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Abstract 
Although cross-sectional studies show heterogeneity in emotional cognition in bipolar disorder 
(BD), the temporal course within subgroups is unclear. In this prospective, longitudinal study 
we assessed the trajectories of emotional cognition subgroups within a 16-month follow-up pe- 
riod in recently diagnosed BD patients compared to healthy controls (HC). Recently diagnosed 
BD patients and HC underwent comprehensive emotional and non-emotional testing at base- 
line and again at follow-up. We employed hierarchical cluster analysis at baseline to identify 
homogenous emotional cognition subgroups of patients, and changes across the subgroups of 
BD and HC were assessed with linear mixed-model analyses. We found two emotional cogni- 
tion subgroups: subgroup 1 (65%, n = 179), showing heightened negative emotional reactivity 
in neutral and negative social scenarios and faster recognition of emotional facial expressions 
than HC (ps < 0.001, n = 190), and subgroup 2 (35%, n = 96) showing blunted reactivity in pos- 
itive social scenarios, impaired emotion regulation, poorer recognition of positive and slower 
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recognition of all facial expressions than HC (ps ≤.03). Subgroup 1 exhibited normalization of 
the initial emotional cognition abnormalities in follow-up. In contrast, subgroup 2 showed a 
lack of improvement in reactivity positively-valenced emotional information. Patients in sub- 
group 2 presented more and longer mixed episodes during the follow-up time and were more 
often prescribed lithium. One third of patients display blunted emotional reactivity, impaired 
emotion regulation abilities and facial expression recognition difficulties also show persistent 
impairments and poorer course of illness. This subgroup may indicate a need for earlier and 
more targeted therapeutic interventions. 
© 2023 The Author(s). Published by Elsevier B.V. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

ipolar Disorder (BD) is associated with impairments in 
on-emotional and emotional cognitive functions, which 
ersist during periods of remission ( Bourne et al., 
013 ; Miskowiak et al., 2019a ) and impacts functioning 
 Martinez-Aran et al., 2007 ; Ospina et al., 2018 ; Sanchez- 
oreno et al., 2018 ) and quality of life ( Michalak et al., 
005 ). Nonetheless, there is wide variability in cogni- 
ive functioning, as indicated by recent data-driven analy- 
es that revealed subgroups of patients with distinct pro- 
les of non-emotional and emotional cognitive functions 
 Bora et al., 2016 ; Burdick et al., 2014 ; Kjærstad et al.,
021 ; Russo et al., 2017 ; Varo et al., 2021 , 2020 ). Current
sychological treatments in BD aim to enhance medical ad- 
erence, stabilize mood symptoms, prevent relapse, and 
mprove cognitive and overall functioning. However, a major 
aveat of all these interventions is that they use a “one fits 
ll” strategy that neglects the heterogeneity of BD. There is 
 need for more targeted approaches to treatment and pre- 
ention. In line with this, personalized medicine proposes a 
ore tailored therapy based on the patient’s personal char- 
cteristics ( Wium-Andersen et al., 2017 ). Thus, characteriz- 
ng specific subgroup profiles and their trajectory can help 
e-think standard psychological treatments based on a more 
ersonalized approach towards the patient’s needs. 
Patients with BD exhibit trait-related impairments in 

motional cognition, most consistently within the domains 
f facial emotion recognition and implicit emotion regula- 
ion, reward processing and affective decision making, al- 
hough findings vary across studies (for systematic review, 
ee Miskowiak et al., 2019a ). This variability across stud- 
es is likely to reflect heterogeneity within emotional cog- 
ition in remitted patients with BD ( Szmulewicz et al., 
020 ; Varo et al., 2021 , 2020 ). In a large sample of
ully or partially remitted patients with mood disorders, 
e found evidence for three distinct emotional cognition 
ubgroups characterized as either ‘emotionally preserved’ 
57%), ‘emotionally blunted’ (26%) or ‘emotionally volatile’ 
17%), of which the two latter subgroups also displayed 
eficits in non-emotional cognition ( Varo et al., 2021 ). 
dditionally, two studies of social cognition heterogene- 
ty in patients with BD found evidence of two distinct 
rofiles; one subgroup of patients showed normal perfor- 
ance (68% ( Varo et al., 2020 ) and 71% ( Szmulewicz et al.,
020 ), while the second subgroup displayed mild to mod- 
rate impairments in theory of mind, attributional bias 
32%) ( Varo et al., 2020 ) and emotional processing (29%) 
10 
 Szmulewicz et al., 2020 ). Notably, these subgroups of pa- 
ients with emotional cognition difficulties also showed 
ore severe neurocognitive impairment, lower function- 

ng, higher number of psychosis-like traits in one study 
 Szmulewicz et al., 2020 ), and higher subthreshold depres- 
ive symptoms, longer illness duration and poorer visual 
emory and attention in the other study ( Varo et al., 2020 ).

t has therefore been hypothesized that the deficits in emo- 
ional cognition, found in approximately 30% of patients, 
mpact negatively on interpersonal relations and daily func- 
ioning and should therefore be directly targeted in fu- 
ure psychological interventions ( Szmulewicz et al., 2020 ; 
aro et al., 2020 ). 
Nevertheless, studies to date have examined emotional 

ognition subgroups cross-sectionally ( Szmulewicz et al., 
020 ; Varo et al., 2021 , 2020 ). Longitudinal studies are 
eeded to evaluate the trajectories in emotional cognition 
ubgroups and elucidate the potential clinical prognostic 
mplications of certain emotion cognitive profiles, which 
ould be valuable for future treatment stratification. Fur- 
her, longitudinal studies can provide insight into whether 
ome - but not other - subgroups of patients are marked 
y ‘neuroprogression’, i.e., alteration of neurocognitive 
unctions and brain structure and function due to ongo- 
ng illness-associated biochemical processes ( Cardoso et al., 
015 ; Kessing and Andersen, 2017 ; Serafini et al., 2021 ). 
herefore, the aim of this prospective, longitudinal study 
as to assess (i) the trajectory of emotional cognition sub- 
roups within a 16-month follow-up period in recently diag- 
osed patients with BD compared to healthy control (HC) in- 
ividuals; and (ii) whether potential trajectory differences 
re associated with illness characteristics, subsyndromal 
ymptom severity, non-emotional cognition or functioning. 
e hypothesize that one or two emotional cognition sub- 
roups of BD patients with deficits in emotion reactivity –
nd regulation and facial expression recognition will exhibit 
ecline/ lack of improvement in emotional cognition over 
ime and a poorer course of illness. 

. Methods 

.1. Study design 

his study is part of the ongoing longitudinal Bipolar Ill- 
ess Onset (BIO) cohort study ( Kessing et al., 2017 ). The 
tudy protocol was approved by the Committee on Health 
esearch Ethics of the Capital region of Denmark (proto- 
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ol number: H-7-2014-007) and the Danish Data Protection 
gency, Capital Region of Copenhagen (protocol number: 
HP-2015-023). Informed consent was provided by all par- 
icipants prior to inclusion in this study. 

.2. Participants 

ecruitment took place between June 2015 and July 2022. 
t baseline, participants included 466 participants: 276 pa- 
ients with BD diagnosis and 190 HC. Follow up data was 
ollected in 321 participants: 175 patients with BD diagno- 
is and 146 HC. Patients, 18-65 years of age, were recruited 
rom Copenhagen Affective Disorder Clinic, Psychiatric Cen- 
re Copenhagen, Denmark, where they were initially diag- 
osed with BD according to diagnostic criteria of the ICD-10 
 World Health Organization, 1992 ) by specialists in psychia- 
ry. Diagnosis of BD was made within two years prior to study 
nclusion. Patients received specialized treatment during 
tudy participation, including psychopharmacological treat- 
ent and psychoeducation ( Kessing et al., 2013 ).Age- and 
ex-matched HC were recruited from the University Hospital 
lood Bank, Rigshospitalet, Copenhagen. Exclusion criteria 
or HC were a personal or familial history of psychiatric dis- 
rder. All participants underwent diagnostic assessment us- 
ng the semi-structured Schedules for Clinical Assessment in 
europsychiatry (SCAN; Wing et al., 1990 ) to confirm diag- 
osis of BD and lack of psychiatric illness in HC, respectively. 
he SCAN was conducted by a PhD-student in medicine or 
sychology. Exclusion criteria for all participants were to- 
al score > 14 on the Hamilton Depression Rating Scale-17 
HDRS-17; Hamilton, 1967 ) or the Young Mania Rating Scale 
YMRS; Young et al., 1978 ), severe somatic illness, a history 
f brain injury or neurological illnesses including dementia, 
nd pregnancy. All participants were fluent in Danish. 

.3. Assessments 

.3.1. Emotional cognition measures 
articipants were administered the Facial Expression Recog- 
ition Task (FERT) and Faces Dot-Probe Task from the Emo- 
ional Test Battery (P1vital® Oxford Emotional Test Battery, 
017) and the Social Scenarios Task to investigate processing 
f faces, emotional reactivity, and ability to downregulate 
motions, respectively. 
Facial Expression Recognition Task: This measure as- 

essed discrimination accuracy and speed during facial ex- 
ression recognition ( Harmer et al., 2004 ; Kjærstad et al., 
020 ). Participants viewed pictures of faces depicting one 
f six emotions: fear, anger, disgust, sadness, happiness, 
nd surprise. Faces were morphed at varying intensities 
n 10% increments, ranging from 0% (depicting a neutral 
ace) to 100% (depicting full emotion). Two-hundred-and- 
fty faces were presented in randomized order for 500 ms 
ach. Four pictures of each emotion at each intensity level 
ere shown, along with a neutral face for every emotion 
in total 24 neutral faces). Participants indicated the emo- 
ion by pressing the corresponding key on a keyboard as 
uickly and accurately as possible. Facial expression recog- 
ition accuracy, misclassifications, and reaction times (RT) 

ere recorded. c

11 
Faces Dot-Probe Task: This task involves the presenta- 
ion of a pairs of happy-neutral, fearful-neutral, or neutral- 
eutral faces presented horizontally on a computer screen 
ither masked (17 ms) or unmasked (100 ms) ( Kjærstad 
t al., 2020 ; Murphy et al., 2008 ). One of the faces is then
eplaced by a probe depicted as either two vertical dots 
:) or horizontal dots (..) and participants are instructed 
o indicate the orientation of the dots as quickly and ac- 
urately as possible. Reaction time to recognize the probe 
s calculated and used to infer attention markers. The faster 
he reaction for probes that replace emotional stimuli when 
ompared to those that contain neutral stimuli indicate at- 
entional vigilance and slower reaction times can be inter- 
reted as attentional avoidance. The task comprised eight 
asked and eight unmasked blocks, in which each block in- 
luded 12 alternately presented trials. 

Social Scenarios Task: Participants read short text de- 
criptions of positive or negative social situations and ac- 
ompanying self-belief statements on a computer screen 
 Kjærstad et al., 2016 ). Participants were instructed to ei- 
her react naturally or dampen their emotional response to 
he scenario before each block. The task comprised a to- 
al of nine blocks with each block comprising 11 sentences 
escribing the scenario, 10 related self-belief statements 
both blocks duration of 3 s) and 10 emotion ratings ask- 
ng participants to rate their discomfort or pleasure on a 
isual analogue scale from 0 to 100. The opening block 
as a neutral condition followed by two negative scenar- 
os with alternate react/dampen conditions. Participants 
eceived no specific instructions regarding which emotion 
egulation strategy to use during the ‘dampen’ conditions 
o elicit the strategy that participants would typically use 
n their daily life. The Social Scenarios Task was developed 
n-house, where, based on patient interviews, the scenar- 
os with highest personal relevance and emotional salience 
ere selected to produce a task with increased ecologi- 
al validity that was specific for bipolar disorder ( Kjærstad 
t al., 2016 ). 

.3.2. Non-emotional cognition measures 
o assess non-emotional cognition, a neuropsychological 
est battery was used ( Kjærstad et al., 2020 ), covering the 
ognitive domains: ‘working memory and executive func- 
ion’, ‘attention and psychomotor speed’, ‘verbal learn- 
ng’, and ‘verbal fluency’. The ‘working memory and ex- 
cutive function’ composite included the letter-number se- 
uencing from the Wechsler’s Adult Intelligence Scale 3rd 
dition (WAIS-III), Spatial Working Memory (SWM) ‘between 
rrors’ and ‘strategy’ from the Cambridge Neuropsycho- 
ogical Test Automated Battery (CANTAB) and the TMT-B 
 Army Individual Test Battery, 1944 ). The ‘attention and 
sychomotor speed’ composite was made up by the digit 
pan forward and coding subtests from Repeatable Battery 
or the Assessment of Neuropsychological Status (RBANS) 
 Randolph et al., 1998 ), the Trail Making Test-A (TMT-A) 
 Army Individual Test Battery, 1944 ), and the Rapid Vi- 
ual Information Processing (RVP) subtest (A’ and mean la- 
ency) from the CANTAB. The ‘verbal learning’ composite 
omprised trial I-V correct, trial VI correct, delayed recall 
nd recognition from the Rey Auditory Verbal Learning Test 
RALVT) ( Rey, 1958 ). Finally, the ‘verbal fluency’ composite 
omprised verbal fluency with letters S and D. 
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.3.3. Clinical measures, functioning, and IQ 

ubsyndromal depression and mania symptoms were rated 
sing the HDRS and YMRS, respectively. All participants 
cored ≤14 on HDRS and YMRS, to ascertain full or par- 
ial remission in BD patients. To assess overall functioning 
e used the Functioning Assessment Short Test (FAST) ( Rosa 
t al., 2007 ) a 24-item semi-structured interview. FAST is 
omprised of six subdomains of functioning: autonomy, oc- 
upational functioning, cognitive functioning, financial is- 
ues, interpersonal relationships, and leisure time. Func- 
ional impairment is established by a total score of > 11 
 Bonnín et al., 2018 ). To assess predicted full-scale IQ, we 
sed the Danish Adult Reading Task (DART) ( Nelson and 
’Connell, 1978 ). 

.4. Statistical analysis 

aseline values missing at random were imputed using mul- 
iple imputation method with 1000 imputations and cog- 
itive scores as predictors. For the Social Scenarios Task, 
easures of ‘emotion down-regulation’ were calculated by 
ubtracting the ‘negative dampen’/ ‘positive dampen’ con- 
itions from the ‘negative view’/ ‘positive view’ condi- 
ions. For the Facial Expression Recognition task, reaction 
imes were log-transformed, and a measure of discrimi- 
ation accuracy of facial expressions (d ′ ) was calculated 
or each facial expression using the formula [(number of 
its + 0.5)/(number of targets + 1)] − [(number of false 
larms + 0.5)/(number of distractors + 1)] ( Corwin, 1994 ). 
e collapsed facial expressions of positive (happy, surprise) 
nd negative (anger, disgust, fear, sadness) valence. For the 
aces Dot-Probe Task, we calculated vigilance scores by sub- 
racting median RT in congruent trials from incongruent tri- 
ls. Positive values reflect vigilance (i.e., attention towards 
he emotional face), and negative values reflect avoidance 
i.e., attention away from the emotional face). Emotional 
nd non-emotional cognition raw test scores were standard- 
zed to z-scores based on HCs’ baseline means (M) and stan- 
ard deviations (SD) using the formula: (test score – HC test 
)/HC test SD (i.e., M = 0, SD = 1). Outlying z-scores of ±4
ere truncated to z = −4.0 or 4.0, respectively. The z- 
cores for speed during recognition of positive and negative 
aces, TMT-A, TMT-B, SWM ‘between errors’ and ‘strategy’, 
nd RVP ‘mean latency’ were inverted so that lower scores 
epresented poorer performance. Z-scores of the neurocog- 
itive tests were averaged to four neurocognitive domains 
e.g.: ‘working memory and executive function’, ‘attention 
nd psychomotor speed’, ‘verbal learning’, and ‘verbal flu- 
ncy’) and the four domains were averaged to calculate a 
easure of global non-emotional cognition. 

.4.1. Hierarchical cluster analysis 
ll analyses conducted were performed with the IBM Sta- 
istical Package for Social Sciences version 25. To inves- 
igate homogeneous subgroups of patients based on emo- 
ional cognition performance, we conducted a hierarchi- 
al cluster analysis (HCA) with squared Euclidian distance 
nd Ward’s linkage with the emotional cognition variables 
omprising: (i) emotional reactivity and down-regulation of 
motions in negative and positive social scenarios; (ii) ac- 
uracy (d’) and speed during facial expression recognition 
12 
f positive and negative faces; and (iii) attentional vigi- 
ance to masked and unmasked fearful and happy faces. The 
endrogram and agglomeration schedule were visually in- 
pected to establish the appropriate number of subgroups 
o be retained ( Yim and Ramdeen, 2015 ). Additionally, we 
onducted a discriminant function analysis (DFA) with leave- 
ne-out classification to test the validity of the cluster so- 
utions. 

.4.2. Comparisons between subgroups and healthy 
ontrols 
or baseline comparisons between groups, the resulting sub- 
roups of patients and HC were compared in emotional cog- 
ition to ascertain their emotional-cognitive profile, as well 
s in non-emotional cognition, demographic, clinical and 
unctional variables, respectively, using analysis of variance 
ANOVA) and pair-wise comparisons with Sidak correction 
nd chi-square, as appropriate. 
To investigate differential change over time in the sub- 

roups of patients with BD and HC, we employed linear 
ixed models analyses with time and group (emotional cog- 
ition subgroups of patients with BD and HC) as fixed effect 
nd adjusting for age, sex, and time between assessments. 
or any significant effects of group, secondary analyses ad- 
usted additionally for (i) subsyndromal depression and ma- 
ia symptoms (HDRS and YMRS total scores) and (ii) lithium 

edication use. Multiple comparisons were corrected for 
sing Sidak in all analyses. Analyses were two-tailed, and 
ignificance-levels set to α= 0.05. 

.4.3. Associations between baseline emotional 
ognition deficits and symptoms, functioning, 
on-emotional cognition and clinical characteristics 
or the respective subgroups, post hoc Pearson correlation 
nalyses were conducted to investigate whether baseline 
berrant emotional cognition within the respective sub- 
roup was associated with (i) lower functioning, more sub- 
yndromal symptoms, impairments in non-emotional cogni- 
ion (both subgroups); (ii) clinical characteristics specific to 
he subgroup (i.e., duration of depressive episodes for pa- 
ients in subgroup 1 and hospitalizations, frequency, and du- 
ation of mixed episodes for patients in subgroup 2 during 
he follow-up time). 

. Results 

.1. Emotional cognition clustering 

atients at baseline were optimally clustered into two dis- 
inct subgroups based on their emotional cognition perfor- 
ance: one subgroup of 179 patients (65%) characterized 
y heightened emotional reactivity and a subgroup of 97 
atients (35%) with broad emotional cognition deficits (see 
igure S1 for dendrogram). Specifically, the DFA revealed 
hat the two-cluster solution had the best predictive power 
nd best results for classification sensitivity (90.2%), (see 
upplement for more information on selection of cluster so- 
utions). Results from the DFA revealed a discriminant func- 
ion (Wilks’ λ= 0.44, χ2 (13) = 222.42, p < .001) with ‘speed 
uring recognition of negative faces’ contributing most to 
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Fig. 1 Baseline emotional cognition across the two subgroups of patients with bipolar disorder classified according to emotional 
cognition clustering and healthy controls. 
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lustering by comprising the highest loading task for the dis- 
riminant function ( r = 0.54). The classification results re- 
ealed high sensitivity with 90.2% of original cases correctly 
lassified ( Figure 1 ). 

.2. Emotional cognition profiles: comparisons 
etween patient subgroups and healthy controls at 
aseline 

here was a statistically significant difference between the 
wo emotional cognition subgroups of patients with BD and 
C at baseline in all emotional cognition measures (all 
s < 0.001), except for discrimination accuracy of negative 
motions and all measures from the Faces Dot Probe Task 
ps ≥.12) ( Table 1 ; Figure 1 ). These significant differences 
ere driven by patients in subgroup 2 presenting with emo- 
ional cognition difficulties with moderate to large effect 
izes (z-scores: −.55 to −1.03), reflected by (I) lower emo- 
ional reactivity in positive scenarios (ps < 0.001); (II) less 
uccessful downregulation of emotional responses in posi- 
ive and negative social scenarios (ps < 0.001); (III) poorer 
ecognition accuracy of positive facial expressions (ps ≤.03); 
nd (IV) slower recognition of both positive and negative 
aces (ps < 0.001) than HC and patients in subgroup 1. Pa- 
ients in subgroup 1 exhibited mild to moderate aberrancies 
n emotional cognition (z-scores: 0.23 to 0.62), reflected 
y (I) higher negative emotional reactivity in neutral and 
egative social scenarios (ps < 0.001); and (II) faster recog- 
ition of both positive (ps ≤.049) and negative facial expres- 
ions (ps < 0.001) than patients in subgroup 2 and HC (i.e., a 
upranormal fast recognition of facial expressions). 

.3. Baseline characteristics 

he subgroups of patients and HC were comparable in 
Q ( p = .32) ( Table 2 ). There was a significant differ-
nce between the three groups in sex (F(2463) = 8.58, 
 < .001), age (F(2454) = 3.11, p = .046) and years of edu-
ation (F(2462) = 9.34, p < .001). These interactions were 
riven by more females in subgroup 1 (74%) when compared 
o subgroup 2 (50%) and HC (62%) (ps < 0.001), with no signif- 
cant difference between subgroup 2 and HC ( p = .05). Sub- 
roup 1 were younger compared to subgroup 2 ( p = .04), with 
o significant differences for both subgroups when com- 
ared to HC (ps ≥.34). Patients in subgroup 1 had completed 
ewer years of education compared to patients in subgroup 
 ( p = .03) and HC ( p < .001). Moreover, there were significant
13 
ifferences between the groups in subsyndromal depres- 
ive (F(2462) = 105.10, p < .001) and manic (F(2462) = 35.32,
 < .001) symptoms, which were driven by more symptoms 
n both patient subgroups compared to HC (ps < 0.001), 
ith no differences between the subgroups (ps ≥.33). There 
as a significant difference between subgroups and HC in 
unctioning (FAST total score; F(2458) = 170.00, p < .001), as 
he patients were more functional impaired relative to HC 

ps < 0.001), however there was no difference between the 
ubgroups ( p = .054). With regards to clinical characteristics, 
atients in subgroup 2 had been more frequently hospital- 
zed than patients in subgroup 1 (F(1273) = 4.30, p = 0.04).
owever, there were no differences between the subgroups 
n BD type (BD-I versus BD-II), illness duration, untreated 
llness, number of previous suicide attempts, comorbid anx- 
ety disorders or current medication (lithium, anticonvul- 
ants, antidepressants, antipsychotics) (ps ≥.11) at base- 
ine. 

.4. Change in emotional cognition over time 

.4.1. Emotion reactivity and down-regulation in social 
cenarios 
he results revealed statistically significant trajectory dif- 
erences between the two patient’s subgroups and HC 

i.e., time-by-group interactions) in negative emotional re- 
ctivity in neutral scenarios (F(2368.50) = 11.04, p < .001). 
hile patients in subgroup 1 displayed decreased emotional 
eactivity over time ( p = .001) compared to HC who re- 
ained stable ( p = .24), patients in subgroup 2 displayed in- 

reased reactivity over time ( p = .01) ( Figure 2 A). There was
lso a significant time-by-group interaction for emotional 
eactivity in positive social scenarios (F(2328.50) = 4.17, 
 = 0.02): whereas patients in subgroup 1 and HC showed 
he same slope of normative decrease in reactivity over 
ime (ps ≤.04), patients in subgroup 2 did not change 
 p = .51) ( Figure 2 B). Similarly, a significant time-by-group
nteraction for emotional reactivity in negative scenarios 
F(2327.29) = 3.92, p = 0.02) was driven by normative de- 
rease in emotional reactivity over time in patients in sub- 
roup 1 ( p = .009), whereas patients in subgroup 2 did not
hange over time ( p = .20) ( Figure 2 C). All significant inter-
ction effects prevailed after adjusting for subsyndromal 
epression and mania symptoms (ps ≤0.03) and lithium use 
ps ≤.003). 
With regards to emotion down-regulation in negative sce- 

arios, there was a significant time-by-group interaction 
F(2349.33) = 3.07, p = 0.048); whereas patients in subgroup 



L.
 de

 Siqueira
 Rotenberg,

 H
.L.

 Kjæ
rstad,

 C.
 Varo

 et
 al.

 

Table 1 Emotional cognition across subgroups of patients with bipolar disorder and healthy controls (HC) at baseline, follow-up, and group-by-time interactions. 

Baseline Follow Up 

Main 
effect of 
group, 
p-value 

Group- 
by-time 
interac- 
tion. 
p-value 

Subgroup 
1 
( n = 179) 

Subgroup 
2 
( n = 96) 

HC 
( n = 190) p Pairwise comparison 

Subgroup 
1 
( n = 118) 

Subgroup 
2 
( n = 57) 

HC 
( N = 146) p Pairwise comparison 

SG1 vs. 
SG2 

SG1 vs. 
HC 

SG2 vs. 
HC 

SG1 vs. 
SG2 

SG1 vs. 
HC 

SG2 vs. 
HC 

Social Scenarios Task 
Neutral emotion 

reactivity 
0.51 
(1.28) 

−0.06 
(0.64) 

−0.01 
(0.92) 

< 0.001 < 0.001 < 0.001 0.98 0.16 
(1.09) 

0.41 
(1.28) 

0.16 
(1.19) 

0.29 0.04 < 0.001 

Positive emotion 
reactivity 

0.18 
(0.95) 

−0.72 
(1.38) 

0.00 
(1.00) 

< 0.001 < 0.001 0.32 < 0.001 0.18 
(0.95) 

−0.73 
(1.39) 

0.00 
(1.00) 

0.02 0.06 0.98 0.02 < 0.001 0.02 

Negative emotion 
reactivity 

0.62 
(0.83) 

−0.15 
(1.11) 

0.00 
(1.00) 

< 0.001 < 0.001 < 0.001 0.52 0.33 
(1.07) 

0.50 
(1.13) 

−0.09 
(1.11) 

0.01 0.32 0.008 0.78 < 0.001 0.02 

Positive 
downregulation 

0.08 
(1.03) 

−0.62 
(0.82) 

0.00 
(1.00) 

< 0.001 < 0.001 0.81 < 0.001 0.01 
(1.03) 

−0.36 
(1.10) 

−0.00 
(0.99) 

< 0.001 0.12 0.26 0.002 < 0.001 0.64 

Negative 
downregulation 

0.06 
(0.93) 

−0.56 
(0.91) 

0.00 
(1.00) 

< 0.001 < 0.001 0.89 < 0.001 0.00 
(0.93) 

−0.25 
(1.17) 

−0.03 
(1.05) 

0.29 0.005 0.048 

Facial Recognition 
Task 

Discrimination 
Accuracy (d’): 

Positive emotions −0.12 
(0.93) 

−0.51 
(1.32) 

0.02 
(0.90) 

< 0.001 0.03 0.17 < 0.001 −0.18 
(0.93) 

−0.51 
(1.32) 

0.02 
(0.90) 

0.42 0.01 0.008 

Negative emotions −0.20 
(1.00) 

−0.19 
(1.17) 

0.00 
(1.00) 

0.12 −0.19 
(1.12) 

−0.19 
(1.17) 

0.00 
(0.99) 

0.91 0.61 0.01 

Speed: 
Positive emotions 0.22 

(0.79) 
−1.03 
(0.90) 

0.00 
(1.00) 

< 0.001 < 0.001 0.049 < 0.001 −0.40 
(1.03) 

−0.74 
(0.99) 

−0.54 
(1.09) 

0.23 < 0.001 < 0.001 

Negative emotions 0.46 
(0.84) 

−0.87 
(0.97) 

0.00 
(1.00) 

< 0.001 < 0.001 < 0.001 < 0.001 −0.54 
(1.09) 

−0.44 
(1.02) 

−0.33 
(1.24) 

0.71 < 0.001 < 0.001 

Dot Probe Task 
Masked fear −0.01 

(1.00) 
−0.03 
(1.11) 

0.00 
(1.00) 

0.97 −0.13 
(1.05) 

0.26 
(1.03) 

0.09 
(0.80) 

0.04 0.80 0.18 0.06 0.17 0.24 

Masked happy −0.14 
(0.94) 

−0.09 
(0.96) 

−0.03 
(0.84) 

0.45 0.71 
(0.71) 

0.09 
(0.61) 

−0.04 
(0.78) 

0.45 0.84 0.13 

Unmasked fear 0.13 
(0.84) 

−0.00 
(0.92) 

0.00 
(1.00) 

0.34 0.21 
(0.95) 

0.43 
(1.14) 

0.01 
(1.01) 

0.03 0.46 0.34 0.03 0.049 0.06 

Unmasked happy −0.16 
(0.66) 

−0.12 
(1.05) 

−0.01 
(0.84) 

0.17 0.12 
(0.81) 

0.00 
(1.01) 

−0.02 
(0.83) 

0.41 0.79 0.10 

Abbreviations : SG1 = subgroup 1 patients with bipolar disorder, SG2 = subgroup 2 patients with bipolar disorder. Values reflect means (standard deviations) unless otherwise noted. Bold text 
in the table indicates significant values. 
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Table 2 Demographic and clinical variables at baseline, follow-up, and group-by-time interaction in the two emotional subgroups of patients with bipolar disorder and healthy 
controls (HC). 

Baseline Follow Up 
Subgroup 
1 ( n = 179) 

Subgroup 
2 ( n = 96) 

HC ( n = 190) p Pairwise comparison Subgroup 
1 ( n = 118) 

Subgroup 
2 ( n = 57) 

HC ( N = 146) p Pairwise comparison Main effect of 
group, p-value 

Group-by-time 
interaction, 
p-value SG1 vs 

SG2 
SG1 vs 
HC 

SG2 vs 
HC 

SG1 vs 
SG2 

SG1 vs 
HC 

SG2 vs 
HC 

Sex. n (% female) 132 (74%) 48 (50%) 117 (62%) < 0.001 < 0.001 0.01 0.05 
Age. years (SD) 30.16 

(8.15) 
33.36 
(10.17) 

31.43 
(11.16) 

0.046 0.04 0.53 0.34 

Education 14.63 
(3.15) 

15.70 
(3.85) 

16.08 
(3.05) 

< 0.001 0.03 < 0.001 0.73 15.41 
(3.77) 

16.24 
(3.12) 

16.23 
(1.97) 

0.06 0.24 0.08 1.0 < 0.001 0.41 

HDRS 5.56 (4.28) 5.39 (3.77) 0.99 (1.48) < 0.001 0.96 < 0.001 < 0.001 4.80 (3.92) 4.37 (3.61) 0.97 (1.46) < 0.001 0.76 < 0.001 < 0.001 < 0.001 0.04 
YMRS 2.83 (3.18) 2.34 (2.85) 0.69 (1.40) < 0.001 0.33 < 0.001 < 0.001 2.34 (3.28) 3.51 (3.90) 0.65 (1.56) < 0.001 0.03 < 0.001 < 0.001 < 0.001 0.002 
IQ 111.74 

(5.71) 
112.28 
(5.32) 

112.64 
(5.60) 

0.32 

FAST Score 
FAST Total 19.01 

(12.84) 
16.12 
(11.45) 

1.33 (2.16) < 0.001 0.054 < 0.001 < 0.001 12.09 
(10.33) 

15.56 
(11.30) 

1.69 (3.33) < 0.001 0.02 < 0.001 < 0.001 < 0.001 < 0.001 

FAST autonomy 1.99 (2.32) 1.53 (1.97) 0.13 (0.47) < 0.001 0.09 < 0.001 < 0.001 1.13 (1.68) 1.82 (2.28) 0.11 (0.41) < 0.001 0.01 < 0.001 < 0.001 < 0.001 < 0.001 
FAST occupation 6.45 (6.96) 5.79 (6.37) 0.16 (0.53) < 0.001 0.68 < 0.001 < 0.001 3.65 (5.33) 5.98 (6.53) 0.57 (2.50) < 0.001 0.006 < 0.001 < 0.001 < 0.001 < 0.001 
FAST cognition 4.39 (3.49) 4.17 (3.27) 0.40 (0.76) < 0.001 0.88 < 0.001 < 0.001 3.64 (2.66) 3.55 (2.77) 0.45 (0.89) < 0.001 0.88 < 0.001 < 0.001 < 0.001 0.001 
FAST financial 1.22 (1.69) 1.13 (1.63) 0.10 (0.39) < 0.001 0.92 < 0.001 < 0.001 1.22 (1.69) 1.13 (1.63) 0.10 (0.39) < 0.001 0.92 < 0.001 < 0.001 < 0.001 0.006 
FAST relationships 3.44 (3.38) 2.79 (2.60) 0.35 (0.88) < 0.001 0.11 < 0.001 < 0.001 2.29 (2.60) 2.44 (2.74) 0.33 (0.75) < 0.001 0.96 < 0.001 < 0.001 < 0.001 0.001 
FAST leisure. 1.51 (1.67) 0.72 (1.12) 0.19 (0.48) < 0.001 < 0.001 < 0.001 < 0.001 0.78 (1.18) 0.96 (1.25) 0.17 (0.54) < 0.001 0.55 < 0.001 < 0.001 < 0.001 < 0.001 

BD Type II. N (%) 122 (68%) 68 (71%) 0.65 
Comorbid anxiety disorder 
(F40-F42), n (%) 

20 (11%) 11 (12%) 0.90 

Illness duration a 7.85 (7.46) 8.87 (7.84) 0.29 9.00 (7.12) 8.87 (7.84) 0.32 
Untreated illness b 6.69 (7.49) 7.18 (7.49) 0.60 
Hospitalizations 0.73 (1.41) 1.13 (1.65) 0.04 0.73 (1.08) 1.25 (1.60) 0.01 0.06 0.79 
Suicide attempts 0.52 (1.55) 0.54 (2.62) 0.96 
ECT 0.61 (3.29) 0.44 (2.24) 0.99 0.73 (3.80) 0.49 (2.61) 0.63 0.99 
Lithium, n (%) 85 (48%) 40 (42%) 0.36 42 (36%) 29 (51%) 0.054 0.31 0.04 
Anticonvulsants, n (%) 70 (39%) 44 (46%) 0.28 76 (64%) 36 (63%) 0.87 0.65 0.42 
Antidepressants, n (%) 39 (22%) 13 (14%) 0.10 13 (11%) 7 (12%) 0.81 0.44 0.16 
Antipsychotic, n (%) 60 (34%) 34 (35%) 0.75 48 (41%) 16 (28%) 0.11 0.32 0.10 
Polypharmacy 1.42 (0.86) 1.36 (0.95) 0.56 1.52 (0.76) 1.54 (0.96) 0.94 0.57 
Episodes between baseline and 
follow-up 
No of depressive episodes 1.29 (1.42) 0.95 (1.27) 0.10 
Duration of depressive 
episodes, days 

93.32 
(130.83) 

47.25 
(73.95) 

0.03 

No of (hypo)manic 
episodes 

1.09 (2.65) 0.63 (0.93) 0.85 

Duration of (hypo)manic 
episodes, days 

25.41 
(85.89) 

10.87 
(24.02) 

0.49 

No of mixed episodes 0.03 (0.18) 0.14 (0.40) 0.03 
Duration of mixed 
episodes, days 

1.47 (9.14) 7.61 
(31.34) 

0.03 

Abbreviations : HDRS = Hamilton Depression Rate; YMRS = Young Mania Rating Scale; IQ = intelligence quotient; FAST = Functioning Assessment Short Test; SG1 = subgroup 1 patients with bipolar 
disorder; SG2 = subgroup 2 patients with bipolar disorder; ECT = Electroconvulsive Therapy. Values reflect means (standard deviations) unless otherwise noted. Bold text in the table indicates 
significant values. a = calculated from first (hypo)manic/mixed episode to cognitive test; b = calculated from first (hypo)manic/mixed episode to time of diagnosis. 
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Fig. 2 Trajectory differences between the two emotional subgroups of patients with bipolar disorder and healthy controls (HC) 
for the social scenarios task: in emotional reactivity in (a) neural; (b) positive; and (c) negative social scenarios, as well as success 
during down-regulation of emotion in (d) negative; and (e) positive social scenarios. Error bars represent standard error of the 
mean. 
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 and HC remained stable over time (ps = 0.93), patients in 
ubgroup 2 improved in their ability to down-regulate emo- 
ion in negative scenarios over time ( p = .03) ( Figure 2 D).
owever, this interaction effect was reduced to a trend af- 
er adjusting for subsyndromal symptoms ( p = .08). We found 
o time-by-group interaction for emotion down-regulating 
n positive social scenarios. However, there was a significant 
ain effect of group (F(2410.61) = 11.69, p < .001), driven 
y patients in subgroup 2 generally being less successful 
t down-regulating their positive emotions compared to pa- 
ients in subgroup 1 ( p = .004) and HC ( p < .010), with no sig-
ificant differences between patients in subgroup 1 and HC 

 p = .19) ( Figure 2 E). The effect of group remained signifi-
ant after adjusting for subsyndromal symptoms ( p < .001) 
nd lithium use (ps ≤.03). 

.4.2. Accuracy and speed during facial expression 

ecognition 

 significant time-by-group interaction was found for dis- 
rimination accuracy of positive faces (F(2278.63) = 4.94, 
 = .008); whereas patients in subgroup 1 and HC displayed 
he same lack of change over time,patients in subgroup 2 
ignificantly improved over time ( p = .002) compared to both 
atients in subgroup 1 (F(1140.43) = 8.56, p = .004) and HC 

F(1, 193.23) = 8.37, p = 0.004) ( Fig. 3 A). We found no sig-
16 
ificant interaction effect or main effect of group for dis- 
rimination accuracy during recognition of negative faces 
ps ≥.10; Fig. 3 B). 
We additionally found a significant time-by-group in- 

eraction for speed during recognition of positive faces 
F(2276.13) = 10.20, p < .001); while patients in subgroup 
 and HC showed normative slower responses over time 
ps ≤.002) with no difference in trajectory between the two 
roups ( p = .54), the reduced speed in patients within sub- 
roup 2 remain stable over time ( p = .13) ( Fig. 3 C). There
as also a significant time-by-group interaction for speed 
uring recognition of negative faces (F(2263.60) = 14.90, 
 < .001); whereas patients in subgroup 1 became signifi- 
antly slower in their responses compared to HC, patients 
n subgroup 2 displayed increased speed over time ( p = .01)
 Fig. 3 D). Significant interactions prevailed after adjust- 
ng for subsyndromal symptoms (ps ≤.009) and lithium use 
ps ≤.005). 

.4.3. Attentional vigilance toward emotional faces 
or the Dot Probe task, we found a significant main effect 
f group for attentional vigilance towards supraliminal, ef- 
ortful fearful faces (F(2, 389.50) = 3.04, p = .049); however, 
one of the pairwise comparisons between groups were sig- 
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Fig. 3 Trajectory differences between the two emotional subgroups of patients with bipolar disorder and healthy controls (HC) 
for the facial expression recognition task showing speed during recognition of (a) negative and (b) positive faces; as well as facial 
expression recognition accuracy during recognition of (c) negative; and (d) positive faces. Error bars represent standard error of 
the mean. 
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ificant (ps ≥.11). There were no other significant effects of 
roup ( p ≥.10). 

.5. Change in subsyndromal symptoms, 
unctioning, and clinical characteristics over time 

 group-by-time interaction was observed for subsyn- 
romal depressive symptoms (i.e., total HDRS score) 
F(2364.40) = 3.22, p = .04); however, follow-up analyses in- 
estigating trajectory of depressive symptoms within groups 
ere non-significant (ps ≥.29). We additionally observed a 
ignificant main effect of group for subsyndromal depression 
ymptoms (F(2416.55) = 124.64, p < .001), which was driven 
y the two patient subgroups generally having more symp- 
oms of depression than HC (ps < 0.001), with no significant 
ifference between the two patient subgroups ( p = .45). 
 significant group-by-time interaction was observed for 
ubsyndromal mania symptoms (F(2384.90) = 6.57, p = .002): 
hereas mania symptoms for patients in subgroup 1 and 
C decreased (ps ≤.005), patients in subgroup 2 showed no 
hange over time ( p = .95) ( Fig. 4 ). Additionally, results re-
ealed a significant group-by-time interaction for overall 
unctioning (F(2372.01) = 19.95, p < .001): while patients in 
ubgroup 2 and HC remained stable over time (ps ≥.49), 
unctional impairments decreased in patients in subgroup 
 ( p < .001) ( Fig. 4 ). 
With regards to clinical characteristics, we found a trend 

owards a significant main effect of group for number of hos- 
italizations (F(1222.29) = 3.55, p = .06), driven by patients 
n subgroup 2 generally being hospitalized more compared 
o patients in subgroup 1. With regards to frequency and 
uration of mood episodes during the follow-up time, pa- 
ients in subgroup 1 experienced longer episodes of depres- 
ion than subgroup 2 ( p = .03), whereas patients in subgroup 
17 
 experienced more and longer mixed episodes than sub- 
roup 1 (ps = 0.03) ( Table 2 ). 

.6. Change in non-emotional cognition over time 

esults revealed no significant trajectory differences be- 
ween the two subgroups of patients and HC over time 
n non-emotional cognition (ps ≥.07). Nevertheless, there 
as a significant main effect of group for ‘global cog- 
ition’ (F(2412.30) = 21.75, p < .001) and ‘working memory 
nd executive function’ (F(2420.46) = 32.23, p < .001); which 
ere driven by poorer performance in both patient sub- 
roups compared to HC (ps < 0.001), with no difference be- 
ween the subgroups (ps ≥.75) (Figure S2). These effects of 
roup prevailed after adjusting for subsyndromal symptoms 
 p < .001) but disappeared when adjusting for lithium use 
ps ≥.52). There was also a main effect of group for ‘atten-
ion and psychomotor speed’ (F(2, 443.26) = 24.15, p < .001), 
riven by patients in subgroup 2 underperforming patients 
n subgroup 1 ( p = .048) and HC ( p < .001), and patients in
ubgroup 1 performing poorer than HC ( p < .001). This sig- 
ificant main effect of group prevailed after adjusting for 
ubsyndromal symptoms (ps < 0.001) and lithium use ( p = .03)
 Table 3 ). See supplement material for non-emotional cog- 
ition at baseline. 

.7. Associations between baseline emotional 
ognition deficits and symptoms, functioning, 
on-emotional cognition and clinical 
haracteristics 

egarding subgroup 1, higher reactivity in negative scenar- 
os was mildly associated with more subsyndromal depres- 
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Table 3 Z-scores of non-emotional cognition across the two emotional cognitive subgroups of patients with bipolar disorder and healthy controls (HC). 

Baseline Follow Up Main 
effect of 
group, 
p-value 

Group- 
by-time 
interac- 
tion, 
p-value 

Subgroup 
1 
( n = 179) 

Subgroup 
2 
( n = 96) 

HC 
( n = 190) 

p Pairwise Comparison Subgroup 
1 
( n = 118) 

Subgroup 
2 
( n = 57) 

HC 
( N = 146) 

p Pairwise Comparison 

SG1 vs. 
SG2 

SG1 vs. 
HC 

SG2 vs. 
HC 

SG1 vs. 
SG2 

SG1 vs. 
HC 

SG2 vs. 
HC 

Global cognition −0.24 
(0.57) 

−0.33 
(0.62) 

0.00 
(0.54) 

< 0.001 0.53 < 0.001 < 0.001 −0.03 
(0.50) 

−1.50 
(0.46) 

0.18 
(0.42) 

< 0.001 0.29 < 0.001 < 0.001 < 0.001 0.76 

Executive function 
and working memory 

−0.37 
(0.75) 

−0.47 
(0.82) 

0.00 
(0.69) 

< 0.001 0.67 < 0.001 < 0.001 −0.24 
(0.66) 

−0.29 
(0.67) 

0.21 
(0.53) 

< 0.001 0.10 0.74 0.09 < 0.001 0.18 

Attention and 
psychomotor speed 

−0.34 
(0.63) 

−0.51 
(0.72) 

0.00 
(0.67) 

< 0.001 0.13 < 0.001 < 0.001 −0.03 
(0.59) 

−0.31 
(0.65) 

0.17 
(0.60) 

< 0.001 0.014 0.02 < 0.001 < 0.001 0.07 

Verbal learning −0.08 
(0.86) 

−0.26 
(0.96) 

0.00 
(0.84) 

0.049 0.27 0.71 0.04 0.02 
(0.95) 

0.01 
(0.86) 

0.13 
(0.82) 

0.04 0.10 0.71 0.71 0.12 0.96 

Verbal fluency −0.17 
(0.99) 

−0.08 
(1.02) 

0.00 
(0.87) 

0.21 0.13 
(0.00) 

0.00 
(0.94) 

0.20 
(0.93) 

0.36 0.15 0.55 

Abbreviations: HDRS = Hamilton Depression Rate; YMRS = Young Mania Rating Scale; IQ = intelligence quotient; FAST = Functioning Assessment Short Test; BD = bipolar disorder, SG1 = subgroup 
1 patients with BD, SG2 = subgroup 2 patients with BD. Values reflect means (standard deviations) unless otherwise noted. Bold text in the table indicates significant values. 
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Fig. 4 Change over time in subsyndromal (a) depression and (b) mania symptoms and (c) total functioning measured with the 
functioning assessment short test (FAST) across the two emotional cognition subgroups of patients with bipolar disorder and healthy 
controls (HC). FAST cutoff is represented by 12 points in the FAST scale, indicating mild impairments. Error bars represent standard 
error of the mean. 
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ive symptoms ( r = 0.21, p = .005). Faster recognition of fa- 
ial expressions correlated with greater performance in the 
attention and psychomotor speed’ domain (positive faces: 
 = 0.23, p = .002; negative faces: r = 0.19, p = .009). Aber-
ant emotional cognition did not significantly correlate with 
ubsyndromal mania symptoms, functioning, or the subse- 
uent duration of depressive episodes (ps ≥.09). 
We additionally investigated whether aberrant baseline 

motional cognition in subgroup 2 was associated with 
ubsyndromal symptoms, functioning, baseline hospitaliza- 
ions, and impairments in non-emotional cognition as well 
s the greater frequency and duration of mixed episodes 
dentified in this subgroup. There was a significant corre- 
ation between more hospitalizations and less successful 
own-regulation of emotions in negative social scenarios 
 r = −.23, p = .03) and, at a trend level, in positive social
cenarios ( r = −.18, p = .09). Lower reactivity in positive so- 
ial scenarios, lower accuracy in the recognition of positive 
aces, and slower recognition of negative faces correlated 
ith poorer global cognition ( r = −.34, p = .001; r = 0.35,
 < .001; and r = 0.33, p = .001, respectively) and poorer at-
ention and psychomotor speed ( r = −.40, p < .001; r = 0.20,
 = .045; r = 0.39, p < .001, respectively). Lower recognition 
f positive faces and slower recognition of negative faces 
ere also associated with poorer performance in ‘work- 
ng memory and executive function’ ( r = 0.24, p = .02 and 
a

19 
 = 0.35, p = .001). However, aberrant emotional cognition 
id not correlate with subsyndromal symptoms, functioning 
r with the number or duration of mixed episodes for pa- 
ients in subgroup 2 (ps ≥.15). 

. Discussion 

his is the first study using a data driven approach to in- 
estigate the trajectory of emotional cognition subgroups 
ithin a 16-month follow-up period in a large sample of re- 
ently diagnosed, clinically remitted patients with BD and 
C. Two emotional cognition subgroups of patients were 
dentified. In the larger subgroup 1 (65%), patients reacted 
ore negatively in negative and neutral social situations, 
ere quicker at recognizing faces, but with preserved emo- 
ion regulation abilities. In the smaller subgroup 2 (35%), 
atients exhibited more blunted reactivity in positive social 
cenarios and were less successful at down-regulating emo- 
ional responses in both negative and positive social scenar- 
os, less able to identify positive faces, and slower at rec- 
gnizing all facial expressions. Over the 16-month follow-up 
ime, patients in subgroup 1 displayed (i) a normalization 
f the heightened emotional reactivity in neutral and neg- 
tive scenarios and quicker facial expression recognition; 
nd (ii) remained intact in emotion regulation and accu- 
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acy during facial expression recognition. Patients in sub- 
roup 2 exhibited (i) amelioration of their impaired emo- 
ion regulation abilities in negative scenarios and normal- 
zed speed during recognition of negative faces, but also 
ii) persistent blunted reactivity in positive scenarios, diffi- 
ulties down-regulating emotions in positive social scenar- 
os and slower identification of positive faces were stable 
mpairments that prevailed over time; (iii) whereas they 
ad no impairments in emotional reactivity in neutral sce- 
arios at baseline, they reacted more negatively to these 
t the follow-up assessment. Importantly, patients in sub- 
roup 1 experienced improvements in subsyndromal manic 
ymptoms and overall functioning over the follow-up time, 
hereas patients in subgroup 2 showed stable impairments 
n non-emotional cognition and functioning and experienced 
ore and longer mixed episodes and a trend for more hos- 
italizations in the follow-up time. 
Our results are consistent with previous cross-sectional 

tudies indicating heterogeneity within emotional cogni- 
ion in BD ( Szmulewicz et al., 2020 ; Varo et al., 2021 ,
020 ), although previous studies found a subgroup with in- 
act emotional cognition and in our sample of subgroup 1 
atients showed mild to moderate deficits. No study has 
ssessed emotional cognition subgroups longitudinally. No- 
ably, recent longitudinal examinations of non-emotional 
ognition subgroups in BD suggest that the most impaired 
ubgroups improve the most over time ( Ehrlich et al., 2022 ; 
jærstad et al., 2022b ). In contrast, our first study of the 
rajectory of emotion cognition subgroups showed greatest 
mprovement in the less impaired subgroup 1 and only lim- 
ted improvements in the most impaired and lower func- 
ioning subgroup 2. It is possible that the persistent emo- 
ional cognition impairment in this subgroup of patients 
s associated with illness progression, given that patients 
n subgroup 2 experience more and longer mixed episodes 
nd more hospitalizations. However, while poorer emotion 
egulation was associated with more hospitalizations, aber- 
ant emotional cognition did not correlate with subsyndro- 
al symptoms, functioning or with the number or duration 
f mixed episodes for patients in subgroup 2. Unremitting 
roblems with processing of positive affect found in sub- 
roup 2 have been previously reported in literature. For 
nstance, reduced positive affect is associated with con- 
urrent and prospective social anxiety and depression in 
D ( Cohen et al., 2017 ), and reduced tendency to update 
eliefs in response to positive information predicts ear- 
ier time to relapse ( Ossola et al., 2020 ). Moreover, we re- 
ently found that blunted amygdala activity during emotion 
egulation was associated with greater frequency of mixed 
pisodes in a subgroup of patients with BD ( Kjærstad et al., 
022a ), although this was a partially overlapping smaller 
ample. Indeed, persistent difficulties processing positively 
alenced emotional information in subgroup 2 may generate 
reater mood instability, which in turn can lead to more se- 
ere prodromal symptoms and maintenance of these symp- 
oms over time and consequently increase vulnerability to 
ore relapses ( Kjærstad et al., 2022a ; Ossola et al., 2020 ). 
evertheless, due to our short follow-up time, we cannot 
etermine whether poorer emotional cognition influence 
reater illness severity or whether poorer emotional cog- 
ition is a byproduct of greater illness severity, hence fu- 
ure studies investigating emotional cognition onset may 
20 
id in this question. Regarding non-emotional cognition, 
ur results revealed that attention and psychomotor speed 
eficits were more impaired in patients in subgroup 2, when 
ompared to subgroup 1 and HC. Attention and psychomo- 
or speed are cognitive processes essential for the percep- 
ion of accurate information. Hence, such impairments in 
on-emotional cognition may mutually influence emotional 
ognition ( Baune and Malhi, 2015 ; Keramatian et al., 2021 ; 
iskowiak and Varo, 2021 ). Although we did see a significant 
ncrease in lithium use in subgroup 2, evidence suggests that 
reatment with lithium has a minor negative impact on cog- 
itive functioning regarding verbal learning, memory cre- 
tivity and a moderate negative effect on psychomotor per- 
ormance ( Wingo et al., 2009 ). This is in line with our results
howing a modulating effect of lithium on non-emotional - 
ut not emotional- cognitive impairments in BD. 
Interestingly, our findings showing that the quicker fa- 

ial expression recognition and negative bias in subgroup 1 
ormalized over time suggest that these impairments may 
e more prevalent during the early stages of BD illness for 
his subgroup of patients. We hypothesize that this normal- 
zation over time may be partially due to the specialized 
reatment that this sample received for their newly diag- 
osed BD, consisting of pharmacological intervention and 
sychoeducation. This is in line with previous studies that 
ave found that negative bias can be ameliorated with se- 
ective serotonin reuptake inhibitors in patients with ma- 
or depression ( Harmer et al., 2009 ; Tranter et al., 2009 ).
lso, psychoeducation interventions are first line adjunc- 
ive treatment and previous studies have reported positive 
utcomes such as decreased mood fluctuations, increased 
unctioning ( Colom and Lam, 2005 ) and emotion regulation 
 Stafford and Colom, 2013 ; Van Dijk et al., 2013 ). 
Our results show that subgroup 2 appears to be more 

ompromised, especially regarding persistent problems with 
rocessing of positive affect. Also, the lack of significant 
mpairments found in the dot probe task reveal that these 
motional cognition impairments reflect more conscious 
nd effortful processing of emotional information, hence 
sychological interventions may be the best way to target 
uch deficits. Difficulties in emotion regulation in BD could 
e related to a relative absence of emotion awareness, re- 
arding knowledge of what strategies to use and when to 
se them. For instance, interventions with focus on rehabil- 
tating social cognition impairments, such as Social Cogni- 
ion Interaction Training ( Lahera et al., 2013 ; Zhang et al., 
019 ), The Learning Affective Understanding for a Rich Emo- 
ional Life (LAUREL) intervention ( Painter et al., 2019 ) and 
eta Cognitive Training ( Haffner et al., 2018 ), may be use- 
ul in ameliorating difficulties that relate to social and emo- 
ional awareness seen in subgroup 2. Additionally, the use 
f reappraisal strategies in psychological interventions, for 
nstance, show reductions in emotion reactivity across sub- 
ective, behavioural and physiological response domains and 
ay be an effective regulation strategy BD ( Gruber et al., 
014 ). Dampened reaction to facial recognition, such as 
appy faces, can also be targeted with specific interven- 
ions. In particular, a recent study reported that erythro- 
oietin (EPO) treatment not only improved aspects of non- 
motional cognition but also enhanced the recognition of 
appy facial expressions in patients with BD in remission, 
hich was accompanied by and correlated with increase in 
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orsal prefrontal activity ( Miskowiak et al., 2018 ). Hence, 
he modulation of higher-order prefrontal neurocircuitry ac- 
ivity may be a target for treatments for some aspects of 
motional cognitive impairments in BD. 
Strengths of the study is the longitudinal design, large 

ample size and the extensive cognitive battery compris- 
ng both emotional and non-emotional cognition. Never- 
heless, it was a limitation that we did not investigate 
ther relevant multi-dimensional social cognitive subdo- 
ains, such as theory of mind, attributional bias, and emo- 
ional intelligence, that have been implicated with deficits 
n individuals with BD ( de Siqueira Rotenberg et al., 2022 ; 
iskowiak et al., 2019b ). Although FERT task is common 
ask used to access facial emotion expression, due to its 
aradigm of static images, low ecological validity can be 
rgued ( Hogenelst et al., 2015 ). Future studies should in- 
lude a more dynamic emotional expression task, since us- 
ng different variants of facial emotion stimuli aids in a 
ore robust ecological validity and can be achieved by us- 

ng virtual reality software to capture real-world nuances 
 Bekele et al., 2016 ; Cha et al., 2020 ). Moreover, we had
 lower number of participants with follow-up data (30% 

rop out rate), a common limitation observed in longitudi- 
al research and fewer group 2 patients (59.4%) were seen a 
ollow-up than group 1 patients (65.9%). However, the pro- 
ortion between patients with BD and HC remained simi- 
ar at both time points (baseline: 59% and 41%; follow up: 
5% and 45% for BD and HC, respectively) and participants 
ith only baseline assessment did not significantly differ 
rom those with both assessments in demographic or clin- 
cal characteristics (Tables S1 and S2). Another limitation 
s that some practice effects were observed in HC, due to 
ild to moderate normative change between the two time 
oints since familiarity with certain tasks may lead to this 
ias. Future studies should strive to find a more consistent 
rotocol and consensus-based battery for emotional cogni- 
ion, which may solve the current issue of conflicting find- 
ngs between studies. Moreover, we cannot exclude prior 
ood episodes may have influenced emotional cognitive im- 
airments due to neuroprogressive deterioration in associ- 
tion with illness progression, and thus we suggest future 
ongitudinal studies examine emotional cognition in individ- 
als who are at high risk of BD, since this may provide a 
etter understanding of the development and progression 
f the illness ( Keramatian et al., 2021 ; Passos et al., 2016 ).
inally, Pearson’s correlation analyses were exploratory and 
hus not corrected for multiple comparisons. 
In conclusion, this study shows two distinct emotional 

ognition subgroups in patients with recently diagnosed BD 

nd changes over a period of 16 month follow- up. In sub- 
roup 1, corresponding to approximately two thirds, pa- 
ients with BD displayed heightened negative emotional re- 
ctivity and faster recognition of emotional faces. This sub- 
roup of patients showed normalization of their aberrant 
motional cognitive responses over time, which may be 
 consequence of specialized treatment they received. In 
ontrast, the last third of patients, subgroup 2, were char- 
cterized by more severe emotional cognition impairments, 
ncluding persistent blunted reactivity in positive social sce- 
arios, difficulties down-regulating emotions in these sce- 
arios and slower facial expression recognition, which did 
ot improve over time. They also experienced more lack of 
21 
mprovement in subsyndromal mania symptoms and func- 
ioning over time, as well as trend for more hospitalizations 
ore and longer mixed episodes and presented more sig- 
ificant impairments in attention and psychomotor speed, 
hich may indicate a need for more targeted clinical treat- 
ent regarding this specific subgroup. These findings sug- 
est that screening for emotional cognitive impairments 
ould aid treatment stratification to improve the clinical 
ourse for the approximately one-third of patients with per- 
istent emotion cognition impairment and poorer prognosis. 
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