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INTRODUCTION

Previous reports documented abnormalities in cognitive functions and decision-making
(DM) in patients with chronic pain, but these changes are not consistent across studies.
Reasons for these discordant findings might include the presence of confounders,
variability in chronic pain conditions, and the use of different cognitive tests. The present
study was aimed to add evidence in this field, by exploring the cognitive profile of a
specific type of chronic pain, i.e., chronic low back pain (cLBP). Twenty four cLBP patients
and 24 healthy controls underwent a neuropsychological battery and we focused on
emotional DM abilities by means of lowa gambling task (IGT). During IGT, behavioral
responses and the electroencephalogram (EEG) were recorded in 12 patients and 12
controls. Event-related potentials (ERPs) were averaged offline from EEG epochs locked
to the feedback presentation (4000 ms duration, from 2000 ms before to 2000 ms after
the feedback onset) separately for wins and losses and the feedback-related negativity
(FRN) and P300 peak-to-peak amplitudes were calculated. Among cognitive measures,
cLBP patients scored lower than controls in the modified card sorting test (MCST) and the
score in this test was significantly influenced by pain duration and intensity. Behavioral IGT
results documented worse performance and the absence of a learning process during the
test in cLBP patients compared to controls, with no effect of pain characteristics. ERPs
findings documented abnormal feedback processing in patients during IGT. cLBP patients
showed poor performance in the MCST and the IGT. Abnormal feedback processing may
be secondary to impingement of chronic pain in brain areas involved in DM or suggest
the presence of a predisposing factor related to pain chronification. These abnormalities
might contribute to the impairment in the work and family settings that often cLBP patients
report.
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experience is the prerequisite for the evaluation and anticipa-

Cognition indicates the brain’s acquisition, processing, storage and
retrieval of information, but is also used to describe integrative
neuropsychological processes such as mental imaging, problem
solving and perception, and is pertinent to emotion and affect
(Moriarty etal., 2011).

Among cognitive processes, decision making (DM) is a com-
plex process that encompasses a range of functions through which
motivational processes make contact with action selection mech-
anisms to express one behavioral output rather than any of the
available alternatives (Rogers, 2011). DM depends on a num-
ber of control functions, including selection and inhibition,
working memory, planning, emotion, estimation, and other
processes included in the domain of the executive functions
(EFs). Among these functions, choice evaluation, response selec-
tion, and feedback processing play a major role (Fang etal,
2009). Feedback processing is pivotal, in that assigning a pos-
itive or negative valence to an option on the basis of previous

tion of action outcomes and for an efficient response selection
(Mapelli etal., 2014).

The anatomical substrate of DM is a complex network includ-
ing the prefrontal cortex (PFC), the anterior cingulate cortex
(ACC), the fronto-striatal and limbic loops, and some subcorti-
cal structures and DM abnormalities are common in patients with
lesions or diseases affecting these areas (Gleichgerrcht etal., 2010).

In an attempt to mimic real-life DM scenarios, Bechara etal.
(1994) developed the Iowa gambling task (IGT), which simu-
lates, in laboratory environment, DM strategy by factoring the
uncertainty of promises and outcomes, as well as reward and
punishment. Performance on the IGT is negatively affected by
neurological and psychiatric disorders (Brand etal., 2006; Dunn
etal.,2006; Mapelli etal., 2014), neurodegenerative changes affect-
ing the PFC (Ernst et al., 2002; Manes et al., 2002; Clark and Manes,
2004; Fellows and Farah, 2005), and deficits in working memory
(Manes etal., 2002) and fluid intelligence (Roca etal., 2009).
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Longstanding evidence indicate that chronic pain, i.e., pain per-
sisting for 3 months or longer (Merskey and Bogduk, 1994), may
have a negative impact on cognition (Moriarty et al.,2011), includ-
ing working memory, long-term memory and recognition (Grace
etal.,, 1999; Luerding etal., 2008), attention (Grace etal., 1999),
EFs, and DM (Weiner etal., 2006; Verdejo-Garcia etal., 2009).
Due to its biological salience, pain is an attention-demanding sen-
sory process, but cognitive changes cannot be simply attributed to
the attentional demand of ongoing pain.

Morphometric magnetic resonance imaging (MRI) demon-
strated gray matter atrophy in the dorsolateral PFC (Apkarian
etal., 2004a). Functional MRI showed that, in chronic pain
patients, experimental noxious stimuli cause decreased activity in
brain regions identified for acute pain (Peyron etal., 2000; Apkar-
ian etal., 2005) and increased activity in regions that are not part
of the spinothalamic pathway, mainly the PFC and related sub-
cortical structures (Apkarian etal., 2005). These findings indicate
that chronic pain is associated with reduced gain in brain regions
involved in acute pain and increased gain in areas outside the
classical pain matrix. They also suggest that chronic pain may
impinge the PFC and the related network and could be considered
a cognitive state that may compete with other cognitive abilities,
especially those utilizing the PFC, such as DM (Damasio, 1996;
Fuster, 2001).

It is important to exercise caution in interpreting these neu-
ropsychological data, because the majority of cognitive abnor-
malities have been documented in patients with fibromyal-
gia (Grace etal., 1999; Luerding etal.,, 2008; Verdejo-Garcia
etal, 2009) and cannot be generalized to other chronic pain
conditions. Studies in patients with chronic low back pain
(cLBP) yielded discordant findings, in that some of them doc-
umented reduced attention, visuospatial skills, and cognitive
flexibility (Weiner etal., 2006), but the cognitive profile was
nearly normal, except slight DM changes, in another report
(Apkarian etal., 2004b).

The goal of the present study was to add evidence in
this field, by exploring the cognitive profile of a specific
type of chronic pain, ie., cLBP. cLBP patients underwent
a neuropsychological battery to explore different cognitive
functions and we focused on emotional DM abilities by
means of IGT. Abnormalities in different tests would indi-
cate reduced cognitive abilities secondary to the affective and
attentional load of pain. At variance, changes in single cog-
nitive functions would favor the hypothesis of specific mecha-
nisms associated with chronic pain. What’s more, focusing on

emotional DM might help understanding whether PFC changes
documented in neuroimaging studies do translate into cognitive
changes.

To explore the cortical correlates of DM, we measured behav-
ioral responses and recorded their neurophysiological cortical
correlates with electroencephalogram (EEG) and event-related
potentials (ERPs) during IGT in a subgroup of cLBP patients and
controls. The monitoring of feedback during DM task evokes a
large cortical response mainly localized over central electrodes,
which can be separated in a feedback-related negativity (FRN)
and a P300, with the former representing an early appraisal
of feedback on a binary classification of good vs. bad out-
come, and the latter resulting in a later top—down controlled
evaluation process that is related to both the valence and the mag-
nitude of the feedback (Gehring and Willoughby, 2002; Yeung
and Sanfey, 2004; Hajcak etal., 2006; Holroyd etal., 2006; Wu
and Zhou, 2009; Cui etal., 2013; Ferdinand and Kray, 2013;
Mapelli etal., 2014).

MATERIALS AND METHODS

SUBJECTS

We recruited 24 normal subjects, who volunteered as controls,
and 24 patients with cLBP (Merskey and Bogduk, 1994) and pain
duration >6 months (Table 1), for a total of 48 participants.
Baseline demographical conditions (sex, age, education) were not
significantly different between patients and controls. All partici-
pants gave signed informed consent prior to participation to the
study and the protocol had been explained in details to them.
The study was approved by the local ethics committee of the
Department of Neurological and Movement Sciences, University
of Verona.

The inclusion/exclusion criteria for patients and controls were:
age 18-70, normal or corrected to normal vision, absence of neu-
rological or psychiatric disease, no drugs with psychotropic or
neurological effects, mini mental state examination score (MMSE;
Folstein et al., 1975) >24.

Chronic low back pain patients had a mean pain duration of
72.9 £ 55.8 months (range: 12-180; median: 24). Average pain
intensity was rated before the neuropsychological and IGT eval-
uation and was 5.1 &£ 2.7/10 (range: 2-10; median: 5) on a 0-10
numerical rating scale (NRS). At the time of the evaluation, none
of the patients was on chronic treatment, except non steroidal
anti-inflammatory drugs when needed, but none of them took any
painkiller on the day of testing. The mean score on Beck Depres-
sion Inventory (BDI) was 5.0 £ 3.5/39 (range: 1-14; median: 4)

Table 1 | Demographic variables in patients and controls.

cLBP patients (n = 24) Controls (n = 24) P value
Age (years) 477 £ 9.1, range 35-69 46.1 £+ 175, range 23-71 0.70"
Gender (M/F) 10/14 15/9 0.25%
Education (years) 12.1 + 4.1, range 5-18 13.6 + 5.2, range 5-21 0.317

Continuous variables are expressed as mean + SD, range. P value from unpaired t-test (continuous variables). * P value from the Fisher’s exact test (dichotomous

variable). cLBF, chronic low back pain.
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which indicated minimal depression, and anxiety score on the
State Trait Anxiety Inventory (STAI) Y2 was 45.1 £ 4.9/80 (range:
31-54; median: 46), which indicated mild anxiety.

COGNITIVE MEASURES

Neuropsychological status was assessed individually by experi-
enced neuropsychologists with a well-validated battery of five tests.
The assessment lasted 1 h, with each of the five tests being given
to the patients and controls one after the other in the same order.
The test list include:

Digit span

The digit span test, a subtest of the Wechsler memory scale
(Wechsler, 1945), is the format used most often for measuring
span of immediate verbal recall and working memory. The test
consists of seven (from 2 digits to 8 digits) pairs of random num-
ber sequences that the examiner reads aloud at the rate of one a
second. The patient’s task is to repeat each sequence exactly as it is
given.

Modified card sorting test (MCST)

This test is a shorter version (Caffarra et al., 2004) of the Wisconsin
card sorting test (Heaton etal., 1993) and assesses the ability to
solve problems in response to changing stimuli, the ability to shift
and maintain set, and to utilize feedback.

Stroop test

This test measures sustained attention and some aspects of EFs,
such as the ability to elaborate relevant and irrelevant dimensions
in parallel and to inhibit an automatic response while performing
a task based on conflicting stimuli (Stroop, 1935; Caffarra etal.,
2002).

Trail making test (TMT)
This test is divided in parts A and B and evaluates attention, motor
speed and EFs (Reitan, 1992).

Interference memory task (10 and 30 s)

This test is based on the Brown-—Peterson paradigm (Brown,
1958; Peterson and Peterson, 1959) and is a subtest of the
neuropsychological battery esame neuropsicologico breve 2 (short
neuropsychological examination version 2; Mondini etal., 2011).
This test quantifies the objects that can be held in working
memory while preventing participants from using mnemonics or
other memory techniques separate from the working memory to
increase recall capacity.

I0WA GAMBLING TASK

Decision-making was assessed with the IGT (Bechara etal., 1994).
Even if it was originally designed in analogical mode, in our study
the IGT was implemented in a computerized version (Mapelli
etal,, 2014). The experiment ran with the E-Prime 2 software
(Psychology Software Tools, Pittsburgh, PA, USA) installed on a
personal computer equipped with a 17-inch monitor.

The task consisted in the presentation, on a computer screen,
of four decks named A, B, C, and D. Each card in these decks can
bring a win or a loss: participants were requested to gain as more
as possible, choosing consecutively one card from any of the four
decks, until the task shuts off automatically after 100 cards. The

back of each deck looks the same, but decks differ in composition.
Decks A and B are considered disadvantageous, because they bring
big wins but also expensive losses, producing a net loss of 250€
every 10 cards. Decks C and D are considered advantageous ones
because they bring small wins, but smaller losses, causing a net gain
of 250€ every 10 cards. The instructions given to the participants
were the following: in this screen you can see four decks, two of
them are advantageous and two are disadvantageous. Each card of
these decks can bring a win or a loss: the goal of this task is to
win as much money as possible, and avoid losing money as much
as possible, starting from a virtual budget of 2000€. Participants
did not know the number of choices and, moreover, which were
the advantageous or the disadvantageous decks. Participants saw
on the screen the amount of money that they won or loose; this
amount was updated after each choice. The experimental flow of
the IGT task is shown in Figure 1.

The performance in the IGT test was measured using different
parameters. The total amount of money was the money at the end
of the test. The modal value of deck choices was explored by cal-
culating the mode of the distribution of the deck choices for each
subject of the two groups. The learning IGT score was calculated
according to previous reports (Bechara etal., 1994; Fukui etal,,
2005; Mapelli etal., 2014). To this aim, the 100 picks were divided
into five blocks of 20 cards. For each block, the difference between
the number of cards picked from advantageous decks (C and D)
minus those picked from disadvantageous ones (A and B) was cal-
culated. In this way, five learning IGT scores, one for each block,
were obtained for each subject, and the comparison between these
scores was considered as an index of learning. An increasing value
of the learning IGT score from the first to the last block indicates
a preference for advantageous decks and the learning of the right
pick strategy. Finally, the total IGT score was calculated by means of
the difference between overall advantageous choices minus overall
disadvantageous ones.

EEG RECORDING

Electroencephalogram and ERPs were recorded in a subgroup
of 12 controls and 12 cLBP patients. During the IGT, the EEG
was acquired from an array of 32 Ag/AgCl electrodes through a
Micromed electrode system. Electrodes were identified by brain
hemisphere (odd numbers = left, even numbers = right) and
general cortical zone (F = frontal, C = central, T = temporal,
P = parietal, and O = occipital) and they were mounted on an
elastic cap, according to the International 10-20 system (Oosten-
veld and Praamstra, 2001). The left and right mastoids served as
reference, while the vertical and horizontal eye movements were
recorded with two electro-oculogram (EOG) electrodes, placed
below and at the outer canthus of the left eye. The ground
electrode was located at POz channel. The rating sample was
512 Hz, electrodes impedance were <5 kS2; a digital band-pass
filter (0.1-30 Hz) and notch filter (50 Hz) were applied off-line.

EVENT-RELATED POTENTIALS

Electroencephalogram data were processed offline using the
EEGLAB software (Delorme and Makeig, 2004). Epochs were
locked to the feedback presentation (4000 ms duration, from
2000 ms before to 2000 ms after the feedback onset), and the

www.frontiersin.org

November 2014 | Volume 5 | Article 1350 | 3


http://www.frontiersin.org/
http://www.frontiersin.org/Decision_Neuroscience/archive

Tamburin etal.

Cognition and DM in cLBP

Feedback bar Decks presentation

HEE

Total: 2000€ Total: 2000€

1000 ms

F
- U

Total: 1800€

Decks presentation

Choice selection
Total: 2050€

Total: 2050€

T 1000 ms

FIGURE 1 | Experimental flow of the IGT task.

averaging procedure was performed separately for positive and
negative feedbacks. Artifact correction was performed using base-
line correction in the —500-0 ms time window and independent
components analysis technique (Makeig et al., 1996; Delorme and
Makeig, 2004).

The FRN amplitude was calculated as the peak-to-peak ampli-
tude difference between the maximal positivity in the 150250 ms
time window and the minimal negativity in the 250-310 ms time
window after feedback presentation in the Fz channel because FRN
is maximal in the fronto-central midline (Yeung et al., 2005; Hewig
etal., 2007; Li etal., 2009).

The P300 amplitude was calculated as the peak-to-peak ampli-
tude difference between the minimal negativity in the 250-310 ms
time window and the maximal positivity in the 310-450 ms time
window after feedback presentation, from Pz channel because
P300 is maximal at the parietal midline (Gehring and Willoughby,
2002; Cui et al., 2013; Mapelli et al., 2014).

STATISTICAL ANALYSIS

All tests were carried with the IBM SPSS version 20.0 statistical
package. For the comparison of baseline demographic conditions
(patients vs. controls), the unpaired ¢-test was used for continu-
ous variables and the Fisher’s exact test for dichotomous ones. For
continuous cognitive and IGT outcomes, we used the unpaired
t-test in case of normal distribution, otherwise the non paramet-
ric Mann-Whitney U test was applied. The dichotomous cognitive
variables and the modal distribution of deck choices were explored
with the Fisher’s exact test. The correlation between cognitive
and IGT measures and clinical variables (depression and anxi-
ety scores, chronic pain intensity, and duration) was analyzed
with the Pearson’s coefficient. Learning strategy in the IGT was
analyzed with a mixed model repeated-measures ANOVA (within-
subjects factor: block, 1 to 5; between-subject factor: group,
controls vs. patients) and post hoc t-test with Bonferroni’s correc-
tion. Homogeneity of variance was analyzed with the Levene’s test.
The data were transformed (logarithmic transformation) before

submitting them to ANOVA in case of an inequality in the vari-
ances. The FRN and P300 amplitudes were submitted to a mixed
model repeated-measures ANOVA (within-subjects factor: con-
dition, win vs. loss; between-subject factor: group, controls vs.
patients) and post hoc t-test with Bonferroni’s correction. Results
are reported as mean & SD except when otherwise specified.
P < 0.05 (two-tailed) was taken as the significance threshold for
all the tests.

RESULTS

COGNITIVE MEASURES

Modified card sorting test right categories were significantly lower
(p = 0.02) and modified card sorting test (MCST) perseverative
errors were significantly higher in patients vs. controls (p = 0.03),
while the other cognitive scores did not significantly differ between
the two groups (Table 2). The number of MCST right categories
was negatively and significantly influenced by the intensity of pain
(Pearson’s coefficient = —0.76, p = 0.009). The number of per-
severative errors was significantly correlated with pain duration
(Pearson’s coefficient = 0.79, p = 0.007).

IGT BEHAVIORAL RESULTS

The total amount of money at the end of the IGT was lower
in cLBP patients (1492 £ 603€) vs. controls (2069 + 893€;
p = 0.014). Depression score (BDI), anxiety score (STAI Y2),
duration and intensity of pain were not significantly corre-
lated with the fotal amount of money. The modal value of
deck choices significantly differed between patients and con-
trols, in that 54% of cLBP patients and 83% of controls
preferred advantageous decks (Fisher’s exact test: p = 0.012;
Table 3).

When analyzing the distribution of the picks across the exper-
imental blocks, normal controls showed an exploratory strategy,
in that at the beginning of the test they explored single blocks
and continued picking cards from the same block until they
learned whether the deck was advantageous or not and, once
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Table 2 | Cognitive measures in patients and controls.

cLBP patients (n = 24) Controls (n = 24) P value
Digit span forward 5.6+ 0.5 6.1+ 0.1 0.14
Digit span backward 3.44+0.7 38+04 0.13
MCST right categories 45419 58+ 04 0.02*
MCST perseverative errors 40+56 0.8+ 1.1 0.03*
Stroop test time 192+ 76 14.0+5.8 0.08
Stroop test errors 14 +16 1.1+£14 0.57
TMT part A 29.7+£95 253+73 0.20
TMT part B 92.1 +36.8 86.0 + 23.2 0.59
Interference memory task 10 s 69+25 84+05 0.07
Interference memory task 30 s 70+ 18 78 £ 1.2 0.23

Continuous variables are expressed as mean + SD, range. *flags significant p values when comparing cLBP patients vs. controls. cLBF, chronic low back pain. MCST,

modified card sorting test; TMT, trail making test.

Table 3 | The modal value of deck choices in patients and controls.

cLBP patients Controls  Total
Advantageous decks 13 20 33
Disadvantageous decks 1 4 15
Total 24 24 48

Here is reported the type of deck that was the preferred one in cLBP patients and
controls (i.e., the mode of the distribution of deck choices). There was a significant
difference between the two groups (Fisher's exact test: p = 0.012). cLBF, chronic
low back pain.

learned, they preferred the advantageous decks. At variance, the
picks of the cLBP patients did not follow a clear strategy, but
they seemed to fluctuate randomly across advantageous and dis-
advantageous decks. Normal controls showed a learning process
during the task, in that the learning IGT score progressively ame-
liorated throughout the five blocks of the test. At variance, no
clear learning strategy was found in cLBP patients, whose learning
IGT score did not improve across different blocks and fluctuated
close to 0 (Figure 2). Repeated-measures ANOVA showed a main
effect of the factors block [F(4,184) = 13.01; p < 0.001], group
[F(1,46) = 6.11; p = 0.036] and a significant block x group inter-
action [F(4,184) = 2.84; p = 0.04] on the learning IGT score. Post
hoc analysis with Bonferroni’s correction showed that the learning
IGT score was significantly higher in controls vs. patients in blocks
3,4, and 5 (Figure 2). To rule out any possible effect of concomi-
tant depression, patients were divided in those with and without
depression according to BDI (cut-off = 5/39) and the between-
subjects factor depression was submitted to repeated-measures
ANOVA, which documented that neither the factor depression

[F(1,22) = 0.8; n.s.] nor the block x depression interaction
[F(1,22) = 1.9; n.s.] significantly influenced the learning IGT
score.

Depression score (BDI), anxiety score (STAI Y2), duration and
intensity of pain were not significantly correlated with the total
IGT score.

=5
N

m Controls
B Patients *

-

o
1

*

'
N
L

|
A
L

decks - picks from disadvantageous decks)

'
(2]

Learning IGT score (picks from advantageous

1 2 3 4 5
Blocks

FIGURE 2 | Learning strategy in the IGT. Here are shown the learning IGT
scores across the five different blocks of the IGT in cLBP patients and
controls. A learning process was present in controls, in that the learning
IGT score progressively ameliorated throughout the five blocks. No clear
learning strategy was found in cLBP patients, whose learning IGT score did
not improve across different blocks and fluctuated close to O. Vertical error
bars equal 1 SEM. *p < 0.05 (after Bonferroni’s correction) for cLBP
patients vs. controls comparison. cLBR, chronic low back pain; IGT, lowa
gambling task.

ERPs RESULTS

The subgroups of cLBP patients (n = 12) and controls (n = 12)
did not significantly differ for age, sex and education. Among
cognitive measures, the MCST right categories were significantly
lower (cLBP patients: 4.0 & 2.0, controls: 5.6 £ 2.7; p = 0.02)
and MCST perseverative errors were significantly higher (cLBP
patients: 4.6 £ 4.5, controls: 1.4 + 1.0; p = 0.04) in patients
vs. controls, while the other outcomes did not significantly
differ between the two groups. For IGT, the total amount of
money was lower in cLBP patients (1460 = 692€) vs. controls
(2027 £ 571€; p = 0.04). Repeated-measures ANOVA showed
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a main effect of the factors block [F(4,88) = 7.32; p < 0.001],
group [F(1,22) = 4.45; p=0.047] and a significant block x group
interaction [F(4,88) = 2.63; p = 0.04] on the learning IGT
score.

The grand-average ERPs in patients and controls are displayed
in Figure 3. There was a prevalence of the number of trials for
wins (controls: 73.8 + 3.8, cLBP patients: 76.1 &+ 3.8, n.s.) vs.
losses (controls: 17.9 £ 2.3, cLBP patients: 17.0 &+ 2.7, n.s.), but
this was balanced between the two groups.

The FRN amplitude in the Fz channel was higher to wins
than losses in controls, while the opposite happened in patients
(Figure 4). Repeated-measures ANOVA showed a significant
condition X group interaction [F(1,22) = 4.8; p = 0.04],
while the factors condition [F(1,22) = 0.05; n.s.] and group
[F(1,22) = 1.0; n.s.] did not significantly affect FRN ampli-
tude. Post hoc analysis with Bonferroni’s correction showed that
the FRN amplitude was significantly higher to losses than wins
in patients. The FRN amplitude difference for the two types
of feedback (i.e., FRN amplitude to wins — FRN amplitude
to losses) was significantly different between the two groups
(controls: 1.1 + 3.2; patients: —1.3 £+ 1.9; unpaired #-test,
p=0.04).

The P300 amplitude in the Pz channel was higher to wins than
losses in controls, while this difference was absent in patients,

being the P300 amplitude similarly high for both types of feed-
back (Figure 5). Repeated-measures ANOVA showed a significant
effect of the factor condition [F(1,22) = 9.6; p = 0.005] and
a significant condition x group interaction [F(1,22) = 4.7;
p = 0.04], while the factor group [F(1,22) = 0.5; n.s.] did
not significantly affect P300 amplitude. Post hoc analysis with
Bonferroni’s correction showed that the P300 amplitude was sig-
nificantly higher to positive than negative feedback in controls,
while no difference between the two types of feedback was found
in patients.

The P300 amplitude difference for the two types of feed-
back (i.e., P300 amplitude to wins — P300 amplitude to
losses) was significantly different between the two groups
(controls: 1.3 % 1.5; patients: 0.2 + 1.0; unpaired ¢-test,
p=0.04).

Feedback-related negativity and P300 amplitude were not influ-
enced by depression score (BDI), anxiety score (STAIY2), duration
and intensity of pain.

DISCUSSION

In the present study, we explored cognitive functions and DM in
cLBP patients and focused on emotional DM abilities by explor-
ing behavioral responses and their neurophysiological correlated
during IGT (Bechara etal., 1994). Our data documented that,
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20 T 20 T T T T T T
Fz Fz
15 - 151 J
S 101 A 1 s 101
g 5+ /\—_//\ E 5+
I3} / FRN =g c
5 9 / r 2 el 0
o ac 0 ——"\%
g
5+ < 5+ \_/ 4
-10 1 1 1 I 1 1 -10 1 1 1 i 1 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
20 T T T T T T 20 T T T ) T T
Cz Cz
15 1 15 q
91 101 - . ii 10
S 5- S S 5
S 9 A / é 0 \f\_/\
o 7 —
5t %4 7 5L X i
10 1 I 1 1 | I -10 1 | 1 I | I
0 100 200 300 400 500 600 0 100 200 300 400 500 600
20 T T T T T T 20 T T T T T T
Pz Pz
15 | 15+ P300 i
S tor P300 1 S0t 1
g ° /_\,/ \ ’ 1 = 5 / - — b
5] ~— D / -
S ol S ] N
o N
\J
5L =f 51 1
10 | | | | | | -10 | | L | 1 I
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (ms) Time (ms)
FIGURE 3 | Grand average ERPs in the Fz, Cz, and Pz channels to wins (green lines) and losses (red lines) in controls and cLBP patients. cLBP. chronic
low back pain; ERPs, event related potentials; FRN, feedback-related negativity.
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among cognitive measures, cLBP patients scored lower than con-
trols only in the MCST and that pain duration and intensity were
significantly correlated with the degree of impairment in this test.
Behavioral IGT results documented worse performance and the
absence of a learning process in cLBP patients compared to con-
trols, with no effect of pain characteristics. ERPs findings suggested
abnormal feedback processing in patients during IGT.

Previous reports on cognitive functions in chronic pain
reported conflicting results, in that abnormalities were not con-
sistent and the tasks explored differed across studies (Moriarty
etal,, 2011). What’s more, robust cognitive changes were mainly
documented in patients with fibromyalgia, a chronic pain condi-
tion that is nearly always associated with depression, which may
have biased the interpretation of the results. Our findings are in
keeping with this bulk of literature, as we found that, out of the
large battery of tests, only MCST scores were abnormal in cLBP
patients. A previous study documented normal score in Wisconsin
card sorting test in cLBP patients, but the very small sample (six
patients) might have reduced the power of the statistical analysis
(Apkarian etal., 2004b). MCST explores verbal feedback (right,
wrong) processing and set shifting. Set shifting appeared to be
preserved in our patients because of normal score in trail making
test (TMT) part B. We may thus speculate that the abnormalities

with MCST resulted from a difficulty in feedback elaboration in
the dorsolateral PFC.

We found that the intensity and duration of pain were signif-
icantly correlated to MCST scores. Pain duration and intensity
were quite variable among our patients and this may represent
a bias. However, based on our findings, we may hypothesize
that pain might represent a competing task leading to worse and
slower functioning of the dorsolateral PFC, which is involved in
MCST performance. This view is in keeping with morphologi-
cal MRI studies, which showed reduced size of the dorsolateral
PFC in chronic pain patients (Apkarian etal., 2004a), and that
the dorsolateral PFC shrinkage can be reverted by pain treat-
ment suggesting abnormal plasticity to continuous nociceptive
afferents (Rodriguez-Raecke etal., 2009, 2013; Seminowicz et al.,
2011). It may thus be speculated that intense chronic pain might
engage the dorsolateral PFC and cause the abnormalities in MCST,
while long pain duration could trigger pathological plastic changes
that may be more difficult to revert in patients with long-lasting
pain.

Depression and anxiety did not correlate to the MCST perfor-
mance in our patients, excluding a possible role of these factors.
A limitation of the present study is that we did not explore the
role of other factors, such as deprivation of social contacts, agility,
physical training and life style changes, which together might have
also contributed to the MCST abnormalities (Rodriguez-Raecke
etal., 2009, 2013).

Towa gambling task data showed impairment of both the total
amount of money and the learning strategy. cLBP patients won
significantly less money than controls and their IGT score did not
change throughout the blocks indicating the absence of a learning
curve during the test. The IGT is a relatively difficult task, but
normal controls succeeded in keeping the initial amount of money;,
while patients lost on average a quarter of the sum. The different
outcome in the two groups depended on the presence of a learning
strategy in controls, who explored the four decks in the first two
blocks of the test, then chose preferentially the advantageous ones.
At variance, patients choices appeared largely random ones, and
there was a higher number of disadvantageous picks in this group.
Depression, anxiety and pain characteristics (i.e., pain intensity
and duration) did not influence IGT performance.

To the best of our knowledge, only two studies explored IGT
in patients with chronic pain, namely in cLBP and complex
regional pain syndrome (Apkarian etal., 2004b) and in chronic
migraine (Biagiantiet al.,2012). Both these previous reports found
that IGT performance were worse in chronic pain patients and
that this outcome was not or minimally influenced by depres-
sion, anxiety and pain characteristics. Our data differ from those
of Apkarian etal. (2004b), in that they found a learning strat-
egy, which was delayed in comparison to controls, in cLBP
patients. This difference might be ascribed to our IGT proto-
col, which was slightly different from the majority of previous
studies, in that we told the participants that two of the decks
were advantageous and two were disadvantageous (Bechara etal.,
2000).

The analysis of feedback-related ERPs offered some insight on
the brain mechanisms underlying the bad IGT performance in
our patients. To better explore the different stages of feedback
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processing, we analyzed two ERPs components, namely the FRN
and P300.

While FRN was slightly larger for positive vs. negative feed-
back in normal controls, the opposite happened in our patients,
who showed a significantly higher amplitude of this component
to losses than wins. The FRN reflects early feedback appraisal
on a binary good vs. bad classification, is an index of the viola-
tion of the expectations of the subject rather than of the absolute
valence of the feedback and is generated in the ACC (Gehring
and Willoughby, 2002; Holroyd et al., 2006; Oliveira et al., 2007;
Jessup etal., 2010; Alexander and Brown, 2011; Schuermann et al.,
2011). Our data suggest that cLBP patients seem to invert the cor-
rect placement of feedback according to the good vs. bad outcome
basic classification. However, this finding should be interpreted
with caution because of the absence of the FRN effect in con-
trols. The reasons for the absence of the FRN effect in our normal
subjects might include the relatively old age of some of the con-
trols (Hammerer etal., 2011; West etal., 2014), the personality
profiles and/or genetic variables (Mueller et al., 2014), which were
not measured in the present study, or the experimental protocol
that differed from some of previous studies, in that the sub-
jects were told that two decks were advantageous and two were
disadvantageous.

Controls had a significantly larger P300 to wins than losses,
while this component was similarly large to both types of feed-
back and not significantly different between the two conditions
in our patients. The P300 is a more complex phenomenon that
reflects the valence of the feedback, contributes to performance
monitoring and behavioral adaptation (Schuermann etal., 2011;
Cui etal., 2013; Ferdinand and Kray, 2013) and is influenced by
attention and working memory updating (Donchin and Coles,
1988; Polich, 2007). The P300 typically shows the positivity effect
(i.e., a larger amplitude to positive than negative feedback), which
is supposed to reflect a positive feedback as more task rele-
vant, because it signals that the intended goal has been achieved
(Ferdinand and Kray, 2013). Similar P300 amplitude to both types
of feedback in cLBP suggests that patients are unable to differenti-
ate positive and negative outcomes even at this higher-order stage
of outcome processing and that they cannot use the information
from previous trials and errors for planning future decisions. The
abnormally high amplitude of P300 in both conditions might be
interpreted as some sort of ceiling effect due to difficulties in tun-
ing the amplitude of this ERPs component in relation to feedback
valence.

Behavioral and ERPs abnormalities in cLBP patients might be
explained in light of current knowledge of the functional anatomy
of DM, which involves a brain network including the amygdala,
the ventromedial and the dorsolateral PFC, the ACC, as well as
ventral and dorsal striatum (Delazer et al., 2009). IGT and MCST
impairment has been documented in many different clinical con-
ditions involving this network, (Bechara et al., 1996, 2000; Rahman
etal., 1999, 2006; Fellows and Farah, 2005; Torralva etal., 2009).
Healthy aging may also affect the performance in these two tests
(Finucane etal., 2002; MacPherson etal., 2002; Kovalchik etal.,
2005; Cauffman et al., 2010; Eppinger and Kray, 2011).

Two anatomo-functional hypotheses may be set forth to explain
the mechanisms underlying our ERPs findings. Activity in the

ventromedial PFC was found to be associated with the fluctuations
of pain intensity in cLBP (Baliki etal., 2006; Foss etal., 2006). It
may be hypothesized that pain-related activity in the ventromedial
PFC might have resulted in an imbalance between ventromedial
and dorsolateral PFC leading to the present ERPs abnormalities.

Sensitivity to negative stimuli has been associated with the func-
tion of the amygdala (Bechara etal., 1999), which is involved in
processing the affective dimension of pain (Giesecke etal., 2005)
and influences descending inhibitory pain control through the
periaqueductal gray matter (Neugebauer etal., 2004). Based on
MRI findings of decreased gray matter bordering the amygdala
in patients with cLBP (Ung etal., 2014), we may speculate that
continuous nociceptive barrage to the amygdala in patients might
cause a dysfunction of this brain structure leading to alteration in
feedback processing.

The neuropharmacology of the anatomical network subserv-
ing DM points to dopamine (DA) and serotonin. DA is the main
neuromodulator of the fronto-striatal loop, and plays a key role
(Assadi etal., 2009; Rogers, 2011) in reward processing during
reinforcement learning (Schultz, 2002; Frank etal., 2004) and
in learning and outcome monitoring (Himmerer and Eppinger,
2012). Patients with Parkinson’s disease, which is characterized
by brain DA reduction and DA manipulation by treatment, show
an impairment in DM abilities (Himmerer and Eppinger, 2012;
Mapelli etal., 2014). It may be speculated that changes in DA
levels might have blocked the physiological dopaminergic bursts
and dips (Frank etal., 2004), which together shape the behav-
ioral responses to positive and negative feedbacks. This view is in
keeping with a rodent model, which explored an IGT-like task
in rats with pain, and documented that rats performed simi-
larly to our patients and that DA levels were reduced in their
ventromedial PFC and amygdala (Pais-Vieira etal., 2009). This
model would fit well with the ERPs abnormalities in cLBP patients
along with the difficulties in learning a strategy during IGT. Sero-
tonin plays also a relevant role in DM (Gleichgerrcht etal., 2010).
Some of our patients showed mild levels of depression, but the
absence of any significant effect of depression on IGT findings
seems to rule out a possible contribution of the serotoninergic
dysfunction.

In contrast to MCST results, IGT abnormalities were not related
to any pain variable. We hypothesize that they may represent a pre-
disposing factor for pain chronification and in predicting those
patients, who are at risk for developing chronic pain after a futile
peripheral tissue damage. Studies on pain chronification have
recently shifted from peripheral nerve and spinal cord mechanisms
to cortical and limbic phenomena (Baliki etal., 2012). Future
prospective studies assessing cognitive functions, including IGT,
in patients with acute pain and correlating eventual chronification
to their impairment should better explore this hypothesis.

The present IGT abnormalities are similar to those found in
pathological gamblers (Goudriaan et al.,2005), as well as in a wider
spectrum of neuropsychiatric conditions that share the presence
of impulse control disorder and include borderline personality
disorder (Schuermann etal., 2011), attention-deficit/hyperactivity
disorder and bipolar disorder (Ibanez etal., 2012), and prob-
lem gambling (Oberg etal., 2011). Chronic pain patients often
have to decide whether to take an analgesic or to change their
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habits to manage pain. Pain killers have an advantage in the short
term (high reward) but, in the long term, they might result in
adversive consequences such as side effects or addiction (higher
punishment). Otherwise, alternative choices, such as physical
activity, cognitive-behavioral therapies or combined treatment
(low reward) might result more advantageous in the long term
(lower punishment). The IGT impairment in cLBP patients might
have an important influence on the selection between various
therapeutic options. None of our patients presented symptoms
of medication overuse or dependency-like behavior, but explor-
ing IGT changes in patients with drug abuse might be interesting
and assessing whether IGT may predict the excessive use of pain
killer would have an important role in avoiding this frequent
complication of chronic pain.

In conclusion, we documented that cLBP patients show poor
performance in DM, as assessed with MCST and IGT. These abnor-
malities might contribute to the impairment in the work and
family settings that often cLBP patients report. Future studies
should explore whether these changes may predict the functioning
in everyday life.

REFERENCES

Alexander, W. H., and Brown, J. W. (2011). Medial prefrontal cortex as an action-
outcome predictor. Nat. Neurosci. 14, 1338-1344. doi: 10.1038/nn.2921

Apkarian, A. V., Bushnell, M. C,, Treede, R. D., and Zubieta, J. K. (2005). Human
brain mechanisms of pain perception and regulation in health and disease. Eur.
J. Pain 9, 463-484. doi: 10.1016/j.ejpain.2004.11.001

Apkarian, A. V., Sosa, Y., Sonty, S., Levy, R. E., Harden, R., Parrish, T., et al. (2004a).
Chronic back pain is associated with decreased prefrontal and thalamic gray
matter density. J. Neurosci. 24, 10410-10415. doi: 10.1523/JNEUROSCI.2541-
04.2004

Apkarian, A. V., Sosa, Y., Krauss, B. R., Thomas, P. S., Fredrickson, B. E., Levy, R.
E., etal. (2004b). Chronic pain patients are impaired on an emotional decision-
making task. Pain 108, 129-136. doi: 10.1016/j.pain.2003.12.015

Assadi, S. M., Yiicel, M., and Pantelis, C. (2009). Dopamine modulates neural
networks involved in effort-based decision-making. Neurosci. Biobehav. Rev. 33,
383-393. doi: 10.1016/j.neubiorev.2008.10.010

Baliki, M. N., Chialvo, D. R., Geha, P. Y., Levy, R. M., Harden, R. N,, Parrish, T. B,,
etal. (2006). Chronic pain and the emotional brain: specific brain activity associ-
ated with spontaneous fluctuations of intensity of chronic back pain. J. Neurosci.
26, 12165-12173. doi: 10.1523/JNEUROSCI.3576-06.2006

Baliki, M. N,, Petre, B., Torbey, S., Herrmann, K. M., Huang, L., Schnitzer, T. J., et al.
(2012). Corticostriatal functional connectivity predicts transition to chronic back
pain. Nat. Neurosci. 15,1117-1119. doi: 10.1038/nn.3153

Bechara, A., Damasio, A. R., Damasio, H., and Anderson, S. W. (1994). Insensitivity
to future consequences following damage to human prefrontal cortex. Cognition
50, 7-15. doi: 10.1016/0010-0277(94)90018-3

Bechara, A., Damasio, H., Damasio, A. R., and Lee, G. P. (1999). Different
contributions of the human amygdala and ventromedial prefrontal cortex to
decision-making. J. Neurosci. 19, 5473-5481.

Bechara, A., Tranel, D., and Damasio, H. (2000). Characterization of the decision-
making deficit of patients with ventromedial prefrontal cortex lesions. Brain 123,
2189-2202. doi: 10.1093/brain/123.11.2189

Bechara, A., Tranel, D., Damasio, H., and Damasio, A. R. (1996). Failure to respond
autonomically to anticipated future outcomes following damage to prefrontal
cortex. Cereb. Cortex 6,215-225. doi: 10.1093/cercor/6.2.215

Biagianti, B., Grazzi, L., Gambini, O., Usai, S., Muffatti, R., Scarone, S., etal. (2012).
Orbitofrontal dysfunction and medication overuse in patients with migraine.
Headache 52, 1511-1519. doi: 10.1111/j.1526-4610.2012.02277.x

Brand, M., Labudda, K., and Markowitsch, H. J. (2006). Neuropsychological cor-
relates of decision-making in ambiguous and risky situations. Neural Netw. 19,
1266-1276. doi: 10.1016/j.neunet.2006.03.001

Brown, J. (1958). Some tests of the decay theory of immediate memory. Q. J. Exp.
Psychol. 10, 12-21. doi: 10.1080/17470215808416249

Caffarra, P., Vezzadini, G., Dicei, F.,, Zonato, F, and Venneri, A. (2002). Una versione
abbreviata del test di Stroop: dati normativi nella popolazione italiana. Nuova
Riv. Neurol. 12, 111-115.

Caffarra, P., Vezzadini, G., Dicei, F., Zonato, E, and Venneri, A. (2004). Modified
Card Sorting Test: normative data. J. Clin. Exp. Neuropsychol. 26, 246-250. doi:
10.1076/jcen.26.2.246.28087

Cauffman, E., Shulman, E. P, Steinberg, L., Claus, E., Banich, M. T., Graham, S., et al.
(2010). Age differences in affective decision making as indexed by performance
on the Iowa Gambling Task. Dev. Psychol. 46, 193-207. doi: 10.1037/a0016128

Clark, L., and Manes, E. (2004). Social and emotional decision-making following
frontal lobe injury. Neurocase 10, 398—403. doi: 10.1080/13554790490882799

Cui, J. E, Chen, Y. H., Wang, Y., Shum, D. H., and Chan, R. C. (2013). Neural
correlates of uncertain decision making: ERP evidence from the Iowa Gambling
Task. Front. Hum. Neurosci. 7:776. doi: 10.3389/fnhum.2013.00776

Damasio, A. R. (1996). The somatic marker hypothesis and the possible functions
of the prefrontal cortex. Philos. Trans. R. Soc. Lond. B Biol. Sci. 351, 1413-1420.
doi: 10.1098/rstb.1996.0125

Delazer, M., Sinz, H., Zamarian, L., Stockner, H., Seppi, K., Wenning, G. K,, etal.
(2009). Decision making under risk and under ambiguity in Parkinson’s disease.
Neuropsychologia 47, 1901-1908. doi: 10.1016/j.neuropsychologia.2009.02.034

Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for anal-
ysis of single-trial EEG dynamics including independent component analysis.
J. Neurosci. Methods 134, 9-21. doi: 10.1016/j.jneumeth.2003.10.009

Donchin, E., and Coles, M. G. H. (1988). Is the P300 component a
manifestation of context updating? Behav. Brain Sci. 11, 355-425. doi:
10.1017/50140525X00058027

Dunn, B. D., Dalgleish, T., and Lawrence, A. D. (2006). The somatic marker
hypothesis: a critical evaluation. Neurosci. Biobehav. Rev. 30, 239-271. doi:
10.1016/j.neubiorev.2005.07.001

Eppinger, B., and Kray, J. (2011). To choose or to avoid: age differences in learn-
ing from positive and negative feedback. J. Cogn. Neurosci. 23, 41-52. doi:
10.1162/jocn.2009.21364

Ernst, M., Bolla, K., Mouratidis, M., Contoreggi, C., Matochik, J. A., Kurian, V., et al.
(2002). Decision-making in a risk-taking task: a PET study. Neuropsychopharma-
cology 26, 682—691. doi: 10.1016/S0893-133X(01)00414-6

Fang, P., Chen, M. Q., and Jiang, Y. (2009). The neural basis of decision-making.
Psychol. Sci. (Chin.) 32, 640—642.

Fellows, L. K., and Farah, M. J. (2005). Different underlying impairments in
decision-making following ventromedial and dorsolateral frontal lobe damage
in humans. Cereb. Cortex 15, 58-63. doi: 10.1093/cercor/bhh108

Ferdinand, N. K., and Kray, J. (2013). Age-related changes in processing positive
and negative feedback: is there a positivity effect for older adults? Biol. Psychol.
94, 235-241. doi: 10.1016/j.biopsycho.2013.07.006

Finucane, M. L., Slovic, P., Hibbard, J. H., Peters, E., Mertz, C. K., and MacGregor, D.
G. (2002). Aging and decision-making competence: an analysis of comprehension
and consistency skills in older versus younger adults considering health-plan
options. J. Behav. Decis. Mak. 15, 141-164. doi: 10.1002/bdm.407

Folstein, M. F, Folstein, S. E., and McHugh, P. R. (1975). “Mini-mental
state”: a practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr. Res. 12, 189-198. doi: 10.1016/0022-3956(75)
90026-6

Foss, J. M., Apkarian, A. V., and Chialvo, D. R. (2006). Dynamics of pain: fractal
dimension of temporal variability of spontaneous pain differentiates between
pain states. J. Neurophysiol. 95, 730-736. doi: 10.1152/jn.00768.2005

Frank, M. J., Seeberger, L. C., and O’Reilly, R. C. (2004). By carrot or by stick:
cognitive reinforcement learning in parkinsonism. Science 306, 1940-1943. doi:
10.1126/science.1102941

Fukui, H., Murai, T., Fukuyama, H., Hayashi, T., and Hanakawa, T. (2005).
Functional activity related to risk anticipation during performance of the Iowa
Gambling Task. Neuroimage 24, 253-259. doi: 10.1016/j.neuroimage.2004.08.028

Fuster, J. M. (2001). The prefrontal cortex —an update: time is of the essence. Neuron
30, 319-333. doi: 10.1016/S0896-6273(01)00285-9

Gehring, W. J., and Willoughby, A. R. (2002). The medial frontal cortex and the
rapid processing of monetary gains and losses. Science 295, 2279-2282. doi:
10.1126/science.1066893

Giesecke, T., Gracely, R. H., Williams, D. A., Geisser, M. E., Petzke, E. W,, and
Clauw, D. J. (2005). The relationship between depression, clinical pain, and
experimental pain in a chronic pain cohort. Arthritis Rheum. 52, 1577-1584. doi:
10.1002/art.21008

www.frontiersin.org

November 2014 | Volume 5 | Article 1350 | 9


http://www.frontiersin.org/
http://www.frontiersin.org/Decision_Neuroscience/archive

Tamburin etal.

Cognition and DM in cLBP

Gleichgerrcht, E., Ibafiez, A., Roca, M., Torralva, T., and Manes, F. (2010). Decision-
making cognition in neurodegenerative diseases. Nat. Rev. Neurol. 6, 611-623.
doi: 10.1038/nrneurol.2010.148

Goudriaan, A. E., Oosterlaanb, J., Beursc, E., and Brinkd, W. (2005). Decision
making in pathological gambling: a comparison between pathological gamblers,
alcohol dependents, persons with Tourette syndrome, and normal controls. Cogn.
Brain Res. 23, 137-151. doi: 10.1016/j.cogbrainres.2005.01.017

Grace, G. M., Nielson, W. R., Hopkins, M., and Berg, M. A. (1999). Concentra-
tion and memory deficits in patients with fibromyalgia syndrome. J. Clin. Exp.
Neuropsychol. 21, 477-487. doi: 10.1076/jcen.21.4.477.876

Hajcak, G., Moser, J. S., Holroyd, C. B., and Simons, R. E (2006). The feedback-
related negativity reflects the binary evaluation of good versus bad outcomes.
Biol. Psychol. 71, 148—154. doi: 10.1016/j.biopsycho.2005.04.001

Hémmerer, D., and Eppinger, B. (2012). Dopaminergic and prefrontal contributions
to reward-based learning and outcome monitoring during child development and
aging. Dev. Psychol. 48, 862—-874. doi: 10.1037/a0027342

Himmerer, D., Li, S. C., Miiller, V., and Lindenberger, U. (2011). Life span
differences in electrophysiological correlates of monitoring gains and losses dur-
ing probabilistic reinforcement learning. J. Cogn. Neurosci. 23, 579-592. doi:
10.1162/jocn.2010.21475

Heaton, R. K., Chelune, G. J., Talley, J. L., Kay, G. G., and Curtis, G. (1993).
Wisconsin Card Sorting Test (WCST) Manual Revised and Expanded. Odessa, FL:
Psychological Assessment Resources.

Hewig, J., Trippe, R., Hecht, H., Coles, M. G. H., Holroyd, C. B., and Miltner, W. H.
R. (2007). Decision-making in Blackjack: an electrophysiological analysis. Cereb.
Cortex 17, 865-877. doi: 10.1093/cercor/bhk040

Holroyd, C. B., Hajcak, G., and Larsen, J. T. (2006). The good, the bad and the
neutral: electrophysiological responses to feedback stimuli. Brain Res. 1105, 93—
101. doi: 10.1016/j.brainres.2005.12.015

Ibanez, A., Cetkovich, M., Petroni, A., Urquina, H., Baez, S., Gonzalez-Gadea, M.
L., etal. (2012). The neural basis of decision-making and reward processing in
adults with euthymic bipolar disorder or attention-deficit/hyperactivity disorder
(ADHD). PLoS ONE 7:¢37306. doi: 10.1371/journal.pone.0037306

Jessup, R. K., Busemeyer, J. R., and Brown, J. W. (2010). Error effects in anterior
cingulate cortex reverse when error likelihood is high. J. Neurosci. 30, 3467-3472.
doi: 10.1523/JNEUROSCI.4130-09.2010

Kovalchik, S., Camerer, C. F, Grether, D. M., Plott, C. R., and Allman, J.
M. (2005). Aging and decision making: a comparison between neurologically
healthy elderly and young individuals. J. Econ. Behav. Organ. 58, 79-94. doi:
10.1016/j.jebo.2003.12.001

Li, P, Yuan, ], Jia, S., Feng, T., Chen, A., and Li, H. (2009). Feedback-related
negativity effects vanished with false or monetary loss choice. Neuroreport 20,
788-792. doi: 10.1097/WNR.0b013e32832b7fac

Luerding, R., Weigand, T., Bogdahn, U., and Schmidt-Wilcke, T. (2008). Working
memory performance is correlated with local brain morphology in the medial
frontal and anterior cingulate cortex in fibromyalgia patients: structural correlates
of pain-cognition interaction. Brain 131, 3222-3231. doi: 10.1093/brain/awn229

MacPherson, S. E., Phillips, L. H., and Della Sala, S. (2002). Age, executive function
and social decision making: a dorsolateral prefrontal theory of cognitive aging.
Psychol. Aging 17, 598-609. doi: 10.1037/0882-7974.17.4.598

Makeig, S., Bell, A. ], Jung, T.-P,, and Sejnowski, T. J. (1996). Independent com-
ponent analysis of electroencephalographic data. Adv. Neural Inf. Process. Syst. 8,
145-151.

Manes, E, Sahakian, B., Clark, L., Rogers, R., Antoun, N., Aitken, M., etal. (2002).
Decision-making processes following damage to the prefrontal cortex. Brain 125,
624-639. doi: 10.1093/brain/awf049

Mapelli, D., Di Rosa, E., Cavalletti, M., Schiff, S., and Tamburin, S. (2014). Decision
and dopaminergic system: an ERPs study of Iowa gambling task in Parkinson’s
disease. Front. Psychol. 5:684. doi: 10.3389/fpsyg.2014.00684

Merskey, H., and Bogduk, N. (1994). Classification of Chronic Pain. Seattle, WA:
IASP Press.

Mondini, S., Mapelli, D., Vestri, A., Arcara, G., and Bisiacchi, P. (2011). Esame
Neuropsicologico Breve 2 (ENB-2). Milano: Raffaello Cortina Editore.

Moriarty, O., McGuire, B. E., and Finn, D. P. (2011). The effect of pain on cognitive
function: a review of clinical and preclinical research. Prog. Neurobiol. 93, 385—
404. doi: 10.1016/j.pneurobio.2011.01.002

Mueller, E. M., Burgdorf, C., Chavanon, M. L., Schweiger, D., Hennig, J., Wacker,
J., etal. (2014). The COMT Vall58Met polymorphism regulates the effect of

a dopamine antagonist on the feedback-related negativity. Psychophysiology 51,
805-809. doi: 10.1111/psyp.12226

Neugebauer, V., Li, W., Bird, G. C.,and Han, J. S. (2004). The amygdala and persistent
pain. Neuroscientist 10,221-234. doi: 10.1177/1073858403261077

Oberg, S. A, Christie, G. J., and Tata, M. S. (2011). Problem gamblers exhibit reward
hypersensitivity in medial frontal cortex during gambling. Neuropsychologia 49,
3768-3775. doi: 10.1016/j.neuropsychologia.2011.09.037

Oliveira, F. T., McDonald, J. J., and Goodman, D. (2007). Performance monitoring
in the anterior cingulate is not all error related: expectancy deviation and the
representation of action-outcome associations. J. Cogn. Neurosci. 12, 1994-2004.
doi: 10.1162/jocn.2007.19.12.1994

Oostenveld, R., and Praamstra, P. (2001). The five percent electrode system for
high-resolution EEG and ERP measurements. Clin. Neurophysiol. 112, 713-719.
doi: 10.1016/S1388-2457(00)00527-7

M., Mendes-Pinto, M. M., Lima, D., and Galhardo, V.
(2009). Cognitive impairment of prefrontal-dependent decision-making in
rats after the onset of chronic pain. Neuroscience 161, 671-679. doi:
10.1016/j.neuroscience.2009.04.011

Peterson, L. R., and Peterson, M. J. (1959). Short-term retention of individual verbal
items. J. Exp. Psychol. 58, 193-198. doi: 10.1037/h0049234

Peyron, R., Laurent, B., and Garcia-Larrea, L. (2000). Functional imaging of brain
responses to pain: a review and meta-analysis. Clin. Neurophysiol. 30, 263-288.
doi: 10.1016/50987-7053(00)00227-6

Polich, J. (2007). Updating P300: an integrative theory of P3a and P3b. Clin.
Neurophysiol. 118, 2128-2148. doi: 10.1016/j.clinph.2007.04.019

Rahman, S., Robbins, T. W., Hodges, J. R., Mehta, M. A., Nestor, P. J., Clark, L., etal.
(2006). Methylphenidate (‘Ritalin’) can ameliorate abnormal risk-taking behavior
in the frontal variant of frontotemporal dementia. Neuropsychopharmacology 31,
651-658. doi: 10.1038/sj.npp.1300886

Rahman, S., Sahakian, B. J., Hodges, J. R., Rogers, R. D., and Robbins, T. W. (1999).
Specific cognitive deficits in mild frontal variant frontotemporal dementia. Brain
22, 1469-1493. doi: 10.1093/brain/122.8.1469

Reitan, R. M. (1992). Trail Making Test: Manual for Administration and Scoring.
Tucson, AZ: Reitan Neuropsychology Laboratory.

Roca, M., Parr, A., Thompson, R., Woolgar, A., Torralva, T., Antoun, N., etal.
(2009). Executive function and fluid intelligence after frontal lobe lesions. Brain
133, 234-247. doi: 10.1093/brain/awp269

Rodriguez-Raecke, R., Niemeier, A., Thle, K., Ruether, W., and May, A. (2009). Brain
gray matter decrease in chronic pain is the consequence and not the cause of pain.
J. Neurosci. 29, 13746-13750. doi: 10.1523/JNEUROSCI.3687-09.2009

Rodriguez-Raecke, R., Niemeier, A., Ihle, K., Ruether, W., and May, A. (2013).
Structural brain changes in chronic pain reflect probably neither damage nor
atrophy. PLoS ONE 8:¢54475. doi: 10.1371/journal.pone.0054475

Rogers, R. D. (2011). The roles of dopamine and serotonin in decision making: evi-
dence from pharmacological experiments in humans. Neuropsychopharmacology
36, 114-132. doi: 10.1038/npp.2010.165

Schuermann, B., Kathmann, N., Stiglmayr, C., Renneberg, B.,and Endrass, T. (2011).
Impaired decision making and feedback evaluation in borderline personality
disorder. Psychol. Med. 41, 1917-1927. doi: 10.1017/5003329171000262X

Schultz, W. (2002). Getting formal with dopamine and reward. Neuron 36, 241-263.
doi: 10.1016/S0896-6273(02)00967-4

Seminowicz, D. A., Wideman, T. H., Naso, L., Hatami-Khoroushahi, Z., Fallatah, S.,
Ware, M. A, etal. (2011). Effective treatment of chronic low back pain in humans
reverses abnormal brain anatomy and function. J. Neurosci. 31, 7540-7550. doi:
10.1523/JNEUROSCI.5280-10.2011

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol.
18, 643. doi: 10.1037/h0054651

Torralva, T., Roca, M., Gleichgerrcht, E., Bekinschtein, T., and Manes, E. (2009).
A neuropsychological battery to detect specific executive and social cognitive
impairments in early frontotemporal dementia. Brain 132, 1299-1309. doi:
10.1093/brain/awp041

Ung, H., Brown, J. E., Johnson, K. A., Younger, J., Hush, J., and Mackey, S. (2014).
Multivariate classification of structural MRI data detects chronic low back pain.
Cereb. Cortex 24, 1037—-1044. doi: 10.1093/cercor/bhs378

Verdejo-Garcia, A., Lopez-Torrecillas, E, Calandre, E. P, Delgado-Rodriguez, A.,
and Bechara, A. (2009). Executive function and decision-making in women
with fibromyalgia. Arch. Clin. Neuropsychol. 24, 113-122. doi: 10.1093/arclin/
acp014

Pais-Vieira,

Frontiers in Psychology | Decision Neuroscience

November 2014 | Volume 5 | Article 1350 | 10


http://www.frontiersin.org/Decision_Neuroscience/
http://www.frontiersin.org/Decision_Neuroscience/archive

Tamburin etal.

Cognition and DM in cLBP

Wechsler, D. (1945). A standardized memory scale for clinical use. J. Psychol. 19,
87-95. doi: 10.1080/00223980.1945.9917223

Weiner, D. K., Rudy, T. E., Morrow, L., Slaboda, J., and Lieber, S. (2006). The rela-
tionship between pain, neuropsychological performance, and physical function
in community-dwelling older adults with chronic low back pain. Pain Med. 7,
60-70. doi: 10.1111/j.1526-4637.2006.00091.x

West, R., Tiernan, B. N., Kieffaber, P. D., Bailey, K., and Anderson, S. (2014).
The effects of age on the neural correlates of feedback processing in a nat-
uralistic gambling game. Psychophysiology 51, 734-745. doi: 10.1111/psyp.
12225

Wu, Y., and Zhou, X. (2009). The P300 and reward valence, magnitude,
and expectancy in outcome evaluation. Brain Res. 1286, 114-122. doi:
10.1016/j.brainres.2009.06.0329.06.032

Yeung, N., Holroyd, C. B., and Cohen, J. D. (2005). ERP correlates of feedback and
reward processing in the presence and absence of response choice. Cereb. Cortex
15, 535-544. doi: 10.1093/cercor/bhh153

Yeung, N., and Sanfey, A. G. (2004). Independent coding of reward mag-
nitude and valence in the human brain. J. Neurosci. 24, 6258-6264. doi:
10.1523/JNEUROSCI.4537-03.2004

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 02 August 2014; accepted: 06 November 2014; published online: 25 November
2014.

Citation: Tamburin S, Maier A, Schiff S, Lauriola ME, Di Rosa E, Zanette G and
Mapelli D (2014) Cognition and emotional decision-making in chronic low back
pain: an ERPs study during Iowa gambling task. Front. Psychol. 5:1350. doi:
10.3389/fpsyg.2014.01350

This article was submitted to Decision Neuroscience, a section of the journal Frontiers
in Psychology.

Copyright © 2014 Tamburin, Maier, Schiff, Lauriola, Di Rosa, Zanette and Mapelli.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

www.frontiersin.org

November 2014 | Volume 5 | Article 1350 | 11


http://dx.doi.org/10.3389/fpsyg.2014.01350
http://dx.doi.org/10.3389/fpsyg.2014.01350
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/
http://www.frontiersin.org/Decision_Neuroscience/archive

	Cognition and emotional decision-making in chronic low back pain: an erps study during iowa gambling task
	Introduction
	Materials and methods
	Subjects
	Cognitive measures
	Digit span
	Modified card sorting test (MCST)
	Stroop test
	Trail making test (TMT)
	Interference memory task (10 and 30 s)

	Iowa gambling task
	EEG recording
	Event-related potentials
	Statistical analysis

	Results
	Cognitive measures
	IGT behavioral results
	ERPs results

	Discussion
	References


