which tend to be early life features or ‘traits’ rather than ‘state’ characteristics - might act as 

markers to distinguish this subgroup of patients as one with a more neurodevelopmentally

abnormal course. The impaired cluster had worse outcomes than did the intact cluster 

including poorer psychosocial functioning, financial skills, and neurocognitive impairment. 

However, we observed that “intact” patients presented an earlier age at onset (i.e., age 

at first manic episode). This should not be readily interpreted as suggesting that these 

patients present a more severe course, since it could point that “intact” patients might be 

suffering from a more ‘classical’ form of BD characterized by full-blown episodes and 

return to euthymia while the “impaired” cluster could be experiencing a more subsyndromal 

and chronic symptoms course disease and thus, making it easier to diagnose BD for the 

“intact” subgroup, reflected by the earlier age at diagnosis. Interestingly, these clusters could 

not be differentiated by using other typical clinical measures, such as BD subtype, rapid 

cycling, psychosis history, or number of prior mood episodes. In sum, these clusters do not 

simply recapitulate traditional diagnostic subtypes, rather they may represent a different and 

clinically meaningful classification of patients.

Our results could have direct clinical implications. First, our findings suggest that not all BD 

patients are alike, a fact that is perhaps obvious but one that is often overlooked in studies 

that focus on BD at the diagnostic group-level. We show empirical evidence that reveals 

that there are indeed some BD patients with significantly impaired emotional processing and 

some BD patients who are intact or even highly skilled in this domain, which may speak 

to the need for personalized treatment approaches for the subgroup of patients that might 

benefit most from them. For example, the impaired cluster of BD patients might optimally 

benefit from a specific type of intervention targeting this deficit, such as attentional bias 

training techniques. Furthermore, these subgroups could aid clinicians in identifying patients 

at higher risk for poorer outcomes and potentially be a target for a functional remediation 

therapy(Bonnin et al., 2016; Sanchez-Moreno et al., 2017). Finally, given that many of the 

markers for being in the impaired cluster were early life risk factors, intervention efforts 

should focus on high-risk settings (i.e., having first-degree relative affected with BD) during 

childhood and adolescence to prevent its development(Miklowitz et al., 2017). Furthermore, 

we found consistent evidence linking childhood trauma with impaired emotion recognition 

both in samples of psychiatric patients(Aas et al., 2017) and healthy adults(Chu et al., 

2016). Although this line of research is particularly interesting as it could raise potential 

therapeutic implications from our findings, such as the recent evidence linking oxytocin 

administration to improve emotion processing abilities in adults with a prior history of 

childhood adversity(Schwaiger et al., 2018), these results should also be appraised with 
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caution. Since childhood adversity and emotional processing were measured at the same 

interview, the directionality of this association remains to be unraveled by further studies.

Further limitations such as the cross-sectional nature of the study should be acknowledged. 

Furthermore, it remains to be tested if these emotion processing deficits are primary in 

their nature or secondary to more general neurocognitive impairment, use of psychotropic 

medications, or other illness-related factors. We might conclude that there is an effect of 

cluster on global functioning outcomes that might be direct or mediated by neurocognitive 

impairment. To test this idea, we ran a mediation analysis to determine the direct effect of 

cluster belonging on psychosocial functioning and to determine the proportion of the effect 

that was mediated through neurocognitive impairment. We found that more than half of the 

total effect of EP clusters on psychosocial functioning is mediated through neurocognitive 

functioning as measured by the composite score of the MCCB. Intervening to improve 

neurocognitive impairments could remove more than half of the deleterious effects of poor 

emotional processing abilities on psychosocial functioning in patients with BD. This is in 

line with neural network models of emotion regulation, which point to a core regulatory 

role for cognitive control in top-down processing of emotional information. In fact, it is 

hypothesized that cognitive remediation strategies that target cognitive control would lead 

to improvements in emotion recognition and emotional processing (Hooker et al., 2012; 

Mendella et al., 2015; Peña et al., 2018)., as both processes depend on the same regulatory 

circuits (e.g. salience networks) (Hooker et al., 2012).

As suggested by prior research, the influences of psychotropic medication on emotional 

recognition should be carefully appraised(Bilderbeck et al., 2017). Although we collect 

information regarding the number of meds and the type, we do not collect the dose nor 

duration of treatment. Another limitation is the use of Caucasian male faces in the CANTAB 

ERT -- research using ERT would benefit from having a more diverse choice of faces, as 

there are known effects of both race and sex on emotion recognition. Despite this limitation 

of the test, we have made every effort to control for race, sex and other relevant demographic 

confounders in our analyses.

Our data suggest the existence of different profiles of emotional processing in patients 

diagnosed with bipolar disorder. Importantly, these profiles were proven to be independent 

of the premorbid IQ, and the basic neurocognitive demands of the emotion processing 

tasks. In this sense, emotion processing performance may emerge as a potential marker 

of poor outcome and neurodevelopmental insults. Further studies with larger samples and 

longitudinal designs are needed to confirm our results, to establish the stability of the 

obtained clusters, and to elucidate whether these EP deficits are primary or secondary in 

their nature.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• We show that patients with BD cluster in two in terms of their Emotional 

Processing performance.

• Patients with poor EP presented: childhood trauma, schizotypal traits, lower 

premorbid IQ and education, poor psychosocial functioning and cognitive 

performance.

• Patients with poor EP might represent a subgroup of BD patients with 

neurodevelopmental abnormalities.
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Figure 1. 
Performance in EP tasks of the two BD clusters.

RMET: Reading the Mind in the Eyes Test
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Table 1.

Demographic and Clinical data of the BD and HC groups.

BD (n=212) HC (n=55) p

Diagnosis, n

BD I 166 -

BD II 41 -

Sex, n(%)

Males 106 (51.2) 23 (46) 0.53

Females 101 (48.8) 27 (54)

Race, n(%)

Caucasian 97 (46.9) 34 (68) 0.08

Non-Caucasian 110 (53.1) 16 (32)

Age, ys 44.1 (12.1) 39.1 (13.3) 0.01

Age of onset, ys 21.7 (7.9) --

Duration of education, ys 14.5 (3.3) 15.5 (1.8) 0.03

HDRS score 7.7 (6.5) 0.5 (1.2) < 0.001

CARS-M score 3.4 (4.4) 0.2 (0.8) < 0.001

WRAT-3 score 102.1 (14.9) 106.4 (12.4) 0.03

Cognitive domains, mean (T-Score)

MCCB composite score 43.7 (8.3) 47.0 (7.7) 0.01

Emotional Processing domains (Z-score)

RMET total score −0.25 (0.9) 0.0 (1.0) 0.07

Recognition – Happiness (%) −0.24 (0.9) 0.0 (1.0) 0.10

Recognition – Sadness (%) −0.37 (1.1) 0.0 (1.0) 0.02

Recognition – Anger (%) −0.14 (0.9) 0.0 (1.0) 0.32

Recognition – Disgust (%) −0.25 (0.9) 0.0 (1.0) 0.08

Recognition – Fear (%) −0.15 (0.9) 0.0 (1.0) 0.27

Recognition – Surprise (%) −0.04 (0.8) 0.0 (1.0) 0.75

Clinical Administered Rating Scale for Mania (CARS-M); Hamilton Depression Rating Scale 24 item(HAMD); Wide Range Achievement Test 
(WRAT-3). MATRICS Consensus Cognitive Battery (MCCB). Data represented as N(%) or Mean (±SD).
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TABLE 2.

Demographic, clinical and pharmacological features of BP clusters regarding EP

Cluster Statistics

Characteristic Poor performance (N=61) Good Performance (N=151) df T or X2 p value

Demographic and Clinical characteristics

Gender (n, % female) 22 (36.1) 80 (53.0) 1 5.18 0.033

Race (n, % white) 20 (32.8) 80 (53.7) 1 7.58 0.006

Years of education 13.5 (2.1) 14.6 (2.6) 137.9 2.94 0.004

BD Subtype (n, % BD I) 46 (75.4) 123 (82.0) 1 1.18 0.341

Psychotic Symptoms (n, %) 22 (36.1) 65 (43.3) 1 0.95 0.358

Rapid Cycling (n, %) 6 (9.8) 18 (12.5) 1 0.29 0.812

Age at first manic episode (mean, SD) 27.4 (11.1) 23.5 (6.8) 78.5 −2.57 0.012

Number of psych hospitalizations per year (mean, 
SD)

0.2 (0.3) 0.3 (0.4) 209 0.94 0.351

Number of suicide attempts per year (mean, SD) 0.1 (0.2) 0.1 (0.1) 209 −0.14 0.886

Number of mood episodes per year (mean, SD) 1.2 (1.2) 1.8 (3.9) 202 1.14 0.254

CARS-M score (mean, SD) 3.4 (4.0) 3.4 (4.4) 209 −0.01 0.989

HDRS score (mean, SD) 6.1 (5.9) 8.3 (6.8) 207 2.16 0.032

Premorbid Traits

Premorbid Adjustment – Childhood Score (6-11y) 0.2 (0.2) 0.2 (0.2) 118.6 −0.80 0.424

Premorbid Adjustment – Early Adolescence Score 
(12-15y)

0.2 (0.2) 0.2 (0.2) 201 −1.35 0.179

SPQ Ideas of Reference Score 4.0 (3.1) 2.9 (2.6) 203 2.75 0.007

SPQ Unusual Perceptual Experiences Score 3.0 (2.9) 2.4 (2.4) 144.4 2.30 0.02

SPQ – No Close Friends Score 4.4 (3.0) 3.6 (2.7) 204 1.95 0.02

SPQ – Odd Speech Score 3.6 (2.7) 4.3 (2.6) 202 −1.91 0.05

SPQ – Suspiciousness Score 3.8 (2.8) 3.7 (2.8) 202 0.09 0.922

Childhood Trauma Total Score

CTQ Physical Abuse subscore 9.8 (5.1) 8.6 (4.3) 204 −1.75 0.08

CTQ Physical Neglect subscore 11.5 (3.5) 10.2 (2.5) 205 −2.64 0.009

CTQ Sexual Abuse subscore 9.2 (5.7) 7.3 (4.3) 86.9 −2.36 0.02

Neurocognitive functioning

MCCB composite T-score 38.6 (8.2) 44.7 (6.9) 204 5.42 < 0.001

WRAT-3 standard score 93.4 (15.0) 104.2 (13.9) 209 4.97 < 0.001

Pharmacological Exposure

Use of antipsychotics (%) 31 (50.8) 75 (50.7) 1 0.00 1.00

Use of lithium (%) 7 (11.5) 17 (11.5) 1 0.00 1.00

Use of anticonvulsants (%) 23 (37.7) 63 (42.6) 1 0.42 0.54

Use of benzodiazepines [%) 4 (6.6) 16 (10.8) 1 0.90 0.44

Global and Financial Functioning
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Cluster Statistics

Characteristic Poor performance (N=61) Good Performance (N=151) df T or X2 p value

UPSA total score 16.3 (2.4) 17.2 (2.0) 95.5 2.70 0.008

UPSA finance skills 8.8 (1.8) 9.4 (1.4) 94.4 2.38 0.02

UPSA communication skills 7.5 (1.1) 7.8 (1.1) 206 1.89 0.06

SAS total score 2.0 (0.5) 2.4 (0.6) 209 3.49 0.001

Comorbid Substance Use

Current alcohol abuse (n, %) 9 (14.8) 49 (32.5) 1 8.5 0.014

Lifetime substance abuse (n, %) 32 (52.5) 65 (44.5) 1 1.27 0.288

Impulsivity Traits

BIS total score

Impulsivity Motor sub-score 24.1 (5.3) 25.0 (5.5) 208 0.99 0.32

Impulsivity Attentional sub-score 17.0 (3.3) 17.9 (4.6) 151.0 1.50 0.136

Impulsivity Non-Planning sub-score 26.5 (4.8) 26.7 (5.5) 208 0.24 0.808

SD: Standard Deviation, BD: Bipolar Disorder, CARS-M: Clinical Administered Rating Scale for Mania, HDRS: Hamilton Depression Rating 
Scale 24 item, SPQ: Schizotypal Personality Questionnaire, CTQ: Childhood Trauma Questionnaire, MCCB: MATRICS Consensus Cognitive 
Battery, WRAT-3: Wide Range Achievement Test, UPSA: University Of California, San Diego Performance-Based Skills Assessment, AUDIT: 
Alcohol Use Disorders Identification Test, BIS: Barratt Impulsivity Scale. Data represented as % or Mean (±SD).
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Table 3.

Crude and Adjusted coefficient for cluster membership and selected outcomes

Outcome Crude coefficient for 
cluster

95% CI Adjusted coefficient for 
cluster#

95% CI

Psychosocial Functioning (UPSA total score) −0.94 −1.56 to −0.31 −0.60 −1.28 to 0.09

Psychosocial Functioning (SAS total score) −0.29 −0.46 to −0.13 −0.31 −0.48 to −0.12

Finance Skills (UPSA score) −0.61 −1.10 to −0.15 −0.32 −0.80 to 0.16

MCCB composite score −6.12 −8.35 to −3.90 −2.36 −4.56 to −0.17

Cluster coefficient reflects the change in the outcome associated with being in the impaired cluster as compared to the intact cluster.

#
β coefficient adjusted by gender, premorbid IQ level (standardized WRAT-3 vocabulary) and by mean response latency to complete EP tasks.
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