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Abstract

Background—Although cognitive impairment is a core feature of bipolar disorder (BD) there is 

no instrument of choice for the assessment of bipolar patients. The aim of this study is to assess 

cognitive performance using the Brief Assessment of Cognition in Affective Disorders (BAC-A), 

a comprehensive test battery developed specifically for BD, and determine its suitability to 

estimate global functioning.
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Methods—The BAC-A was administered to 93 BD patients (M±S. E: 35.18±1.39 years) and 56 

healthy controls (HC - M±S.E.: 36.17±1.91 years). The scores of the BAC-A were combined in 

eight summary scores: visuomotor, immediate affective and non-affective memory, verbal 

fluency, delayed affective and non-affective memory, inhibition, and problem solving. Post hoc 

analyses were performed on subtests of the summary scores found to be significantly different 

between BD patients and HC. Correlational analyses explored the association between the Global 

Assessment of Functioning (GAF) score and cognitive functioning.

Results—Compared to HC, BD patients showed a significant impairment in short-term non-

affective memory and verbal fluency. Poorer performance in verbal memory and verbal fluency 

summary scores correlated positively with reduced GAF.

Conclusions—Our results are consistent with previous reports of verbal memory and verbal 

fluency impairment in BD. The deficits in short-term memory and semantic fluency may indicate 

inefficient learning strategies and/or difficulties in retrieving information. The BAC-A could be 

used to estimate global functioning in BD patients.
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Introduction

Bipolar disorder (BD) is a devastating mental illness with deleterious functional and social 

consequences for both the affected individuals and their families [1]. In most BD patients 

mood dysregulation is accompanied by significant cognitive impairment that persists during 

the euthymic and acute phases [2-5]. Indeed BD patients perform poorly on tests of 

visuomotor processing speed, verbal memory, sustained attention and executive functioning. 

Impairments of smaller effect size in visual and verbal memory, working memory, and 

sustained attention have also been reported [4-8]. Overall manic patients perform worse than 

depressed and remitted individuals on verbal memory, verbal fluency, and cognitive 

estimation tasks [9, 10]. A recent study comparing BD I and BD II patients to healthy 

volunteers showed that BD I patients display significant deficits in phonetic fluency, 

inhibition and set shifting and increased psychomotor speed during the performance of 

planning tasks. They did not, however, found any significant differences in cognitive 

performance between BD I and BD II patients [11].

The presence of verbal memory impairment across mood phases suggests that these deficits 

may be stable markers for BD [12]. Moreover, there is evidence suggesting that illness 

duration and symptom severity have a negative impact on memory performance and 

executive functioning [13-15]. In particular, a high number of mood episodes has been 

shown to be a predictor of poor performance in higher order cognitive domains [16, 17].

A methodological limitation of current cognitive studies in BD is related to the use of tests 

that differ in terms of content, duration, psychometric properties, and administration 

procedures. The Canadian Network for Mood and Anxiety Treatments (CANMAT) and the 

International Society for Bipolar Disorders (ISBD) have emphasized the need for 
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instruments assessing cognitive domains found to be impaired in BD, such as verbal and 

working memory, psychomotor speed, executive function and attention [18]. However, to 

date, there is no established instrument of choice for the cognitive assessment of BD 

patients.

The Brief Assessment of Cognition in Affective Disorders (BAC-A) is a newly developed 

cognitive instrument for BD patients [19]. Compared to other batteries used in clinical 

research such as the Cambridge Neuropsychological Test Automated Battery (CANTAB), 

the BAC-A is a time-efficient, pencil-and-paper instrument that aims to assess cognitive 

deficits specific to BD. The BAC-A comprises eight tasks evaluating visuomotor abilities, 

working memory, learning and declarative memory, attention, verbal fluency, problem 

solving, affective interference and affective inhibition. A recent multi-site study has 

established that the BAC-A has strong psychometric properties in patients with BD Type I 

compared to HC [19]. In this study BD patients performed poorly in all subtests, and the 

affective auditory verbal learning test was found to discriminate the best between BD and 

HC. However, the version of the BAC-A used in Keefe et al.'s study did not include the 

Emotional Stroop test.

In summary, the suitability of the full version of the BAC-A for assessing cognitive 

functioning across subtypes of the bipolar illness remains to be explored, and knowledge on 

the relationship between the BAC-A scores and global functioning is limited. To address 

these research questions we administered the BAC-A in a population of adults with BD and 

healthy controls and investigated the relationship between BAC-A scores and the Global 

Assessment of Functioning (GAF) score.

Methods

Participants

The BAC-A was administered to 90 euthymic BD outpatients (59 BD I, 28 BDII, 3 BD 

NOS, M±S.E. 35.18±1.39 years, 56 women/34men) and 5 6 healthy controls (HC - M±S.E.: 

36.17±1.91 years, 36 women/20 men). 58 BD patients were on psychiatric medication 

(atypical antipsychotics, antidepressants, anticonvulsants, stimulants) at the time of 

assessment. Healthy participants were recruited via oral presentations and flyers. All 

participants underwent the Structured Clinical Interview for the Diagnostic and Statistical 

Manual of Mental Disorders Axis I (SCID I) to confirm or rule out the diagnosis of BD. 

Functional impairment was evaluated using the Global Assessment of Functioning (GAF) 

which is the Axis V of the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition Text Revision (DSM-IV-TR) [20]. Specific inclusion criteria for healthy controls 

were: no current or lifetime axis I psychiatric comorbidities, previous history of neurologic 

disorders including head injury with loss of consciousness for any period of time, 

pregnancy, family history of hereditary neurologic disorder, psychiatric disorder in first-

degree relatives, use of any prescribed psychiatric medication in their lifetimes. Current 

mood phase was assessed using the Montgomery–Åsberg Depression Rating Scale 

(MADRS) and Young Mania Rating Scale (YMRS) (Table 1). Premorbid intellectual 

quotient (IQ) was estimated by the reading test of the Wide Range Achievement Test-4 

(WRAT-4) [21] and the Wechsler Abbreviated Scale of Intelligence - IV (WASI-IV) [22]. 
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The study protocol was approved by the Institutional Review Board and informed consent 

was obtained from all the participants.

BAC-A

The BAC-A is based on the Brief Assessment of Cognition in Schizophrenia (BAC-S). The 

BAC-S has been validated both linguistically and psychometrically in a number of 

psychiatric populations, including patients with schizophrenia and BD [23-27]. It has been 

shown to be as valid and sensitive as a traditional neuropsychological assessment and takes 

approximately 35 minutes to administer [28, 29]. Six of the 8 subtests of the BAC-A match 

those found in the BAC-S. These tests are the Token Motor Task, Symbol Coding, List 

Learning, Digit Sequencing Task, Category Instances (Animals) and Controlled Oral Word 

Association Test (F and S-words), Tower of London [29]. In addition to these 6 subtests the 

BAC-A comprises the Emotion Inhibition Test (a modified version of the Emotional Stroop 

task [30, 31]) and the affective auditory verbal learning test (Affective interference test). The 

latter task is similar to the Affective Auditory Verbal Learning Test (AAVLT) [32].

Affective interference [19]—In this task participants are given four trials containing 10 

non-affective words (fruits and vegetables) and 10 affective words (e.g. “cancer,” 

“triumphant,” “enraged”). After a 20-minute delay, recognition memory is tested by 

presenting the initial 20 words (10 emotional and 10 fruits and vegetables) along with 20 

words that had not been presented earlier. This task evaluates components of immediate and 

delayed affective and non-affective memory.

Emotion Inhibition Test—Participants are presented with sheets of papers with 4 

columns of words of either neutral (e.g. method, cow) or affective polarity (e.g. afraid, 

happy, stress) in colored (red, blue, green and yellow) or black ink. They are then instructed 

to either read the words (Word naming) or the color of the words (Color naming) going 

down the columns. Participants are given 30 seconds to read as many words as they can on 

each page. The goal of this task is determine the individual's ability to suppress irrelevant 

stimuli and read a word whose meaning identifies a different color from the color of 

presentation of the word (Interference). The Affective interference index is calculated by 

subtracting the number of correct responses to emotional words during the Color naming 

condition from the number of correct responses to emotional words during the Word naming 

condition. The Affective interference index was adjusted for the number of correctly 

identified neutral words during the “Word” and “Color naming” conditions. The following 

formula was used: (Emotional Word Naming divided by Word Naming) minus (Emotional 

Color Naming divided by Color naming).

The scores of the BAC-A were standardized by creating z-scores (M±SD: 0±1) using the 

entire sample of patients and controls and then summarized in eight cognitive domains: 

visuomotor (number of correct responses on the Symbol coding and Token Motor tasks), 

short-term affective memory (number of correctly recalled words during the affective 

learning trials of the Affective Interference test), short-term non-affective memory (number 

of correct words during the non-affective learning trials of the List Learning and Affective 

Interference tests and number of correct answers on the Digit Sequencing task), delayed 
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affective memory (number of correct words during the delayed free recall of affective words 

of the Affective Interference test), delayed non-affective memory (number of correct words 

during the delayed free recall of non-affective words of the Affective Interference test), 

fluency (number of correct responses on the Category and Controlled Oral Word Association 

tests), inhibition (Affective interference index of the Emotion Inhibition Test) and problem 

solving (number of correct responses on the Tower of London test). The total score of the 

BAC-A was calculated by summing the standardized scores of the eight cognitive domains.

Statistical analysis

Statistical analyses were performed using SPSS Statistics (IBM - version 21) and SAS v. 9.3 

(SAS Institute Inc., Cary, N.C.). Demographic characteristics and cognitive scores of the 

BAC-A of BD patients and healthy controls were compared using χ2 and univariate 

analyses. SAS PROC MEANS and PROC FREQ were used to screen the data. Tests of 

normality, linearity, multicollinearity and homogeneity of covariance assumptions were 

performed. The cognitive profile of BD patients and HC was compared using a profile 

analysis – a multivariate alternative to repeated measure ANOVAs - with Age included as a 

covariate. This type of analysis accounts for correlations between variables (in this case the 

BAC-A scores) and is treated as an individual test. Thus, multiple comparison corrections 

are not needed. Post-hoc t-test analyses were performed to compare individual BAC 

subscale scores between BD and HC using an FDR-corrected statistical threshold 

(p=0.0064). A logistic regression model adjusted for age was used to predict diagnostic 

group from the total score of the BAC-A. Pearson's bivariate correlational analyses were 

performed to examine the strength of the relationship between the summary scores of the 

BAC-A and the GAF scores.

Results

Demographics and clinical description

Demographics and clinical features for BD and HC are reported in Table 1. There was no 

significant difference in age and gender between the two groups. However, educational 

attainment and pre-morbid IQ estimated by the Reading component of the Wide Range 

Achievement Test (WRAT) were significantly reduced in BD patients compared to HC.

Summary scores of the BAC-A

As illustrated in Figure 1 the profile analysis of the summary scores of the BAC-A revealed 

a significant group effect across cognitive domains (Wilk's Lambda λ = 0.87, F(7,145) = 

5.21, p=0.02)), with significantly reduced performance in BD patients on short-term non-

affective memory (p = .02, η2 =.05) and verbal fluency (p = .03, η2 = .04). The standardized 

BAC-A total score was comparable across groups (HC – M (SD) 1.15 (3.90); BD – M (SD) 

= -0.62 (4.54). The full logistic regression model based on the BAC-A total score did not fit 

the data (χ2= 5.704, p = 0.057). There was a trend toward a negative association between the 

BAC-A total score and BD (b = -0.97, p = 0.02) with odds ratio of 0.907 (95% CI = 

[0.832,0.989]) meaning that for every one unit increase in BAC-A total score, the odds of 

belonging to the BD group decreased by a factor of 0.907.
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Subtests of the BAC-A

Secondary profile analyses on subtests of the short-term non-affective memory and verbal 

fluency summary scores showed that the performance of BD patients on all learning trials of 

the List Learning test, and non-affective learning trials 3 and 4 of the Affective Interference 

test was impaired when compared to that of HC (Wilk's Lambda λ=0.88, F(9,145)=9.36, 

p=0.002). In terms of verbal fluency (Wilk's Lambda λ=0.98, F(2,145)=6.96, p=0.009), BD 

patients generated fewer animal names than HC (p =0.005, η2=.06). Performance on 

phonemic fluency tasks (F and S-words) was comparable across groups (Table 1 and Figure 

1S).

Correlations between cognitive functioning and clinical characteristics

Correlational analyses showed that the short-term non-affective memory summary score 

correlated positively with GAF scores (r = .26, p<.01). The short-term affective memory 

summary score correlated positively with the GAF score (r = 0.183, p<.05) (Table 1S and 

Figure 2). The coefficients of correlation between the GAF and the other BAC-A summary 

scores were not statistically significant.

Discussion

The current study examined the cognitive functioning of BD patients and HC using the 

BAC-A, a comprehensive cognitive battery with strong psychometric properties specifically 

designed for BD [19]. Compared to HC our BD patients demonstrated impaired short-term 

non-affective memory and verbal fluency impairment. These results are consistent with Bora 

et al.'s meta-analytical review of 12 cognitive studies that found impairments of large effect 

size in verbal memory and word generation in BD [33]. However, in contrast to our 

findings, current literature points towards deficits in both immediate and delayed recall [4, 

8]. The divergent findings may be due to the clinical characteristics of our sample. For 

instance, the higher level of memory performance among BD patients may be explained by 

the fact that the BD participants were euthymic, medicated at the time of the assessment and 

had experienced a higher number of depressive episodes than manic episodes. Indeed, a 

study showed that manic patients present with greater impairments in verbal memory, verbal 

fluency and cognitive estimation skills when compared with depressed and remitted patients 

[9]. Another study found that relative to hypomanic, depressive and euthymic BD patients, 

manic patients present with extensive deficits in immediate and delayed verbal and visual 

memory (measured by the California Verbal Learning Test – CVLT and the logical memory 

and visual reproduction subtests of the Wechsler Memory Scale) [34]. Furthermore, our 

clinical sample was heterogeneous and included patients with BD Types I, II and NOS.

It is noteworthy that BD patients produced fewer animal words than HC. Deficits in verbal 

fluency have been consistently reported in the literature on BD and psychotic disorders [35]. 

Verbal fluency has been linked to executive dysfunction [63] and inefficient information 

retrieval techniques [64][34]. Further, findings of a neuropsychological study in older 

individuals suggested that while phonological fluency tasks require strategic planning, 

category fluency tasks are affected by the participant's verbal abilities [36]. Given the 

participants' preserved vocabulary scores on the WASI, the present results do not, however, 
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appear to support the latter hypothesis. A thorough cognitive assessment is not only essential 

for diagnostic purposes but is also crucial to develop an appropriate cognitive and functional 

rehabilitation plan. In our sample higher short-term verbal memory abilities were associated 

with greater global functioning and reduced severity of manic and depressive symptoms. 

This result is consistent with a recent study showing that verbal fluency and verbal memory 

are positive predictors of occupational and psychosocial functioning as measured by the 

GAF score [8].

The exploration of the demographic differences between HC and BD participants showed a 

reduced mean IQ score and lower education levels in BD patients compared to HC. This 

finding is intriguing as, to date, only a small number of studies has explored the link 

between IQ, education and mental illness. A study in Swedish conscripts aged 43-54 years 

found that a low premorbid IQ was associated with increased risk of developing psychotic 

illnesses, but not BD [37]. Another study in male inpatients suffering from either BD or 

unipolar depression showed that while patients with major depression exhibited a lower IQ -

approximately 2-3 points below the mean IQ of HC – BD patients had an IQ comparable to 

HC. Notably, the depressed group had completed higher levels of education than the BD 

group [38]. These findings suggest that the neurocognitive development of BD patients may 

differ from that of depressed patients. However, since we used the WRAT and the WASI to 

estimate premorbid IQ and previous studies used non-standardized tests of intellectual 

functioning such as the Børge Priens Prøve (BPP) [38] these results may not be directly 

comparable.

A strength of the BAC-A battery is certainly its time efficiency and focus on cognitive 

domains that have been recommended by the ISBDD and CANMAT to be assessed in BD 

patients such as psychomotor accuracy (e.g. Token Motor Test), executive functions (e.g. 

verbal fluency, Tower of London test), verbal memory (e.g. List learning) and working 

memory (Digit sequencing task). Furthermore, our findings show that the BAC-A battery 

detects impairments in short-term verbal memory and verbal fluency and may be able to 

assist in establishing the individual's overall functioning.

A potential limitation of the BAC-A is the absence of measures of reaction times for 

psychomotor and executive function tasks. Indeed while accuracy levels indicate whether 

the individual attends to relevant stimuli and is able to discard unnecessary stimuli, reaction 

times provide insight into the patients' motor and cognitive speed [39]. Measures of 

accuracy and cognitive speed could, for instance, help determine if disruptions occur at the 

early stages of the sensory processing or are rather due to impaired high order functions such 

as attention and inhibition. Furthermore, the ratio between reaction times and response 

accuracy would have provided information on how efficiently patients planned their moves 

on the Tower of London task. One could also argue that the analyses of the 8 subdomains of 

the BAC-A were not optimal because they are not subscales and are single items. Thus, our 

methodological approach may have blurred the concepts of “subscale” and “test”. Further, 

since these subscales have not been psychometrically validated, the reliability of each 

subscale measure may be limited. In conclusion, owing to its brevity and sensitivity to 

domains that have been shown to be impaired in BD, the BAC-A has the potential to 

become an important tool for evaluating cognitive functioning in BD and may enable 
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predicting long-term global functioning in adults with BD. Despite promising findings, a 

psychometric validation on a larger and more heterogeneous sample, and assessments 

enabling test-retest reliability measurement are recommended.

Supplementary Material

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

• We used the BAC-A, a BD-specific cognitive battery with strong psychometric 

properties

• BD patients exhibited deficits in short-term memory and verbal fluency

• Reduced cognitive functioning was associated with reduced global functioning

• BD patients recalled affective words better than non-affective words
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Figure 1. 
Composite z-scores of the BAC-A scale. Abbreviations: STAM = short-term affective 

memory, STNM = short-term non-affective memory, fluency = verbal fluency, DAM = 

delayed affective memory, DNM = delayed non-affective memory, PS = problem solving in 

bipolar patients (BD) and healthy controls (HC). *p<.05
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Figure 2. 
Scatterplot showing the relationship between standardized scores of short-term non-affective 

memory (zSTNM) and scores of Global Assessment of Functioning (GAF)
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Table 1
Demographic and clinical characteristic of the sample

Group N (BD/HC) Healthy Controls Bipolar disorder p/X2

(Mean ± S.E)

Gender Male/female, N 93/56 20/36 34/56* .38

Age 92/56 36.17±1.91 35.18±1.39 .56

Education (years) 84/55 16.01±.35 14.33±.31 .001

WRAT Reading 90/47 111.674±2.28 104.83±1.57 .01

WASI Vocabulary 92/54 58.37±1.54 54.79±1.31 .08

WASI Matrix 92/54 56.94±.92 55.91±.82 .42

Full Scale IQ (WASI) 92/54 113.61±1.79 109.5±1.5 .08

YMRS 39/16 .88±.48 5.53±.86 .00

MADRS 76/42 1.09±.7 14.84±1.27 .00

GAF 79/41 89.31±1.4 62.90±1.4 .00

Lifetime number of depressive episodes 61/54 - 13.39±2.76 -

Lifetime number of manic episodes 68/54 - 3.88±.88 -

Abbreviations: WRAT=Wide Range Achievement Test; WASI=Wechsler Abbreviated Scale: WASI; IQ=Intellectual Quotient; YMRS=Young 
Mania Rating Scale; Montgomery Åsberg Depression Rating Scale (MADRS); Global Assessment of Functioning (GAF).

*
3 missing values
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