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Background: Patients with eating disorders favor immediate gratification and ignore long-term negative conse-
quences. This study investigated decision making in bulimia nervosa using the Iowa Gambling Task (IGT) and
skin conductance responses (SCR). Merhod: A total of 26 bulimia nervosa patients and 51 healthy controls took
part in this study; 29 patients with anorexia nervosa were included for comparison. Results: Bulimia nervosa
patients performed poorly in the IGT, but showed no decrease in anticipatory SCR, whereas a markedly dimin-
ished anticipatory SCR was seen in the anorexia nervosa group. Conclusions: This finding does not support the
somatic marker hypothesis. Impaired decision making was associated with obsessive-compulsive traits.
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INTRODUCTION

Bulimia nervosa (BN) affects 1 to 4% (full to partial
syndrome) of young females (Hoek & van Hoeken,
2003, Whitehouse, Cooper, Vize, Hill, & Vogel,
1992) and is characterized by episodic overeating,
abnormal weight regulation, and overconcern about
body image (Diagnostic and Statistical Manual of
Mental Disorders—Fourth Edition, DSM-IV; American
Psychiatric Association, 1994). The abnormal weight
regulatory behavior displayed by individuals with
BN includes dietary restriction, self-induced vomit-
ing, purging, and excessive exercise. These behav-
iors may have some immediate benefits (e.g.,
tension and anxiety relief), but are self-destructive in
their long-term consequences. This suggests that
patients with BN act to obtain immediate gratifica-
tion in spite of long-term negative consequences,
The Iowa Gambling Task (IGT), originally devel-
oped by Bechara, Damasio, Damasio, and Anderson
{1994), is one of the most widely used experimental
measures of decision making (Dunn, Dalgleish, &
Lawrence, 2006), and it has been shown that people

with eating disorders perform poorly on this task (e.g.,
Boeka & Lokken, 2006; Cavedini et al, 2004;
Tchanturia et al., 2007). The IGT is a widely reported
task in the literature; however, there have been a lim-
ited number of studies that have reported skin con-
ductance response (SCR) data (Dunn et al., 2006). In
the field of eating disorders, only Tchanturia and col-
leagues (2007) reported SCR with IGT results.
Individual differences in IGT performance are
linked with the magnitude of anticipatory skin
conductance responses (anticipatory SCR; ie.,
raised SCR before making high-risk decisions) in
the task (Bechara & Damasio, 2002; Bechara,
Damasio, Tranel, & Damasio, 1997; Bechara,
Tranel, Damasio, & Damasio, 1996). This relation-
ship between IGT performance and SCR provides
support for the so-called “somatic marker hypoth-
esis” (Damasio, 1994), which proposes that deci-
sion making is influenced by the combination of
emotional representations {(such as SCR) and prior
experience, which highlight reward and suppress
punishment. Some support for the relationship
between somatic responses and decision making
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comes from a recent study that reported that
acutely ill anorexia nervosa (AN) patients perform
poorly in the IGT and at the same time have
diminished anticipatory SCR (Tchanturia ¢t al,,
2007). So far no study has assessed decision mak-
ing and SCR in BN. Clearly, however, decision
making involves multiple cognitive functions (e.g.,
attention, working memory, and associative learn-
ing) as well as personality characteristics and
somatic changes (Bechara, Damasio, Tranel, &
Anderson, 1998; Dickman, 1990; Donohew et al.,
2000). In eating disorders, behaviors that suggest
poor decision making (such as starvation and
binge eating) are associated with personality char-
acteristics such as perfectionism, obsessionality,
and impulsivity (Halmi, 2005; Lilenfeld et al.,
2000; Vitousek & Manke, 1994), and, importantly
in the current context, AN and BN patients differ
in some of these aspects (e.g., perfectionism is more
related to AN while impulsivity is more associated
with BN; Braun, Sunday, & Halmi, 1994; Halmi
et al., 2000).

The present study was designed to examine deci-
sion making using IGT performance in individuals
with BN in parallel with their SCR. Their perform-
ance and their anticipatory SCR were compared with
a group of healthy controls and of individuals acutely
ill with AN (Tchanturia et al., 2007). We tested the
following two hypotheses: that women with BN will
perform less well on the IGT than a healthy control
group and that poor performance on the IGT will be
associated with diminished SCR.

METHOD
Participants

A total of 77 female participants tock part in this
study, including 51 controls and 26 women who
fulfilled DSM-IV diagnostic criteria for BN (18
purging and 8 nonpurging). Patients from the out-
patient clinic of the Eating Disorder Unit at Maud-
sley Hospital who responded to advertising flyers
were recruited. The control group of 51 healthy
females were recruited via advertisements at local
libraries, leisure centers, and supermarkets. Our
inclusion criteria were age between 16 and 55 years
and no history of head injury or psychological and/
or neurological disorders. The recruitment was car-
ried out since 2002 and was completed in 2006.

All participants were native English speakers.
Ethical approval was obtained from the South
London and Maudsley NHS Foundation Trust
Research Ethics Committee. For comparative
purposes, the study includes data from 29 AN

patients, which have been previously published
(Tchanturia et al., 2007).

Procedure and materials

During the initial screening stage, each participant
was provided with a full description of the study,
and written consent was obtained. At baseline, par-
ticipants’ demographic and clinical details (e.g.,
age; body mass index, and duration of illness) were
obtained. The NART-R (National Adult Reading
Test Revised Version; Nelson & Willison, 1992)
was used to provide an estimate of 1Q. The Struc-
tured Clinical Interview for DSM-IV Axis I and II
(SCID;, First, Spitzer, Gibbon, & Williams, 2002a,
2002b) was conducted to confirm inclusion criteria
and diagnosis of bulimia nervosa as well as inclu-
sion criteria for healthy controls. After the comple-
tion of the interview, a clinician-rated scale, SCID
Global Assessment of Functioning Scale (GAF;
ranged from 1-100), was conducted based on the
severity of eating disorders (ED) and comorbid
symptoms. The GAF scale has five anchor points
(i.e., 1-20, 21-40, etc.), and higher scores indicate
better functioning. Additionally, the following self-
report measures were used to obtain psychological
data: The Beck Depression Inventory (BDI; Beck,
Ward, Mendelson, Mock, & Erbaugh, 1961) is a
21-item self-report questionnaire of depressive
symptoms. The Obsessive-Compulsive Inventory
(OCI; Foa, Kozak, Salkovskis, Coles, & Amir,
1998) is a 42-item self-report questionnaire with 5-
point Likert scales to assess the level of obsessive-
compulsive features; subscales include checking,
hoarding, mental neutralizing, obsessing, ordering,
and washing. The 30-item Barratt Impulsivity Scale
(BIS Version 11; Patton, Stanford, & Barratt, 1995)
was included to examine the level of impulsivity.
The Frost Multidimensional Perfectionism Scale
(FMPS; Frost, Marten, Lahart, & Rosenblate,
1990) contains 35 items measured on a 5-point Lik-
ert scale to assess various dimensions of perfection-
ism: It is divided into subscales such as concern
over mistakes, personal standard, parental expecta-
tion, doubts about action, and organization.

lowa Gambling Task (IGT)

The IGT is a neuropsychological instrument that
tests the decision-making ability of participants to
sacrifice immediate rewards in order to achieve
long-term gain (Bechara et al., 1997). In the com-
puterized task, participants are required to make
100 picks from four identical-looking decks of
cards (A, B, C, and D) with a loan of £2,000 to
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start the task. Participants are instructed that each
selection will result in winning some money, but
sometimes there will be immediate losses following
wins. They are also told that they can select any
card from any deck and that the objective is to win
as much money as possible. Decks A and B are
called the disadvantageous decks (or risky decks);
cards from these two decks give higher rewards
(range £80-£150) and also give larger losses (from
£150-£2,500). Cards frequently picked from Decks
A and B will lead to a net loss. Decks C and D are
the advantageous (or safe) decks because they pro-
vide small gains (range £35-£85) with rare small
losses (from £25-£325). Higher numbers of card
selections from Decks C and D will result in a net
win. As part of the instruction, participants are
informed that “You may find yourself losing
money on all of the decks, but some decks will
make you lose more than others. You can win if
you can stay away from the worst decks™ (Bechara,
Damasio, Damasio, & Lee, 1999). Participants
sefect cards using a computer mouse, and their
cumulative result is indicated by a credit bar at the
bottom of the screen.

SCR measurements

SCR was measured by attaching two silver chloride
disc electrodes (SLE Diagnostics, Surrey, UK) with
adhesive rings to the nondominant hand palmar
surface of the second phalanges of the index and
middle fingers. Both electrodes were connected with
a PSYLAB SC5 25-bit digital skin conductance
amplifier and then connected to a PSYLAB Stand-
Alone-Monitor unit {Contact Precision Instruments
UK, London) via cables. The monitor unit relayed
SCR data to a PSYLAB host computer running
PSYLABT7 software, which is able to trace the SCR
to every card selection. To ensure adequate time for
measuring SCR, we imposed a minimum of 6-s
interstimulus intervals between card selections (fol-
lowing the method of Bechara et al., 1999). This
timing enables the SCR data to be divided into a
response phase (response SCR: 5 s after a card selec-
tion) and the anticipatory phase (anticipatory SCR:
the remaining time until the next card selection;
minimum 1 s). SCR measurement commenced at
least 5 minutes prior to the start of the IGT and con-
tinued throughout the performance of the task.

Data analysis

Statistical analyses were conducted using the
Statistical Package for the Social Science (SPSS)
for Windows, Version 15. One-way analyses of
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variance (ANOVAs) were performed to compare
demographic and clinical variables such as age,
estimated 1Q, body mass index (BMI), illness dura-
tion, GAF, and questionnaire data.

On the IGT, the 100 card picks were divided into
five blocks of 20, and IGT performances were
measured by calculating a “net score” for each
block: This is obtained by counting card picks from
advantageous decks (C + D) minus the number
from advantageous decks (A + B) in each block
that is, (C + D) — (A + B). A 5x 3 (5 blocks % 3
groups) repeated measures ANOVA was carried
out to examine group differences in performance.

Following the methodology of Bechara and col-
leagues (Bechara et al., 1999), SCR data were ana-
lyzed with locally developed software, SCAnalyse,
Version 4 (J. Dalton, King’s College London,
London). The software detected SCR fluctuations
with a minimum rise time of 500 ms and a min-
imum amplitude of 0.01ps. All fluctuations in both
response and anticipatory phases during all 100
card selections were measured.

The mean response SCR was calculated sepa-
rately for wins and for losses from advantageous
and disadvantageous decks, and thena 2 x 2 x 3
(2 decks x 2 winsfloses x 3 groups) repeated meas-
ures ANOVA was performed to compare the
group differences. For anticipatory SCR, rein-
forcements (wins and losses) are irrelevant for
analysis because participants did not know the out-
come when they decided which card to pick. There-
fore, the mean anticipatory SCR was only
calculated separately from advantageous and dis-
advantageous decks, and a 2 x 3 (2 decks x 3
groups) repeated measures ANOVA was per-
formed to examine group differences. Addition-
ally, following the methodology of Tchanturia and
colleagues (2007), we conducted a series of bivari-
ate correlations, to explore relationships between
symptom severity (SCID), other characteristics
(BDI, OCI, BIS, and FMPS), SCR (anticipatory
SCR and response SCRY}, and IGT performance.

Finally, regression analysis was performed on all
three groups to find the best predictors in IGT per-
formance, using IGT performance as the depend-
ent variable and questionnaire scores, subscale
scores, and SCR as independent variables.

RESULTS
Sample characteristics
Demographic characteristics and clinical variabies

are summarized in Table 1. There was no differ-
ence in any of the demographic characteristics
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TABLE 1
Demeographic and clinical characteristics of female bulimia nervosa patients, healthy controls, and anorexia nervosa palients

458 LIAO ET AL.

BN{N=26) HC(N=351) AN(N=29) F P Post hoc
Age (years) 27.8(6.1) 29.4 (9.6) 28.5(9.17) 0.936 395 N/A
Education {years} 15.9(3.5) 15129 15.3¢3.1) 0.454 .636 N/A
IQ estimated 113.94.3) 112.6 (6.4) 115.2 (5.5) 0471 626 N/A
Illness duration (years) 10.4 (6.4) 0.0 (0.0) 8.2(5.2) 60.824 000 BN>HC AN>HC
BMI 25347 23.1(3.9) 15.5¢1.3) 48.67 000 HC>AN BN>AN
Lowest BMI 19.0 (4.6) 19.9(2.5) 11.9€1.3) 52.91 .600 HC>AN BN>AN
SCID GAF score 63.5(7.1) 86.9 (6.1) 37.93 (11.43) 341.09 .000 HC>AN HC>BN BN>AN
BIS 65.9(12.8) 65.4(10.3) 61.0(11.1) 1.557 216 N/A
FMPS 84.9(24.3) 57.4(14.2) 96.0(28.7) 33.71 .000 AN>HC BN>HC AN>BN
0OCI 22.8(17.0) 9.0 (7.5} 22.3(14.2) 15.91 .000 BN>HC AN>HC
BDI 18.6(15.2) 44(4.2) 28.6(11.5) 55.32 000 AN>HC BN>HC AN>8BN

Note. From published data; Tchanturia et al., 2007. N indicates the number of participants. Means and standard deviations (in parenthe-
ses) are presented; and significant p values are shown in italics. BN = bulimia nervosa. AN = anorexia nervosa. HC = healthy controls.
BMI = body mass index. SCID = Structured Clinical Interview for DSM-IV Axis I and II. GAF = Global Assessment of Functioning
Scale. BIS = Barratt Impulsivity Scale. FMPS = Frost Multidimensional Perfectionism Scale. OCI = Obsessive-Compulsive [nventory.

BDI = Beck Depression Inventory.

between the three groups, but significant differ-
ences were found in BMI, lowest BMI, GAF, and
self-report measures (BDI, OCI, and FMPS). As
would be expected, BMI and lowest BMI are sig-
nificantly lower in the AN group.

IGT performance

Figure 1 shows the performance of the three
groups in the IGT. The performance curves of the
three groups show a gradual separation after Picks
41-60. A repeated measures (5 x 3) ANOVA was
carried out with the net scores of all five blocks (as
repeated measures) and group as the between-
subjects variables. There was a significant main
effect of group, F(2, 104) = 3.44, p = .03, and a post

10] =k= HC == AN

=4+ BN

Net score (C+D) — (A+B)

-5 T . r T
1-20 2140 41-60 61-80 81-100
Blocks of 20 cards

Figure 1, The lowa Gambling Task (IGT) performance of the
bulimia nervosa (BN), healthy controls (HC), and anorexia ner-
vosa (AN) groups; error bars indicate standard error of the
mean.

hoc least significant difference (LSD) test indicated
that there was a significant difference between the
BN and healthy control (HC) groups (p = .04) and
also between the AN and HC groups (p = .01).
Overall, there is a significant difference in total net
score between the BN and HC groups (p = .03) and
between the AN and HC groups (p = .01). The
analysis also showed a significant main effect of
block, F(4, 104) = 9.69, p = .001, suggesting that
participants demonstrated “learning” during task
performance.

SCR analyses during IGT performance

Figure 2 shows completed SCR amplitudes for all
groups. The dotted line splits the two parts. The
left side shows the amplitudes of anticipatory SCR
(i.e., the rise in SCR before picking cards). The
right part indicates the response SCR; this is the
participanis’ reaction towards winning or losing
after seeing the result of their card selection. Over-
all, the BN group generated levels of SCR that
were comparable to those in the HC group. This
was apparent for both the anticipatory and the
response components of the measure. In contrast,
the AN group demonstrated significantly lower
levels of SCR than did both the HC and BN
groups. This was apparent in both the anticipatory
and the response elements of the measure.

Anticipatory SCR

In the first analysis, we have examined the anticipa-
tory responses in the three groups irrespective of
whether they are to advantageous or disadvantageous
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Figure 2. Skin conductance response (SCR) generation in the
bulimia nervosa (BN), healthy controls {(HC), and anorexia net-
vosa (AN) groups in two parts: anticipatory skin conductance
responses (ASCR} to advantageous and disadvantageous card
picks; response skin conductance responses (RSCR) to wins
and losses in advantageous and disadvantageous decks.

selections. Repeated measures ANOVA with
group (3 levels) by decks (2 levels) shows a main
effect of group, F(2, 102) = 6.64, p = .02, indicating
that the groups differ in their SCR prior to choos-
ing from the decks. The post hoc LSD tests for
group indicates that there is no difference between
the BN and the HC groups (p = .07) or between the
BN and AN groups (p = .15). However, there is a
significant difference between the AN and HC
groups (p = .001) in the anticipatory SCR. Finally,
in all three groups, the anticipatory responses to
advantageous and disadvantageous choices are not
significantly different.

Response SCR

Repeated measures ANOVA, Deck (2) x Rein-
forcement (2) x Group (3}, revealed significant dif-
ferences in groups (BN, HC, and AN); F(2, 102) =
5.23, p = .007, in decks (disadvantageous > advan-
tageous); F(1, 102) = 19.59, p = .0001, as well as in
reinforcements (losses > wins); F{1, 102) = 17.52;
p = .0001l. The LSD post hoc tests showed that
there were no significant group differences between
the BN and HC groups (p = .43), but there was a
significant difference between the HC and AN
groups (p = .02) and between the BN and AN
groups (p = .04)—that is, the BN group is similar
to the HC group. In all three groups, winning from
the disadvantageous rather than advantageous
decks does not elicit significantly different SCR
(BN, p = .30; HC, p = .40; and AN, p = .13). How-
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ever, in all three groups, losses arising from a dis-
advantageous rather than advantageous deck elicit
a significantly higher SCR (BN, p = .03; HC, p =
.001; and AN, p = .02).

Correlation and regression analysis

Pearson bivariate correlation analysis showed that
there are two significant moderate correlations (all
three groups were included in analysis), one
between IGT performance and the OCI score (r =
—25, p = .006), and the other between IGT per-
formance and the SCID GAF score (r = .24, p =
.016). Further correlation analysis using the OCI
and FMPS subscales revealed that OCI obsessing
had the highest correlation (r = —.29, p = .003) with
IGT performance, and FMPS doubts about action
was the only subscale in FMPS that correlated
with the IGT performance (r = -.30, p = .017).
However, the other OCI subscales were also signif-
icantly correlated with IGT performance (OCI
checking, r = —21, p = .03; OCI ordering, r = -.21,
P = .03; and OCI washing, r = —.23, p = .02). There
were no significant correlations between IGT per-
formance and total scores of BIS, BDI, and FMPS.

Regression analysis (in all groups) showed that
only OCI total scores can uniquely 2prcdict IGT
performance (f = —.266, p = .006, R* = .063). In
addition, regression analysis among all subscales
of questionnaires indicated that OCI obsessing is
the only significant predictor of 1GT performance
(B =-.286, p = .003, R? = .088).

DISCUSSION

This study assessed decision-making ability using
the Iowa Gambling Task (IGT), in patients with
bulimia nervosa (BN) compared to healthy con-
trols and to a group of patients with anorexia ner-
vosa (AN). Significant differences were found
between participants during performance of the
task. In contrast to the healthy control group who
improved their performance by learning to avoid
disadvantageous card picks, patients with eating
disorders (BN or AN) did not show improvement.
Our data are consistent with previous reports of
poor decision making among BN (Boecka &
Lokken, 2006) and AN patients (Cavadini et al.,
2004; Tchanturia et al., 2007)

Our data support our first hypothesis that deci-
sion making, measured by the IGT, is diminished
in patients with BN and AN. Our second hypothe-
sis was that poor performance of the IGT would
be related to reduced skin conductance responses
(SCR): Our data do not support this, because
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whilst performing poorly on the IGT, the BN
group generated SCR that were comparable to
those of the healthy control group. On this basis,
it can be argued that the impaired decision making
in the BN group is not underpinned by decreased
levels of somatic arousal. Thus, it is clear that
there is a distinct difference in SCR between the
BN and the AN groups. The low SCR that is
present in the AN group may be related to the fact
that they had a much lower mean BMI and for
metabolic reasons had lower skin temperatures
and hence conductivity. This idea that the dimin-
ished SCR in the AN group is state dependent is
consistent with recent observations by our group
(Tchanturia et al., 2007) that in participants who
had recovered from AN (for more than 12
months) there was improved performance in the
IGT and higher SCR.

All three groups showed greater increases in
SCR in response to a monetary loss rather than a
win, and interestingly in all three groups large
losses (i.e., arising from disadvantageous decks)
elicited greater SCR than did small losses. This
suggests that both the AN and the BN groups are
equally sensitive to punishments but on the basis of
their IGT performance, they do not seem to learn
from this. Finally, this increased physiological
response to the increased monetary loss appears to
support the broad tenet of neuroeconomics that
states that responses to loss are more unpleasant
than responses to winning are pleasant.

In summary, our data from the BN group show
that impaired IGT performance is not related to
decreased SCR whereas the data from the AN
group suggest that poor IGT performance is
related to lack of somatic change. It is possible that
the lack of somatic changes that we observed in
AN group is unrelated to the IGT performance. In
that case, this could be that the AN group, because
of their illness, are cold, and their SCR is generally
suppressed. Therefore, our data are not consistent
with the somatic marker hypothesis (Bechara et al.,
1994; Bechara et al., 1997; Bechara et al., 1996;
Damasio, 1994).

It is unclear why the BN group perform poorly
on the IGT. It has been proposed that poor IGT
performance is not primarily due to somatic
changes and that decision-making ability is a com-
plex process, factors such as conscious knowledge
about the task overtaking subconscious physiolog-
ical responses (e.g., SCR; Crone, Somsen, Van
Beek, & Van Der Molen, 2004; Maia & McClelland,
2004). We measured core clinical characteristics in
BN, such as impulsivity, perfectionism, obsession,
and compulsion in order to explore their contribu-
tion to poor decision making and found no

correlation between impulsivity (BIS scores) and
IGT performance, nor between depression scores
and IGT performance. Furthermore, even both
BN and AN groups scored higher than controls on
perfectionism (measured by the FMPS) but only
one FMPS subscale score was correlated with the
IGT performance. However, the results showed
that obsessive-compulsive symptoms (measured by
OCI) were significantly associated with decision
making (poor IGT performance)}, but, interest-
ingly, increased OCI scores were not associated
with increased SCR—that is, increased OCI scores
were not apparently associated with increased per-
formance anxiety. It is of note that impairments in
IGT performance have been observed in patients
with  obsessive-compulsive disorders (OCD;
Lawrence et al., 2006). As OCD traits and related
behaviors are core features of both BN and AN, it
is possible that they are the factors that underlie
the impaired performance in these two eating dis-
order groups.

This study is the first study to investigate IGT
performance in BN group including SCR data.
However it is worthwhile highlighting the limita-
tions of our study. For example, we are unable to
comment whether impaired decision making in BN
is state or trait dependent because we did not
include individuals recovered from BN. Secondly,
interpretation of the data would have been facili-
tated by information on other cognitive func-
tions—for example, attention and conscious
knowledge about the IGT.
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