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Abstract
Background: Some studies suggest a mood-congruent attentional bias in bipolar patients. However, for euthymic
patients, especially in dependence on the predominant polarity, there is little and inconsistent data. A clearer understanding of emotion-related attentional biases and their relationship to dysfunctional emotion regulation could
help improving the diagnostics and treatment of bipolar disorder (BD). Twenty bipolar patients in a depressive state
(BP-acute-D), 32 euthymic patients with manic (BP-euth-M) or depressive (BP-euth-D) predominant polarity, and 20
healthy control participants (HC) performed a dot-probe task (DPT) with happy and sad faces presented for 250 ms or
1250 ms in two different runs. Emotion regulation strategies were assessed with two questionnaires.
Results: In the short presentation condition of the DPT, BP-euth-M showed less attention for happy faces than HC
(p = .03, r = − 0.48). BP-acute-D scored lower in cognitive reappraisal and putting into perspective and higher in suppression, catastrophizing, and rumination than HC. BP-euth-M scored higher in rumination and BP-euth-D lower in
putting into perspective and higher in catastrophizing than HC. In BP-euth-D and HC, bias scores for sad faces in the
longer presentation condition and reappraisal scores correlated positively.
Conclusions: Results of the DPT suggest an avoidance of happy faces for BP-euth-M which we interpret as a protection mechanism for triggers of mania. That individuals who apply more reappraisal show more selective attention
to sad faces could on the one hand reflect a mental effort in reevaluating the sad emotional input and on the other
hand a greater tolerance for it.
Keywords: Bipolar disorder, Dot-probe task, Attentional bias, Predominant polarity, Emotion regulation, Euthymic
phase
Introduction
Bipolar disorder (BD) is a disabling illness with a significant economic burden, to the individual and to society (Fagiolini et al. 2013; Ferrari et al. 2016). Depressive,
(hypo)manic and mixed phases occur repeatedly with
euthymic states in between (Green et al. 2011; Rowland
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et al. 2013; Dodd et al. 2019; Panchal et al. 2019). Affected
patients suffer from impaired cognitive emotional processing and maladaptive regulation of emotions (Duggirala et al. 2020). Further, they show significant cognitive
impairments in other important areas, like executive
function, memory, working memory, and attention (Robinson et al. 2006; Bortolato et al. 2015; Kurtz and Gerraty 2009; King et al. 2019). A substantial proportion of
patients continues to experience emotional and cognitive
impairments in the euthymic interval (Vöhringer et al.
2013; Cullen et al. 2016; Judd et al. 2008; Mann-Wrobel
et al. 2011). Yet, it is still unclear to what extent euthymic
patients differ from acutely ill patients in emotional
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cognition and in strategies of emotion regulation. Distorted or maladaptive cognition is key to the development and maintenance of mood disorders (Grabowski
et al. 2019). Therefore, understanding the specific nature
of cognitive processing of emotional stimuli and its relationship to emotion regulation abnormalities in BD
may be helpful to improve prevention, diagnostics, and
treatment.
Altered attention to valanced stimuli, i.e., attentional
bias, might be one mechanism that contributes to the
emotional dysfunction in bipolar patients (Mathews
and MacLeod 2005). For unipolar depression, there is
clear evidence that acutely depressed patients focus
their attention more on emotionally negative stimuli and
away from positive information, as proved, for example,
with the dot-probe task (DPT) (Leppänen 2006; Winer
and Salem 2016). This negativity bias can persist even
after remission of depression (Joormann and Gotlib
2007). For BD, attentional biases are less researched. For
acutely depressed bipolar patients, some studies showed
an attentional bias towards negative stimuli (Lyon et al.
1999; García-Blanco et al. 2013) whereas other authors
report a bias towards emotionally relevant stimuli,
regardless of negative or positive valence (Leyman et al.
2009) or a general bias away from emotional stimuli (Jongen et al. 2007). In clinically stable bipolar patients, there
is evidence that a bias towards negatively valanced information is also present during the euthymic phase (Gopin
et al. 2011)—reflecting a trait effect. Studies found no
difference at all for emotional information processing
between (euthymic) bipolar patients and healthy controls
(Peckham et al. 2016a; Rubinsztein et al. 2006).
Emotion regulation, or coping strategies, are important to control the intensity, duration, experience, and
expression of emotions (Gross 1998). Inadequate emotion regulation increases the risk for developing mental
problems. Previous studies on emotion regulation in a
bipolar sample with on average mild depressive symptoms showed that patients responded more frequently
to negative events by catastrophizing, self-blame, and
rumination, and that they made less use of putting into
perspective than healthy participants (Green et al. 2011;
Rowland et al. 2013). Investigations in euthymic patients
suggest that even in remission, patients tend to use maladaptive emotion regulation strategies in response to
negative experiences (Wolkenstein et al. 2014; Thomas
et al. 2007). One study in manic patients showed that
they made more use of active-coping and risk-taking than
remitted patients, depressed patients, or healthy controls
(Thomas et al. 2007).
It could be shown that bipolar patients with manic
episodes in their medical history tend to amplify positive emotions (e.g., by thinking about how happy and
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strong they feel) in response to positive affect compared
to individuals without prior manic episodes (Johnson
et al. 2008). Thus, it is probable that the predominant
polarity and maybe also the number of previous episodes
may have an influence on emotion regulation and attentional biases. Predominant polarity is a concept introduced in the last decade in bipolar disorder research
and assumes that a major part of patients suffers from
either predominantly manic or predominantly depressive course. The predominant polarity is operationalized by twice as many episodes of one disease pole than
of the other, which applies for at least half of the bipolar
patients (Carvalho et al. 2014; Colom et al. 2006). Besides
its association with specific clinical characteristics (Carvalho et al. 2014; Colom et al. 2006; Popovic et al. 2012)
the predominant polarity of a patient is a predictor for
the occurrence of future phases and may have clinical
relevance for the choice of mood stabilizing medication
(Carvalho et al. 2014; Popovic et al. 2012). The influence
of the predominant polarity on emotional regulation and
attentional biases has hardly been investigated. Another
important aspect which is widely unknown, is the relationship between attentional biases and emotional regulation in BD. There is first evidence that euthymic bipolar
patients, who tend to attenuate positive emotions, direct
their attention away from positive stimuli, what, however
could not be replicated in a subsequent study (Peckham
et al. 2016a, b). A better understanding of the relationship between predominant polarity, attentional bias and
emotion regulation could be relevant for improving the
treatment strategy in the euthymic phase of BD.
In summary, literature indicates that both, distorted
attention processes due to stimulus valence and dysfunctional emotion regulation strategies, are present in
BD. However, the findings are partly inconsistent, and
especially the extent to which the abnormalities persist
in the euthymic phase is unclear. Moreover, the connection between attentional biases and dysfunctional
emotion regulation as well as the possible influence of
predominant polarity are hardly understood. With this
study, we pursued the goal to contribute to the clarification of these questions. We recruited bipolar patients
in acute depression and in remission and stratified
them depending on their predominant polarity. Analogous to the study by Leyman and colleagues (Leyman
et al. 2009), we focused on bipolar patients in the acute
depressive phase, instead of manic phase, because
depressive episodes generally dominate the course of a
BD (Judd et al. 2002) and a higher number of previous
depressive episodes correlates with greater cognitive
deficits (Bearden et al. 2001). For examining selective attention to emotional stimuli, we used the DPT
(MacLeod et al. 1986) which has proven to be sensitive
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to attentional biases in BD (Leyman et al. 2009; Jongen
et al. 2007; Jabben et al. 2012). To compare the implicit
results of the DPT with explicit perception of the emotional faces, we assessed arousal and valence ratings of
the facial expressions. Previous studies on attentional
bias in bipolar patients or unipolar depressed patients
used different presentation durations of the emotional
stimuli (Leyman et al. 2009; Jongen et al. 2007; Jabben et al. 2012; Bradley et al. 1997; Gotlib et al. 2004).
Therefore, in the present study, the emotional faces
were presented for a short and a longer duration in the
DPT.
For acutely depressed patients (BP-acute-D) we
assumed a bias towards negative and away from positive stimuli compared to the healthy controls (HC). Since
Popovic and colleagues showed that the predominant
polarity is a predictor for the occurrence of future phases
(Popovic et al. 2012), we assumed that residual symptoms
according to the predominant polarity remain in the
euthymic interval which could cause a mood-congruent
attentional bias. Therefore, we expected a bias towards
positive and away from negative stimuli for euthymic
patients with a predominant manic polarity (BP-euth-M)
and a bias towards negative and away from positive stimuli for euthymic patients with a predominant depressive
polarity (BP-euth-D). Furthermore, we hypothesized that
the BP-acute-D will show slower reaction times than the
HC since psychomotor retardation is a common finding
in depression (Bennabi et al. 2013). Regarding emotion
regulation, we assumed that the patient groups and especially the BP-acute-D will score higher in catastrophizing,
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self-blame, and rumination, and lower in putting into
perspective, than the HC.

Methods
Recruitment and sample description

The study was conducted in the Department for Psychiatry, Psychosomatics and Psychotherapy of the University
Hospital Würzburg. The euthymic patients with manic
or depressive predominant polarity were recruited by
means of the patient register of the BD program of the
Department for Psychiatry, Psychosomatics and Psychotherapy. A total of 72 participants (aged 21 to 68 years,
35 females) were recruited, of which 20 were healthy controls and 52 were clinically ascertained and diagnosed
patients with a bipolar affective disorder I or II according to the criteria of the ICD-10. Participant groups were
matched for sex. The groups did not differ in terms of
age, education (number of school years), and handedness
(see Table 1).
Among the bipolar patients, 20 patients were in an
acute depressive phase (BP-acute-D) and 32 patients
were currently in remission, i.e., euthymic. Before including an acutely depressed patient, the diagnostic criteria
for a current depressive episode were evaluated by two
independent psychiatrists. In the group of euthymic
patients, 19 patients showed a predominant depressive
polarity (BP-euth-D), and 13 patients showed a predominant manic polarity (BP-euth-M). All participants were
informed about the study and gave written informed
consent. The study was in accordance with the Code of
Ethics of the World Medical Association (Declaration of

Table 1 Demographic variables of the four groups
BP-acute-D
(N = 20)

BP-euth-D
(N = 19)

BP-euth-M
(N = 13)

HC
(N = 20)

Female

10

9

7

10

Male

10

10

6

10

18

17

12

18

Sex (n)

Handedness (n)
Right
Left

2

1

1

1

Relearned left

0

1

0

1

χ2/
F

p

Post-hoc
tests

.13

.988

–

2.72

1

–

Age (M, SD)

43.9 (15.8)

47.4 (13.4)

46.5 (10.2)

44.0 (15.1)

.31

.822

–

School years (Mdn, IQR)

10.0 (3.5)

13.0 (3.0)

10.0 (2.5)

12.5 (3.0)

4.08

.253

–

IQa verbal (Mdn, IQR)

100.0 (10.0)

104.0 (24.0)

104.0 (20.0)

112.0 (16.0)

9.54

.023*

BP-acuteD < HC (z = 2.93,
p = 0.02)b

BP-acute-D patients in an acute depressive phase, BP-euth-D euthymic patients with a predominant depressive polarity, BP-euth-M euthymic patients with a
predominant manic polarity, HC healthy controls
a

Multiple-choice-vocabulary-test-B (Mehrfachwahl-Wortschatz-Intelligenztest; MWT-B)

b

Dunn-Bonferroni-Tests with adjustment for multiple comparisons

*p<0.05
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Helsinki) and was approved by the local Ethics Committee (University of Würzburg).
Exclusion criteria were neurological illnesses or
brain trauma, as well as substance abuse or dependence. Inclusion criterion for all groups was age 18 to 65
and an IQ > 70. For HC, in addition, mental health was
a prerequisite. Inclusion criterion for the patients was
the diagnosis of a bipolar-affective disorder, subtype I
or II, according to the diagnostic criteria of the ICD-10.
Patients who were currently in a mixed state or were
diagnosed with a different bipolar subtype (cyclothymia
or not otherwise specified), as well as patients with schizoaffective disorders, were not included in the study. The
euthymic patients had to be in remission for at least three
months (minor episodes within the last three months
without stationary treatment were allowed) and had to
score below the cut-off values for depression (≤ 12 in the
Montgomery Asberg Depression Scale; MADRS) and
mania (≤ 5 in the Young Mania Rating Scale; YMRS). For
an estimation of intelligence, all participants were tested
with the multiple-choice-vocabulary-test-B (Mehrfachwahl-Wortschatz-Intelligenztest; MWT-B) (Lehrl
et al. 1995). The BP-acute-D group showed a significantly
lower IQ score than the HC group (see Table 1). This is
likely to be attributable to an interaction of a selection
bias of the HC group (above-average IQ) and IQ deficits
in the BP-acute-D group due to depressive symptomatology. The German version of the Mini International Neuropsychiatric Interview (M.I.N.I.) (Ackenheil et al. 1999)
was conducted with the control participants to screen for
mental disorders.
Personal data were recorded in interviews, and clinical data were collected in an interview with the patients
and their relatives (Tables 2 and 3); also, chart reviews
were undertaken for all patients. For the BP-acute-D,
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the duration of the current stationary treatment was
assessed. For the euthymic patients, the number of weeks
since the beginning of remission, the number and polarity of previous episodes, as well as the polarity of the last
experienced episode was assessed (Table 2). Based on the
number of previous episodes, the predominant polarity
of the patients, i.e., depressive, or manic, was determined.
It was defined by twice as many episodes of one disease
pole than of the other.
Due to their predominant polarity the two euthymic
groups differed in the number of previous depressive and manic phases as well as in the polarity of the
last experienced episode. There was no significant difference in the number of weeks since the last episode
(depressive or manic) between the BP-euth-D and BPeuth-M (Table 2) or in the period of time since the last
depressive (Mdn = 142, IQR = 224) and manic episode
(Mdn = 32 weeks, IQR: 204) of all euthymic patients
regardless of their predominant polarity (U = 38.50,
z = − 1.486, p = 0.144).
BP-acute-D had been hospitalized on average for 2.3
(SD 1.8) weeks. In the BP-acute-D group, the proportion
of patients taking antidepressants was higher than in the
BP-euth-M group (Table 3). The proportion of patients
taking antipsychotics (which included quetiapine treatment) was higher in the BP-acute-D group than in the
BP-euth-D group (Table 3).
Data assessment
Current affect and emotion regulation

Current affect was assessed in all participants using the
German Version of the Positive and Negative Affect
Schedule (PANAS) (Watson et al. 1988; Krohne et al.
1996). PANAS is a self-report questionnaire with the
dimensions positive and negative affect, consisting of

Table 2 Number and polarity of episodes to date (euthymic patients)
BP-euth-D
(N = 19)

BP-euth-M
(N = 13)

U/χ2

Total number of episodes (Mdn, IQR)

7.0 (4.0)

7.0 (8.0)

110.0

Number of depressive episodes (Mdn, IQR)

5.0 (3.0)

2.0 (2.0)

14.5

P
.603
.000***

Number of manic episodes (Mdn, IQR)

1.0 (1.0)

5.0 (6.0)

40.5

Number of mixed episodes (Mdn, IQR)

0.0 (1.25)

0.0 (0.5)

101.5

.438

Number of weeks in remission (Mdn, IQR) a

104 (206)

156 (240)

101.5

.711

Polarity of the last experienced episode (n)b

7.25

Depressive

16 (84%)

3 (33%)

Manic

3 (16%)

6 (67%)

BP-euth-D euthymic patients with a predominant depressive polarity, BP-euth-M euthymic patients with a predominant manic polarity
a

For two patients of the BP-euth-D group the information about the number of weeks in remission was not available

b

One patient of the BP-euth-D and four patients of the BP-euth-M had rapid cycling or a mixed episode as last experienced episode

*p<0.05, ***p<0.001

.001**

.013*
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Table 3 Clinical variables of the bipolar patient groups
BP-acute-D
(N = 20)

BP-euth-D
(N = 19)

BP-euth-M
(N = 13)

Type I

8 (44%)

9 (47%)

11 (85%)

Type II

Bipolar Typea

Post-hoc χ2 tests with Bonferroni-correction

χ2

p

5.87

.053

–

10 (56%)

10 (53%)

2 (15%)

Age of onset of diseaseb

28.2 (12.5)

27.8 (11.0)

29.1 (10.8)

.16

.926

–

Number of inpatient s taysc

4.6 (6.2)

3.1 (2.3)

3.5 (2.9)

.99

.611

–

Medicationd
Antidepressants

19 (95%)

12 (63%)

6 (46%)

10.1

.006**

Lithium

11 (55%)

12 (63%)

9 (69%)

.71

.702

Valproate

5 (25%)

4 (21%)

3 (23%)

.20

1

BP-acute-D > BP-euth-M (χ2 = 10.236, p = .009)
–

–

Pregabalin

2 (10%)

1 (5%)

1 (8%)

.57

1

–

Lamotrigine

3 (15%)

1 (5%)

1 (8%)

1.10

.837

–

Antipsychotics

18 (90%)

7 (37%)

10 (77%)

13.2

.001**

Benzodiazepines

2 (10%)

3 (16%)

-

.29

.661

BP-acute-D > BP-euth-D (χ2 = 11.965, p = .003)

BP-acute-D patients in an acute depressive phase, BP-euth-D euthymic patients with a predominant depressive polarity, BP-euth-M euthymic patients with a
predominant manic polarity
a

Number and percentage of patients (for two patients of the BP-acute-D group the information about the bipolar type was not available)

b

Mean age and SD (for one patient of the BP-acute-D group the information about the age of onset of disease was not available)

c

N and SD

d

Number and percentage of patients

**p<0.01

10 items each. Depressive and manic symptoms of the
bipolar patients were assessed with the German version of the MADRS (Montgomery and Asberg 1979;
Schmidtke et al. 1985) and the YMRS (Young et al.
1978; Muehlbacher et al. 2011). Emotion regulation
strategies were retrieved with the German Version of
the Emotion Regulation Questionnaire (ERQ) (Gross
and John 2003; Abler and Kessler 2009) and a short version of the German Version of the Cognitive Emotion
Regulation Questionnaire (CERQshort) (Garnefski and
Kraaij 2006; Loch et al. 2011). The ERQ collects data on
emotional experience and expression of feelings, testing two common strategies of emotion regulation: (cognitive) reappraisal and the suppression of emotions. In
the general population, a high score in the dimension
‘reappraisal’ was shown to correlate negatively with
anxiety and depression, whereas a high score in the
dimension ‘suppression’ was shown to correlate positively with anxiety and depression (Wiltink et al. 2011).
The CERQshort consists of 18 items and samples data
on emotion regulation strategies when dealing with
negative experiences. Nine different dimensions are
covered: ‘self-blame’, ‘acceptance’, ‘rumination’, ‘positive
refocusing’, ‘planning’, ‘positive reappraisal’, ‘putting into
perspective’, ‘catastrophizing’, and ‘other-blame’. For the
longer version of the questionnaire, the CERQ, it was
shown that in the general population, high values in the
variables ‘self-blame’, ‘rumination’, and ‘catastrophizing’

correlate positively and high levels in ‘reappraisal’ correlate negatively with symptoms of depression and anxiety disorder (Garnefski and Kraaij 2007).
Dot‑probe task with emotional faces and stimulus rating

The DPT was performed using the software Presentation® (Neurobehavioral Systems, Inc., Berkeley, CA). The
task was presented on a 17-inch monitor and participants
were sitting at a distance of approx. 50 cm to the screen.
Each trial started with the presentation of a fixation cross
for a duration of 500 ms, where participants were asked
to focus on, in order to direct the view to the center of
the screen. Then two faces, one on the left and one on the
right side of the screen, appeared for 250 ms or 1250 ms:
an emotional face (either ‘sad’ or ‘happy’) paired with a
neutral face. Subsequently, a black dot appeared in place
of one of the two faces. In emotion-congruent trials, the
dot appeared in place of the emotional face and in emotion-incongruent trials the dot appeared in place of the
neutral face. Participants had to indicate the localization of the dot by pressing the key ‘L’ for the right side
and the key ‘S’ for the left side on a computer keyboard.
The pictures used as stimuli were taken from the Radboud Faces Database, which is freely accessible (Langner
et al. 2010). A happy, a sad and a neutral face of 14 female
and 14 male actors, each, were selected. Consequently,
a total of 84 pictures and 56 different pairings of neutral
and emotional pictures were available for the task. To
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achieve a sufficiently high number of trials, the pairings
were repeated once at random. Two runs with the same
112 trials were conducted. In one run the faces were presented for 250 ms and in the other run for 1250 ms. Half
of the participants of each group started with the shortstimulus run and the other half with the long-stimulus
run. Before the first run, all participants completed a test
run of about one minute, which was not included in the
data analysis. After the first run, there was a 5-min break.
Following the DPT, all happy and sad faces were once
again presented. In a valence rating, participants were
asked how pleasant or unpleasant they found the picture
(1 = very unpleasant; 9 = very pleasant). In an arousal rating, they were asked to indicate the degree of arousal at
the sight of the happy or sad face (1 = not arousing at all;
9 = very arousing).
Testing procedure

First, the M.I.N.I. (in the control subjects) and the (clinical) interviews were done. Second, the affective symptoms of the bipolar patients (MADRS, YMRS) were
assessed. Then, participants completed the MWT-B,
ERQ, CERQshort and the PANAS, in that order. Subsequently, the DPT was performed. The complete testing
took about one hour per participant. For data protection
reasons, all questionnaires were anonymized. At the end
of the test, the control participants and the participating
outpatients received an expense allowance of 10 and 15
euros, respectively.
Data analysis
Data preparation and comparisons

Sum scores of YMRS and MADRS were compared
between the patient groups. Sum scores of the dimension negative and positive affect of the PANAS, as well as
of the dimensions of the ERQ and the CERQshort were
compared between all groups. Error trials in the DPT,
i.e., trials in which participants did not detect the location of the dot correctly, and trials with reaction times
less than 200 ms and greater than 750 ms, were excluded
from the analysis. The number of error trials and the
number of trials outside the response window were compared between all groups. Individual mean reaction times
were calculated for emotion-congruent and emotionincongruent trials for the pairings neutral-happy and
neutral-sad for the two presentation durations. To be
able to make a statement about an attention bias towards
or away from the emotional stimulus, for each individual
the so-called bias score was determined for both emotions and both presentation durations: bias score = reaction time of emotion-incongruent trials minus reaction
time of emotion-congruent trials. A positive bias score
indicates a distortion of attention towards the emotional
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stimulus and a negative bias score indicates a distortion
of attention away from the emotional stimulus. Reaction times of the emotion-congruency combinations, i.e.,
happy-congruent, happy-incongruent, sad-congruent,
and sad-incongruent as well as the attentional bias scores
for happy and sad, were compared between all groups for
the two presentation durations separately. Furthermore,
in an exploratory approach, the attentional bias scores of
the euthymic patients were compared depending on the
last experienced phase (manic or depressive). Values of
the valence and arousal ratings were compared between
all groups, for the sad and happy faces separately.
Statistical tests

The data evaluation was carried out with the statistics
program SPSS for Windows, 24.0 (SPSS Inc., Chicago,
Illinois, USA). The significance level for all statistical tests
was p < 0.05 (trend: p < 0.1). Nominal scaled data was
compared with Chi-squared Test. All metric-scaled variables were tested for normal distribution using the Shapiro–Wilk test and for homogeneity of variance using the
Levene’s test. If one dataset of the to be compared datasets was nonparametric, a nonparametric test was chosen. For comparisons of non-normally distributed data
between all participant groups, the Kruskal–Wallis test
and post-hoc Dunn-Bonferroni tests with adjustment
for multiple comparisons were applied and for posthoc comparison of trend significance, the Mann–Whitney-U test was applied (Bonferroni corrected for the
number of group comparisons). For comparison of normally distributed data between more than two groups,
one-way ANOVAs and post-hoc Tukey HSD tests were
used. For normally, but not variance-homogenous data,
the Welch’s-test with Games-Howell post-hoc tests was
applied. The relationship between the bias scores and the
scores of the dimensions of the emotion regulation questionnaires was tested for each group separately, using
one-tailed bivariate correlations. If both variables were
normally distributed Pearson’s correlation coefficient was
calculated. If this was not the case Spearman’s rank correlation coefficient was calculated. The p-value was Bonferroni adjusted for multiple comparisons (for the number
of dimensions of the emotion regulation questionnaires
and the number of participant groups).

Results
Mood ratings and PANAS

Euthymic patients showed on average low MADRS scores
(see Table 4). The scores did not differ for BP-euth-M
and BP-euth-D (z = − 0.405, p = 1). BP-acute-D showed
scores which were on average in the range of moderate
depression severity and significantly higher than in the
euthymic patients (BP-acute-D/BP-euth-M: z = − 4.584,
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Table 4 Means (SD)/ medians (IQR) for the mood ratings and the current affect
BP-acute-D (N = 20) BP-euth-D
(N = 19)

BP-euth-M (N = 13) HC
(N = 20)

F /χ2 p

Post-hoc Tests

Mood ratings
MADRS (Mdn, IQR) 26.5 (8.5)

3.0 (4.0)

4.0 (8.0)

–

36.6

.000***

BP-acute-D > BP-euth-D & BP-euth-M

YMRS
(Mdn, IQR)

1.0 (2.75)

1.0 (3.0)

1.0 (2.0)

–

.39

.824

–

PA
(M, SD)

20.6 (5.6)

28.9 (7.0)

27.8 (5.7)

30.2 (5.2) 10.5

.000***

BP-acute-D < BP-euth-D, BP-euth-M
& HC

NA
(Mdn, IQR)

19.0 (8.0)

14.0 (5.0)

13.0 (17.0)

10.0 (1.0) 27.6

.000***

BP-acute-D & BP-euth-D > HC

Current affect (PANAS)

BP-acute-D patients in an acute depressive phase, BP-euth-D euthymic patients with a predominant depressive polarity, BP-euth-M euthymic patients with a
predominant manic polarity, HC healthy controls, MADRS Montgomery-Asberg Depression Rating Scale, YMRS Young Mania Rating Scale, PANAS Positive and Negative
Affect Scale, PA Positive affect, NA Negative affect
***p<0.001

p < 0.001; BP-acute-D/BP-euth-D: z = − 5.553, p < 0.001).
All three patient groups scored low in the YMRS and
there was no significant difference between the groups
(see Table 4). In the PANAS, as expected, there were significant group differences (see Table 4). The BP-acute-D
reported lower positive affect than the HC (p < 0.001) and
the euthymic patient groups (BP-euth-M: p = 0.005; BPeuth-D: p < 0.001). The BP-acute-D showed significantly
higher negative affect scores than the HC (z = − 5.227,
p < 0.001). Interestingly, the BP-euth-D also showed significantly higher negative affect than the HC (z = − 3.002,
p = 0.016).

Strategies for emotion regulation

The analysis of the ERQ scores over the groups
revealed a difference in both dimensions—‘reappraisal’
(χ2(3) = 14.585, p = 0.002) and ‘suppression’ (F(3,
68) = 2.82, p = 0.046). These differences were based on
the BP-acute-D showing significantly lower scores in the
dimension ‘reappraisal’ (Mdn = 23.0, IQR = 8.5, z = 3.744,
p = 0.001) and significantly higher scores in the dimension ‘suppression’ (M = 17.4, SD = 4.7; p = 0.049) than the
HC (Mdn = 28.5, IQR = 6.75; M = 12.9, SD = 5.3).
Scores of the CERQshort were significantly different between the groups in the dimensions ‘rumination’, ‘positive reappraisal’, ‘putting into perspective’ and

Table 5 Mean scores (SD)/ median scores (IQR) for the dimensions of the CERQshort
BP-acute-D BP-euth-D
(N = 20)
(N = 19)

BP-euth-M (N = 13) HC
F /χ2
(N = 20)

p

Post-hoc Tests

Rumination (Mdn, IQR)

7.0 (2.8)

6.0 (4.0)

7.0 (2.0)

4.0 (1.0)

χ2 (3) = 15.2

.002**

Positive reappraisal (Mdn, IQR)

4.0 (2.5)

6.0 (3.0)

6.0 (2.5)

7.0 (3.0)

χ2 (3) = 10.0

.019*

BP-euth-M (z = − 2.801,
p = .031) & BP-acute-D
(z = − 3.662, p = .002) > HC

Putting into perspective (M,
SD)

5.8 (1.7)

5.5 (1.5)

5.8 (1.6)

7.2 (1.5)

F (3,68) = 4.67 .005**

Catastrophizing (Mdn, IQR)

5.0 (3.0)

4.0 (3.0)

4.0 (3.0)

3.0 (2.0)

χ2 (3) = 15.3

.002**

Self-blame (M, SD)

5.1 (2.1)

5.1 (2.0)

6.2 (2.24)

4.3 (1.7)

Positive refocusing, (Mdn, IQR)

4.0 (1.0)

4.0 (2.0)

5.0 (2.0)

5.0 (2.8)

χ2 (3) = 7.78

F (3,68) = 2.49 .068
.051

Planning (Mdn, IQR)

5.5 (3.8)

6.0 (4.0)

6.0 (2.5)

8.0 (2.5)

χ2 (3) = 7.39

.060

BP-acute-D (z = 2.824,
p = .028) < HC

BP-euth-D (p = .006) & BP-acuteD (p = .032) < HC

BP-euth-D (z = − 2.937, p = .02)
& BP-acute-D (z = − 3.577,
p = .002) > HC
BP-euth-M (p = .039) > HC

BP-acute-D < HC (z = − 2.4,
p = .018) & BP-euth-M
(z = − 2.17, p = .03)

BP-acute-D < HC (z = − 2.54,
p = .011)

BP-acute-D patients in an acute depressive phase, BP-euth-D euthymic patients with a predominant depressive polarity, BP-euth-M euthymic patients with a
predominant manic polarity, HC healthy controls
*p<0.05, **p<0.01
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‘catastrophizing’ (see Table 5). Post-hoc tests revealed
that in the dimension ‘rumination’, the BP-euth-M and
the BP-acute-D showed higher scores than the HC, in the
dimension ‘positive reappraisal’, the BP-acute-D showed
lower values than the HC, in the dimension ‘putting into
perspective’, the BP-acute-D as well as the BP-euth-D
scored lower than the HC and in the dimension ‘catastrophizing’, the BP-acute-D as well as the BP-euth-D showed
higher values than the HC. Post-hoc tests for the trend
significances revealed that in the dimension ‘self-blame’
BP-euth-M showed higher scores than the HC, in the
dimension ‘positive refocusing’, BP-acute-D scored lower
than the HC and BP-euth-M and in the dimension ‘planning’ BP-acute-D showed lower scores then the HC.
Dot‑probe task
Trial exclusion and error rate

The average error rate and the average number of trials outside the response window was 1.4% each. The
four groups did not differ in the number of error trials (χ2(3) = 3.525, p = 0.317), but in the number of trials
outside the response window (χ2(3) = 16.641, p = 0.001).
Post-hoc tests revealed that the BP-acute-D (z = − 3.682,
p = 0.001) as well as the BP-euth-D (z = − 3.138,
p = 0.010) responded more often outside the response
window than the HC. The total of error trials and trials outside the response window (2.8%) were removed
and the data analyses were performed on the remaining
97.2% of trials.
Comparison of reaction times and bias scores

Reaction times differed for all four emotion-congruency
combinations over the four groups for both presentation
durations (see Table 6; Fig. 1). The subsequent post-hoc
tests showed that the BP-acute-D reacted significantly
slower than the HC in all emotion-congruency combinations and for both presentation durations.

Fig. 1 Reaction times in the dot-probe task with a stimulus
presentation duration of 250 ms (upper plot) and 1250 ms (lower
plot). Plotted are mean values (± SD) except for the condition ‘invalid
sad long’ where medians (± quartile) are shown. BP-acute-D patients
in an acute depressive phase, BP-euth-D euthymic patients with a
predominant depressive polarity, BP-euth-M euthymic patients with a
predominant manic polarity, HC healthy controls

The attentional bias scores showed no significant
difference between the groups neither for the short
(happy: χ2(3) = 7.01, p = 0.072; sad: F(3, 68) = 0.155,
p = 0.926), nor the long presentation duration (happy:

Table 6 Group comparisons of reaction times
Presentation
duration

Condition

Congruency

Welch’s F/χ2

p

p for BP-acute-D vs. HC

Short

Happy

congruent

5.53

.003**

.006**

incongruent

4.65

.008**

.011*

Sad

congruent

5.85

.002**

.004**

incongruent

5.83

.003**

.004**

Happy

congruent

3.01

.043*

.027*

incongruent

3.71

.020*

.012*

Sad

congruent

3.54

.024*

.015*

incongruent

9.46

.024*

.013*

Long

BP-acute-D patients in an acute depressive phase, HC healthy controls
*p<0.05, **p<0.01

Wenzel et al. International Journal of Bipolar Disorders

(2022) 10:16

Page 9 of 15

Fig. 2 Attentional bias scores in the dot probe task with happy and sad faces with a presentation duration of 250 ms (short) and 1250 ms (long). For
the ‘happy short’ condition medians (± quartile) and for the other conditions means (± SD) are plotted. BP-acute-D patients in an acute depressive
phase, BP-euth-D euthymic patients with a predominant depressive polarity, BP-euth-M euthymic patients with a predominant manic polarity, HC
healthy controls

Fig. 3 Positive Spearman’s rank-order correlations between bias scores for the sad faces with a presentation duration of 1250 ms and the
dimension reappraisal (from the ERQ for the BP-euth-D group and from the CERQshort for the HC group). BP-euth-D = euthymic patients with a
predominant depressive polarity; HC = healthy controls

F(3, 68) = 1.095, p = 0.357; sad: F(3, 68) = 0.515,
p = 0.674; see Fig. 2). Since the condition ‘happy’ with
short presentation duration showed a trend for significance, we here performed post-hoc group comparisons. The attentional bias scores differed significantly
between the BP-euth-M and the HC (U = 55.0, p = 0.03,
r = − 0.48), with the BP-euth-M showing a more negative bias score than the HC. For the other group comparisons, there was no significant difference (HC vs.

BP-euth-D: U = 145.5, p = 1, r = − 0.2; HC vs. BP-acuteD: U = 199, p = 1, r = − 0.004; BP-euth-M vs. BP-euthD: U = 88, p = 1, r = − 0.24; BP-acute-D vs. BP-euth-D:
U = 157, p = 1, r = − 0.148; BP-euth-M vs. BP-acuteD: U = 82, p = 0.48, r = − 0.161). The attentional bias
scores of the euthymic patients in dependence on the
last experienced phase (manic or depressive) showed no
significant difference for emotion or presentation duration (p’s > 0.05).
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Fig. 4 Rating scores of face pictures regarding valence (1 = very
unpleasant; 9 = very pleasant) and arousal (1 = not arousing at all;
9 = very arousing). For the ‘valence sad condition’ means (± SD) and
for the other conditions medians (± quartile) are plotted. BP-acute-D
patients in an acute depressive phase, BP-euth-D euthymic patients
with a predominant depressive polarity, BP-euth-M euthymic patients
with a predominant manic polarity, HC healthy controls

Correlations between emotion regulation and bias scores

Spearman’s correlations revealed a strong, positive correlation between the bias score for sad faces,
which were presented for 1250 ms, and the dimension
reappraisal of the ERQ for the BP-euth-D (rs = 0.687,
n = 19, p = 0.025, see Fig. 3). For the HC, there was a
strong, positive correlation between the bias score for
sad faces, which were presented for 1250 ms, and the
dimension reappraisal of the CERQshort (rs = 0.714,
n = 20, p = 0.009, see Fig. 3).
Valence and arousal rating

There was a significant group difference in the arousal
rating of sad faces (χ2(3) = 12.6, p = 0.005, see Fig. 4).
Post-hoc tests showed that the BP-acute-D (z = − 2.915,
p = 0.021) and the BP-euth-M (z = − 3.032, p = 0.015)
showed higher arousal ratings then the HC. Comparisons for arousal ratings of happy faces and for valence
over the four groups were not significant (valence sad:
F(3, 68) = 1.039, p = 0.381; valence happy: χ2(3) = 6.312,
p = 0.097; arousal happy: χ2(3) = 3.486, p = 0.323).

Discussion
Higher negative affect scores in acutely depressed
bipolar patients and euthymic patients with depressive
predominant polarity

The mood disturbances of acutely depressed bipolar
patients are reflected in the negatively distorted PANAS
scores. Interestingly, not only acutely ill patients were
found to have higher negative affect scores than HCs
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but also euthymic patients with depressive predominant polarity. Whether this might reflect sub-threshold
affective symptoms as a residual effect of acute episodes
or as an enduring personality trait remains to be established. Similar findings were reported by Van der Gucht
and colleagues who compared PANAS scores in bipolar
patients and healthy controls (Gucht et al. 2009). As in
our study, the depressed patients reported less positive
affect and higher negative affect than the control group.
The euthymic patients who were not grouped according
to their predominant polarity reported higher negative
affect than the control group. Given our results, it can
be assumed that this effect was driven by the euthymic
patients with predominant depressive polarity. On the
other hand, Lomax and colleagues did not report significant differences in current positive or negative affect for
euthymic bipolar patients compared to a healthy control
group (Lomax et al. 2009).
Use of maladaptive emotion regulation strategies
in the acute depressive and euthymic phase

The present work shows very clearly that bipolar patients,
especially in the acute depressive phase, but also in the
euthymic phase, tend to use dysfunctional emotion regulation strategies. These results are consistent with numerous previous studies which showed emotion regulation
deficiencies in bipolar patients in terms of increased use
of maladaptive strategies and less frequent use of functional strategies (Green et al. 2011; Rowland et al. 2013;
Dodd et al. 2019; Lima et al. 2018). The more frequent
use of maladaptive strategies also persists in the euthymic
phase (Wolkenstein et al. 2014; Thomas et al. 2007; Oh
et al. 2019). Concerning the suppression of emotions
which was reported by the BP-acute-D in our study there
is evidence that individuals who suppress their emotions
have a higher risk for depressive and anxiety disorders
(Dodd et al. 2019; Gross and John 2003; Campbell-Sills
et al. 2006). Our study is the first to investigate whether
euthymic patients with depressive and manic polarity differ in emotion regulation strategies. The two euthymic
groups did not differ significantly in any dimension of
emotion regulation. However, their reported dysfunctional behavior applied to different dimensions of emotion regulation what suggests distinct deficits in these
two patient groups. Again, it needs to be determined
whether this is an effect of the last affective episode, or a
trait going along with the disease as such.
Poorer response capacity in acutely depressed bipolar
patients

As expected, BP-acute-D showed slower reaction times
than the HC in all conditions. These results are consistent
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with results from other neuropsychological tests, like the
Speed and Capacity of Language Processing Test and
the Digit Symbol Substitution Test (Malhi et al. 2007;
Gallagher et al. 2014). In our study, reaction times of
the euthymic patients differed statistically neither from
the BP-acute-D nor from the HC but were numerically
longer than for the HC indicating a persistence of minor
deficits. Previous studies using neurocognitive tests in
euthymic patients provided mixed results (Malhi et al.
2007; Hulvershorn et al. 2012; Wilder-Willis et al. 2001;
Fleck et al. 2005). This goes in line with a review by Cullen and colleagues which suggests that the prevalence of
impaired speed and reaction time in euthymic individuals is about one third (Cullen et al. 2016). One aspect that
must be considered is a potential medication effect that
may impact cognitive speed as measured by proxy with
reaction times; this might be of relevance especially for
acutely depressed patients who took significantly more
antidepressants or antipsychotics than the euthymic
patients with manic polarity or depressive polarity.
Indeed, there is evidence that antidepressant doses correlate negatively with reaction times (Kalb et al. 2006).
Attentional bias away from happy faces in euthymic
patients with manic predominant polarity

Our assumption that acutely depressed patients will
show a bias towards negative stimuli could not be confirmed in the present study. An absence of a bias towards
sad stimuli in acutely depressed bipolar patients was also
reported for an Affective Go/No-go Task by Rubinsztein and colleagues (2006). However, several studies have
shown a mood-congruent distortion of attention towards
negative stimuli in acutely depressed bipolar patients
(Lyon et al. 1999; García-Blanco et al. 2013). Other findings point to an attentional bias away from emotional
stimuli (Jongen et al. 2007), or to a bias towards angry
as well as happy expressions (Leyman et al. 2009). One
possible explanation for these inconsistent results is
the usage of different neuropsychological tests and a
small sample size in some of the studies. In sum, a clear
mood-congruent bias, as seems to be present in unipolar
depression (Leppänen 2006; Joormann and Gotlib 2007;
Armstrong and Olatunji 2012), cannot be assumed for
acute depression in BD.
Based on the hypothesis of Popovic and colleagues that
residual symptoms may remain even in the euthymic
interval (Popovic et al. 2012) we expected a mood-congruent bias for the euthymic patients, depending on their
predominant polarity. However, this assumption proves
to be wrong as both BP-euth-M and BP-euth-D patients
showed a quite similar pattern in the PANAS: increased
negative and reduced positive affect as compared to controls (no significant difference though). Furthermore,
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our results of the DPT do not support this theory since
BP-euth-M directed their attention away from positive
stimuli and BP-euth-D showed no attention bias at all.
Similar to our finding in the BP-euth-M, some studies
in euthymic patients or stable outpatients (not grouped
according to predominant polarity) also revealed a negativity bias, i.e., an attentional bias toward negative stimuli
or away from positive stimuli (Jongen et al. 2007; Gopin
et al. 2011). Interestingly, our finding was only evident for
the short presentation duration of 250 ms. This suggests
that avoidance of positive stimuli in patients with manic
polarity only occurs during early phases of information
processing which was also reported in a study by Leyman and colleagues (Leyman et al. 2009). The absence of
an effect in the DPT in the BP-euth-D is in accordance
with studies about attentional biases which did not find
any differences between euthymic patients (not grouped
according to predominant polarity) and healthy controls
(Peckham et al. 2016a; Jabben et al. 2012). The fact that
patients with manic polarity directed their attention away
from happy faces in the present study can be interpreted
in several ways. It is possible that patients with predominant manic polarity suffer from subdepressed mood and
negative cognitive schemes also in the euthymic interval,
as it is suggested that manic state is a “defense” or counterreaction to underlying depressive tendencies (Alloy
et al. 2006). Alternatively, the bias away from positive
stimuli could be interpreted as a protective mechanism
against potential triggers of mania. Future studies with a
larger sample, also including patients in an acute mania,
should be conducted to confirm our finding. Moreover,
it should be investigated whether avoidance of positive
stimuli protects euthymic patients with manic predominant polarity efficiently against a disease relapse and if
this strategy could be integrated in psychotherapeutic
interventions.
Correlation between attentional bias and emotion
regulation

In the BP-euth-D and HC, increased reported use of
reappraisal in the emotion regulation questionnaires was
related to a stronger distortion of attention towards sad
faces in the condition of longer face presentation in the
DPT. As the paradigms and presentation times of the
stimuli in previous studies differ greatly, the results are
only comparable to a limited extent. Contradictory to our
results, previous studies found a positive relation of the
use of reappraisal and the reduction of negative attention bias (Sanchez et al. 2016; Vanderhasselt et al. 2013).
However, results by Adam and colleagues go in the same
direction as our results (Adam et al. 2014). Studies suggest that using reappraisal for negative input reduces
experience of negative affect (Ochsner et al. 2002) and
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increases distress tolerance (Naragon-Gainey et al. 2017).
The increased attentional bias for negative stimuli of participants reporting more use of reappraisal might reflect
an engagement due to the application of reappraisal and/
or a longer tolerance of the sad stimuli.
Higher arousal to sad faces in acutely depressed bipolar
patients and euthymic patients with manic predominant
polarity

The BP-acute-D as well as the BP-euth-M reported significantly higher arousal than the HC when presented with
the sad faces used in the DPT. For the BP-acute-D, this
goes in line with a study by Branco and colleagues showing that bipolar patients with an average mild depressive symptomatology perceived the intensity of negative
facial stimuli stronger than healthy subjects (Branco
et al. 2018). This finding is corroborated by a neuroimaging study which revealed an increased neural activity to
negative, but also to positive stimuli in this patient group
(Lawrence et al. 2004). Contradictory to our results of
the BP-euth-M there is evidence for a decreased neural
activity to sad faces in mania (Lennox et al. 2004). Our
data on the arousal level and the PANAS scores argue
that regardless of the predominant polarity depressive
traits are more discernible than manic traits in phases of
remission. Whether this is specific to our sample remains
to be determined but it fits to studies suggesting that
disease burden of bipolar disorders is mostly attributable to depression. It is assumed that stimuli which are
perceived as particularly arousing are processed preferentially (Mather and Sutherland 2011) indicating that
there is a connection between emotional arousal and
selective attention (Lee et al. 2014; Phelps 2006). However, this hypothesis could not be confirmed in our work
since acutely depressed and euthymic patients with
manic polarity showed increased arousal to sad faces,
but no attentional bias towards them. Further studies are
needed to shed more light on these connections in bipolar disorder.
Limitations

A strength of the present study is that both, acutely
depressed and euthymic bipolar patients, were examined. Particularly, euthymic patients were grouped
according to their predominating polarity which enabled a more precise comparison of cognitive deficits
in different subtypes of the disorder. Nevertheless, one
should consider some limitations when interpreting
the results. First, it should be noted that information
about the clinical characteristics was collected through
interviews with the patients and is therefore subjective.
Although the polarity of the last episode has not had a
significant effect on the attentional bias score and the
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period of time since the last depressive and manic episode of all euthymic patients did not differ significantly,
a time-related effect of the last episode on the attentional
bias cannot be completely ruled out. Furthermore, the
whole sample size of the study is rather small especially
in the group of BP-euth-M since bipolar patients are
more likely to suffer from depressive than manic episodes (Judd et al. 2002). One must consider that the 52
bipolar patients include 22 patients with Bipolar Disorder Type II leading to a less homogenous cohort. Also,
the classification of the euthymic patients into their predominant polarity further reduces the sample size of
the subgroups and the statistical power. Another limitation is that only patients in acute depression, but not in
mania, were included in the study, the reason being that
only very few patients are both willing and able to conduct such studies during an acute manic episode. Thus,
for getting a more complete understanding of emotion
regulation and attentional biases in BD, further studies
including a group of manic patients and greater sample
sizes with a higher statistical power should be conducted.
When interpreting our results, one must consider that
especially the acutely depressed patients took several
types of psychotropic drugs. Since some studies point to
a negative effect of mood-stabilizing drugs on cognitive
performance (Bilderbeck et al. 2017; Holmes et al. 2008)
an influence of drug therapy cannot be ruled out. Furthermore, it should be noted that the present work exclusively investigated which emotion regulation strategies
were applied to negative, but not to positive events and
feelings. There is evidence that patients whose thoughts
repeatedly revolve around positive experiences are more
likely to switch into a manic phase (Gruber et al. 2011) or
exhibit hypomanic symptoms (Raes et al. 2010). Therefore, the way euthymic patients deal with both, negative
and positive affect, should be considered in future studies
(Wolkenstein et al. 2014) to identify specific maladaptive
emotion regulation mechanisms that could help to predict depressive or manic phases.

Conclusions
This study contributes to the understanding of emotion perception and regulation in BD and provides valuable impulses for future research. It is one of few studies
where euthymic patients were grouped according to
their predominant polarity. Our results demonstrate that
patients with predominant depressive and manic polarity show diverse cognitive patterns which highlights the
importance of characterizing euthymic patients in more
detail. We found that euthymic bipolar patients with
predominant manic polarity showed a cognitive bias
away from positive stimuli in a DPT and reported more
arousal to negative stimuli whereas euthymic bipolar
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patients with predominant depressive polarity reported
more negative affect and more dysfunction in emotion
regulation strategies than euthymic bipolar patients with
predominant manic polarity. Our negative finding in the
DPT for the acutely depressed group indicates that there
is no clear evidence for an attentional negativity bias in
depressed bipolar patients. The attention away from positive stimuli within the BP-euth-M can be interpreted as a
protection mechanism for triggers of mania.
For future studies, we recommend the examination
of euthymic patients with particular respect to their
predominant polarity in more detail since dysfunctional emotional cognition and regulation can trigger
a relapse into a depressive or manic phase (Wolkenstein et al. 2014) and thus further insights could be
helpful to prevent relapses (Rheenen et al. 2015). Likewise, longitudinal studies with bipolar patients in the
different phases of the disease would contribute to a
deeper understanding of dysfunctional emotional cognition and regulation. This would also allow to better
determine whether distorted attention processes and
dysfunctional coping mechanisms are trait or state
characteristics. The identification of such traits could
help to decipher genetic markers associated with a
higher risk for the development of BD (e.g., polygenic
risk scores for mania or depression). Since studies
with depressive patients prove that the processing of
emotional information can be influenced by cognitive
training (MacLeod et al. 2002), it should be examined
in more detail how bipolar patients benefit from such
therapeutic interventions.
Abbreviations
BD: Bipolar disorder; BP-acute-D: Bipolar patients in a depressive state;
BP-euth-M: Euthymic patients with manic predominant polarity; BP-euth-D:
Euthymic patients with depressive predominant polarity; HC: Healthy control
participants; DPT: Dot-probe task; MADRS: Montgomery Asberg Depression
Scale; YMRS: Young Mania Rating Scale; MWT-B: Multiple-choice-vocabularytest-B; Mehrfachwahl-Wortschatz-Intelligenztest; PANAS: Positive and Negative
Affect Schedule; ERQ: Emotion Regulation Questionnaire; CERQshort: Short
Cognitive Emotion Regulation Questionnaire.
Acknowledgements
Not applicable
Author contributions
AR, JV and MW designed the study and wrote the protocol. MW conducted
the testing. MW did the literature searches and the data analyses. JV assisted
in the statistical analysis. HA interpreted the data and wrote the manuscript.
AR, JV and MW interpreted the data and corrected the manuscript. All authors
read and approved the final manuscript.
Funding
Open Access funding enabled and organized by Projekt DEAL. The experiment
was financed by a grant of the German Excellence Initiative to the Graduate
School of Life Sciences, University of Wuerzburg, to JV, as well as by the grants
DFG SFB 1193 Z03 and BMBF BipoLife to AR.

Page 13 of 15

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All participants were informed about the study and gave written informed
consent. The study was in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) and was approved by the local
Ethics Committee (University of Würzburg).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Psychiatry, Psychosomatic Medicine and Psychotherapy,
University Hospital, Goethe University, Frankfurt, Germany. 2 Department
of Psychiatry, Psychotherapy and Psychosomatic Medicine, University Hospital,
University of Würzburg, Würzburg, Germany. 3 Department of Neurology,
Technical University of Munich (TU), Munich, Germany.
Received: 8 August 2021 Accepted: 31 May 2022

References
Abler B, Kessler H. Emotion regulation questionnaire—Eine deutschsprachige
Fassung des ERQ von Gross & John. Diagnostica. 2009;55:144–52.
Ackenheil M, Stotz-Ingenlath G, Dietz-Bauer R, Vossen, A. M.I.N.I. Mini
International Neuropsychiatric Interview. German Version 5.0.0, DSM-IV.
München: Psychiatrische Universitätsklinik München; 1999.
Adam R, Schönfelder S, Forneck J, Wessa M. Regulating the blink: cognitive
reappraisal modulates attention. Front Psychol. 2014;5:143.
Alloy LB, Abramson LY, Walshaw PD, Neeren AM. Cognitive vulnerability to unipolar and bipolar mood disorders. J Soc Clin Psychol. 2006;25(7):726–54.
Armstrong T, Olatunji BO. Eye tracking of attention in the affective disorders: a
meta-analytic review and synthesis. Clin Psychol Rev. 2012;32(8):704–23.
Bearden CE, Hoffman KM, Cannon TD. The neuropsychology and neuroanatomy of bipolar affective disorder: a critical review. Bipolar Disord.
2001;3(3):106–50 (discussion 51-3).
Bennabi D, Vandel P, Papaxanthis C, Pozzo T, Haffen E. Psychomotor retardation
in depression: a systematic review of diagnostic, pathophysiologic, and
therapeutic implications. BioMed Res Int. 2013. https://doi.org/10.1155/
2013/158746.
Bilderbeck AC, Atkinson LZ, Geddes JR, Goodwin GM, Harmer CJ. The effects of
medication and current mood upon facial emotion recognition: findings
from a large bipolar disorder cohort study. J Psychopharmacol (oxford,
England). 2017;31(3):320–6.
Bortolato B, Miskowiak KW, Köhler CA, Vieta E, Carvalho AF. Cognitive dysfunction in bipolar disorder and schizophrenia: a systematic review of metaanalyses. Neuropsychiatr Dis Treat. 2015;11:3111–25.
Bradley BP, Mogg K, Lee SC. Attentional biases for negative information in induced and naturally occurring dysphoria. Behav Res Ther.
1997;35(10):911–27.
Branco LD, Cotrena C, Ponsoni A, Salvador-Silva R, Vasconcellos SJL, Fonseca
RP. Identification and perceived intensity of facial expressions of emotion in bipolar disorder and major depression. Arch Clin Neuropsychol.
2018;33(4):491–501.
Campbell-Sills L, Barlow DH, Brown TA, Hofmann SG. Acceptability and suppression of negative emotion in anxiety and mood disorders. Emotion
(washington, DC). 2006;6(4):587–95.
Carvalho AF, McIntyre RS, Dimelis D, Gonda X, Berk M, Nunes-Neto PR, et al.
Predominant polarity as a course specifier for bipolar disorder: a systematic review. J Affect Disord. 2014;163:56–64.

Wenzel et al. International Journal of Bipolar Disorders

(2022) 10:16

Colom F, Vieta E, Daban C, Pacchiarotti I, Sánchez-Moreno J. Clinical and therapeutic implications of predominant polarity in bipolar disorder. J Affect
Disord. 2006;93(1–3):13–7.
Cullen B, Ward J, Graham NA, Deary IJ, Pell JP, Smith DJ, et al. Prevalence and
correlates of cognitive impairment in euthymic adults with bipolar disorder: a systematic review. J Affect Disord. 2016;205:165–81.
Dodd A, Lockwood E, Mansell W, Palmier-Claus J. Emotion regulation strategies in bipolar disorder: a systematic and critical review. J Affect Disord.
2019;246:262–84.
Duggirala SX, Schwartze M, Pinheiro AP, Kotz SA. Interaction of emotion and
cognitive control along the psychosis continuum: a critical review. Int J
Psychophysiol. 2020;147:156–75.
Fagiolini A, Forgione R, Maccari M, Cuomo A, Morana B, Dell’Osso MC, et al.
Prevalence, chronicity, burden and borders of bipolar disorder. J Affect
Disord. 2013;148(2–3):161–9.
Ferrari AJ, Stockings E, Khoo J-P, Erskine HE, Degenhardt L, Vos T, et al. The
prevalence and burden of bipolar disorder: findings from the Global
Burden of Disease Study 2013. Bipolar Disord. 2016;18(5):440–50.
Fleck DE, Shear PK, Strakowski SM. Processing efficiency and sustained attention in bipolar disorder. J Int Neuropsychol Soc JINS. 2005;11(1):49–57.
Gallagher P, Gray JM, Watson S, Young AH, Ferrier IN. Neurocognitive functioning in bipolar depression: a component structure analysis. Psychol Med.
2014;44(5):961–74.
García-Blanco A, Perea M, Livianos L. Mood-congruent bias and attention shifts in the different episodes of bipolar disorder. Cogn Emot.
2013;27(6):1114–21.
Garnefski N, Kraaij V. Cognitive emotion regulation questionnaire—development of a short 18-item version (CERQ-short). Personality Individ Differ.
2006;41(6):1045–53.
Garnefski N, Kraaij V. The cognitive emotion regulation questionnaire. Eur J
Psychol Assess. 2007;23(3):141–9.
Gopin CB, Burdick KE, Derosse P, Goldberg TE, Malhotra AK. Emotional modulation of response inhibition in stable patients with bipolar I disorder: a
comparison with healthy and schizophrenia subjects. Bipolar Disord.
2011;13(2):164–72.
Gotlib IH, Krasnoperova E, Yue DN, Joormann J. Attentional biases for negative interpersonal stimuli in clinical depression. J Abnorm Psychol.
2004;113(1):121–35.
Grabowski K, Rynkiewicz A, Lassalle A, Baron-Cohen S, Schuller B, Cummins N,
et al. Emotional expression in psychiatric conditions: new technology for
clinicians. Psychiatry Clin Neurosci. 2019;73(2):50–62.
Green MJ, Lino BJ, Hwang E-J, Sparks A, James C, Mitchell PB. Cognitive regulation of emotion in bipolar I disorder and unaffected biological relatives.
Acta Psychiatr Scand. 2011;124(4):307–16.
Gross JJ. The emerging field of emotion regulation: an integrative review. Rev
Gen Psychol. 1998;2(3):271–99.
Gross JJ, John OP. Individual differences in two emotion regulation processes:
implications for affect, relationships, and well-being. J Pers Soc Psychol.
2003;85(2):348–62.
Gruber J, Eidelman P, Johnson SL, Smith B, Harvey AG. Hooked on a feeling:
rumination about positive and negative emotion in inter-episode bipolar
disorder. J Abnorm Psychol. 2011;120(4):956–61.
Holmes MK, Erickson K, Luckenbaugh DA, Drevets WC, Bain EE, Cannon DM,
et al. A comparison of cognitive functioning in medicated and unmedicated subjects with bipolar depression. Bipolar Disord. 2008;10(7):806–15.
Hulvershorn LA, Karne H, Gunn AD, Hartwick SL, Wang Y, Hummer TA, et al.
Neural activation during facial emotion processing in unmedicated bipolar depression, euthymia, and mania. Biol Psychiat. 2012;71(7):603–10.
Jabben N, Arts B, Jongen EMM, Smulders FTY, van Os J, Krabbendam L. Cognitive processes and attitudes in bipolar disorder: a study into personality,
dysfunctional attitudes and attention bias in patients with bipolar disorder and their relatives. J Affect Disord. 2012;143(1–3):265–8.
Johnson SL, McKenzie G, McMurrich S. Ruminative responses to negative and
positive affect among students diagnosed with bipolar disorder and
major depressive disorder. Cogn Ther Res. 2008;32(5):702–13.
Jongen EMM, Smulders FTY, Ranson SMG, Arts BMG, Krabbendam L. Attentional bias and general orienting processes in bipolar disorder. J Behav
Ther Exp Psychiatry. 2007;38(2):168–83.
Joormann J, Gotlib IH. Selective attention to emotional faces following recovery from depression. J Abnorm Psychol. 2007;116(1):80–5.

Page 14 of 15

Judd LL, Akiskal HS, Schettler PJ, Endicott J, Maser J, Solomon DA, et al. The
long-term natural history of the weekly symptomatic status of bipolar I
disorder. Arch Gen Psychiatry. 2002;59(6):530–7.
Judd LL, Schettler PJ, Akiskal HS, Coryell W, Leon AC, Maser JD, et al.
Residual symptom recovery from major affective episodes in bipolar
disorders and rapid episode relapse/recurrence. Arch Gen Psychiatry.
2008;65(4):386–94.
Kalb R, Dörner M, Kalb S. Opposite effects of depression and antidepressants
on processing speed and error rate. Prog Neuropsychopharmacol Biol
Psychiatry. 2006;30(2):244–50.
King S, Stone JM, Cleare A, Young AH. A systematic review on neuropsychological function in bipolar disorders type I and II and subthreshold bipolar
disorders-something to think about. CNS Spectr. 2019;24(1):127–43.
Krohne HW, Egloff B, Kohlmann C-W, Tausch A. Untersuchungen mit einer
deutschen Version der “Positive and Negative Affect Schedule” (PANAS).
Diagnostica. 1996;42(2):139–56.
Kurtz MM, Gerraty RT. A meta-analytic investigation of neurocognitive deficits
in bipolar illness: profile and effects of clinical state. Neuropsychology.
2009;23(5):551–62.
Langner O, Dotsch R, Bijlstra G, Wigboldus DHJ, Hawk ST, van Knippenberg A.
Presentation and validation of the Radboud Faces Database. Cogn Emot.
2010;24(8):1377–88.
Lawrence NS, Williams AM, Surguladze S, Giampietro V, Brammer MJ, Andrew
C, et al. Subcortical and ventral prefrontal cortical neural responses to
facial expressions distinguish patients with bipolar disorder and major
depression. Biol Psychiat. 2004;55(6):578–87.
Lee T-H, Sakaki M, Cheng R, Velasco R, Mather M. Emotional arousal amplifies
the effects of biased competition in the brain. Soc Cogn Affect Neurosci.
2014;9(12):2067–77.
Lehrl S, Triebig G, Fischer B. Multiple choice vocabulary test MWT as a valid
and short test to estimate premorbid intelligence. Acta Neurol Scand.
1995;91(5):335–45.
Lennox BR, Jacob R, Calder AJ, Lupson V, Bullmore ET. Behavioural and neurocognitive responses to sad facial affect are attenuated in patients with
mania. Psychol Med. 2004;34(5):795–802.
Leppänen JM. Emotional information processing in mood disorders: a
review of behavioral and neuroimaging findings. Curr Opin Psychiatry.
2006;19(1):34–9.
Leyman L, Raedt RD, Koster EH. Attentional biases for emotional facial stimuli
in currently depressed patients with bipolar disorder. Int J Clin Health
Psychol. 2009;9(3):393–410.
Lima IMM, Peckham AD, Johnson SL. Cognitive deficits in bipolar disorders:
implications for emotion. Clin Psychol Rev. 2018;59:126–36.
Loch N, Hiller W, Witthöft M. Der cognitive emotion regulation questionnaire
(CERQ). Z Klin Psychol Psychother. 2011;40(2):94–106.
Lomax CL, Barnard PJ, Lam D. Cognitive processing in bipolar disorder conceptualized using the Interactive Cognitive Subsystems (ICS) model. Psychol
Med. 2009;39(5):773–83.
Lyon HM, Startup M, Bentall RP. Social cognition and the manic defense: attributions, selective attention, and self-schema in bipolar affective disorder.
J Abnorm Psychol. 1999;108(2):273–82.
MacLeod C, Mathews A, Tata P. Attentional bias in emotional disorders. J
Abnorm Psychol. 1986;95(1):15–20.
MacLeod C, Rutherford E, Campbell L, Ebsworthy G, Holker L. Selective
attention and emotional vulnerability: assessing the causal basis of their
association through the experimental manipulation of attentional bias. J
Abnorm Psychol. 2002;111(1):107–23.
Malhi GS, Ivanovski B, Hadzi-Pavlovic D, Mitchell PB, Vieta E, Sachdev P. Neuropsychological deficits and functional impairment in bipolar depression,
hypomania and euthymia. Bipolar Disord. 2007;9(1–2):114–25.
Mann-Wrobel MC, Carreno JT, Dickinson D. Meta-analysis of neuropsychological functioning in euthymic bipolar disorder: an update and investigation
of moderator variables. Bipolar Disord. 2011;13(4):334–42.
Mather M, Sutherland MR. Arousal-biased competition in perception and
memory. Perspect Psychol Sci J Assoc Psychol Sci. 2011;6(2):114–33.
Mathews A, MacLeod C. Cognitive vulnerability to emotional disorders. Annu
Rev Clin Psychol. 2005;1:167–95.
Montgomery SA, Asberg M. A new depression scale designed to be sensitive
to change. Br J Psychiatry J Mental Sci. 1979;134:382–9.

Wenzel et al. International Journal of Bipolar Disorders

(2022) 10:16

Muehlbacher M, Egger C, Kaplan P, Simhandl C, Grunze H, Geretsegger C, et al.
Relibilität und Übereinstimmungsvalidität der deutschen Version der
Young Mania Rating Scale (YMRS-D). Neuropsychiatrie. 2011;25(1):1–10.
Naragon-Gainey K, McMahon TP, Chacko TP. The structure of common emotion regulation strategies: a meta-analytic examination. Psychol Bull.
2017;143(4):384–427.
Ochsner KN, Bunge SA, Gross JJ, Gabrieli JDE. Rethinking feelings: an
FMRI study of the cognitive regulation of emotion. J Cogn Neurosci.
2002;14(8):1215–29.
Oh DH, Lee S, Kim SH, Ryu V, Cho H-S. Low working memory capacity in
euthymic bipolar I disorder: no relation to reappraisal on emotion regulation. J Affect Disord. 2019;252:174–81.
Panchal P, Kaltenboeck A, Harmer CJ. Cognitive emotional processing across
mood disorders. CNS Spectr. 2019;24(1):54–63.
Peckham AD, Johnson SL, Tharp JA. Eye tracking of attention to emotion in
bipolar I disorder: links to emotion regulation and anxiety comorbidity.
Int J Cogn Ther. 2016a;9(4):295–312.
Peckham AD, Johnson SL, Gotlib IH. Attentional bias in euthymic bipolar I
disorder. Cogn Emot. 2016b;30(3):472–87.
Phelps EA. Emotion and cognition: insights from studies of the human amygdala. Annu Rev Psychol. 2006;57:27–53.
Popovic D, Reinares M, Goikolea JM, Bonnin CM, Gonzalez-Pinto A, Vieta E.
Polarity index of pharmacological agents used for maintenance treatment of bipolar disorder. Eur Neuropsychopharmacol. 2012;22(5):339–46.
Raes F, Daems K, Feldman GC, Johnson SL, van Gucht D. A psychometric evaluation of the Dutch version of the responses to positive affect questionnaire. Psychol Belg. 2010;49(4):293.
Robinson LJ, Thompson JM, Gallagher P, Goswami U, Young AH, Ferrier IN, et al.
A meta-analysis of cognitive deficits in euthymic patients with bipolar
disorder. J Affect Disord. 2006;93(1–3):105–15.
Rowland JE, Hamilton MK, Lino BJ, Ly P, Denny K, Hwang E-J, et al. Cognitive regulation of negative affect in schizophrenia and bipolar disorder.
Psychiatry Res. 2013;208(1):21–8.
Rubinsztein JS, Michael A, Underwood BR, Tempest M, Sahakian BJ. Impaired
cognition and decision-making in bipolar depression but no “affective
bias” evident. Psychol Med. 2006;36(5):629–39.
Sanchez A, Everaert J, Koster EHW. Attention training through gaze-contingent
feedback: effects on reappraisal and negative emotions. Emotion (washington, DC). 2016;16(7):1074–85.
Schmidtke A, Fleckenstein P, Moises W, Beckmann H. Studies of the reliability and validity of the German version of the Montgomery-Asberg
Depression Rating Scale (MADRS). Schweizer Archiv Fur Neurologie Und
Psychiatrie (zurich, Switzerland: 1988). 1988;139(2):51–65.
Thomas J, Knowles R, Tai S, Bentall RP. Response styles to depressed mood in
bipolar affective disorder. J Affect Disord. 2007;100(1–3):249–52.
van der Gucht E, Morriss R, Lancaster G, Kinderman P, Bentall RP. Psychological processes in bipolar affective disorder: negative cognitive style and
reward processing. Br J Psychiatry. 2009;194(2):146–51.
van Rheenen TE, Murray G, Rossell SL. Emotion regulation in bipolar disorder:
profile and utility in predicting trait mania and depression propensity.
Psychiatry Res. 2015;225(3):425–32.
Vanderhasselt M-A, Baeken C, van Schuerbeek P, Luypaert R, Raedt RD. Interindividual differences in the habitual use of cognitive reappraisal and
expressive suppression are associated with variations in prefrontal cognitive control for emotional information: an event related fMRI study. Biol
Psychol. 2013;92(3):433–9.
Vöhringer PA, Barroilhet SA, Amerio A, Reale ML, Alvear K, Vergne D, et al.
Cognitive impairment in bipolar disorder and schizophrenia: a systematic
review. Front Psych. 2013;4:87.
Watson D, Clark LA, Tellegen A. Development and validation of brief measures
of positive and negative affect: the PANAS scales. J Pers Soc Psychol.
1988;54(6):1063–70.
Wilder-Willis KE, Sax KW, Rosenberg HL, Fleck DE, Shear PK, Strakowski SM.
Persistent attentional dysfunction in remitted bipolar disorder. Bipolar
Disord. 2001;3(2):58–62.
Wiltink J, Gläsmer H, Canterino M, Wölfling K, Knebel A, Kessler H, et al. Emotionsregulation in der Allgemeinbevölkerung—Bevölkerungskennwerte
des Emotion Regulation Questionnaire (ERQ). PPmP Psychother Psychosom Med Psychol. 2011. https://doi.org/10.1055/s-0031-1272451.

Page 15 of 15

Winer ES, Salem T. Reward devaluation: dot-probe meta-analytic evidence of
avoidance of positive information in depressed persons. Psychol Bull.
2016;142(1):18–78.
Wolkenstein L, Zwick JC, Hautzinger M, Joormann J. Cognitive emotion regulation in euthymic bipolar disorder. J Affect Disord. 2014;160:92–7.
Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: reliability,
validity and sensitivity. Br J Psychiatry J Mental Sci. 1978;133:429–35.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

