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Patients with bipolar disorder (BD) and schizophrenia (SZ) often show decision-making deficits in
everyday circumstances. A failure to appropriately weigh immediate versus future consequences of
choices may contribute to these deficits. We used the delay discounting task in individuals with BD or
SZ to investigate their temporal decision making. Twenty-two individuals with BD, 21 individuals with
SZ, and 30 healthy individuals completed the delay discounting task along with neuropsychological
measures of working memory and cognitive function. Both BD and SZ groups discounted delayed
rewards more steeply than did the healthy group even after controlling for current substance use, age,
gender, and employment. Hierarchical multiple regression analyses showed that discounting rate was
associated with both diagnostic group and working memory or intelligence scores. In each group,
working memory or intelligence scores negatively correlated with discounting rate. The results suggest
that (a) both BD and SZ groups value smaller, immediate rewards more than larger, delayed rewards
compared with the healthy group and (b) working memory or intelligence is related to temporal decision
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making in individuals with BD or SZ as well as in healthy individuals.
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Bipolar disorder (BD) and schizophrenia (SZ) are associated
with impairments of decision making and behavioral control in
everyday circumstances. These deficits frequently suggest im-
paired reward processing and problems with self-control (Eich-
horst et al., 2006; Nieuwenstein, Aleman, & de Haan, 2001).
Laboratory tasks of decision making have been used to better
characterize the cognitive and motivational processes responsible
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for impaired decision making. Such tasks typically involve cogni-
tive and motivational processes including evaluation of experi-
enced and expected outcomes and learning from the consequences
of prior decisions.

Several studies demonstrated impaired decision-making perfor-
mance in individuals with BD in different phases of the disorder.
Individuals in the euthymic (Gorrindo et al., 2005) or depressed
(Roiser et al., 2009) phase of BD showed difficulty maintaining
the correct contingency after negative feedback (i.e., a high num-
ber of maintenance errors) in the probabilistic reversal learning
(PRL) task. However, the high number of maintenance errors were
observed only during the reversal phase, suggesting that the def-
icits of individuals with BD are specific to the difficulty of adapt-
ing to a changing environment. A recent study concluded that
individuals in the depressed phase of BD showed performance
equivalent to that of healthy individuals in the PRL task, but PRL
performance measures used in the study were not specific to the
reversal phase, which makes the comparison between studies dif-
ficult (Tavares et al., 2008). Previous studies using the Cambridge
gambling task suggest that individuals with BD may perform
poorly on that task as well. Murphy et al. (2001) showed that
individuals in a manic episode of BD preferred favorable outcomes
less than healthy individuals did (i.e., poorer decision quality),
whereas decision quality among individuals in a depressed phase
of BD was equivalent to that of healthy individuals. Meanwhile,
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individuals in both manic and depressed phases of BD showed
suboptimal betting strategies compared with healthy individuals. It
is interesting that the severity of illness inversely correlated with
decision quality only in individuals in a manic episode. Roiser et
al. (2009) recently tested unmedicated patients in a depressed
episode of bipolar II disorder on the Cambridge gambling task and
replicated the finding of Murphy et al. (i.e., intact decision quality
and suboptimal betting strategies among individuals in a depressed
episode of BD). In contrast, Rubinsztein, Michael, Underwood,
Tempest, and Sahakian (2006) found that individuals with bipolar
I disorder had poorer decision quality but equivalent betting strat-
egies. The Iowa gambling task (IGT) has been also widely used in
individuals with BD, and ample evidence suggests that IGT per-
formance is mood state dependent. Although individuals in a
manic episode of BD showed impaired performance on the IGT as
indicated by their making fewer choices from good decks than
healthy individuals (Clark, Iversen, & Goodwin, 2001), individu-
als in a euthymic or remitted phase of BD performed equally well
as healthy individuals (Andreasen, 1989; Brzezinski, Abraham,
Stone, Dean, & Bosron, 1994; S. P. Stone, Herbert, Chrisostomou,
Vessey, & Horwood, 1993; Yechiam, Hayden, Bodkins,
O’Donnell, & Hetrick, 2008). Finally, in a two-choice prediction
task, individuals with bipolar I disorder showed increased sensi-
tivity to error rate, indicated by a higher shifting rate in the BD
group as compared with the shifting rate in healthy individuals
(Minassian, Paulus, & Perry, 2004).

Other decision-making studies demonstrated impaired perfor-
mance in individuals with SZ. A meta-analysis of IGT studies with
individuals with SZ showed that their task performance was usu-
ally impaired (Sevy et al., 2007). Heerey, Bell-Warren, and Gold
(2008) used the reward sensitivity task (Pizzagalli, Jahn, &
O’Shea, 2005) and a modified Cambridge gambling task to exam-
ine whether decision-making impairment in individuals with SZ is
due to their reduced reward sensitivity or their deficit in integrating
cognitive and affective information for optimal choices. They
found that reward sensitivity was intact in individuals with SZ, but
the ability to weigh potential losses was poorer than in healthy
individuals (Heerey et al., 2008). Consistent with these findings,
individuals with SZ also showed a reduced loss aversion when
tested with buying and selling scenario paradigms (Trémeau et al.,
2008). In the PRL task, similar to individuals with BD, individuals
with SZ achieved significantly fewer reversals compared with
healthy individuals, but again only during the reversal phase (G.
Schweighofer & Pinz, 2006). Gold, Waltz, Prentice, Morris, and
Heerey (2008) reviewed recent decision-making studies in SZ and
concluded that emotional processing and gradual habit learning
systems might be intact in SZ. However, they also argued that SZ
was associated with deficits in representing and integrating infor-
mation about multiple options and in rapid reinforcement learning
systems. Previous research also suggests that the negative symp-
toms in SZ play an important role in impaired reward processing.
For example, behavioral performance and negative symptoms
showed an inverse relationship in previous studies (Polgar et al.,
2008; Waltz, Frank, Robinson, & Gold, 2007) when measured by
the Scale for the Assessment of Negative Symptoms (Andreasen,
1989). In addition, some functional magnetic resonance imaging
studies showed that individuals with SZ demonstrated reduced
activation of the ventral striatum, a key region encoding expected
reward, during reward anticipation, and the reduction correlated

with overall negative symptoms (Juckel et al., 2006) or apathy
(Simon et al., 2010). Juckel et al. (2006) also showed that negative
symptoms correlated with activity in several brain regions during
outcome anticipation and evaluation.

One limitation of some of the previous studies in the context of
BD or SZ is that most decision-making tasks probe a multiplicity
of processes, such as sensitivity to rewards and losses, error
processing, learning, and sensitivity to varying event probabilities.
Thus, it may be difficult to delineate the cognitive mechanisms
responsible for specific decision-making deficits in individuals
with BD or SZ. In this article, we used the delay discounting task
to assess the ability to decide between immediate versus future
rewards, which has been little studied in BD and SZ.

The delay discounting task (Rachlin, Raineri, & Cross, 1991) is
specifically designed to assess how individuals make trade-offs
between immediately available small rewards versus large but
delayed rewards. The task consists of a series of choices between
a larger but delayed reward (e.g., $500 in a year) and a smaller but
immediate reward (e.g., $100 now). From these choices, an indi-
vidual’s discounting rate can be estimated, which measures the
weight an individual gives to future consequences. Error process-
ing and learning play a minimal role in performance because
participants do not receive feedback. This task targets the pro-
cesses of self-control and consideration for future consequences,
which are necessary for adaptive decision making. Furthermore,
the ability to weigh immediate and future rewards is important in
widely used tasks including the IGT and the PRL that involve
learning. A previous study indeed observed a significant correla-
tion between the IGT performance and discounting rate in indi-
viduals with cocaine dependence, suggesting temporal discounting
is an overlapping construct in the IGT (Monterosso, Ehrman,
Napier, O’Brien, & Childress, 2001). The use of the delay dis-
counting task might isolate a specific parameter that influences
decision-making deficits in individuals with BD or SZ.

Several factors could influence temporal discounting in SZ and
BD, including cognitive capabilities, the personality trait of im-
pulsivity, and current or past history of substance use disorders.
Higher discounting rates, indicating greater preference for smaller,
immediately available rewards, are correlated with decreased gen-
eral intelligence (I1Q; Shamosh & Gray, 2007) and working mem-
ory (WM; Hinson, Jameson, & Whitney, 2003; Shamosh et al.,
2008). For optimal decision making on the task, participants need
to integrate multiple features (e.g., reward amount and delays) of
immediate and delayed rewards, which imposes WM demands
(Hinson et al., 2003). In addition, several studies have reported
higher discounting rates among individuals who abuse or are
dependent on substances, including heroin and cocaine (Kirby &
Petry, 2004), alcohol (Petry, 2001), and tobacco (Bickel, Odum, &
Madden, 1999), compared with healthy individuals.

Impulsivity might also contribute to individual differences in
temporal discounting rates in addition to cognitive or WM deficits,
which might constrain the ability to conceptualize future out-
comes. Both BD and SZ have been associated with increased
impulsivity relative to healthy individuals. Mania, which is the
defining phase of BD, is characterized by impulsive behavior,
including impulsive spending, substance abuse, and risky sex
(Swann, 2009). Marked impulsivity has been noted in individuals
with BD during both the symptomatic (i.e., manic or depressed)
and the euthymic phases of the illness (Peluso et al., 2007).
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TEMPORAL DISCOUNTING OF REWARDS 913

Although impulsivity or impulsive behavior is less well character-
ized in SZ, previous studies indicate that individuals with SZ have
deficits in goal-directed behavior (Kerns, Nuechterlein, Braver, &
Barch, 2008) and show apparent impulsivity at first episode (Friis,
Sundet, Rund, Vaglum, & McGlashan, 2002).

Surprisingly, no study has used the delay discounting task with
individuals with BD, and, to our knowledge, only one study has
evaluated discounting rate in a sample of individuals with SZ
(Heerey, Robinson, McMahon, & Gold, 2007). Heerey et al.
(2007) found higher discounting rates in individuals with SZ
compared with healthy individuals. That is, individuals with SZ
showed a greater preference for immediate rewards, and their
discounting rates were inversely correlated with verbal memory
and marginally with WM. However, that study did not assess the
possible relationship between discounting rates and comorbid sub-
stance abuse or dependence. It is important to account for sub-
stance use in BD and SZ because the lifetime prevalence of
alcohol, nicotine, and recreational drug abuse or dependence in
these populations is substantially higher than in the general pop-
ulation. For example, an Epidemiologic Catchment Area Study
found that 60.7% of individuals with bipolar I disorder and 47.0%
of individuals with SZ met criteria for some form of substance
abuse or dependence (Regier et al., 1990). Impulsivity, which
could be a predisposing factor of steep delay discounting, might be
higher in patients with substance abuse (Dervaux et al., 2001).
Therefore, current or past substance use may be associated with
impaired reward processing in individuals with BD or SZ.

The present study was designed to investigate discounting of
rewards in psychiatric patients (individuals with BD and SZ) using
the delay discounting task. Potential correlates, including sub-
stance use, WM, IQ, parental education, employment, and impul-
sive personality traits, were also measured. We predicted that
individuals with BD or SZ would show higher discounting rates
than would healthy individuals (i.e., greater preference of smaller,
immediate rewards). In addition, we predicted WM or 1Q would be
associated with the discounting rate (Shamosh et al., 2008;
Shamosh & Gray, 2007).

Method

Participants

Twenty-two individuals meeting Diagnostic and Statistical
Manual of Mental Disorders (4th ed.; DSM—IV; American Psychi-
atric Association, 1994) criteria for bipolar I disorder, 21 individ-
uals meeting DSM—-1V criteria for SZ or schizoaffective disorder,
and 30 nonpsychiatric healthy individuals participated in the pres-
ent study. All patients received the Structured Clinical Interview
for DSM—-III-R Axis 1 disorders (SCID-I; Spitzer, Williams, Gib-
bon, & First, 1992) after initial screening for a likely diagnosis of
BD or SZ. SCID-I interviews were conducted by Jennifer K.
Forsyth or Amanda R. Bolbecker. Interrater reliability coefficients
(ks) based on SCID-I interviews for paired raters at our site have
ranged from 91 to 1.0 (ns > 10) for differentiation of SZ or
schizoaffective disorder from BD (Brenner, Wilt, Lysaker, Koyf-
man, & O’Donnell, 2003). Final diagnostic determinations were
made by Alan Breier, William P. Hetrick, and Brian F. O’Donnell
on the basis of the SCID-I interview, medical records, clinician
report, structured interviews that assessed current mood and psy-

chotic symptoms in detail, and self-report questionnaires. The
SCID nonpatient edition (Spitzer, Williams, Gibbon, & First,
1990) was used to rule out Axis I disorders in healthy individuals.
Exclusion criteria for all individuals included head trauma with
loss of consciousness for greater than 5 min, history of seizures or
electroconvulsive therapy, neurological disorders, current drug
abuse or drug dependence, and a positive urine drug screen.
Additionally, healthy individuals were excluded from participation
if they had a current or past diagnosis of an Axis I disorder
(including substance or alcohol dependence) or a first-degree rel-
ative with BD or SZ. Because self-report of illicit substance use in
psychiatric patients may be highly discrepant from objective mea-
sures (Hser, 1997; Kerns et al., 2008; A. M. Stone, Greenstein,
Gamble, & McLellan, 1993), urine screens were used for both
clinical and healthy individuals prior to assessment to corroborate
drug-free status.

The patient sample was recruited through outpatient and inpa-
tient units at clinics and hospitals affiliated with the Indiana
University School of Medicine (see Table 1 for characteristics).
Healthy individuals were recruited through newspaper advertise-
ments. All individuals received detailed information about the
study protocol and gave written and oral informed consent. Par-
ticipants were paid $10/hr. The protocol was approved by the
Indiana University—Purdue University Indianapolis Human Sub-
jects Review Committee.

Clinical and Neuropsychological Assessment

Current symptom levels in the SZ group were assessed using the
Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein, &
Opler, 1987). Current severity of depressive and manic symptoms
in the BD group were assessed using the Montgomery—Asberg
Depression Rating Scale (MADRS; Montgomery & Asberg, 1979)
and the Young Mania Rating Scale (YMRS; Young, Biggs,
Ziegler, & Meyer, 1978), respectively. IQ for all individuals was
estimated using the Wechsler Abbreviated Scale of Intelligence
(Nelson & Willison, 1982). WM was measured with Spatial Span
Forward and Backward tests. Executive function was measured
with Trails A and B tests (Reitan & Wolfson, 1993) using the
index of the time difference between the two forms (RT.; g —
RT . - The Barratt Impulsiveness Scale (BIS-11; Patton, Stan-
ford, & Barratt, 1995) was used to assess impulsive personality
traits in all individuals. Parental education was coded using ordinal
values: 1 = grade school,?2 = junior high,3 = high school, 4 =
some college, 5 = bachelor’s degree, 6 = master’s degree, and
7 = doctoral degree.

Per exclusion criteria, no patient had a current diagnosis of drug
abuse or dependence. For current alcohol, smoking, and drug use,
ordinal values were used for correlation and regression analyses.
Alcohol use per week was rated between 1 and 4 (1 = none, 2 =
one or two drinks, 3 = three to six drinks, 4 = six to 12 drinks).
Weekly amount of smoking was also rated between 1 and 5 (1 =
nonsmoker,?2 = less than one pack,3 = one to two packs,4 = two
to three packs, 5 = four or more packs) and drug use was rated
between 1 and 4 (1 = never taken,2 = very rarely,3 = about once
a month, 4 = about twice a month). Alternatively, those variables
could be coded 1 for any current use and O for none. We found the
alternative way of coding did not change any of the findings
reported in the Results section, thus we report findings with the
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Table 1
Demographic and Clinical Data for the Bipolar Disorder, Schizophrenia, and Healthy Groups
Group
BD (n = 22) SZ (n = 21) Healthy (n = 30)
Characteristic M SD n (%) M SD n (%) M SD n (%) F df,, X2 df p

Age (years) 399 94 403 11 370 119 073 70 A87
Years of education® 13.7 2.1 123 1.5 14.8 1.7 1209 68 <.001
1Q* 108.7 16.1 96.6 13.7 1139 143 859 69 <.001
Father’s education® 33 14 38 1.6 37 14 1.17 2 557
Mother’s education® 33 1.0 34 1.2 35 9 095 2 621
Spatial Span Forward” 7.7 22 6.8 2.1 8.6 25 363 65 032
Spatial Span Backward® 73 2.7 6.2 25 8.0 1.8 343 65 038
WM z score” 0 9 -4 9 3 8 448 65 015
WM/IQ composite® 0 9 -5 8 3 N 701 69 002
BIS

Attention® 174 45 17.2 59 132 3.1 743 66 001

Motor® 242 52 237 4.1 204 3.1 628 66 003

Nonplanning® 26.8 52 26.6 44 20.6 42 1499 66 <.001
Trails A 29.7 82 353 9.8 30.1 110 221 70 118
Trails B¢ 724 256 1028 50 532 158 1454 69 <.001
Executive function? 427 224 676 44 23.1 135 1523 68 <.001
Digit Symbol® 8.9 24 7.8 2.6 11.7 2.6 1588 69 <.001
PANSS

Positive 104 43 153 6.4 7.19 36 011

Negative 10.6 43 13.1 45 290 36 097

General 242 8.2 273 7.0 1.62 36 211
YMRS 8.3 8.5
MADRS 10.8 8.9
Gender 032 2 852

Male 10 (45.5) 10 (47.6) 12 (40.0)

Female 12 (54.5) 11(524) 18 (60.0)
Employment (35.0) (15.0) (92.0) 2783 2 <.001
Medication

Antipsychotics 1.38 1 315

Atypical (only) 14.5) 9 (42.9) 0

Typical (only) 12 (54.5) 3(14.3) 0

Atypical and typical 1(4.5) 4 (19.0) 0

Lithium 5(22.7) 2(9.5) 0 122 1 Al4

Antidepressants 7 (31.8) 4(19.0) 0 0.38 1 491

Anxiolytic 7(31.8) 3(14.3) 0 163 1 284

Anticonvulsant 9 (40.9) 3(14.3) 0 345 1 091

Other psychoactive 6(27.3) 6 (28.6) 0 004 1 1.000
Drug abuse

Never 17 15 26

Past 5 6 4

Current 0 0 0
Drug dependence

Never 19 16 29

Past 3 5 1

Current 0 0 0
Alcohol abuse

Never 10 11 22

Past 9 9 8

Current 3 1 0
Alcohol dependence

Never 13 13 29

Past 8 8 1

Current 1 0 0
Note. BD = bipolar disorder; SZ = schizophrenia; WM = working memory; IQ = intelligence; WM/IQ composite = working memory and intelligence

composite score; BIS = Barratt Impulsiveness Scale; PANSS = Positive and Negative Syndrome Scale; YMRS = Young Mania Rating Scale; MADRS =
Montgomery—Asberg Depression Rating Scale.

* Healthy, BD > SZ.
and SZ groups only.
for simplicity.

" Healthy > SZ.

°BD, SZ > HC. 9SZ>BD > HC. °© Healthy > BD, SZ. f Medication was compared between BD
€ The Kruskal-Wallis test was used instead of omnibus analysis of variance. Mean values of ordinal variables are reported
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ordinal values of alcohol, smoking, and drug variables. Histories of
drug and alcohol abuse or dependence diagnosed by SCID-I were
also examined for their possible associations with the discounting
rate.

Delay Discounting Task

The delay discounting task was completed on a computer.
Participants were instructed to make choices about hypothetical
scenarios involving money. Previous studies using the delay dis-
counting task (e.g., Johnson & Bickel, 2002; Lagorio & Madden,
2005; Madden, Begotka, Raiff, & Kastern, 2003) showed that
healthy individuals behaved similarly when offered real and hy-
pothetical rewards, suggesting that hypothetical reward scenarios
are valid for studying intertemporal choices. Participants were told
that there were no correct or incorrect choices and that they should
choose whichever option they preferred using a mouse. The task
began with a practice trial where the participant was offered an
initial choice between $30 now and $60 in 8 months. Later, in
critical trials, the participant made an initial choice between $400
now and $800 at six different delays: 2 weeks, 1 month, 6 months,
1 year, 3 years, and 10 years. Order of the critical trials (delays)
was randomized for each participant. Choices were represented by
two clickable rectangles on the screen. One rectangle showed the
immediate amount (e.g., “$400 now”) and the other showed the
delayed amount (e.g., “$1,000 in 8 months”). Order of the two
rectangles on the screen was fixed within participants and coun-
terbalanced across participants. A third clickable rectangle on the
screen allowed participants to reset their choices within the current
trial if they had made a mistake.

Each practice and critical trial consisted of six choices. The
choices were designed to converge on the participant’s indiffer-
ence point for a particular delay by adjusting the immediate
amount (Green & Myerson, 2004). For example, if the participant
preferred $400 now rather than $800 in 1 year, then the next choice
would be between $200 now and $800 in 1 year. If the participant
then chose the $800 option, the next choice would be between
$300 now and $800 in 1 year. The six choices per trial were used
to estimate the value of the immediate amount at which the
participant was indifferent between that immediate amount and the
delayed amount. There was a 1-s pause between choices and a
3.5-s pause between trials.

Statistical Analysis

We considered both the hyperbolic and the exponential models
of delay discounting, both of which have a single free parameter.
The hyperbolic model (Mazur, 1987) has the form V = A/(1 +
kD), where a reward amount A after a delay D is discounted to a
subjective value V in a participant with a discounting rate k. In the
exponential function, V = Ae™*”. Previous studies suggest that
intertemporal choice behaviors of human and animals are well
described by the hyperbolic model (Green & Myerson, 2004).
However, a recent study showed that healthy individuals’ data can
be better explained by the exponential rather than the hyperbolic
model with temporal constraints (N. Schweighofer et al., 2006). It
is possible that the exponential model may better fit the data of
individuals with BD and SZ, so we compared the models first
across all individuals and then in each group separately. We used

root-mean-square error (RMSE) as a model-fit index, with lower
RMSE values indicating a better model fit. Paired 7 tests were used
to examine the differences between two models. The discounting
rate (k) of each model was estimated for each individual partici-
pant by searching for the value of k that maximized R (minimiz-
ing the least square errors) for all indifferent points in six delays.
Pearson correlation (two-tailed) and hierarchical multiple linear
regression analyses were used to explore possible relationships
between discounting rates and demographic, clinical, and neuro-
psychological variables including age, years of education, parental
education, employment, estimated 1Q, alcohol use, drug use,
smoking, medication, WM capacity, impulsive traits (three BIS-11
factor scores: Attentional, Motor, and Nonplanning Impulsivity),
manic or depressive symptoms in the BD group (YMRS,
MADRS), and positive or negative symptoms (PANSS) in the SZ
group. Correlation analyses were conducted within each group
separately, whereas hierarchical multiple linear regression analy-
ses were conducted with all individuals across all three groups
unless otherwise specified.

We computed WM scores and WM/IQ composite scores in the
following way. For each individual, separate z scores were com-
puted for Spatial Span Forward and Backward tests, and the means
of these two scores were used as the WM z scores. Means of WM
z scores and IQ z scores were used as WM/IQ composite scores.
We used WM/IQ composite scores for correlation and hierarchical
multiple linear regression analyses because WM is strongly related
to 1Q (Conway, Kane, & Engle, 2003) and they appear to share
similar brain networks (Gray & Thompson, 2004). WM and 1Q are
also strongly correlated (in our data set, rs = .810, .691, and 436
in the BD, SZ, and healthy groups, respectively; ps < .01 for BD
and SZ groups, p < .02 for the healthy group), so using them
separately in regression analyses would result in a collinearity
problem. Weighted mean values were used when an individual had
missing data in any of three measures (Spatial Span Forward,
Spatial Span Backward, and 1Q).

When comparing the results across three groups, we first used
omnibus analysis of variance, and then independent ¢ tests were
conducted to compare each pair of groups (two-tailed). Kruskal—
Wallis and Mann-Whitney U tests were used to compare ordinal
variables across groups.

Statistical analyses were considered significant if significance
(p value) was below .05 (two-tailed). Some participants did not
complete all of the items on the questionnaires, and these ques-
tionnaire scores were prorated. Ln(k), or natural log, was used
instead of k for all analyses to approximately normalize its distri-
bution across participants. When reporting effect sizes, we used
Cohen’s d when comparing a pair of groups, Cohen’s f* when
doing hierarchical multiple regression analyses, and correlation
coefficients for correlational analyses. By convention, effect sizes
are regarded as small, medium, and large, respectively, when
Cohen’s d is about .2, .5, and .8; Cohen’sf2 is about .02, .15, and
.35; or a correlation coefficient ranges from .1 to.23, ranges from
.24 t0.36, and is greater than .37 (Cohen, 1988).

Results

Clinical Measures

The groups differed significantly on years of education and IQ
measures (see Table 1 for summaries and statistical information).
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916 AHN ET AL.

Healthy individuals and individuals with BD had more years of
education and higher 1Q scores than did individuals with SZ, but
healthy individuals did not differ from individuals with BD. Nei-
ther parental education nor maternal education was significantly
different across groups. BIS-11 subscale scores differed signifi-
cantly across groups. In pairwise comparisons, both the BD and
the SZ groups scored higher than the healthy group on all three
BIS-11 subscales, suggestive of elevated impulsivity by self-
report. As seen in Table 1, no individual received a diagnosis of
current drug abuse or dependence, only three individuals with BD
(13.6%) and one individual with SZ (4.8%) received diagnoses of
current alcohol abuse, and only one individual with BD (4.5%)
received a diagnosis of current alcohol dependence.

Delay Discounting Choice Behavior

The model comparison results indicated that the hyperbolic
model had a better fit than the exponential model, which is
consistent with most of the existing literature (Green & Myerson,
2004). Across all participants in the three groups (N = 73), means
of RMSEs for the hyperbolic and the exponential models were
95.6 (SD = 60.5) and 1089 (SD = 69.8), respectively. The
difference was highly significant, #(72) = 5.09, p = 2.75E-06.
When two models were compared in each group, the hyperbolic
model still performed better than the exponential one: In the BD
group, M = 91.1, 8D = 51.7,vs. M = 1043, SD = 68.1,#(21) =
2.20, p < .04; in the SZ group, M = 112.7, SD = 70.0, vs. M =
135.0,8D = 72.8,1(20) = 5.94, p < 8.3E-06; in the healthy group,
M=287.1,SD=592,vs. M =939,SD = 659,1(29) =2.03,p =
.05. Furthermore, estimated discounting rates were highly corre-
lated across two models (r = .982), which suggests that our
findings would not be affected by the choice of temporal discount-
ing. It was also noted that the means of RMSE were higher in the
clinical groups than the healthy group. However, the group differ-
ence was not significant in any of the possible pairs (tested by
independent ¢ tests, all p values were greater than .162 when the
hyperbolic model was used). We also tested whether these results
would be affected by outliers by removing participants whose
RMSE was in the upper 5% (n = 5) and reconducting all the
analyses. The mean RMSE of five outliers was 223.5 (SD = 24.7),
and we found removing outliers did not affect any of the findings
reported in this work. With the choice of the hyperbolic model,
both BD and SZ groups had higher (steeper) discounting rates than
the healthy group with very large effect sizes: For the healthy
versus BD groups, #(50) = 4.14, p < .001, Cohen’s d = 1.15; for
the healthy versus SZ groups, #(49) = 4.27,p < .001, Cohen’s d =
1.20. However, the discounting rates of the BD and SZ groups
were not significantly different, #(41) = 0.26, p = .794. Note that
the higher a participant’s In(k), the more temporally impulsive he
or she is. The means of In(k) for the BD, SZ, and healthy groups
were —2.49 (SD = 2.0), —2.33 (SD = 2.1),and —4.68 (SD = 1.8),
respectively.

Figure 1 shows how the value of a delayed reward was dis-
counted as a function of the delay to its receipt for each group. It
clearly illustrates that BD and SZ groups discounted the delayed
rewards more steeply than did the healthy group. When tested with
independent ¢ tests, delayed rewards at each delay were signifi-
cantly more discounted in BD and SZ groups than the healthy
group (p < .05 at every delay). Again, the BD and SZ groups’
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Figure 1. Mean subjective values of delayed rewards as a function of the
delay for each group. Each participant’s subjective values were computed
on the basis of his or her discount rate (k) and then averaged within each
group. BD = bipolar disorder; SZ = schizophrenia. Error bars represent
*1 standard error of the mean.

subjective values did not differ significantly (p > .16 at every
delay).

Relationship of Intellectual Function and Group
Membership on the Discounting Rate

It is possible that the higher discounting rate in the BD or SZ
group was due to impaired WM and IQ or current substance or
alcohol use. Hierarchical multiple linear regression analyses were
used to determine whether BD or SZ membership predicted dis-
counting rates beyond WM/IQ composite scores, substance use,
and employment. WM/IQ composite scores, employment (1 for
employed and O for unemployed), and current drug use measures
(alcohol, smoking, and substance use) were entered in the first step
as predictors in the multiple linear regression analysis (five pre-
dictors in the first step). Then, BD membership (1 for BD patients
and O otherwise) and SZ membership (1 for SZ patients and 0
otherwise) were entered in the second step. The dependent variable
was the discounting rate, In(k). The change in R? at the second step
shows how much of the variance in the discounting rate is shared
with psychiatric memberships.

The results summarized in Table 2 showed that 34.6% of vari-
ance in the discounting rate was accounted for by WM/IQ com-
posite, employment, and drug use measures, R = .588, F(5, 58) =
6.138, p < 001, and the WM/IQ composite score was the only
significant predictor of In(k). In the second model, BD member-
ship and SZ membership accounted for additional 8.7% of vari-
ance in the discounting rate, R = .659, F(2,56) = 4.830,p = 018.
BD and SZ memberships as well as the WM/IQ composite score
were all significant predictors. BD and SZ memberships had
greater than medium effect sizes (Cohen’s f* > 015) even after
controlling for other variables. All substance use measures and
employment variables were nonsignificant in the second step (p >
.247). In sum, the results indicate that WM/IQ composite alone
does not explain the steep discounting in the BD and SZ groups.
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Table 2

Results of Hierarchical Multiple Linear Regression Analysis

Independent variable B t Sig. Cohen’s f

Model 1
WM/IQ composite — 405" —3.51 001 .196
Employment —.234" —1.78 081 058
Smoking 084 0.68 500 007
Drug use 170 1.57 121 030
Alcohol use 112 1.02 313 013

Model 2
WM/IQ composite —-371 —325 002 .160
Employment —.012 —0.08 936 000
Smoking 044 0.37 710 002
Drug use 092 0.86 393 009
Alcohol use 122 1.17 247 015
BD membership 397 2.87 006 187
SZ membership 374" 2.34 023 163

Note. R* = 346 for Step 1 (p < .001); R> = 087 for Step 2 (p = 018).
BD = bipolar disorder; SZ = schizophrenia; WM = working memory;
1Q = intelligence; WM/IQ composite = working memory and intelligence
composite score.

Pp <10, *p< 05 *p< o0l

To further examine the relationship among the discounting rate,
we calculated correlation coefficients between discounting rate
and WM, 1Q, WM/IQ composite scores, WM scores, and 1Q
scores. The results in Table 3 revealed that WM/IQ composite
scores significantly correlated with discounting rate in the BD
group (r = —.573,p = .01) and at a trend level in SZ and healthy
groups (r = —.391, p = .08, for the SZ group; r = —362,p =
053, for the healthy group). Although WM scores significantly
correlated with discounting rate in all three groups, IQ scores
correlated with discounting rate only in the BD group (r = —.642,
p < .001).

In summary, the results show that both BD and SZ groups have
steeper discounting rates than the healthy group, and the difference
persists even after accounting for substance use and other demo-
graphic and neuropsychological factors. Correlation analyses and
hierarchical multiple regression analyses demonstrate that BD and
SZ membership contributes significantly to steeper discounting
rates even after accounting for WM/IQ composite scores, and WM
or IQ is significantly associated with discounting rate in all three
groups.

Relationship Between Discounting Rates and
Clinical Variables

Exploratory analyses were used to evaluate whether discounting
rate was related to a variety of other variables, including medica-
tion (typical and atypical antipsychotic, lithium, antidepressant,
anxiolytic, anticonvulsant), past drug abuse or dependence, current
and past alcohol abuse or dependence, impulsivity (three BIS-11
subscales), executive function scores, speed of information pro-
cessing (Digit Symbol test), parental (father and mother) educa-
tion, and BD or SZ symptoms (PANSS positive, negative, and
general; YMRS; and MADRS). In the BD group, In(k) did not
correlate with any of the variables, including BIS-11 subscales
(p > 21), PANSS scales (p > .34), BD symptoms (p > .26),
executive function (p < .08), and Digit Symbol test (p < .10). In

the SZ group, In(k) correlated only with BIS-11 Nonplanning
Impulsivity (r = .52, p < .03) but not with any of other variables,
including other BIS-11 subscales (p < .17) or SZ symptoms (p >
21).

Discussion

This study was designed to examine the delay discounting of
rewards in individuals with BD or SZ. We predicted that individ-
uals with BD or SZ would show greater preference for immediate,
smaller rewards over larger, delayed rewards relative to healthy
individuals. The key findings of the present study supported our
prediction: Both BD and SZ groups had higher discounting rates
than the healthy group. Compared with healthy individuals, indi-
viduals with BD or SZ showed a stronger preference for smaller
immediate rewards over larger later rewards. An examination of
the contributing factors to such choice behavior revealed that the
higher discounting rates exhibited by the BD and SZ groups were
not significantly accounted for by their current substance use,
medication, employment, and other demographic variables. How-
ever, WM/IQ composite scores were strongly associated with
discounting rates in both psychiatric groups as well as in the
healthy group.

The results of this study are consistent with a previous study
using the delay discounting task in SZ (Heerey et al., 2007).
Heerey et al. (2007) reported that individuals with SZ showed
steeper discounting rates than did the healthy individuals and that
the discounting rate inversely correlated with memory tests but not
with antipsychotic medication status. In contrast to previous stud-
ies of individuals with substance dependence but without comor-
bid psychotic disorder or BD, discounting rate was not related to
current substance or alcohol use. This was likely due to the
exclusion of participants with a current diagnosis of illicit drug
abuse or dependence and the use of a urine screen to establish
drug-free status prior to testing. Only five of 43 individuals with
BD or SZ had a current diagnosis of alcohol abuse (n = 4) or
dependence (n = 1). Although some individuals, especially those
in the BD and SZ groups, had a past history of substance abuse or
dependence, previous studies suggest overall past users have dis-
counting rates comparable to those who have never used illicit
substances (see Reynolds, 2006, for a review). Future studies that
include clinical groups who are comorbid for current substance
dependence and SZ or BD could clarify whether these factors have
additive effects on the discounting rate.

Table 3
Pearson Correlations Between the Discounting Rate and
WM/IQ Measures

Correlation coefficient

with Ln(k) BD SZ Healthy
WM/IQ composite score —.573* —.3917 —.362°
WM z score —.535" — 484" —.383"
1Q z score —.642™ —.110 .186
Note. BD = bipolar disorder; SZ = schizophrenia; WM = working

memory; IQ = intelligence.
Tp<.10. *p< .05 *p< Ol
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Although no study has used the delay discounting task with
individuals with BD, a recent study (Strakowski et al., 2009) used
a conceptually similar task, the delayed reward task. In the delayed
reward task, participants need to wait for a longer time to obtain a
larger monetary reward instead of immediate small reward. Unlike
the delay discounting task, however, the delay period is in the time
scale of seconds, information about delay periods is not explicitly
provided to participants, and participants receive feedback on each
trial. In addition, only the percentages of impulsive responses and
reaction times are often measured. In the delayed reward task,
individuals with BD showed a greater preference for immediate
but smaller rewards (more impulsive choices) than do healthy
individuals, which is in agreement with our findings. However,
further research is needed to examine whether the tasks measure
similar constructs (Bornovalova, Lejuez, Daughters, Rosenthal, &
Lynch, 2005).

The previous literature assessing healthy individuals suggests
that delay discounting inversely correlates with WM (Shamosh et
al., 2008) and IQ (Shamosh & Gray, 2007), and our findings are in
general agreement with those findings. The present data extended
the association between WM/IQ composite score and discounting
rate by showing that higher delay discounting rates in psychiatric
groups (BD and SZ) were also related to their WM or IQ capac-
ities. Specifically, WM scores were inversely correlated with dis-
counting rate in all three groups. WM is important for maintaining
and integrating cognitive and affective information and also for
focusing on relevant information during goal-directed behavior
(D’Esposito, 2007). Previous studies have also shown that WM
ability is inversely correlated with optimal choice behavior in
individuals with SZ (Heerey et al., 2007, 2008). Although several
studies report reduced 1Q (Bearden, Hoffman, & Cannon, 2001)
and WM capacity (Hsiao et al., 2009) in individuals with BD, few
studies have examined their associations with reward processing
and decision making in the group.

A significant association between discounting rate and impul-
sivity, as measured by the BIS-11 questionnaire, was only found
for the SZ group for nonplanning impulsivity. Our findings of
nonsignificant correlations are consistent with previous clinical
studies showing only modest or nonsignificant associations be-
tween BIS-11 scores and cognitive task performance in BD (Stra-
kowski et al., 2009) and SZ (Enticott, Ogloff, & Bradshaw, 2008).
To date, findings suggest that impulsivity measured by question-
naires and by cognitive tasks reflect different characteristics
(Swann, Anderson, Dougherty, & Moeller, 2001; Swann, Pazza-
glia, Nicholls, Dougherty, & Moeller, 2003), and, as Strakowski et
al. (2009) argued, self-report measures alone may not adequately
characterize cognitive components of impulsivity.

A common hypothesis for decision-making deficits in individ-
uals with BD is that they might have deficits in reward processing
and, more specifically, an exaggerated response to negative feed-
back (Roiser et al., 2009). However, this model would not account
for a steeper discounting rate in BD because the discounting task
does not involve feedback. Reward processing involves multiple
systems such as valuation, action selection, outcome evaluation,
and reward learning (Rangel, Camerer, & Montague, 2008). In this
study, we showed that individuals with BD or SZ have alterations
in a specific valuation system: temporal discounting of delayed
rewards. Previously, steeper temporal discounting was regarded as
central to substance use problems. The present findings suggest

that such alterations may extend to mood disorders and psychotic
disorders. The underlying mechanisms, however, may differ be-
tween clinical disorders. Delay discounting rates could, for exam-
ple, be affected by a failure to inhibit responses to immediate
rewards, an inability to conceptualize the future, inadequate search
of a problem space, an overriding need for present resources, or
apathy and avolition.

An important issue in evaluating these findings is whether the
discounting rate alterations in SZ and BD represent a specific or
differential deficit or simply reflect a generalized cognitive deficit
in these clinical groups. Comparison of the delayed discounting
task to conventional accuracy-based tests of performance poses
several challenges. First, the discounting rate is not a deficit, and
responses to individual items are not correct or incorrect. Conse-
quently, comparing or matching performance with other tasks that
are based on accuracy of performance, such as Wechsler subtests
or psychophysical tests (as in O’Donnell et al., 2002), is not
feasible. Second, matching on true score variance (as suggested by
Chapman & Chapman, 2001) poses similar computational issues
regarding derivation of reliability on the basis of item scores. For
discounting tasks, the model fit as measured by RMSE is used to
assess performance of the discounting model rather than reliability.
Finally, true score variance as a measure of discriminating power
may not be a sensitive measure of discriminating power. A recent
stimulation study by Kang and MacDonald (2010) showed that
true score variance accounted for only about 10% of variance of
discriminating power, suggesting that true score variance is not an
adequate measure to predict differential deficits.

As an alternative statistical approach, a hierarchical multiple
linear regression analysis was used to examine whether the higher
discounting rate in the BD or SZ group remained significant after
entry of WM/IQ composite scores and other factors. The hierar-
chical multiple linear regression analysis (see Table 2) showed that
BD and SZ memberships were significantly associated with a
higher discounting rate even after accounting for the contribution
of WM/IQ composite scores. In addition, individuals with BD
showed equivalent IQ and WM scores compared with healthy
individuals, but individuals with BD still had significantly higher
discounting rates than healthy individuals, again arguing against
the discounting rate being solely a function of intellectual impair-
ment between groups. Future studies would benefit from experi-
mentally manipulating the WM load or general intellectual capac-
ity (e.g., Hinson et al., 2003) to demonstrate that alteration in
temporal discounting among individuals with BD or SZ is a
specific deficit.

Higher discounting rates in SZ could be interpreted as deficits in
delay of gratification, but it is possible that their higher discounting
rate might be due to apathy (i.e., a loss of motivation) or cognitive
shortsightedness. Fellows and Farah (2005) suggested that poor
decisions regarding future events (future thinking) might have two
aspects: temporal discounting of distant rewards and future time
perspective. Future time perspective refers to the actual chrono-
logical time being considered when thinking about one’s own life
events (e.g., career plan, buying a house). In SZ, apathy or working
memory deficits may limit the ability to conceptualize future
events. Future time perspective may be vulnerable to dysregulation
of frontal lobe systems. Fellows and Farah (2005) examined the
two aspects of decision making in patients with dorsolateral pre-
frontal cortex (DLPFC) and ventromedial prefrontal cortex
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(VMPEC) damage and showed that patients with VMPFC lesion,
but not those with DLPFC lesion, had significantly shorter future
time extension than did the control group. They also showed that
their apathy scale score, but not BIS-11 scores, significantly cor-
related with future time perspective. However, it is notable that
diminished time perspective was apparent in patients with ventro-
medial frontal lobe lesions, but temporal discounting was unaf-
fected in both lesion groups. Thus, deficits in future time perspec-
tive and temporal discounting may be dissociated in clinical
populations and should be assessed independently.

Although we did not include a self-report measure of a construct
similar to apathy or avolition, we did examine the correlation
between the PANSS observer rating of negative symptoms and
discounting rate, which was not significant (r = —.177,p = 457).
Simon et al. (2010) found that whereas apathy scores inversely
correlated with the ventral striatum activation during reward an-
ticipation, PANSS negative symptoms did not, which might sug-
gest that apathy is more specifically related to reward anticipatory
process than overall negative symptoms (Simon et al., 2010). The
behavioral study by Polgér et al. (2008) also had a similar finding:
Behavioral performance correlated significantly and inversely with
Scale for the Assessment of Negative Symptoms scores but not
with PANSS negative symptoms. The present data provide evi-
dence of increased self-report impulsivity in SZ and increased
discounting rate. The relationship of these findings to experimen-
tally derived measures of future time perspective, apathy, or avo-
lition would be an important issue to address in future research.

This study has several limitations. First, the sample size was
relatively small and therefore only able to detect moderate to large
effect sizes associated with diagnosis, WM, and 1Q. The study may
have lacked sufficient power to detect small effects of other
factors, such as the current mood state, history of dependence, or
current recreational illicit substance use, on discounting rates.
Second, we did not assess participants’ income levels, which may
have inverse relationships with the discounting rate (Green, My-
erson, Lichtman, Rosen, & Fry, 1996; Hausman, 1979; Kirby et
al., 2002; Pender, 1996). The heterogeneous medications used to
treat BD and SZ might also interact in complex ways with dis-
counting rates. Future studies that incorporate delay discounting as
an outcome measure for pharmacological or psychosocial inter-
ventions could be highly informative. For example, a recent study
showed that cognitive remediation training not only improved WM
performance in SZ patients but also increased their prefrontal
cortical function (Haut, Lim, & MacDonald, 2010). Another recent
study demonstrated that WM training decreased the discounting
rate of individuals with stimulant dependence (Bickel, Yi, Landes,
Hill, & Baxter, 2011). Also, studies of relatives of individuals with
BD or SZ could indicate whether an increased discounting rate is
associated with genetic and environmental risk factors for these
illnesses.

In summary, we found greater delay discounting of rewards in
individuals with BD or SZ than healthy individuals; this difference
was unrelated to current or past substance use but was related to
WM and IQ. Our findings suggest that the increased rate of
temporal discounting among individuals with BD or SZ may
significantly contribute to their decision-making deficits in their
lives, and its implications in current theories of decision-making
deficits in BD were discussed. Future studies may examine how
alterations in temporal discounting are related to other aspects of

decision making and everyday planning. Treatment targeting
awareness of long-term outcomes of decisions and WM/IQ com-
posite improvement might enable patients to make more adaptive
decisions for their future and improve their quality of life.
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