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Abstract Elevated anger and impairments in executive

functioning are prominent features of bipolar disorder

(BD). Given that anger has been found to interfere with

some aspects of cognition in healthy individuals, it is

possible that heightened anger could compromise cognitive

processing even more substantially among individuals with

BD. Despite the important clinical and psychosocial

implications of such an effect, the precise consequences of

anger for cognition in BD are not well understood. To

address this, the present study employed a validated anger

provocation task and examined its impact on performance

of an arithmetic task, assessing both accuracy (number of

correct responses) and task engagement (number of

responses made) among adults with remitted bipolar I

disorder (BD; n = 27), healthy non-psychiatric controls

(CTL; n = 29), and a clinical control group of adults with

remitted depression (MDD; n = 29). Results revealed that

individuals with BD uniquely declined in the number of

responses made across the task. In addition, self-reported

anger was predictive of reduced task performance among

individuals with BD. These results suggest that elevated

anger may add to existing executive impairments in BD,

compromising these individuals’ ability to remain engaged

in cognitively demanding tasks in the context of anger.

Keywords Anger � Cognitive functioning � Working

memory � Emotion � Bipolar disorder � Depression

Introduction

Bipolar disorder (BD) is a chronic and debilitating psy-

chiatric disorder associated with profound functional

impairment, including poor occupational and social func-

tioning (Woods 2000; Zarate et al. 2000). Anger, one of the

cardinal symptoms of BD, may further impair executive

function (e.g., Lerner and Tiedens 2006), leading to a

particularly compromised state and potentially interfering

with performance of cognitively demanding daily life

tasks. Here, we examine the effects that elevated anger may

have on cognitive performance in this population, with an

eye toward improved understanding of the factors that may

contribute to psychosocial impairment in BD.

BD is characterized by elevated levels of positive

emotions (Alloy and Abramson 2010; Gruber 2011). A

growing body of empirical evidence suggests that BD is

associated with a greater magnitude of positive emotional

responses during anticipation of, and in response to posi-

tive and rewarding stimuli (Gruber 2011). For example,

individuals at risk for developing BD, as well as those with

a history of BD but currently in remission, report elevated

positive emotion during anticipation of, and in response to

pleasant and rewarding stimuli across laboratory and daily

life settings (Johnson et al. 2007). This heightened positive

emotion experience has been observed across multiple
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types of positively valenced stimuli, such as autobio-

graphical memories and emotion-eliciting films (Gruber

et al. 2008, 2009).

In addition to elevated positive emotionality, BD is

characterized by heightened approach- and achievement-

motivation, and persistent reward pursuit (Johnson 2005;

Nusslock et al. 2008). Individuals at risk for BD report

elevated levels of reward (joy) and achievement-focused

(pride) positive emotions (Gruber and Johnson 2009), score

high on measures of incentive sensitivity, and endorse

ambitious goals involving fame, wealth, and political

influence (Johnson and Carver 2006). In addition, those at

high risk for BD endorse elevated positive affect in

response to false success feedback compared to those at

lower risk (Meyer and Baur 2009), and euthymic individ-

uals with BD report elevated positive affect at the prospect

of earning rewards in their daily lives (Meyer et al. 2001)

compared to healthy controls. Consistent with these find-

ings, Farmer et al. (2006) found that when euthymic indi-

viduals with BD and a healthy control group were given

false success feedback on their performance of a Go-No Go

task, increases in happiness were more sustained among

individuals with BD. Finally, students with a history of

mania endorse that they anticipate great success in domains

involving public recognition, more frequently than students

without a history of mania (Johnson et al. 2009). In sum,

BD appears to be associated with elevated levels of reward-

and approach-related emotions, as measured by degree and

duration of affective responses to multiple stimulus types,

and by self-reported ambitious goal-setting.

One approach-related emotion, prominently elevated in

BD despite its uniquely negative valence, is anger (Carver

2004; Carver and Harmon-Jones 2009; Lara et al. 2006).

Anger has been defined as a transient emotional reaction to

an eliciting stimulus, consisting of subjective, physiologi-

cal, and behavioral components, and ranging in intensity

from mile irritation to fury and rage (Spielberger et al.

1983). Importantly, anger can be measured at the state

level, by examining transient anger reactivity to eliciting

stimuli, or at the trait level, by examining stable individual

differences in the tendency to experience anger (Deffen-

bacher et al. 1996). Individuals high in trait-level anger

experience more intense and frequent episodes of state

anger in their daily lives (Spielberger et al. 1983; Spiel-

berger 1999; Spielberger and Reheiser 2010).

Anger is a unique emotion in its combination of nega-

tive valence and approach-orientation (Carver 2004; Car-

ver and Harmon-Jones 2009). It is typically considered a

negative emotion, both because it is triggered by events

that are unpleasant, and because most people report that the

subjective experience of anger is negative (Harmon-Jones

2004). However, its motivational properties differ from

other negative emotions. While each emotion has distinct

motivational properties (Keltner et al. 2006), the majority

of negative emotions motivate withdrawal-type behavioral

responses such as avoidance (as in the case of fear, known

to elicit avoidance and escape from the triggering stimuli;

Ohman and Mineka 2001) and submission (as in the case of

shame; Gilbert and McGuire 1998). Anger, on the other

hand, motivates approach of the triggering stimulus (Car-

ver and Harmon-Jones 2009). Prominent models of anger

describe it as a motivating force, helping individuals to

overcome challenges and obstacles to goal attainment

(Carver 2004; Frijda 1987; Levine 1996). Evolutionary

accounts posit that it functions socially to motivate others

to repair transgressions (Keltner et al. 2006), and repair

conflicts of interest in favor of the angry individual (Sell

et al. 2009). Consistent with this conceptualization, anger is

characterized by short-term ‘attack’-type behaviors and

subsequent reconciliation, whereas contempt is associated

with both short- and long-term social rejection and exclu-

sion of the offending individual (Fischer and Roseman

2007).

Given that BD is characterized by elevated approach-

related emotions, it is perhaps unsurprising that heightened

anger is a central clinical feature of BD that persists across

the lifespan (Lara et al. 2006). Extreme anger has been well

documented across manic, depressive, and remitted mood

phases in BD (Lara et al. 2006). For example, symptom-

rating scales for BD frequently include items such as,

‘‘more impatient or irritable’’ (Bech et al. 1979) and dis-

playing ‘‘hostile, uncooperative behavior’’ (Young et al.

1978). During periods of depression, individuals with BD

have been found to report elevated irritability and sudden

episodes of intense anger (Deckersbach et al. 2004; Perlis

et al. 2004). Remitted individuals with BD self-report

elevated trait levels of anger (Dutra et al. 2014), and have

been found to display higher rates of trait hostility com-

pared to unaffected relatives (Savitz et al. 2008), suggest-

ing a trait-like pattern of elevated anger. In addition, recent

findings indicate that a subset of individuals with remitted

BD, those with elevated levels of emotion-relevant

impulsivity, report particularly severe and ongoing strug-

gles with aggressive behavior as well as anger (Johnson

and Carver 2016).

Significant literature documents that among healthy

adults, anger is associated with diminished cognitive

functioning, including reduced depth of processing and

increased use of heuristics when evaluating persuasive

messages (e.g., elevated reliance on superficial cues of an

argument, such as the qualifications of its author, rather

than argument quality) (Lerner and Tiedens 2006). For

example, in one study, after a laboratory anger induction

involving recalling an autobiographical event, participants

were more likely to judge peers as guilty of misconduct

based on ambiguous evidence compared with those who
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had completed a sadness induction (Bodenhausen et al.

1994). In a similar study, incidental anger was found to

decrease the amount of assistance participants recom-

mended providing in a welfare case, relative to neutral

emotion (Small and Lerner 2008). Further, in a replication

and extension of this work, the authors found that limiting

participants’ cognitive resources eliminated this group

difference, implying that differences in depth of processing

drove this effect. This work suggests that anger may

influence cognitive functioning, compromising an indi-

vidual’s depth of on-line information processing and

interfering with engagement in tasks requiring elaborative

processing. Thus, if cognitive functioning declines as anger

increases, elevated anger in BD may compromise affected

individuals’ ability to make effective decisions in daily life.

The cognitive impact of anger may be particularly costly

for individuals with BD, given the existing impairments in

multiple domains of cognitive functioning associated with

the disorder (Martinez-Aran et al. 2004; Robinson et al.

2006). Some evidence suggests that a more severe degree

of cognitive impairment in BD is associated with a more

severe illness course. For example, Robinson and Ferrier

(2006) found a negative relationship between the number

of manic episodes and verbal declarative memory perfor-

mance. Consistent with this finding, Martinez-Aran et al.

(2004) found that verbal memory impairment was related

to illness duration, number of previous manic episodes,

suicide attempts and hospitalizations.

While some deficits in cognitive performance among

individuals with BD have been observed to persist across

mood states, some may vary according to mood state at the

time of testing. For example, Quraishi and Frangou (2002)

found that while symptomatic patients with BD demon-

strated widespread cognitive impairments (e.g., planning,

set-shifting, and abstract concept formation), remitted

individuals with BD were selectively impaired in areas of

verbal memory and sustained attention. However, other

findings suggest broader cognitive impairments during

euthymic states in BD. A recent meta-analysis found deficits

in response inhibition, set-shifting, executive functioning,

verbal memory and sustained attention among euthymic

individuals with BD (Bora et al. 2009). These deficits have

been associated with poor functional outcomes, and may

help to explain the impairments in community and daily life

functioning observed among euthymic individuals with BD

(Green 2006; Martinez-Aran et al. 2004). Thus, it is critical

to better understand the factors that may contribute to such

cognitive impairments in BD.

The Present Research

The present investigation had two main aims. In our first

aim, we sought to examine whether individuals with BD

would demonstrate a unique pattern of impaired cognitive

performance in the context of anger, compared to a never-

psychiatric control group and a clinical comparison group

of individuals with remitted major depressive disorder

(MDD). Here, our focus was on cognitive performance

outcomes, and specifically whether the trajectory of cog-

nitive performance in the context of anger was unique for

individuals with BD.

For this analysis, a remitted MDD group was chosen as a

clinical comparison group as this population is also char-

acterized by impaired cognitive functioning and episodes

of intense anger (Austin et al. 2001; Brody et al. 1999). As

such, inclusion of remitted individuals with MDD as a

clinical comparison group provided an ideal means for

examining whether anger and baseline cognitive deficits

may interact in a particularly deleterious way in BD

compared to a related mood disorder. In addition, com-

paring each of these groups with a group of community

participants with no history of Axis I psychopathology

allowed us to differentiate between patterns of anger-re-

lated responding associated with a specific disorder, mood

disorders more generally, and those associated with healthy

functioning. Self-reported anger, as well as positive and

negative affect in order to examine the specificity of our

results, were monitored during the anger provocation

consisting of a ‘rude experimenter’ administering an

arithmetic task.

We hypothesized that the BD group’s performance

would decline over the course of the anger provocation to a

greater extent than our comparison groups (Hypothesis 1).

This hypothesis is based on the prediction that the BD

group’s existing impairments in executive functioning

would be exacerbated by the increasing cognitive load of

anger over the course of the task. We predicted that anger’s

effects on cognition would be stronger in BD than in MDD,

given existing data showing higher levels of executive

dysfunction among remitted individuals with BD than with

a history of unipolar depression (e.g., Smith et al. 2006).

Specifically, while remitted individuals with MDD have

demonstrated impairments in executive functioning com-

pared to healthy controls, remitted individuals with BD

show significantly more impairment than remitted indi-

viduals with MDD on tests of executive functioning and

verbal memory.

For our second aim, we focused solely on the BD group

to investigate the extent to which subjectively experienced

anger might contribute to impaired cognitive performance

in our main population of interest. Here, our focus was on

exploring anger as a potential mechanism, specifically

driving cognitive performance in our population of interest.

Following from our prediction that existing executive

functioning impairments in BD may be exacerbated by

anger, we hypothesized that self-reported anger would have

Cogn Ther Res (2016) 40:139–149 141

123



a deleterious effect on cognitive performance for our BD

group (Hypothesis 2).

Importantly, use of remitted clinical samples in our

study allowed us to examine the role of anger in cognitive

performance without the confound of mood symptoms at

the time of testing. If group differences emerge in the

context of remission, they are less likely attributable to

current mood symptoms and more likely attributable to

more stable features of the disorder.

Method

Participants

Participants were 27 individuals diagnosed with BD type I

who were currently remitted (neither manic, depressed nor

mixed for[1 month), 29 individuals diagnosed with MDD

who were currently remitted (not depressed for[1 month),

and 29 healthy controls (CTL) who did not meet current or

past criteria for any DSM-IV-TR Axis I disorders. Partic-

ipants were recruited using online advertisements and fly-

ers posted in the New Haven, CT region. Exclusion criteria

for both groups included history of severe head trauma,

stroke, neurological disease, severe medical illness (e.g.,

autoimmune disorder, HIV/AIDS), and alcohol or sub-

stance abuse assessed during the clinical interview over the

past 6 months. Participants were not excluded from the BD

or MDD groups on the basis of comorbid Axis I disorders

(aside from current substance or alcohol use disorders in

the past 6 months) given that these diagnoses are com-

monly comorbid with other disorders (e.g., Kessler et al.

2005), though we verified that BD and MDD were the

primary diagnoses for each respective group. The CTL

group did not meet criteria for any current or lifetime Axis

I disorders assessed. Groups did not differ significantly in

age, gender, ethnicity, years of education, or employment

status (ps[0.05). See Table 1.

Measures of Clinical Functioning

Diagnostic Evaluation

All diagnoses were confirmed using the Structured Clinical

Interview for DSM-IV (SCID-IV; First et al. 2007).

Trained clinical psychology faculty, doctoral candidates,

and post-baccalaureate research fellows administered the

SCID-IV (First et al. 2007). Approximately one-fourth

(n = 22; 25.9 %) of videotaped interviews were rated by

an independent reviewer who watched the videos offline.

Ratings matched 100 % of primary diagnoses, and relia-

bility was high across all Axis I diagnoses (jmean = 1.00).

BD participants were currently remitted (neither manic nor

depressed) for an average of 15.85 months (SD = 19.13),

and MDD participants were currently remitted for an

average of 39.83 months (SD = 40.81), at the time of

testing. Clinical characteristics of BD and MDD groups are

presented in Table 1.

Mood Symptoms

Current symptoms of mania were measured using the

Young Mania Rating Scale (YMRS; Young et al. 1978).

The YMRS is an 11-item, clinician-rated measure of cur-

rent manic symptoms with scores ranging from 0 to 60,

with higher scores indicating greater severity. Scores C 7

represent clinically significant symptoms The YMRS has

demonstrated acceptable internal consistency (a C 0.8),

and clinical sensitivity comparable to similar measures

(Fristad et al. 1995; Young et al. 1978). Current depression

symptoms were measured using the Inventory of Depres-

sive Symptomatology—Clinician Rated (IDS-C; Rush

et al. 1996), a 30-item, clinician-rated measure of current

depressive symptoms with scores ranging from 0 to 84,

with higher scores indicating greater depressive severity.

Scores C11 represent clinically significant symptoms. The

IDS-C has demonstrated high internal consistency

(a C 0.89), and sensitivity and specificity equal to or

greater than other standard measures of depression (Rush

et al. 1996; Trivedi et al. 2004).

Intra-class correlations for absolute agreement between

the original interviewer and an independent rater who

watched interview videos offline for approximately one

fifth of study participants (n = 18; 21.18 %) were strong

for both the YMRS (0.96) and IDS-C (0.95). Remitted

mood status (i.e., neither manic, depressed, nor mixed

mood state) for the BD group was verified according to

SCID-IV mood module criteria for the past month and

cutoff scores on the YMRS (B7), and IDS-C (B11) for the

past week. The CTL group also scored below these cutoffs.

Global Functioning

The Global Assessment of Functioning Scale (GAF;

Luborsky 1962) was used to assess functioning in the past

week. The GAF assesses overall psychological, social, and

occupational functioning on a scale from 1 (lowest) to 100

(highest). ICC for absolute agreement between the original

interviewer and an independent rater for one-fifth of study

participants (n = 18; 21.18 %) was high (ICC = 0.96).

Medication

Participants self-reported medication types and dosages at

the first laboratory visit. Psychotropic medications included
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lithium (BD n = 7), anticonvulsants (BD n = 12, MDD

n = 2) antidepressants (BD n = 3, MDD n = 9), neu-

roleptics (BD n = 11, MDD n = 1), anxiolytics (BD

n = 7, MDD n = 3), stimulants (BD n = 3, and sedative-

hypnotics (BD n = 1). Levels of each class of medication

were recorded using the Somatotherapy Index and com-

piled to calculate an Intensity of Somatotherapy Score for

each participant (Bauer et al. 1997). Average number of

psychotropic medications are reported in Table 1.

Self-Reported Anger, Positive Affect, and Negative

Affect

Self-reported emotion was assessed using the modified

Differential Emotions Scale (mDES; Cohn et al. 2009).

The mDES consists of 18 positive and negative emotion

terms rated on a 1 (not at all) to 5 (extremely) scale. We

examined the anger item individually as our target emo-

tion. The remaining items were averaged to create a PA

composite (amusement, awe, contentment, joy, gratitude,

hope, love, pride, sympathy, interest; amean = 0.93) and

NA composite (fear, disgust, embarrassment, guilt, sad-

ness, shame, contempt; amean = 0.60).1

Task Performance Measures

Task performance measures were recorded off-line by a

research assistant who watched video recordings of each

participant during the anger provocation task. The trained

coder rated two dimensions of cognitive performance

including: (1) accuracy and (2) engagement. Accuracy was

operationalized as the total number of correct responses

(numbers verbally reported by participants which reflected

accurate calculations, following the directions of the

experimenter). Engagement was operationalized as the

total number of responses made (numbers verbally reported

by participants).

Table 1 Demographic and clinical characteristics

BD

(n = 27)

MDD

(n = 29)

CTL

(n = 29)

Statistic Effect Size Levene’s Test Degrees of Freedom

Demographic

Age (years) 30.89 (8.84) 30.46 (10.61) 31.89 (8.98) F = 0.17 gp
2\ 0.01 F = 0.88 2,82

Female (%) 66.67 65.52 62.07 v2 = 0.14 V = 0.04

Caucasian (%) 88.89 93.10 89.66 v2 = 8.17 V = 0.22

Education (years) 15.06 (2.29) 15.24 (2.26) 16.05 (2.38) F = 1.47 gp
2 = 0.04 F = 1.47 2,82

Employed (%) 51.85 51.72 68.97 v2 = 8.40 V = 0.22

Clinical

YMRS 1.91 (2.01) 1.55 (1.64) 1.21 (1.76) F = 1.05 gp
2 = 0.03 F = 1.05 2,82

IDS-C 5.67 (3.63) 5.72 (3.10) 2.28 (2.33) F = 12.01* gp
2 = 0.23 F = 4.15* 2,82

GAF 75.30 (6.06) 78.97 (7.09) 88.07 (3.08) F = 38.17* gp
2 = 0.48 F = 13.15* 2,82

Working Memory 10.44 (3.07) 12.03 (2.78) 12.34 (3.21) F = 2.83 gp
2 = 0.07 F = 0.23 2,82

Intellectual functioning 31.67 (4.20) 33.76 (3.46) 33.00 (2.84) F = 2.51 gp
2 = 0.58 F = 4.27* 2,82

Age of Onset 16.61 (7.00) 15.74 (6.97) F = 0.22 gp
2\ 0.01 F = 0.02 1,54

Manic Episodes 12.02 (21.82) 5.67 (7.71) F = 2.61 gp
2 = 0.11 F = 7.04* 1, 54

Depressive Episodes 12.87 (22.62) 39.83 (40.81) F = 7.49 gp
2 = 0.12 F = 5.22* 1,53

Time Remitted (mos.) 15.85 (19.13) 0.55 (0.87) F = 21.08* gp
2 = 0.28 F = 9.47* 1,54

Psychotropic Meds 2.07 (1.54) 0.69 (0.93) F = 0.28 gp
2 = 0.01 F = 0.23 1,54

Comorbid Diagnoses 0.56 (0.97)

mean values are displayed with standard deviations in parentheses where applicable

BD = bipolar I disorder group; MDD = major depressive disorder group; CTL = healthy control group; YMRS = Young Mania Rating Scale;

IDS-C = Inventory to Diagnose Depression; GAF = global assessment of functioning; Working Memory = Wechsler Adult Intelligence

Inventory, 4th edition; Intellectual Functioning = Shipley Institute of Living Scale; Age of Onset = Age of BD or MDD Onset; Manic

Episodes = number of lifetime manic or hypomanic episodes; Depressive Episodes = number of lifetime major depressive episodes; Time

Remitted = number of months remitted prior to study participation; Psychotropic Meds = number of psychotropic medications; Comorbid

Diagnoses = number of comorbid DSM-IV-TR axis I diagnoses

* p\ 0.05

1 We examined reliability estimates for NA separately for the BD and

CTL groups for our NA composite. Alpha values were comparable at

baseline [BD = 0.51, CTL = 0.69; Z = -1.03, p = 0.30] and during

the task [BD = 0.65, CTL = 0.83, Z = -1.44, p = 0.15].
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Baseline Cognitive Measures

Baseline Working Memory

We measured baseline working memory as a potential

confound using the letter-number sequencing subtest of the

Wechsler Adult Intelligence Scale-IV (WAIS-IV; Pearson

2008). Participants were read aloud a series of increasingly

long lists of randomly ordered numerical digits and letters.

After the list was read aloud, participants were asked to

verbally repeat back all numbers (in numerical order) first,

followed by all letters (in alphabetical order). Raw scores

(ranging from 0 to 21) were calculated as the total number

of trials correct, from which WAIS-IV age-normed scaled

scores were computed for final analyses. The Letter-

Number Sequencing task has demonstrated high internal

consistency (a C 0.88) acceptable test–retest reliability

(r = 0.78), and contributes substantially to a working

memory factor among WAIS-IV subtests (loading for the

total group = 0.77) (Sattler and Ryan 2009; Wechsler

2008; Weiss et al. 2010).

Baseline Intellectual Functioning

The Shipley Institute of Living Scale (SILS; Zachary 1986)

was included as a measure of general intellectual func-

tioning. The vocabulary subtest of the SILS was adminis-

tered, consisting of 40 multiple-choice questions in which

the participant is asked to select one of four words closest

in meaning to the target word. Scores range from 0 to 40. In

previous research, the SILS has demonstrated accept-

able internal consistency, with reliability estimates ranging

from 0.78 to 0.89 (acceptable) (Szyhowski 2008).

Procedure

Participants first provided written and verbal informed

consent. The study consisted of three parts. First, participants

completed a diagnostic interview to determine eligibility

using the SCID-IV (First et al. 2007). Baseline assessments

of working memory and intellectual functioning were

obtained immediately after the SCID by the same trained

interviewer. Second, approximately 1 week later

(M = 7.95 days, SD = 3.09), participants returned to the

lab. After confirming informed consent, current symptoms

were reassessed to ensure continued remitted status for all

groups using the YMRS (B7) and IDS-C (B11). Prior to the

present anger elicitation task, participants completed a series

of unrelated tasks including a physiological baseline mea-

surement, and completion of several computer tasks. Com-

puter tasks included the ‘reading the mind in the eyes’ task

(Baron-Cohen et al. 2001), viewing brief emotion-eliciting

films and self-reporting emotional reactivity, an

autobiographical memory task, and ‘karaoke’ singing task.

Third, participants were oriented to the anger provocation

task by the experimenter and questions were answered. The

anger provocation task, a previously validated task that has

been shown to reliably provoke anger (Mauss et al. 2006,

2007a; b), allows for concurrent assessment of cognitive

functioning, as it requires participants to make arithmetic

calculations. Computerized software (MediaLab v2008;

New York, NY, USA) was used to guide participants through

the experiment, present instructions, and collect question-

naire information. Participants were observed remotely via

digital cameras from a separate room. During the task, a pre-

recorded voice, used in prior work by Mauss and colleagues

(2006), was transmitted over an intercom system to the

experimental room by the experimenter. Participants were

told that this pre-recorded voice belonged to an experimenter

in the adjacent room. Over the intercom, participants were

informed that they would be participating in a cognitive task.

To establish an emotional baseline, participants first

watched an emotionally neutral baseline film with scenes

from Denali (110 s), following prior research (Mauss et al.

2006), and self-reported anger, PA, and NA was subse-

quently collected. Next, participants began the cognitive

component of the task in which they were asked to count

backwards in steps of 7 or 13 from a high number (e.g.,

13,279), as quickly as possible. After 60 s, participants

were interrupted by the recorded voice of the ‘experi-

menter’. This was repeated three times, starting from a

different number each time (e.g., 15,293) for a total of three

cognitive trials. In between the three trials, the pre-recor-

ded voice told participants that they were ‘‘producing

artifacts’’ and that they had to ‘‘speak more loudly.’’ The

voice took an increasingly condescending and impatient

tone, ultimately suggesting that data collection be termi-

nated (‘‘let’s just stop here’’). Spontaneous clarifications

and questions from participants were answered using pre-

recorded prompts as needed (e.g., ‘‘yes’’ and ‘‘no’’). At the

end of the task, participants self-reported their emotion

experience using the mDES. Of note, self-reported emotion

was measured only twice, at baseline and at the end of the

task. Next, participants remained seated for 120 s and

viewed a calming clip from Planet Earth (210 s) to facil-

itate mood recovery. Finally, experimenters gave a thor-

ough debriefing and answered questions.

Results

Manipulation Check: Group Differences in Self-

Reported Anger

To ensure that the anger provocation task elicited signifi-

cant increases in anger across all three groups, a 3 (Group:
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BD, MDD, CTL) 9 2 (Task: Baseline, Task) repeated-

measures ANOVA was conducted on self-reported anger.

Results revealed a main effect of Time, with anger

increasing significantly from baseline to task,

F(1,81) = 95.53, p\ 0.001, gp
2 = 0.54. Neither the main

effect of Group F(1,81) = 0.48, p = 0.62, gp
2 = 0.01 nor

the Group 9 Task interaction was significant,

F(2,81) = 0.22, p = 0.80, gp
2 = 0.01.

Aim 1: Group Differences in Task Performance

To address Aim 1, two separate 3 (Task Trial: 1, 2, 3) 9 3

(Group: BD, MDD, CTL) repeated-measures ANOVAs

were conducted on Number of Correct Responses (accuracy)

and Number of Responses (engagement). A Greenhouse-

Geisser correction was used when assumptions for

sphericity were not met and adjusted F and p values are

reported. Effect sizes for significant results are reported as

partial eta squared (gp
2). All reported p values are two-tailed.

For Number of Correct Responses, a significant main

effect of Task Trial emerged, F(2,164) = 26.81, p\ 0.001,

gp
2 = 0.25 (see Table 2 for Group and Trial mean values).

The main effect of Group was not significant, F(2,82) =

0.90, p = 0.41, gp
2 = 0.02, and the Group 9 Task Trial

interaction was not significant, F(4,164) = 0.23, p = 0.92,

gp
2 = 0.01.

For Number of Responses, a significant Group 9 Task

Trial interaction effect emerged, F(4,164) = 3.05, p =

0.02, gp
2 = 0.019, reflecting a unique pattern of declining

numbers of responses over the course of the task in the BD

group (see Table 2 for Group and Trial mean values, and

Fig. 1 for graphical representation of results). A main effect

of Task Trial also emerged, F(2,164) = 12.30, p\ 0.001,

gp
2 = 0.13, reflecting fewer responses in trial 3 compared to

trials 1 and 2. The main effect of Group was not significant,

F(2,82) = 0.24, p = 0.78, gp
2 = 0.01.

Aim 2: Anger as a Predictor of Task Performance

in BD

To address Aim 2, two hierarchical regressions were con-

ducted within the BD group, examining the role of sub-

jective anger in predicting task performance. Self-reported

anger at baseline was entered into the first step, and self-

reported anger at the end of the task was entered into the

second step in order to examine the role of anger reactivity

to the manipulation in predicting task performance, above

and beyond effects of baseline anger. One regression was

run with Total Number of Correct Responses as the

dependent variable, and another was run with Total

Number of Responses. In this way, we tested whether anger

during the task, above and beyond baseline levels of anger,

predicted task performance. Results indicated that, con-

sistent with Hypothesis 2, self-reported anger during the

task predicted fewer Correct Responses (b = -0.47,

t = -2.07, p = 0.049) and fewer Total Responses

(b = -0.54, t = -2.48, p = 0.02).

To examine the specificity of these results to anger as

opposed to positive and negative affect more generally, the

same analyses were performed using the self-reported PA

and NA composites from the mDES. PA did not predict

Number of Correct Responses (b = 0.12, t = 0.39,

p = 0.70) or Total Number of Responses (b = -0.01,

t = -0.04, p = 0.97). NA also did not significantly predict

Number of Correct Responses (b = -0.11, t = -0.47,

p = 0.65) or Total Number of Responses (b = -0.23,

t = -1.00, p = 0.33).

Table 2 Mean values for cognitive performance variables during

anger elicitation task

BD

(n = 27)

MDD

(n = 29)

CTL

(n = 29)

All

(n = 85)

Engagement (number of responses)

Trial 1 12.04 (7.26) 10.07 (4.99) 10.14 (5.19) 10.72 (5.87)

Trial 2 8.74 (7.69) 12.03 (5.05) 11.76 (7.42) 10.89 (6.88)

Trial 3 7.11 (6.62) 8.66 (6.76) 7.69 (5.43) 7.84 (6.23)

Accuracy (number of correct responses)

Trial 1 5.85 (6.14) 6.41 (5.50) 8.07 (6.34) 6.80 (6.01)

Trial 2 6.96 (7.29) 7.76 (6.33) 8.72 (6.62) 7.84 (6.70)

Trial 3 3.93 (4.47) 3.97 (3.86) 5.21 (3.85) 4.38 (4.06)

Mean values are displayed with standard deviations in parentheses

where applicable

BD = bipolar I disorder group; MDD = major depressive disorder

group; CTL = healthy control group
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Fig. 1 Task engagement (number of responses) across task segments.

Number of responses given by each group within task trials. As the

task progressed, participants in the BD group gave fewer responses

over time, resulting in a significantly decreased number of responses

from Trial 1 to Trial 3. No significant differences emerged in the

number of responses given over time within the MDD or CTL groups
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Discussion

The present study examined the effects of anger on cog-

nitive performance among individuals with BD. Cognitive

performance was measured by accuracy and engagement in

an arithmetic task during a validated anger provocation.

Two main aims were explored in a group of individuals

with remitted BD, a clinical comparison group of partici-

pants with remitted MDD, and healthy controls.

Our first aim examined group differences in cognitive

task performance over the course of the anger provocation

task. Results indicate a reduction in task engagement

(number of responses) over time in our BD group, com-

pared with the MDD and CTL groups, and suggest that in

context of anger, some aspects of cognitive performance

may decline uniquely among individuals with BD. Nota-

bly, while the number of responses provided by the BD

group declined, no group differences emerged in arithmetic

accuracy. This finding suggests the possibility of slowed

cognitive processing (but otherwise intact performance) in

the context of anger in BD. Given that perceptions of anger

have been found to capture attention in a manner that takes

priority over other tasks (Hansen and Hansen 1988), one

possibility is that this attentional load is particularly taxing

on the processing efficiency of individuals with BD, given

their existing executive deficits in this specific area (Fleck

et al. 2005). This explanation is consistent with our find-

ings of reduced rate of responding to task prompts in the

BD group, despite intact arithmetic accuracy of responses.

Our second aim was to examine whether subjective

anger experienced during the task predicted task perfor-

mance for individuals with BD. Results indicated that

greater anger was associated with fewer correct responses,

and fewer responses overall. These results provide support

for the idea that the subjective experience of anger confers

a cognitive vulnerability among individuals with BD.

Taken together, the findings described herein shed impor-

tant light on the role of anger in cognitive performance in

BD, and guide future research in this area.

Our findings should be interpreted within the confines of

several caveats. First, although our sample size is common

in experimental studies with severe psychiatric samples,

replication in a larger sample size will enable examination

of unique patterns of anger response among BD subtypes

with various comorbidities and medication profiles. Sec-

ond, to ensure an ecologically valid sample, the majority of

our BD patients were on medication at the time of testing.

Still, future studies could more carefully test for effects of

psychotropic medication on anger and cognition by

recruiting BD participants carefully matched on medication

subclasses. Third, though our patient samples met criteria

for clinical remission at the time of testing (YMRS B 7

and IDS-C B 11), both patient groups reported signifi-

cantly greater subthreshold depression symptoms com-

pared to the healthy control group. Future studies could

address this potential confound by comparing subgroups of

patient samples varying on subthreshold mood symptoms.

A next step in this line of work would be to compare

individuals with BD in remitted states with those in manic

and depressed states. Doing so would allow for better

understanding of the extent to which the cognitively

impairing effects of anger may vary across mood states in

BD. Finally, although we excluded individuals meeting

criteria for substance abuse or dependence in the 6 months

preceding study participation, it is possible that substance

dependence prior to this time could have influenced our

results. Future efforts at replication and extension of our

findings could aim to evaluate this possibility. Nonetheless,

the present study addressed a critical yet understudied area

regarding the interaction between anger and cognition in

BD. In addition, inclusion of the clinical control group

allowed for better understanding of anger’s effects on

cognition within BD specifically, alongside a clinical group

also characterized by some dysregulated anger as well as

cognitive impairment.

The findings described here have important implications

for our understanding of BD, and for future research build-

ing on these findings to improve functioning in daily life and

treatment efficacy for individuals with BD. Future research

could examine more closely the mechanisms involved in

cognitive task disengagement in response to anger provo-

cation in BD; in particular, the extent to which individual

components of anger provocation (e.g., perception of anger

in others, subjective anger experience, physiological aspects

of anger) contribute to task disengagement. It is important to

consider alternative explanations of the present findings.

One possibility for future work to explore is that cognitive

difficulties observed in the BD group may be linked to

emotion regulatory capacity deficits which, in turn, might

cause these individuals to experience and report higher

levels of anger when provoked. In this case, identifying and

treating these cognitive impairments is an important step

forward to hopefully reduce anger and irritability, an

approach which has demonstrated promise among individ-

uals diagnosed with attention deficit hyperactivity disorder

(Connor et al. 2002).

Our findings could also be extended by examining

relationships between anger, cognition, and real-world

psychosocial outcomes, such as effective participation in

treatment, social relationships, and occupational function-

ing. Specifically, it would be important to know whether

there may be a critical threshold of preserved cognitive

capacity for effective engagement in cognitive therapies,

which may be diminished by anger, cognitive deficits, or
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some combination of both. If this were the case, incorpo-

rating anger monitoring and anger reduction strategies into

existing cognitive-behavioral treatments for BD could

significantly increase treatment tolerability and efficacy. As

such, continued investigation of the role of anger in cog-

nitive performance in BD promises to improve our

understanding of the disorder, and our ability to effectively

treat and restore functioning to those affected.
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