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Abstract 

Objective: Impulsivity is a well-established trait of bipolar disorder (BD) that persists 

across mood phases. It is, however, still unknown whether, in BD, impulsivity remains 

stable or varies in intensity over the lifespan. This cross-sectional study compared 

impulsive behavior in older euthymic BD patients and healthy individuals using a range 

of self-rating and behavioral measures of impulsivity. 

Methods: 28 BD patients (56.07±4.08 years, 16 women) and 15 healthy controls (HC; 

55.1±3.95 years, 6 women) were administered the Barratt Impulsivity Scale (BIS) and 

selected tasks of the Cambridge Neuropsychological Test Automated Batter (CANTAB) 

reflecting impulsivity. Multivariate analysis of variance controlled for age compared 

impulsivity measures across BD and HC.  

Results: BD patients displayed poor decision making, risk taking, and increased delay 

aversion. Other measures of impulsivity such as response inhibition, sustained cognitive 

control, and BIS scores were, overall, comparable between BD and HC. 

Conclusions: These preliminary findings suggest that, in BD, aspects of impulsivity 

related to reward-based decision making persist into late adulthood. Large scale, 

longitudinal studies are needed to evaluate the relationship of age to impulsivity over 

time, and explore the link between impulsivity and illness progression in elderly 

individuals with BD.  
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Objective 

Mental illness affects 20% of individuals aged 55 years or older, with the most 

prevalent conditions including bipolar disorder (BD), depression, and anxiety (CDC., 

2008). In spite of the growing body of research highlighting the link between aging, 

mood disorders and cognitive impairment (Almeida et al., 2016; Fung et al., 2016), 

chronic health issues, (Chapman et al., 2005), and earlier mortality (Mezuk and Gallo, 

2013) in adults with BD, mood disorders are still under-recognized and undertreated 

among older individuals.  

Of particular relevance in BD research is the construct of impulsivity, which is an 

important predictor of poor clinical outcomes (Swann et al., 2009a) and risk-taking 

behaviors (Chamorro et al., 2012). A large body of research has shown that BD is 

characterized by reduced impulse control (Ernst et al., 2004; Johnson, 2005), reflected 

by poor reward-related decision making (Linke et al., 2012; Nusslock et al., 2012), 

inefficient money management skills (Cheema et al., 2015), and self-injurious behaviors 

(Simon et al., 2007). Current literature has, however, focused on young adults with BD 

and no study has explored whether, in older adults with BD, impulsivity is increased or 

comparable to that of elderly individuals with no lifetime history of mental illness.  

Aging affects some facets of impulsivity more than others. A study using a 

laboratory-based behavioral measure of impulsivity (Matching-Familiar-Figures Test) 

indicated that elderly healthy adults (mean age:70.6 years) were more impulsive (in the 

form of reduced accuracy and faster response times) than young individuals (mean age: 

21.9 years) (Coyne et al., 1978). Another large sample study (n=2725) using a well-
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established self-rating measure of impulsivity (Behavioral Inhibition System and 

Behavioral Activation System; Carver and White, 1994) found that older individuals 

were less impulsive on self-rating behavioral inhibition and activation scales than the 

younger groups (Jorm et al., 1998). It has been suggested that, while dysfunctional 

impulsivity (e.g. tendency to make risky decisions) generally increases over time, 

functional impulsivity (e.g. tendency to make quick decisions with likely personal gain) is 

quite stable over the lifespan (Morales-Vives and Vigil-Colet, 2012). A study examining 

delay discounting showed that older adults discount monetary rewards at a slower rate 

than younger adults, which may reflect better self-control and an increased ability to 

appreciate delayed rewards (Jimura et al., 2011). Indeed, whereas children favor instant 

rewards, older adults focus on future, greater rewards (Drobetz et al., 2012). However, 

decreased life expectancy may counteract this trend, as individuals realize they have 

less time to benefit from delayed rewards. Indeed, a study on delay of gratification in 

older adults aged 60 to 94 years concluded that individuals aged over 80 years were 

overall more impulsive than those aged 60-69 years (Forstmeier et al., 2011). These 

results highlight the multidimensional nature of impulsivity (Meda et al., 2009) and the 

need for including a variety of measures, e.g. self-rated and behavioral measures, to 

study this concept.  

With regard to impulsivity in BD, while clinical studies use self-rated measures of 

impulsivity (e.g. Barratt Impulsivity Scale), neuropsychological studies (Ethridge et al., 

2014; Powers et al., 2013) view impulsivity as related to poor response inhibition and 

test it through tasks of the Go/No-Go type (Chamberlain and Sahakian, 2007), and 

measures of reward sensitivity, e.g. gambling and decision making tasks (Bauer et al., 
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2015; Christodoulou et al., 2006; Mason et al., 2014). It is noteworthy to mention that 

inhibitory control plays a critical role a number of important mental processes such as 

memory, attention, and affective processing (Bechara, 2005; Salgado et al., 2009). For 

instance, highly impulsive individuals typically struggle to inhibit prepotent responses to 

distracting stimuli, and make a high number of commission errors (Salgado et al., 2009). 

Further, the few studies on sustained attention and affective processing (Leibenluft et 

al., 2007; Walshaw et al., 2010) show that BD patients display impulsive, generally 

mood-congruent, responses to emotional stimuli, e.g. faster reaction times in response 

to positive vs negative stimuli in manic BD patients (Murphy et al., 1999; Roiser et al., 

2009). It could be argued that self-rating impulsivity measures are more likely to capture 

trait-related aspects of impulsivity than laboratory-based tasks (Lai et al., 2011). 

However, there is evidence that impulsive responses to positive or negative stimuli 

acquired during affective episodes are independent from individuals’ current mood 

state, and persist during the euthymic states (Linke et al., 2011). Further, a longitudinal 

study on cognitive changes in unipolar and bipolar patients showed that only individuals 

with past severe depression displayed cognitive deficits (Sarapas et al., 2012). This is in 

line with previous evidence that cognitive performance is not strongly affected by 

current mood state (Gruber et al., 2007). This may mean that, when examining 

behavioral measures of impulsivity, the distinction between “trait” and “state-related” 

impulsivity may be more blurred than previously believed. Focusing on the 

multidimensional construct of impulsivity  may, therefore, be more informative than 

comparing state vs trait impulsivity.  
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Our previous work using laboratory-based tasks of impulsivity in adult BD 

patients with and without a lifetime history of substance use found a trend suggesting a 

relationship between a lifetime history of substance use and increased propensity to 

risk-taking on the Cambridge Gambling Task (Cambridge Neuropsychological Test 

Automated Battery - CANTAB; Bauer et al., 2015). In a separate sample of euthymic BD 

patients we found that the quality of decision making on the CGT was reduced in 

medicated adults with BD when compared to healthy controls (Wu et al., 2016). 

Reduced reward-related decision making may, therefore, persist in euthymic periods, 

regardless of the patients’ medication status.  

The literature linking impulsivity, aging and BD is unfortunately limited and 

somewhat contradictory. Two longitudinal studies showed a decline in performance on 

the Mini-Mental State Examination (Dhingra and Rabins, 1991), and the Dementia 

Rating Scale (Gildengers et al., 2009). Three studies did not find evidence of significant 

cognitive decline in old BD patients when compared to HC over a period of 2 to 5 years 

(Depp et al., 2008; Schouws et al., 2016; Schouws et al., 2012). Notably, Depp et al. 

(2008) reported that, in the BD sample, there was significant intra-individual cognitive 

variability between time points. Further, this variability did not appear to be related to 

baseline measures or changes in the severity of affective symptoms (Depp et al., 2008). 

Another study showed that elderly BD displayed a more pronounced slowing in 

processing speed compared to healthy elderly individuals (Lewandowski et al., 2014). 

Taken together these finding indicate that intra-individual variability in cognitive 

performance is a core feature of aging. This may be due to age-related alterations in 

cognitive abilities required for decision making, e.g. some individuals may be slow in 
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learning to associate high-value tokens and low gains. Since the majority of these 

studies used summary or total cognitive scores and did not report results for specific 

cognitive domains (e.g. attention, executive functions), the interpretation of current 

findings with regard to impulsivity is limited. Further, to date, “neuropsychological” 

aspects of impulsivity such as inhibitory control and decision making have not been 

examined in an older BD population.  

In sum, impulsive tendencies may contribute to risky behaviors (e.g. suicide) and 

poor clinical outcomes in BD. Aging is characterized by cognitive changes and 

increased exposure to stressful physical and environmental changes. In BD, aging 

could, therefore, impair decision-making, and lead to an even higher risk for 

maladaptive behaviors. Given the potential link between aging, impulsivity, and mental 

health, additional work is needed to characterize the performance of elderly BD patients 

on various impulsivity facets. To address this issue we conducted a cross-sectional 

study to compare a range of behavioral and self-rating measures of impulsivity in 

individuals aged 50 years and above to that of elderly individuals with no lifetime history 

of mental illness. Our working hypothesis was that older BD patients would display 

increased self-rated and behavioral impulsivity compared to older healthy controls with 

no lifetime history of mental illness.  

 

Methods 

Sample and psychiatric assessment  
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The sample included 15 healthy controls (HC; M±SD: 55.1±3.95years, 6 females) 

and 28 adult BD patients (M±SD: 56.07±4.08 years, 16 women) (see Table 1). 

Participants were recruited from inpatient and outpatient clinics of the University of 

North Carolina at Chapel Hill (UNC)(n=21:10HC, 11BD) and the University of Texas 

Health Science Center at Houston (UT)(n=22: 5HC, 17BD). HC were recruited via oral 

presentations and flyers. Specific inclusion criteria for HC were: no current or lifetime 

axis I psychiatric diagnosis, no lifetime history of substance use disorder, no 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. Participants were excluded if they had any current serious medical problems 

including cardiovascular and neurological disorders. Medication was not an exclusion 

criterion. The diagnosis of BD among patients were ascertained by the Structured 

Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders Axis I 

(SCID I) (First et al., 2012). The SCID was administered to all participants by an 

independent psychiatrist or trained research assistant. The clinical interview also 

included the Montgomery-Åsberg Depression Rating Scale (MADRS)(Montgomery and 

Asberg, 1979) and the Young Mania Rating Scale (YMRS) (Young et al., 1978). All 

participants were administered the Full Scale IQ (WASI) (Wechsler, 1999) which is a 

measure of premorbid intellectual quotient (IQ). The study protocol was approved by the 

local Institutional Review boards at both recruitment sites and informed consent was 

obtained from all the participants.  
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--------------------------------- 

Table 1 about here  

---------------------------------- 

 

Impulsivity 

BIS 

The Barratt Impulsivity Scale (BIS) (Patton and Stanford, 1995) is a 30-item self-report 

measure of impulsivity that includes three subscales: attentional impulsivity (e.g. 

difficulties with concentrating), motor impulsiveness (e.g. motor restlessness), and non-

planning impulsiveness (e.g. self-control.) Items are coded from 1 (rarely/never) to 4 

(always/almost always) and their sum provides a total score ranging from 30 to 120. 

Total BIS scores typically range from 30 to 120, with higher scores indicating greater 

impulsivity. BIS has well-established satisfactory test-retest reliability and internal 

consistency (Cronbach’s α = .83) (Patton and Stanford, 1995).  

 

CANTAB 

Behavioral aspects of impulsivity were measured by the Affective Go/No-Go task 

(AGN), Cambridge Gambling Task (CGT), and the Rapid Visual Processing Task (RVP) 

of the computerized Cambridge Neurocognitive Test Automated Battery (CANTAB - 

http://www.cantab.com)(Robbins et al., 1998) This battery was chosen based on its 
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established sensitivity to altered cognitive functioning in psychiatric disorders (Sweeney 

et al., 2000). The tasks of the CANTAB included in the present study are briefly 

described below. 

Affective Go/No-Go (AGN): in this task participants are instructed to respond to either 

happy (e.g. joyful, warmth, courage) or negative words (e.g. mistake, hopeless, burden), 

and inhibit their response to stimuli of opposite valence. Stimuli were presented in both 

a random (shift: negative, positive, positive, negative) and sequential way (non-shift: 

positive, positive, negative, negative). The outcome measures included in this 

manuscript are: 1. mean reaction times and number of commission errors in response 

to all stimuli, and 2. mean reaction times and number of commission errors to positive 

and negative stimuli. A high number of commission errors reflects the inability to inhibit 

unwanted responses to emotionally salient stimuli.  

Cambridge Gambling Test (CGT) evaluates impulse control and risk-taking behavior. 

Primary outcome measures include 1. deliberation time prior to making a bet, 2. risk 

taking (mean proportion of the number of points bet on trials with a more likely 

outcome), 3. risk adjustment (tendency to bet a high proportion of points on trials with a 

more likely outcome, e.g. high score indicates decreased risk taking), 4. quality of 

decision making (proportion of bets on gamble trials with a more likely outcome), and 5. 

delay aversion (ratio score representing the ability to bet large amounts depending on 

the odds of winning/losing, e.g. a high score reflects the inability or unwillingness to 

refrain from betting).  
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Rapid Visual Processing (RVP) is a test of continuous performance and visual 

sustained attention. In this task, digits from 2 to 9 appear in a pseudo-random order on 

the screen. Participants are instructed to click on a press pad every time they see  

target sequences of digits (e.g. 2-4-6, 3-7-9). The main outcome measures of this task 

in relation to the concept of impulsivity are RVP A” (ability to distinguish targets from 

non-targets; scores range from 0 to 1 with 1 representing perfect detection), RVP B’’ 

(tendency to respond to a target regardless of whether a target sequence is presented; 

scores range from 0 to 1, with 1 representing a prepotent response tendency), and 

mean response latency.  

 

Statistical procedure 

Statistical analyses were performed using IBM SPSS statistics (Version 21.0). Normality 

assumptions for continuous variables were examined. One-way ANOVAs and chi-

square (χ2) analyses were used to compare demographic and clinical differences 

between groups. We examined the coefficients of correlation across estimates of 

impulsivity and identified strong correlations(r>.5) between the number of CGT overall 

proportion bets and CGT Risk taking (r=.98), between AGN reaction times and between 

AGN commission errors (r coefficients ranged from .85 and .94 across emotional 

valences). The BIS total score correlated strongly with the other BIS subscores (r 

ranging from .52 to .57). Further, the RVP total number of hits correlated strongly with 

RVP A’ (r=.93, p<.01). To avoid multicollinearity issues we approached our analyses in 

the following manner. To start with, we removed the variable “number of CGT overall 
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proportion bets” and RVP total number of hits from subsequent analyses and calculated 

the coefficients of correlation among the remaining impulsivity measures 

(Supplementary Table 2). To address the issue of strong correlations between BIS 

scores and between AGN variables we conducted four separate univariate and 

multivariate analyses of variance (M/ANOVA) including BIS total score (1), AGN 

reaction times and accuracy to all stimuli (2), AGN reaction times and accuracy to 

positive stimuli (3), and AGN reaction time and accuracy to negative stimuli (4). Three 

additional MANOVAs were conducted and included: BIS subscale scores, CGT 

variables (Deliberation time, Delay Aversion, Quality of Decision Making, Risk taking, 

Risk Adjustment), and RVP variables (RVP A’, RVP B’, reaction time, number of false 

alarms) (Table 3). Based on previous evidence suggesting that aging correlated 

negatively with impulsivity (e.g. Meyer and Hautzinger, 2001) and is associated with 

increased reaction times (Brown et al., 2012), age was entered as a covariate to all 

M/ANOVA analyses (Supplementary Table 1). To account for potential site differences, 

we planned to covary impulsivity measures found to be significantly different between 

HC and BD for site effects, including both site main effects and site by group interaction. 

Given the role of medication on cognition (Daglas et al., 2016; Sabater et al., 2016), we 

compared performance on significantly different impulsivity measures between 

medicated and unmedicated BD patients. In our previous paper (Bauer et al., 2015) 

illness chronicity (estimated by the number of mood episodes and hospitalizations) was 

not found to be predictors of impulsivity. These variables were therefore not included as 

covariates. All analyses were adjusted for multiple comparisons using Bonferroni 



14 
 

correction and statistical significance was defined as p<.05. In the results section we will 

quote SPSS Bonferroni adjusted p-values (Bland and Altman, 1995).  

 

Results 

Demographics 

HC and BD were comparable in terms of age, gender, and IQ scores. The number of 

years of education and GAF scores was greater in HC than in BD (p<.01). As expected, 

patients with BD reported higher levels of depressive and manic symptoms (p<.001). 

Although not clinically significantly elevated, scores on the YMRS and MADRS 

suggested, on average, subthreshold levels of mania and mild depression (Table 1). 

The number of enrolled BD and HC individuals was comparable between study sites 

(χ2(1)=2.93, p=.09),and there were no significant differences in age, gender, ethnicity, 

years of education between study sites (p>.05). 

 

BIS 

Differences in BIS subscores between groups approached significance [Pillai’s trace 

F(3,35)=2.71, p= 0.06, partial η2= 0.19], and HC displayed marginally greater BIS 

attentional impulsivity scores compared to BD [F(1,37)=5.49, p= 0.03, partial η2= 0.13]. 

There were no significant differences in total BIS scores between BD and HC (p>0.05) 

(Table 2).  
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CANTAB 

MANOVA analyses corrected for age revealed group difference in CGT measures 

[Pillai’s trace F(5,35)=2.8, p=.04, partial η2=.28]. Quality of decision making 

[F(1,42)=7.88, p=.008, partial η2=.17] and risk adjustment [F(1,42)=8.79, p=.005, partial 

η2=.18] were significantly reduced in BD compared with HC (p<.01). Further, BD 

patients displayed increased delay aversion [F(1,42)=5.52, p=.02, partial η2=.12] (Figure 

1).  

Performance on the RVP [(Pillai’s trace F(3, 30)=1.31, p=.29, partial η2=.11] and AGN 

overall mean latencies and accuracy [(Pillai’s trace F(2, 38)=.14, p=.87, partial η2=.007] 

were comparable across groups. There were also no differences in AGN latencies or 

accuracy in response to positive and negative stimuli between the two groups (p>0.05; 

Table 2). 

As mentioned in our methods section we covaried all the impulsivity measures found to 

be statistically significant between BD and HC for potential site and medication effects. 

Quality of decision making, delay aversion, and risk adjustment were comparable 

across study sites [F(3,35)=.21, p=.89, η2=.02], and there was no significant interaction 

between site and participants’ group [F(3,35)=.85, p=.48, η2=.07]. With regard to 

medication status CGT scores differed between medicated and unmedicated BD 

patients [(Pillai’s trace F(5, 19)=3.07, p=.03, η2=.45)]. Specifically, unmedicated BD 

patients (N=14) displayed better quality of decision-making than medicated BD (N=14) 

patients [F(1, 23)=5.56, p=.03, η2=.2)].  
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--------------------------------- 

Table 2 and Figure 1 about here  

---------------------------------- 

Conclusions 

To the best of our knowledge this is the first study comparing performance on self-rating 

and behavioral indicators of impulsivity in older BD patients and a healthy comparison 

group. The most compelling finding is that older BD patients presented with increased 

impulsivity as reflected by poor quality of decision making, decreased risk adjustment, 

and increased delay aversion on the CGT task of the CANTAB battery when compared 

to a healthy comparison group with no lifetime history of mental illness. Furthermore, 

medicated BD patients displayed poorer quality of decision making compared to 

unmedicated individuals. Although promising, these findings are based on a small 

sample size and should, therefore, be interpreted with caution and be viewed as 

preliminary.  

Our findings are consistent with previous evidence that patients with BD have a high 

reward-seeking response and are unable to delay gratification (Najt et al., 2007; Swann 

et al., 2009b). Furthermore, studies using the Cambridge Gambling test of the CANTAB 

battery (Bauer et al., 2015; Wu et al., 2016) showed that adults with BD display reduced 

quality of decision making and pronounced risk-taking tendencies. Adult BD patients 

were also found to discount delayed rewards to a greater extent than healthy controls 

(Ahn et al., 2011; Mason et al., 2012). Overall, healthy aging has been associated with 

longer deliberation times and reduced risk taking on a token-based gamble decision 
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task (Deakin et al., 2004). Similarly, a study showed that, compared to younger adults, 

older individuals are generally more risk averse and favor future, greater rewards to 

immediate, smaller rewards (Madden and Bickel, 2010). The greater delay aversion 

observed in our BD sample may, therefore, indicate that this facet of impulsivity is 

related to BD rather than just aging.  

It is noteworthy mentioning that older adults’ ability to discount immediate rewards has 

been found to apply to monetary rewards but not to liquid rewards (e.g. juice) (Jimura et 

al., 2011). Along the same line, there is evidence of a strong link between high reactivity 

to a specific class of rewards and drug-seeking behaviors (Volkow and Wise, 2005) 

typically comorbid to BD. Examining discounting abilities across reward stimuli (e.g. 

drugs, food, money) could therefore shed some light into the vulnerability to specific 

addictive behaviors in older BD patients. 

Overall, our older BD patients did not differ from HC in terms of BIS scores, Considering 

the large number of studies that consistently reported differences in BIS scores in adults 

with BD (Etain et al., 2013; Strakowski et al., 2010; Swann et al., 2004) and the 

differences in CGT scores discussed above this finding may be somewhat surprising. 

To start with, it is important to highlight the fact that impulsivity is a multidimensional 

concept (Strakowski et al., 2010). Indeed, while BIS is a self-rating measure of motor, 

attentional, and non-planning impulsivity, the CGT measures the reward-processing 

component of impulsivity and is based on reaction times and responses to high-reward 

and low-reward stimuli. A potential reason for the lack of differences on the BIS could, 

however, be related to insight. Impaired insight into one’s abilities (Wood et al., 2012) 

and health status is a common feature of both mental illness and aging (Cooke et al., 
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2005), and is associated with reduced global functioning, medical adherence and worse 

clinical illness course (van der Werf‐Eldering et al., 2011). One could speculate that our 

sample of older BD patients had reduced insight into their condition and  overestimated 

their ability to inhibit prepotent impulsive behaviors. To check this hypothesis we  

examined item 11 of the YMRS scale as it assesses insight into the severity of the 

disease (Young et al., 1978). In our BD sample, raw scores ranged from 0 (excellent 

insight) to 3 (patient admits change in behavior but denies illness), and the mean value 

was .19 (S.D=.62). This means that, overall, our BD sample had good insight and 

admitted to being “possibly” ill. There is therefore no strong evidence supporting the 

hypothesis that lack of insight explained the greater BIS attentional impulsivity scores 

reported by HC compared to BD. This remains, however, a surprising result that 

certainly requires additional exploration.  

Alternatively, it could be hypothesized that the BIS is a self-rating measure of “real” daily 

life impulsivity and that, over time, older BD have “learned” to avoid taking risky 

decisions with immediate negative impact on their daily life (Carstensen and Hartel, 

2006). However, when exposed to an “artificial” measure of impulsivity such as the 

CGT, older BD patients cannot inhibit their “automatic” impulsive response style, and 

display risk-seeking behaviors. This hypothesis did not, however, apply to the AGN task 

as our study did not detect differences in AGN latencies and commission errors in 

response to affective stimuli between BD and HC. A third explanation for our findings 

could be based on the concept that aging is associated with reduced attentional bias for 

negative stimuli, and increased preference for positive information (Mather and 

Carstensen, 2005; Mroczek and Kolarz, 1998). As a result, in older individuals, 
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differences in reaction times and accuracy in response to positive and negative stimuli 

may be reduced. This would explain the current AGN findings and raise the hypothesis 

that, in elderly BD patients, the reward of “winning a game” triggers a stronger response 

than the emotional valence of the stimulus per se. If this hypothesis were to be 

confirmed, one could conclude that poor reward-related decision making is intrinsic to 

BD and persists into late adulthood. Future studies could address this research question 

by comparing independent (e.g. proxy report) information on the lifetime history and 

current instances of impulsive behavior to laboratory measures of impulsivity.Whether 

the reduced response to emotional stimuli observed in our BD sample is a coping 

strategy or the result of age-related brain and physiological changes (Conwell et al., 

1998) remains an unexplored research area.  

Notably, in our sample, medicated BD patients displayed poorer quality of 

decision making on the CGT compared to unmedicated BD individuals. This result is 

counterintuitive as one would expect that medication would improve mood and 

potentially mitigate impulsivity. However, our sample took a variety of medications and it 

is, therefore, difficult to distinguish the impact of each medication on cognition. Lithium 

has several neuroprotective effects and has been found to have no negative or no 

effects on cognitive performance in humans. Some animal and human studies have 

even suggested that lithium may improve learning processes (Adida et al., 2015; 

Tsaltas et al., 2009). However, anti-convulsants such as carbamazepine and valproate 

have negative effects on cognition (Gallassi et al., 1990; Hermann et al., 2010). For 

instance, an animal study showed that carbamazepine impairs processing speed and 

response accuracy on a decision making task (Tremblay and Winstanley, 2016). 
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Lamotrigine, a newer generation of anti-convulsants, has less cognitive side effects 

(Sanches et al., 2014). A confounding factor in the current sample is that with aging, the 

pharmacokinetics of absorption, metabolism, and excretion of drugs decreases and may 

lead to increased cognitive side effects (Aziz et al., 2006). Further studies looking at 

long-term administration of lithium, mood stabilizers and anti-convulsants would be 

essential to distinguish the effects of different types of medication and BD on reward-

related impulsivity measures in older populations.  

Equally relevant is the absence of differences in RVP A’ (detection scores), RVP 

B’’ (prepotent response tendency), and mean response latency between BD and HC. 

Although this may seem inconsistent with previous literature (Bora et al., 2007; Malloy-

Diniz et al., 2011), it is noteworthy mentioning that previous studies using estimates  of 

signal detection such as A’’ and B’’, and not only the number of commission errors, 

found no significant differences between BD and HC (Brooks et al., 2010; Fleck et al., 

2005). Further, in this study there was no strong correlation between RVP and BIS 

scores. This is in line with our previous work that found no significant correlations 

between the total BIS score and the number of RVP commission errors in a sample of 

BD with substance use comorbidities (Bauer et al., 2015), and no strong correlations 

between BIS subscores and RVP A’’ and “B’’ in young BD patients (Bauer et al., 2017). 

This evidence provides support for a multidimensional construct of impulsivity and the 

differential relationship between BIS scores and behavioral measures of impulsivity. For 

instance, a previous study in adults with BD showed that while high BIS nonplanning 

and motor impulsivity correlated with poor performance on a gambling task, high BIS 
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Attentional impulsivity was associated with reduced response inhibition (Christodoulou 

et al., 2006).  

Along with deficits in physical health and poor social functioning, mental health is 

a significant risk factor for suicide in elderly individuals (Conwell et al., 2002; WHO). 

Impulsivity is an equally significant predictor of mortality as individuals may make rash, 

irrational decisions, and put suicidal thoughts and plans into action (Neufeld and 

O'Rourke, 2009). Evidence shows that inconsistent decision making in situations 

requiring cognitive complexity and involving long-term, rather than short-term, rewards 

may contribute to suicidal attempts (Trivedi et al., 2014). Whether impulsivity contributes 

to suicide to the same extent across the life cycle is, however, still unclear. Some 

studies suggest that, while in young attempters suicide is an impulsive-aggressive act, 

suicide in older individuals is a planned and less impulsive act (Conwell et al., 1998; 

Turecki, 2005). Clark et al. found that older depressed suicide attempters displayed 

reduced risk-sensitive decision-making and neglected outcome probability when 

compared non-suicidal depressed patients (Clark et al., 2011). Our sample included 11 

BD individuals currently at risk for suicide and 4 individuals who attempted suicide in the 

past. Given the small size of our BD sample we did not extend our analyses to explore 

the link between impulsivity and suicidal risk. Future studies should, therefore, focus on 

whether there are differences in impulsivity, and, based on the current findings, more 

specifically decision making, between young and older BD patients with and without a 

history of suicide attempts.  

Before drawing final conclusions some limitations need first to be mentioned. The 

generalizability of the current findings is limited by the small sample size and sample 
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heterogeneity. Our BD group included participants with BD Type I, II and NOS, half of 

which were medicated. Previous evidence shows that some aspects of impulsivity differ 

between BD I and BD II. While BDI may show elevated trait-impulsivity (on the BIS) and 

lifetime aggression (on the Brown-Goodwin Aggression Scale), BD II are more likely to 

display increased hostility (measured by the Buss-Durkee Hostility Inventory) (Dervic et 

al., 2015). As shown in Table 1, our BD sample suffered from a number of comorbidities 

(e.g. PTSD, eating disorder, generalized anxiety disorder). Given the common 

comorbidity and some shared symptoms, such as impulsivity, across these psychiatric 

disorders, it is possible that BD patients with comorbidities display a different impulsivity 

profile or have greater levels of impulsivity than BD without a history of comorbid 

disorders. The literature comparing similarities and differences in impulsivity between 

BD and BD with comorbidities is, however, limited. To address the small sample size 

limitation we focused our analyses on a number of tasks that were considered to be of 

relevance for impulsivity. A larger study could, however, include additional measures of 

both “cold” and “hot” decision making. Furthermore, this study did not measure the 

levels of anxiety in our sample and these are known to be related to impulsivity in BD 

(Taylor et al., 2008). The examination of age-related changes in other cognitive 

domains, such as memory, would have shed light onto additional factors contributing to 

the decision making process in late adulthood. As mentioned in our methods section, 

we did not covary our analyses for either chronicity or illness severity. Knowledge of the 

link between illness severity and impulsivity is limited and somewhat controversial. Two 

studies found no strong correlation between impulsivity and illness chronicity (Bauer et 

al., 2015; Swann et al., 2004). By contrast, other findings suggest that an early BD 
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onset was associated with dysfunctional behaviors (e.g. suicide) often associated with 

increased impulsivity, and that increased impulsivity was associated with a more severe 

illness course (Carter et al., 2003; Strakowski et al., 1998; Swann et al., 2009a). The 

cross-sectional nature of these studies does not, however, enable determining whether 

there was a causal link between impulsivity and illness course. More research is 

therefore warranted to clarify how illness severity influences impulsivity. Our sample 

included both euthymic individuals and individuals meeting DSM-IV criteria for manic, 

depressive and mixed episodes. Given the relatively small size of each subgroup we 

could not account for the effects of mood state on impulsivity measures. It is, however, 

noteworthy to mention that impulsivity has been hypothesized to be a trait rather than a 

state (Lombardo et al., 2012), and that increased impulsivity has been found to be a risk 

factor for mania in non-clinical individuals (Johnson et al., 2013). Since the CGT task 

was the only measure of executive functioning included in this study, future studies 

should consider including a range of executive measures, including decision-making 

tasks that do not involve a reward. Furthermore, as previously mentioned, impulsivity is 

closely related to other cognitive skills such as working memory and attention. Thus, if 

patients have cognitive impairment, that may affect their ability to make decisions and 

inhibit responses. The reduced GAF scores observed in our BD samples could also be 

explored further to determine to what extent impulsivity moderates age-related decline 

in global functioning (Jiménez et al., 2012). 

In summary, our study provided preliminary evidence that elderly BD patients 

display pronounced risk taking and poor decision making behaviors on a behavioral 

measure of impulsivity. The lack of differences on a self-rating impulsivity scale between 
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BD and HC suggests that older BD patients’ decisions may be sensitive to context (e.g. 

self-rated impulsivity in daily life vs laboratory tasks). Additional research in the role of 

impulsive decision-making in suicide risk and functional outcome in late-life BD may be 

useful to develop adequate treatment strategies.   
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Table 1: Demographic and clinical characteristic of healthy controls (HC) and individuals 
with bipolar disorder (BD)  

Group HC 
Mean±S.D. 

BD 
Mean±S.D. 

F/chi 
square 

p-value 

N 15 28   

Age (years) 55.1±3.95 56.07±4.08 .56 .46 

Sex (N women) 6 16 .35 .23 

BD subtype  19 BDI, 6BDII, 3 
BDNOS 

  

Education (years)  17.07±3.37 14.36±.1.87 11.6 <.01 

Medication status (N 
medicated individuals) 

0 14   

Type of medication  11 polymedication (5 
of which took lithium), 
1 anticonvulsant,1 
antipsychotic, 1 
benzodiazepine  

  

Current mood state  9 euthymic 
10 depressed 
2 manic 
1 hypomanic 
1 mixed 

  

Age BD diagnosis (years)  41.43±11.45   

Current suicide risk (N)  4   

Past suicidal risk (N)  11   

Number of hospitalizations 

Median 

Range of values 

 1.6±1.8 
1 
0-5 

  

Number of mood episodes 

Median 

Range of values 

 26.67±31.3 
9 
0-70 

  

MADRS 
Median  

Range of values 

.33±.62 
0 
0-2 

16.96±12.04 
18 
0-35 

28.09 <.001 

YMRS 
Median  

Range of values 

.33±.62 
0 
0-2 

5.68±5.84 
4 
0-20 

10.19 <.01 

Comorbidities 
 
 

 11 had multi 
comorbidities (e.g. 
PTSD,ED, SUD), 1 
suffered from PTSD, 2 
from GAD NOS, and 2 
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Table 2: Self-rating and behavioral measures of impulsivity for healthy controls (HC) and 
individuals with bipolar disorder (BD). 

Group HC 

Mean±S.D. 

BD 

Mean±S.D. 

F p-
value 

Partial 
η2 

N 15 28    

BIS#      

BIS Attentional  23.31±1.55 21.52±2.47 5.49 .03 .13 

BIS Motor 24.92±2.5 26±3.13 .85 .36 .02 

BIS Non-
planning  

24.31±3.28 26.41±4.41 1.86 .18 .05 

Total BIS 
 

72.54±3.73 73.93±4.48 .53 .47 .01 

AGN      

Latency Correct 
trials (ms) 

557.55±74.74 572.58±60.44 .25 .62 .01 

Total 
commission 
errors 

20.07±10.25 19.36±15.37 .06 .81 .001 

Latency Correct 
trials–positive 
(ms) 

540.76±69.95 553.91±54.65 .26 .61 .01 

Total 
commission 
errors-positive 

3.57±1.64 3.48±3.09 .03 .86 .001 

Latency Correct 
trials–negative 
(ms) 

541.17±81.39 561.47±65.69 .49 .49 .012 

Total 
commission 
errors-negative 

2.28±2.29 2.77±2.66 .49 .49 .012 

CGT      

Delay aversion .23±.17 .43±.28 5.516 .02 .12 

Deliberation 
Time (ms) 

2480.44±791.68 2839.01±1242.36 .9 .35 .02 

Quality of 
Decision 
Making 

.96±.06 .84±.20 7.88 .01 .17 

Risk Adjustment 1.49±.96 .74±.68 8.79 .01 .18 

Risk Taking 
 

.56±.14 .54±.17 .15 .7 .004 

RVP##      

RVP A’ .93±.03 .9±.05 4.03 .05 .11 

RVP B’’ .98±.03 .91±.22 .87 .36 .03 

Latency (ms) 427.58±87.75 469.83±99.49 1.46 .24 .04 
Abbreviations: AGN: Affective Go/No-Go; BIS: Barratt Impulsivity Scale; CGT: Cambridge Gambling Task; RVP: Rapid Visual 
Processing 
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-Cross-sectional study comparing impulsive behavior in older BD and HC 

-BD displayed poor decision making, risk taking, and increased delay aversion 

compared to HC 

-Self-rating measures of impulsivity were comparable between BD and HC 

-In BD impulsive reward-based decision making persist into late adulthood  

 

 




