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AFFECTIVE DECISION MAKING IN WOMEN WITH
BORDERLINE PERSONALITY DISORDER

Jeannette LeGris, RN, PhD, Maggie Toplak, C. Psych. PhD,
and Paul S. Links, MD

The affective decision making of 41 recently treated outpatient women with
borderline personality disorder (BPD) was compared to 41 healthy controls
using the [owa Gambling Task (IGT). Non-affective executive functions
(EF) of working memory, interference control, and motor inhibition were
also compared. Associations among affective and non-affective EF were
examined. Despite normal range intelligence, Stroop interference, motor
inhibition, and working memory, women with BPD made significantly
more disadvantageous IGT decisions than controls (Cohen’s d = .72) that
were unrelated to substance abuse history, education, psychotropic use, or
attentional deficits. Correlates of EF and IGT performance varied by group.
Intellect, BPD, and intact behavioral control explained 35% of the adjusted
variance in net IGT performance. Disadvantageous IGT decision making
was the only EF to predict BPD. IGT deficits in BPD may be separable from
IQ and other EF as supported by the somatic marker hypothesis and sug-
gest a stable, trait-like vulnerability favoring immediate reward over long-
term gain in women with the disorder.

Ambiguous decision making remains one of the most complex functions of
the brain. The ventromedial prefrontal cortex (VMPFC) is critically involved
in evaluating and choosing among uncertain options (Posner et al., 2002).
Patients with damage to these regions show marked impairments in behav-
ioral control, in learning to avoid long-term loss, and adjusting their behavior
to unexpected outcomes (Cohen, Heller, & Ranganath, 2005; Rolls, 2004).
Many individuals with borderline personality disorder (BPD) manifest poor
social and interpersonal decisions and do not appear to readily learn from
their prior experiences. These behaviors may be congruent with their con-
sistently impaired performance on laboratory tasks of decision making (Ba-
zanis et al., 2002; Dougherty, Bjork, Huckabee, Moeller, & Swann, 1999;
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Dowson et al., 2004; Haaland & Landro, 2007; Kirkpatrick et al., 2007);
however, our understanding of the multiple mechanisms of decision making
remain far from certain. The emotional/behavioral dysregulation of BPD im-
plicates a degree of fronto-limbic dysfunction (Berlin & Rolls, 2004; De la
Fuenta et al., 1997; DeBruijn et al., 2006; Driessen et al., 2000; Irle, Lange,
& Sachsse, 2005; Jeungling et al., 2003; Soloff et al., 2003) that may under-
lie their decisional impairment (LeGris & van Reekum, 2006, 2008). Deci-
sion making requires attention to multiple sources of information about the
consequences of behavior and the probabilities of expected outcomes. The
ability to regulate these competing push/pull motivations in everyday life will
guide effective choice. Beyond a purely logical analysis of one’s preferences,
emotions provide important signals for decision making that are dependent
on the integrity of the amygdala and VMPFC (Bechara & Damasio, 2002;
Bechara, Damasio & Damasio, 2000)—these particular regions are dysregu-
lated in BPD (Silbersweig et al., 2007; Tebartz van Elst et al., 2003).

Neural circuits of the prefrontal cortex (PFC) are proposed to play key
roles in the regulation of higher order goal-directed behavior known as ex-
ecutive functions (EF) (Stuss & Knight, 2002), which include the abilities to
plan, judge, weigh options, perceive one’s abilities, and reorganize, imple-
ment, and inhibit irrelevant thoughts or behaviors. The cognitive deficits
observed in individuals with BPD may be associated with PFC dysfunction
(Stuss & Benson, 1986). The dorsolateral prefrontal cortex (DLPFC), ante-
rior cingulate (ACC), and the orbitofrontal cortex (OFC/VMPFC) are three
important domains of the PFC that regulate working memory, cognitive
control, behavioral inhibition, and decision making. These EFs are compro-
mised in individuals with BPD (LeGris & van Reekum, 2006; Ruocco, 2005).
However, research examining the roles of higher order EF and decision mak-
ing and, more specifically, emotionally biased decision making remains sur-
prisingly scant, misunderstood, and controversial (Fellows & Farah, 2005;
Maia & McClelland, 2004).

Considering the emotional dysregulation of BPD, the role of affect and
decisional behavior is highly relevant. One of the few established tasks of af-
fective decision making is the lowa Gambling Task (IGT), which was initially
developed from the study of VMPFC patients. This task is sensitive to the
emotional processing functions of the VMPFC (Dunn, Dalgleish, & Law-
rence, 2005) and mimics the uncertainty of real life rewards and penalties
(Bechara, Damasio, & Damasio, 1994). Damasio’s somatic marker hypoth-
esis (SMH; 1996) has proposed that IGT deficits, described as a “myopia of
the future,” involve autonomic somatic irregularities in emotional signaling
that result in poor social and personal judgments. Unlike healthy controls
and other lesioned patients, VMPFC patients consistently fail to generate
somatic markers in anticipation of the risky IGT selections, despite knowing
that these selections are disadvantageous.

Behavioral impulsivity is also a hallmark of BPD (Links, Heslegrave, &
van Reekum, 1999; van Reekum, Links, Milton, Fedorov, & Patrick, 1996)
that may arise from inhibitory control irregularities. However, the weak as-
sociations among impulsive behavioral measures and inhibitory task perfor-
mance may reflect a limited understanding of the types of inhibitory con-
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trol (Nigg, 2000; Nigg, Silk, Stavro, & Miller, 2005a). For instance, Stroop
interference represents a form of cognitive control involving the deliberate
suppression of interfering thoughts. This type of inhibition is frequently im-
paired in BPD (Besteiro-Gonzalez, Lemos-Giraldez, Muniz, 2004; Monarch,
Saykin, & Flashman, 2004; Swirskey-Sachetti et al., 1993). Behavioral in-
hibition, as indexed by the Stop Signal and Go No Go tasks, are known to
target the motor dimensions of inhibition. However, the roles of impaired
cognitive and behavioral inhibition and decision making remain poorly un-
derstood (Noel, Bechara, Bernard, Hanak, & Verbanck, 2007). Importantly,
laboratory assessments of EF may provide important avenues for enhancing
our understanding of the underlying neurocognitive deficits associated with
BPD that, if unrecognized, may compromise treatment response.

To clarify the cognitive mechanisms of decision making, the present
study was undertaken in adult women with BPD and healthy controls, using
established neuropsychological tasks that represent a range of PFC func-
tions. We: (1) compared affective decision making as measured by the lowa
Gambling Task and other non-affective EF in recently treated women with
BPD relative to healthy controls; (2) examined the extent to which IGT de-
cision making was related to non-affective measures of working memory,
cognitive and behavioral inhibition, and IQ performance; and (3) identified
the EF that best predicted BPD status. It was anticipated that (1) women with
BPD would make more disadvantageous choices on the IGT than controls,
(2) IGT performance would be independent of other EF in keeping with the
SMH, and (3) decision-making impairment would be a significant predictor
of BPD. 1Q, inconsistently impaired in BPD yet believed to influence IGT
performance (Ernst et al., 2003a; Monterosso, Ehrman, Napier, O’Brien, &
Childress, 2001), was also assessed.

METHODS
PARTICIPANTS

Eighty-three females between the ages of 18 and 51 participated: 42 had a
confirmed BPD diagnosis and the remaining 41 were free from any mental
health or other medical problems. Given that three times as many women
are diagnosed with the disorder, and since sex affects EF performance (Bolla,
Eldrith, Matochik, & Cadet, 2004; Reavis & Overman, 2004), this study
targeted outpatient women with BPD who were recruited from a recently
completed year-long treatment trial (McMain et al., 2009) at two university
teaching hospitals in Toronto, Ontario, Canada. Healthy female controls
were acquired through formal and informal advertising targeting hospital
staff and undergraduate health science students. Study eligibility was ini-
tially determined by a standardized telephone screening. Ethics approval was
granted by the research committees of both University hospitals.

Clinical participants entered the present study with a confirmed diag-
nosis of BPD (DSM-IV-TR; American Psychiatric Association, 2000) as as-
sessed by the Structured Clinical Interview for DSM-IV, Axis 1 (SCID 1;
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First, Spitzer, Gibbon, & Williams, 1997) and International Personality Dis-
order Examination (IPDE) interviews (Loranger, 1995) conducted by trained
and blinded Ph.D. clinicians and a certified psychiatrist. Eligibility require-
ments for BPD participants included a minimum of 6/10 on the McLean
Screening Instrument (Zanarini et al., 2003), indicating active BPD status
and designated as “stabilized on current prescribed medications”; that is,
there were no severe side effects or changes to their pharmacologic treat-
ment for 4 weeks prior to testing. All participants were English speaking.
Excluded were those with any diagnosis of schizophrenia, bipolar disorder,
major psychosis, known neurological disease, or prior head injury involving
any loss of consciousness. BPD participants were ineligible if diagnosed or
treated for substance dependence/abuse within 4 months of testing or if they
were currently suffering from clinical depression. Control subjects scoring >
2/10 on the McLean screen were deemed ineligible and were subject to the
same exclusionary criteria as the BPD participants.

COGNITIVE MEASURES
DECISION MAKING

The Towa Gambling Task (IGT; Bechara et al., 1994, 2004) represents an
ability to delay immediate reward in favor of longer-term gain and requires
self-monitoring and learning from prior experience. The computerized ver-
sion of the IGT (Bechara et al., 2001) was used. This version involved 4 card
decks (A, B, C, and D) that appeared face down on the computer monitor.
Participants selected as they wished from any deck to maximize a profit on
a $2,000.00 loan of play money. Decks A and B were disadvantageous, and
selections from these decks would result in an overall net loss. Decks C and
D were advantageous, and selections from these decks would result in an
overall net gain. Deck selections also varied by the frequencies of punish-
ment. Participants were uninformed of how many deck selections would oc-
cur, but they were warned that some decks were worse than others and were
instructed to avoid the worst decks. Selections were tracked by a green bar
at the top of the screen depicting the cumulative wins and losses. The main
dependent variable was the total advantageous card selections (C+D) minus
the disadvantageous card selections (A+B) on 100 trials which represented
net decision-making performance. Intermediate decision scores were also
calculated for each of five blocks of 20 cards to assess the learning over time
on this task. Net IGT scores of 10 or more represented advantageous deci-
sions (Bechara, 2007).

WORKING MEMORY

Working memory, considered to be under the control of the DLPFC (Gold-
man-Rakic, 1993), represents the storage and manipulation of information
in short-term memory and is critical for the regulation of future behavior
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(Baddeley, 1996). The number of digits accurately repeated in forward (stor-
age) and backward (manipulation) conditions on the Digit Span subtest of
the WAIS-IIT (Weschler, 1997) assessed verbal working memory. On both
tasks the examiner read aloud a series of number sequences of increasing dif-
ficulty. Each sequence consisted of two trials with the same number of digits.
Two points were awarded for correct responses on both trials. One point
was awarded for one correct trial and zero points were assigned if both trials
were incorrect, which resulted in the discontinuation of the test. Maximum
scores were 16 for forward recall and 14 for backward recall, totalling 30
points.

INHIBITORY CONTROL TASKS

Two measures of executive inhibition assessed the ability to intentionally
withold or suppress attention or response to competing stimuli in order to
achieve higher order goals. One measure specifically assessed behavioral in-
hibition of a prepotent response (Stop Signal Task), and the other was a
measure of interference control (Victoria Stroop Task). Stroop interference
assesses the ability to selectively attend to conflicting tasks and control inter-
fering information (Henik & Salo, 2004). The Victoria Stroop Task (Regard,
1981; Strauss, Sherman, & Spreen, 2006) involved three reaction time condi-
tions: color naming, word reading, and interference control. Each condition
was depicted on separate pages of 24 colored rectangles or words aligned in
columns and rows. Participants were instructed to read the colors or words
quickly without making errors. Interference control, the variable of interest,
was calculated as the difference in the time for identifying colors from the
time to name the ink of incongruent color words. For example, since the
word green was printed in blue, one had to repress the automatic urge to
say green. Ratio interference scores are recommended if cognitive slowing
is suspected on baseline Stroop conditions (Troyer, Leach, & Strauss, 2006)
and were used in this analysis. The Stroop task activates the anterior cingu-
late cortex (ACC) and the DLPFC—regions considered important for self-
regulation (Stuss, Floden, Alexander, Levine, & Katz, 2001).

Behavioral inhibition was estimated by the computerized Stop Signal
Task (Logan, 1994). Participants pressed designated left or right mouse keys
when go signals, represented by an X or an O, appeared on the monitor and
inhibited this response when an auditory warning sounded, which occurred
randomly on 25% of the go trials. The auditory tone sounded at variable
delays (Stop Signal Delay) following the appearance of the go signal. A pre-
programmed timing of the tone was increased or decreased by 50 ms to en-
sure success on 50% of the stop trials. As stopping cannot be observed, the
difference between the time to execute the go and the titrated SSD provided
an estimate of the Stop Signal Reaction Time (SSRT), the primary variable
of interest. Longer SSRTs represented weaker inhibition (Williams, Ponesse,
Schacher, Logan, & Tannock, 1999). This task represents control functions
of the DLPFC region.
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INTELLECT

The standardized Raven’s matrices (Raven, Raven, & Court, 2003) provided
an estimate of fluid intelligence involving problem solving and perceptual
reasoning.

CLINICAL MEASURES

Clinical measures included the 21-item Beck Anxiety Inventory (Beck, Ep-
stein, Brown & Steer, 1988) and the Beck Depression Inventory II (Beck,
Steer, & Brown, 1996), as affective states may interfere with cognitive task
performance. Higher scores represent greater severity. The 54-item Attention
Deficit Scale for Adults (ADSA; Triolo & Murphy, 1996) assessed symptoms
related to attention deficit hyperactivity disorder (ADHD), where one of five
categories for each item (never, seldom, sometimes, often, or always) was en-
dorsed. Total ADSA scores were utilized. A total score of 181 or more repre-
sents moderate to severe ADHD (Triolo & Murphy, 1996), which may inter-
fere with EF and other cognitive task performance. Forty-five of the 54 items
involved aspects of behavioral impulsivity. ADHD is an important comorbid
condition of BPD (Davids & Gaspar, 2005) has not been accounted for in
earlier BPD studies. The McLean Screening Instrument for BPD (Zanarini et
al., 2003) assessed current DSM-IV criteria for BPD. One item assessed 8 of
9 criteria with 2 items assessing the 9th. Scores ranged from 0 to 10. A score
of 7 or more has high sensitivity (.81) and specificity (.85) for BPD.

PROCEDURES

All measures were administered individually in standardized format and in
identical order during a 3-hour session. A clinician/Ph.D. trainee adminis-
tered measures to 76 of the 83 subjects, and a trained research assistant
collected data from 7 control participants. Cognitive tasks preceded all be-
havioral measures. Depression and anxiety screens were completed by all
participants. Current treatment status and known Axis I and II comorbidity
for BPD participants were acquired through structured interview. Partici-
pants with BPD, having recently completed their active involvement in the
treatment trial, were receiving monthly or bi-monthly follow-up with their
mental health providers and completed measures without obvious distress.
Participants received a full written description of the study, provided written
consent, and received a nominal fee for the completion of all measures.

STATISTICAL ANALYSES

Raw scores were used for all of the analyses using the Statistical Package
for the Social Sciences 13 for Windows (SPSS, Chicago). Pearson correlation
coefficients assessed the relationships among each EF and net IGT perfor-
mance. Group effects were determined via t-tests, analysis of variance, and
regression analyses. Results were based on the uncorrected data sets and a
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near full sample size, with the exception of three control subjects for whom
incomplete data on the STOP task was unavailable as a result of a technical
computer error. IGT data on one BPD subject was missing due to computer
error. Two subjects did not complete BDI and BAI screens for reasons un-
specified. Net IGT performance, the primary dependent variable, was nor-
mally distributed, with no outliers or extreme scores. The IQ distribution for
the total sample was negatively skewed, with three outliers requiring a log
transformation that normalized the distribution. All assumptions relevant to
the primary outcome analyses were checked and met. Ancova and regression
analyses repeated with and without three multivariate outliers did not alter
the findings; therefore, all subjects were included that had complete data.

RESULTS
SAMPLE DESCRIPTION

Groups were similar regarding their marital and Canadian-born status; how-
ever, they differed in their years of education. Intelligence estimates were
slightly higher in controls, but both groups fell within the normal range for
their age (Spreen & Strauss, 1998). Fifty percent of the BPD sample (n =
21) experienced a prior history of substance dependence/abuse involving al-
cohol, alcohol and stimulants, stimulants alone, cannabis, or prescription
drugs. Seventy-six percent of the BPD participants were stabilized on pre-
scribed psychotropics (Table 1). Eighty-five percent of BPD women endorsed
prior histories of Axis I comorbidities ranging from one (7 = 6) to 4 disorders
(n = 4). The majority experienced two comorbidities, most frequently involv-
ing anxiety. Seventy-one percent of women with BPD suffered from prior
clinical depression; 24% endorsed dysthymia with and without depression,
and 29% suffered from eating disorders. Seventy-one percent of BPD partici-
pants endorsed low to moderate anxiety, whereas 32% experienced normal
to mild depression. Known comorbid personality disorders involved depen-
dent (n =3), avoidant (n = 3) schizotypal (n =1), passive aggressive (17 = 2),
antisocial (7 = 2), and paranoid (z =1). Attention deficit symptoms differed
significantly among groups; however, the mean scores of the BPD group were
shy of the 181 cut representing moderate to severe ADHD. Few reported any
problems with ADHD; three BPD participants suspected childhood ADHD
but had never been diagnosed. Only one BPD subject endorsed a diagnosis of
childhood ADHD. No participant reported any learning disability.

IGT PERFORMANCE

A score of 10 or more on the IGT indicates normal performance (Bechara,
2007). Sixty-three percent (26/41) of the BPD sample had net decision scores
of less than 10. These numbers were reversed in the control group where
sixty-three percent performed normally on the IGT. Significant group differ-
ences were present on 3 of the 4 card decks, supporting the use of the net
IGT score as the primary dependent variable. Large group differences in net
decision making were evident (Cohen’s d = 0.72). BPD subjects selected more
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TABLE 1. Demographic and Clinical Characteristics of Women with BPD and Healthy Controls

BPD Healthy Controls
n n  Statistic p

Demographics
Age Mean (SD) 322(10.5) 42 31.2(9.0) 41 ¢ 644
Education (yrs) Mean (SD) 13.5 (2.9) 42 15.6 (2.9) 41 t .001
Marital status Single/engaged 29 23

Married/CL 8 14

Separated/divorced N 4 x> 297
Employment Employed/Student full time 15 31

Employed/student part time 8 7

Unemployed/seeking 6 3

Unemployed/not seeking 13 0 X .000
Accommodation Lives alone 14 4

Lives with others 28 37 e .009
Canadian born 35 33 e 920
Clinical Measures
BDI (63) Mean (SD) 250 (13.9) 42 43(4.8) 40 ¢ .000
BAI (63) Mean (SD) 24.0 (14.6) 42 65(63) 40 ¢ .000
ADSA (270) Mean (SD) 177.8(20.1) 42 135.3(20.3) 40 t .000
History of Substance 21 0 e .000

Abuse

Current Psychotropics: No medications 10 41

Antidepressants only 9 0

Anti-depressant+anti-anxiety 13 0

Antidepressant, anti-anxiety + N 0

antipsychotic
Antidepressant, anti-anxiety, N 0 X .000

antipsychotic, mood stabilizer

Note. ADSA = Attention Deficit Scale for Adults (Triolo, 1985); BDI = Beck Depression Inventory II;, BAI = Beck
Anxiety Inventory; CL = common law.

frequently from the disadvantageous decks and made fewer advantageous
card selections than controls. There were no significant differences among
groups on the mean number of card selections from decks that varied by high
or low frequency of punishment (that is, Decks A and C versus Decks B and
D). There were no significant differences in IGT performance among BPD
participants with (M = -2.50, SD = 6.6) or without substance abuse history
(M =.33,8SD =7.0,p =0.77). To address whether psychotropic medications
affected IGT performance, a one-way anova was conducted with the BPD
participants, who were divided into five groups based on the classes of psy-
chotropics prescribed (Table 1). No significant IGT differences were evident
among participants on no medications versus those on any psychotropics
[F(4, 36) = 1.25, p = 0 .31]. A two-way between-groups analysis of variance
examined the effects of substance abuse history and current psychotropic ef-
fects (0—4) on net IGT performance. There were no significant main effects
for any class of medication [F(4, 31) = 1.31, p = 0.29] or history of substance
abuse [F(1, 31) = .67, p = 0.42] on net IGT performance and no significant
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FIGURE 1. Number of cards drawn from decks C+D minus cards
drawn from A+B for women with BPD and healthy controls by five
blocks of 20 cards. Error bars represent + or — SEM.

interaction effects [F(4, 31) = .82, p = 0.53]. Despite the lack of statistically
significant differences in IGT performance among medicated and non-medi-
cated BPD subjects, trends in mean IGT performance were explored graphi-
cally. Only those on antidepressants demonstrated normal IGT performance
in contrast to BPD subjects on no medications or any other combination
of medications. Interestingly, mean IGT performance appeared to improve
in BPD women who were also prescribed anticonvulsants. Anticonvulsants
and antidepressants typically stabilize mood lability in individuals with BPD.
However, due to the small and unequal numbers of participants on these
combinations of medications, these trends in IGT performance are specula-
tive and require confirmation.

To examine decision making over time, mean net IGT scores were cal-
culated for each block of 20 cards (Figure 1). Blocks of intermediate deci-
sion making were normally distributed except for Block 2 which required a
degree of freedom adjustment. The ANOVA for repeated measures (group as
the between-subject factor and mean block decision making as the within-
subject factor) revealed a moderate main effect for block [F(4, 78) = 9.49,
p < .001, r cffersize = 31] indicating that decision making in both groups
changed over time. A significant but small effect for group [F(1, 81) = 10.74,
p = .002. r cfleesize 12] indicated that comparison controls made relatively
more advantageous deck selections and less disadvantageous deck selections
across blocks compared to controls. After Bonferroni correction, BPD wom-
en and controls differed most on IGT performance at block 3 [F=7.23, p =
.009] and block 5 [F = 10.03, p = .002]. Block 3 represents the hunch phase
where knowledge of the good and bad decks is clearer but the probabilities
of punishment remain uncertain (Bechara et al., 1994). Block 5 represents
the conceptual phase when subjects typically have an explicit understanding
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TABLE 2. Unadjusted Executive Functions in Women with BPD and Healthy Controls

BPD Healthy Controls

Mean (SD) n Mean (SD) n t p-value
IGT/100cards
Deck A 15.90 (6.5) 41 1340  (5.2) 41 1.92 058
Deck B 33.26 (14.7) 41 26.05 (12.3) 41 2.42 018
Deck C 19.90 (8.0) 41 23.34 (13.4) 41 -2.22 .029
Deck D 30.48 (14.7) 41 37.20 (14.5) 41 -2.10 .040
Net IGT =71 (30.2) 41 21.07 (30.3) 41 -3.42 .002
C+D (adv.) 4845  (17.0) 41 60.54  (15.1) 41 342 .001
A+B (disadv.) 49.17 (17.0) 41 39.46 (15.2) 41 2.74 .008
A+C 33.88 (11.4) 41 36.76 (13.2) 41 -1.06 292
Digit Span
Forward (16) 10.23 (2.3) 9 11.0 (2.4) 41 144 155
Backward (14) 6.34 (2.1) ¥y 7.61 (2.4) 41 237 .020
Total (30) 16.54 (3.9) 42 18.56 (4.2) 41 -2.08 .041
Stop Signal Task (msec)
SSRT 256.33 (93.6) 42 233.77  (55.1) 38 -1.44 155
GO RT 640.99 (172.2) 42 513.64 (140.7) 41 -33 737
SSD 5352 (9.89) 425025 (7.58) 38 1.65 103
Standard Progressive Matrices (60) 46.80 (11.0) 41 50.25 (7.58) 41 -1.87 .078
Victoria Stroop (secs)
i) color 13.21 (4.5) 42 11.38 (2.2) 41 2.34 .022
ii) word 10.23 (3.7) 42 8.60 1.6) 41 2.70 .010
iii) incongruent 2678 (11.9) 2 2117 (4.3) 41 2.95 006
iv) interference (iii-i) 13.57 (9.0) 42 9.77 (4.3) 41 2.45 017
v) interference (iii/i) 2.02 (.62) 42 1.91 (.47) 41 1.08 342

A+C = high punishment decks. Net IGT = (C+D) - (A+ B).

of the successful decks. There was no significant interaction between group
and any block of decision making [F(4, 78) = 1.41, p = .238 r cffectsize (2],
indicating that the BPD group learned to pick cards from the advantageous
decks, but selected them less frequently than did the control group.

EF AND IGT PERFORMANCE

Unadjusted group differences in EF performance are depicted in Table 2.
Despite significant differences in working memory, the mean scores of both
groups fell within the age appropriate standardized norms of Digit Span
performance on the WAIS (Wechsler, 1997). BPD subjects performed more
slowly than controls on all baseline and Stroop interference difference scores.
Group differences in working memory [F(3, 79) = 1.25, p = 0.27] and Stroop
performance became non-significant when adjusted for education [Stroop
color; (F[2, 82], = 1.81, p = 0.18)]; Stroop word (F [2, 82], = 1.84, p = 0.18);
incongruent color/word (F[2, 82] = 3.31, p = 0.07); and the interference dif-
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TABLE 3. Pearson Product-Moment Correlations of EF Measures and Net Decision Making

HC+ BPD BPD Controls
n=_82 n=41 n=41

Executive Functions r r r
Auditory Working Memory
Digit Span Forward .19 23 .06
Digit Span Back 17 15 .04
Digit Span Total .20 22 .05
Inhibitory Control
SSRT .16 19 .36%
1Q (Raven’s Matrices) 44 59 12
Cognitive Interference:

i) Naming Colors -14 -.05 -.09

ii) Naming Words -15 -.02 -.15

iii) Naming Ink of Color Words -.28% -.24 -11

iv) Stroop Ratio Interference (iii/i) =22 -.33* -.01

Stroop interference = Victoria Version; IQ = Standard Progressive Matrices; SSRT = Stop Signal Reaction Time on the
Logan Stop Task. *p is significant at the .05 level, *** p < .001.

ference score (F[3, 79] = 2.33, p = 0.13). Motor inhibition (SSRT) and Stroop
ratio interference scores did not differ among groups. IGT decision making
differences remained significant with education (F[2, 79] = 6.92, p = 0.01)
and IQ and education controlled simultaneously (F [3, 78] = 5.81,p = 0.02).
BPD women’s EF scores, while weaker than controls, fell within a range of
normal performance.

Pearson product—-moment correlations (Table 3) were performed on the
total sample and each group separately. Poor IGT performance was associ-
ated with weaker interference control in the BPD group and verged on sig-
nificance in the total sample (r = -.22, p = 0.05). To control for the strong
association of IQ and Stroop interference on decision making in the BPD
group, a partial correlation adjusted for IQ, resulted in a non-significant cor-
relation (r = -0.13, p = 0.44). Working memory and motor inhibition were
not associated with IGT performance in either group. Efficient stopping abil-
ity was associated with improved decision making in the control group only,
whereas higher intellect was more strongly associated with improved IGT
decisions in the BPD group.

CORRELATIONS AMONG CLINICAL FACTORS AND EF
PERFORMANCE

Relationships among the clinical measures and EF performance were exam-
ined using Pearson product-moment correlations and analyses of covariance.
McLean Screen for BPD was more strongly associated with IGT performance
(r = -.35, p < .01) than depression (r = -.32, p < .01) or anxiety (r = -.32, p
<.01). Attention deficit scores were not significantly associated with any EF
or IGT performance. As BDI and BAI measures were highly correlated (r =
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TABLE 4. Adjusted and Unadjusted Group Means for Net IGT Decision Making Using Matrices,
Interference Control, Working Memory, and Response Inhibition as Covariates

Unadjusted Adjusted
N M SD M SE 95% CI
BPD 40 -1.73 30.42 =52 4.19 -8.87,7.83
H Controls 37 22.73 29.48 21.43 4.36 12.73, 30.12

Note. IGT < 10 = impaired performance (Bechara, 2007).

.80, p < .01), a series of ANCOVAs were conducted to determine whether
depression or anxiety demonstrated stronger effects on each EF. Depression
main effects were consistently stronger than anxiety effects on all EE includ-
ing IGT decision making. Similarly when depression and ADSA (r=.71,p =
.000) effects were compared, depression consistently exceeded ADSA effects
on each EF such that depression was considered the major clinical confound.
Depression was highly associated with BPD (Mclean Screen; r = .72, p <
.01.), indicating considerable shared variance. Depression was significantly
but weakly associated with working memory (r = -.24, p < .05) and IQ (r =
-22, p < .05). Depression, anxiety, ADSA, and years of substance abuse his-
tory were not significantly associated with net IGT performance in the BPD
sample.

To control for the effects of other EF on IGT performance, an analy-
sis of covariance was performed with the dependent variable IGT perfor-
mance, the grouping factor (BPD and healthy controls) and the covariates of
working memory, 1Q, interference control, and SSRT. A preliminary analysis
established that the assumption of parallelism of regression was met. The
ANCOVA was significant, with BPD status showing significance at the .001
level. The adjusted means of IGT performance are depicted in Table 4.

PREDICTORS OF IGT PERFORMANCE

The EF predictors of IGT decision making were assessed using standard mul-
tiple regression analyses (Table 5). Depression and anxiety were not entered
as predictors due to their collinearity with each other and BPD. Variables
entered simultaneously were group (BPD versus controls), motor inhibition,
working memory, Stroop interference, education, and 1Q, which explained
35% of the adjusted variance in IGT decision making. In order of impor-
tance, 1Q, group (BPD versus HC), and motor inhibition (SSRT) were sig-
nificant contributors to decision making [F(6, 70) = 7.80, p = 0.000]. Work-
ing memory and interference control were deleted as significant predictors.
When regression analysis was repeated using the BPD sample only (z = 40),
with depression, Stroop interference, IQ, and motor inhibition entered as
predictors, the adjusted variance of net IGT performance increased to 39%
[F(4, 35) = 7.26, p = .000], explained primarily by IQ (B = .63. p =.000) and
SSRT (B =.28, p =.03). Once again, depression ( = .03, p = .84) and Stroop
interference (B = .06, p = .65) were not significant contributors to IGT per-
formance in women with BPD.
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TABLE 5. Simultaneous Multiple Regression of Predictors of Net IGT Performance in Women with
BPD and Healthy Controls (12 = 77)

95% CI

Variable B SE Lower Upper B
Group -.19.88 6.41 -.32.65 -7.10 =31
IQ° -.39.60 11.55 -.62.64 -.16.55 -.38%%
Stroop cw/c =5.15 5.67 -16.64 6.15 -.09
SSRT 12 .04 .04 .19 28%*
Digit Span .14 .81 -1.48 1.76 .02
Education 1.22 1.08 -93 3.37 12

Constant 19.76 30.45
log transformed. F(6 , 70) = 7.80, p = 0.000, 7> = .40; adjusted 72 = .35. **p < .01.

IQ AND IGT PERFORMANCE

To clarify the relationship of IQ to decision making, raw matrices scores
were dichotomized into categories of high (50-60) and low (30-49). With
outliers removed, 16 control and 17 BPD subjects were classified with low
matrices scores. Twenty-five controls and 21 BPD subjects were classified
as high matrices performers (Table 6). A two-way ANOVA (BPD and con-
trols x high/low matrices) produced a near significant but small interaction
[F(3, 74) = 3.43, p = 0.06, partial eta? .04]. The main effect for group [F(3,
74) = 10.54, p = 0 .002] and the main effect for IQ (matrices) [F(3, 74) =
5.73, p = 0 .02] remained significant. Although higher IQ was associated
with improved IGT performance in both groups, BPD subjects with lower IQ
performed significantly more poorly than controls with lower 1Q. The deci-
sion making of healthy controls did not differ according to high or low 1Q
classifications, such that IQ does not fully account for the decision-making
differences among the clinical and control groups.

To address the final hypothesis of which EFs were most predictive of
group status, a binary logistic regression analysis involving the predictors of
working memory, IQ, SSRT, Stroop interference, and net IGT was computed.
These variables significantly predicted group status, x> = 17.86, df = 5, n =
77, p < .01; however, only IGT performance remained significant, with the
model correctly classifying 73% of cases and 67% of controls.

DISCUSSION

Affective decision making in women with BPD and the non-affective ex-
ecutive functions that may influence IGT performance relative to controls
were tested. BPD women demonstrated disadvantageous decisions on the
IGT compared to controls. Decisional impairment in BPD women was inde-
pendent of IQ, working memory, interference control, or motor inhibition.
Further, decisional impairment did not appear to be due to differences in
education, history of substance abuse, current psychotropic use, or current
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TABLE 6. Means and Standard Deviations for Net IGT Performance as a Function of Group and IQ

Lower IQ Higher IQ
Net IGT P n M SD n M SD
BPD* .002 17 -13.8 24.9 21 14.0 24.6
Healthy Controls 729 16 19.5 32.1 25 22.9 29.1

Note. Lower 1Q (30-49), Higher IQ (50-60). BPD with lower and higher IQ significantly differed on IGT (¢ = -3.36,
p =.002). Mean IGT performance among controls with high and low IQ did not significantly differ. Group F(3, 74) =
10.54, p =.002; IQ F(3, 74) = 6.14, p =.016, grp x High/Low IQ F(3, 74) = 3.43, p = .066. *p < .01.

levels of self-reported depression. IGT decision making was the only vari-
able to distinguish BPD participants from controls. This is the sixth study to
consistently report decisional impairment in BPD. It is the first report of IGT
impairment in an all-female-treated BPD sample that appears consistent with
some of the assumptions of the SMH. In BPD women, IGT decision-making
performance, believed to represent functions within the ventromedial corti-
cal and amygdala regions, appears to be separable from the EFs that are
primarily linked to the dorsolateral PFC regions. While higher intelligence
and normal range motor control contributed to advantageous decision mak-
ing, these EFs appear to be unnecessary for advantageous IGT performance.
BPD women with lower IQ and normal motor control demonstrated disad-
vantageous IGT decisions, whereas controls with lower IQ and intact motor
inhibition performed advantageously on the IGT.

IGT PERFORMANCE

Outpatient women with BPD demonstrated a preference for the immediacy
of higher risk reward selections despite the magnitude of punishments, and
this trend continued over time. The vulnerability for higher immediate gains,
irrespective of the magnitude of loss, combined with a possible avoidance
of the more frequent punishment decks may represent the typical approach/
avoidant conflict in BPD. High harm avoidance on the IGT has been associ-
ated with anxiety and vigilant attention to loss (Yechiam, Busemeyer, Stout,
& Bechara, 2005). While attention to the frequency of loss was apparent in
women with BPD, as evident by their increasing selections from decks B and
D, the magnitude of loss appeared to be ignored. The apparent inability of
BPD women to learn from their prior mistakes may also reflect an inattention
or insensitivity to the future negative consequences of their behavior. BPD
women reverted to their poor decisions during the final phase of the IGT
when an awareness of successful strategies normally becomes more explicit.
Whether BPD women were unaware of or were slower to learn the successful
IGT strategies cannot be confirmed. A sensitivity to proximal reward typical
of IGT impairment can be likened to the frequently reported “aversion to
delay” behavior (Bazanis et al., 2002; Dougherty et al., 1999) and shortened
future time perspective (Berlin & Rolls, 2004) previously observed in BPD
subjects. The immediate, larger rewards may overpower the consideration of
more harmful future punishment in women with BPD.
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EF AND IGT PERFORMANCE

The relationships of EF to IGT performance may be asymmetric as previ-
ously characterized of working memory and IGT decision making (Bechara,
Damasio, Tranel, & Anderson, 1998). That is, normal range EF does not
guarantee advantageous IGT decision making, but impaired EF may worsen
IGT performance. Overall, advantageous IGT decision making was partial-
ly explained by higher intellect, which protected some but not all women
from poor card choices; BPD pathology, which clearly compromised IGT
performance; and longer but normal range stopping ability. Motor inhibi-
tion was the weakest predictor of IGT performance and was more strongly
attributed to the control group. Normal range stopping seems congruent
with IGT mastery; however, this was less apparent in the BPD group, sug-
gesting that other factors beyond intact motor control may have explained
their disadvantageous selections. Healthy participants may have engaged in
a proactive speed—accuracy trade-off where they waited for the stop signal to
occur, thus increasing their SSRT. According to Leotti and Wager (2009), a
speed-accuracy trade-off on the STOP task may reflect a decisional process
rather than a pure motor control process, and as such it may explain the
positive associations of SSRT and IGT performance. ADSA performance,
representing many aspects of behavioral impulsivity (Dowson et al., 2004),
was not significant to the IGT performance of either group. The contribu-
tions of improved intellect and intact inhibitory control to decision making
does not fully contradict the SMH, given that pure executive processes alone
or knowledge of a situation unassisted by emotion do not guarantee advan-
tageous choices (Bechara & Damasio, 2002). To our knowledge, present
findings are the first to support normal range executive control and impaired
net IGT performance in BPD subjects.

As the sole predictor of BPD status, IGT impairment may highlight
the important role of emotion in the decision making of women with BPD,
which may also be consistent with the affective dysregulation of the disorder.
While a lack of emotional signalling characterizes the poor decision mak-
ing of ventromedial-lesioned patients, the potential for heightened emotional
processing typical of BPD may be equally disadvantageous to their decisions;
however, this hypothesis awaits confirmation with assessments of somatic
activation during IGT task performance.

INHIBITORY CONTROL AND IGT PERFORMANCE

Longer yet normal stopping among participants predicted better decisions.
Some may view unsuccessful stopping as errors, therefore altering their strat-
egy following successful and unsuccessful stops to increase the probability
of inhibition on the next trial (Verbuggen & Logan, 2009). Indeed, 75% of
controls had accuracy scores of 99-100% in contrast to 38% of cases, sug-
gesting that controls may have been more strategic in ensuring the accuracy
of their responses. Similar to present findings, Goudriaan, Oosterlaan, de
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Beurs, and van den Brink (2005) found no association between Go/No-Go
performance and IGT decision making in stabilized detoxified alcoholics,
pathological gamblers, patients with Tourette’s syndrome, or healthy con-
trols. More recently, Kertzman, Lidogoster, Aizer, Kotler, and Pinhas (2011)
confirmed the absence of an association between impaired Go/No-Go per-
formance and disadvantageous IGT performance in pathological gamblers.

Stroop interference control did not explain the IGT performance of ei-
ther group. Present findings are supported by similar reports where no sig-
nificant relationships among impaired Stroop interference, nor behavioral
impulsivity and disadvantageous IGT performance were observed (Kertzman
et al., 2011). No association between attention deficits/impulsivity and IGT
performance were evident in the present sample. Collectively, these measures
of disinhibition and behavioral impulsivity appear independent of IGT defi-
cits.

IQ AND IGT PERFORMANCE

IQ estimates were associated with all EFs except motor inhibition. IQ perfor-
mance in our BPD sample mirrors the findings of Swirskey-Sacchetti and col-
leagues (1993) in his sample of less educated BPD women. Using the WAIS,
Nigg, Silk, Stavro, and Miller (2005a) also reported lower normal IQ in BPD
females that was independent of their extensive Axis I or Axis II comorbid-
ity. The robust correlation of IQ and decision making (r = .44) in the pres-
ent study is identical to a Norwegian mixed gender BPD sample (Haaland
& Landro, 2007) using the WAIS-R (Weschler, 1997). These replications
represent convergent validity using reliable estimates of intellect, and they
add to the evidence of intelligence and IGT associations observed in other
psychiatric samples (Barry & Petry, 2008; Ernst et al., 2003b; Monterosso
et al., 2001). Higher IQ may improve the discrimination of rewards and
penalties and/or the speed of information processing, thus facilitating more
timely and novel problem solving; or it may compensate for other unknown
factors that contribute to poor decisions. As the capacity to learn and detect
rules is key to IGT performance, the relationship between IQ and IGT per-
formance seems logical. While higher intellect may buffer some participants
from poor decisions, controls with lower intellect performed advantageously
on the IGT, suggesting that factors beyond IQ are associated with advanta-
geous decisions. This finding appears consistent with the notion that explicit
knowledge of IGT strategies alone does not guarantee advantageous perfor-
mance (Anderson, Barrash, Bechara, & Tranel, 2006; Toplak, Sorge, West,
& Stanovich, 2010).

CLINICAL FACTORS AND IGT PERFORMANCE

IGT performance in BPD was not differentiated by a history of substance
abuse as reported previously (Bazanis et al., 2002; Jollant et al., 2005; Ernst
et al., 2003a). Despite attempts to control for states of depression and anxi-
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ety, these measures were inseparable from a diagnosis of BPD. Bazanis and
colleauges (2002) also found that depression did not adversely affect deci-
sion making beyond that explained by BPD. Others suggest that psychotro-
pic medications did not influence the decision-making performance of their
samples (Bazanis et al., 2002; Ernst et al., 2003b, Jollant et al., 2005; Kirk-
patrick et al., 2007); however, firm conclusions about the effect of medica-
tions on decision making in BPD require further study. Present findings may
offer some preliminary specificity for BPD relative to ADHD adults. Despite
the comorbidity of these disorders, deficits in working memory and motor
inhibition (Hervey, Epstein, & Curry, 2004; Nigg et al., 2005b), mild inter-
ference deficits (Boonstra, Oosterlaan, Sargeant, & Buitelaar, 2005; Hervey
et al., 2004; Nigg et al., 2005a), and variable IGT performance (Ernst et
al., 2003a; Malloy-Diniz, Fuentes, Borges Leite, Correa, & Bechara, 2007)
have characterized ADHD adults. These deficits differ from present findings.
In clinically depressed subjects, normal IGT performance has also been re-
ported (Dalgleish et al., 2003; Garon & Moore, 2006). For example, Smoski
and colleagues (2008) found that depressed adults were more risk-averse
than healthy controls, and outperformed controls on the IGT. In contrast,
no study has reported normal decision making in BPD, nor has the nature of
decisional impairment in BPD subjects been described as risk-averse. Clinical
comparisons with ADHD adults and depressed adults in future research may
confirm the specificity of current findings for BPD. Administering the alter-
nate version of the IGT and tasks of speeded information processing may
further delineate the unique mechanisms underlying poor decision making in
this population. The influence of affect on decision making warrants more
controlled study given that negative emotions are linked to high punishment
selections (Gray & McNaughton, 2003). Present findings are limited by the
cross-sectional study design, the convenience sampling, the lack of statistical
control for comorbidity, and the use of single measures to assess complex EF.
Results may not generalize beyond outpatient women in treatment. Other
environmental factors that may affect decision making, such as sexual abuse
and employment status, among others, should also be considered in future
research.

Affective decision making constitutes an important area of study in
BPD. Impaired IGT decision making appears to be independent of other EF
in women with BPD, offering partial, but indirect support for the somatic
marker hypothesis. Decision making constitutes an important life skill that
can be taught, learned, and remediated, and may warrant greater attention
in clinical practice.
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APPENDIX

TABLE A. Univariate Anaylses of Group and Net IGT Decision Making
Controlling for Depression (1 = 81)

Source Sums of Squares df Mean Square F p value
Corrected model 12752.6 3 4250.9 4.73 .004
Intercept 6255.1 1 6255.1 7.0 .010
Group 4397.4 1 4397.4 4.9 .030
BDI 1839.8 1 1830.8 2.03 158
Group x BDI 1206. 23 1 1206.3 1.34 250
Error 69245.1 77 899.3

Total 90792.0 81

Corrected total 81997.73 80

r*=.16, adj r* = .12.

TABLE B. Univariate Analysis of Group and Net IGT Decision Making
Controlling for Anxiety (7 = 81)

Source Sums of Squares df Mean Square F p value
Corrected Model 15,183.1 3 5061.0 5.83 .001
Intercept 7345.2 1 7345.2 8.50 .005
Group 7047.9 1 7047.9 8.1 .006
BAI 3806.9 1 3806.9 4.40 .039
Group x BAI 3313.90 1 3313.9 3.80 .054
Error 66814.7 77 867.7

Total 90792.0 81

Corrected total 81997.73 80

7 =.19, adj r* = .15.

TABLE C. Univariate Anaysis of Group and Net IGT Decision Making
Controlling for Attention Deficits (1 = 82)

Source Sums of Squares df Mean Square F p value
Corrected model 12691.5 3 4230.5 4.7 .004
Intercept 230.6 1 230.6 0.3 612
Group 3270.8 1 3270.8 3.7 .059
ADSA 467.5 1 467.5 0.5 471
Group x ADSA 1790.0 1 1790.0 2.0 .160
Error 69511.6 78 891.2

Total 90808.0 82

Corrected total 82203.1 81

r*=.15, adj * = .12.
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