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Abstract 
Background: The neural circuits involved in the decision-making process 
and social emotion participate in the same circuits seen in major depressive 
disorder. This study aimed to investigate in depressed patients, the decision 
making process in risk/reward situations using neurophysiological methods 
for a better assessment of functional aspects related to decision making deficit 
that are seen in major depression. Methods: Forty patients were studied, 20 
with depression and 20 without. After applied the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (SCID-I) and Hamilton Depression scale 
(HAM-D), the Iowa Gambling Task (IGT) was applied to analyze the risk/ 
reward decision-making behavior. The Skin Conductance Response (SCR) 
was recorded to analyze the emotional anticipatory learning effect during the 
IGT. Besides, an EEG was recorded to measure the Frontal Alpha Asymmetry 
Index (FAAI). Results: Depressed patients presented a lower Net score and a 
deficit in anticipatory learning effect in the IGT. Furthermore, the FAAI re-
vealed more frontal right activation as have described in previous studies. 
Conclusion: Patients with major depression have a dysfunction in the cir-
cuits that modulate cognitive, emotional and social behavior, and also, im-
pairment in cognitive fluidity for evaluating strategies for risk-reward. The 
EEG helps to confirm that asymmetry in frontal areas and oscillation of al-
pha frequencies participate in the regulation of emotion in depressed pa-
tients. 
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1. Introduction 

Depressive disorders affect around a fifth of the world population at some time 
in their lives (Barger, Messerli-Burgy, & Barth, 2014; Gavin et al., 2010) and, it 
may seriously impair the performance of everyday and work-related activities 
(Barger et al., 2014; Cusi, Nazarov, Holshausen, Macqueen, & McKinnon, 2012). 
One of the less well-known and under-investigated symptoms of depression, and 
one that causes the most serious social and economic problems, is indecision 
(Harle, Allen, & Sanfey, 2010; McLaughlin, 2011; Pizzagalli, Iosifescu, Hallett, 
Ratner, & Fava, 2008; Radford, Nakane, Ohta, Mann, & Kalucy, 1991). People 
with depression may experience difficulty in making decisions as a result of var-
ious factors, such as impaired concentration, a negative outlook, and diminished 
motivation and self-confidence (Harle et al., 2010; van Randenborgh, de 
Jong-Meyer, & Huffmeier, 2010; Zhang, Sun, & Lee, 2012). Because of this, there 
has been growing interest in studying the neurocircuits involved in models of 
mood disorder (Drevets, 1999, 2003, 2007; Drevets & Raichle, 1992) and in the 
neural bases of social cognition. There is thus a need to understand and conduct 
a more in-depth study of depression and its relation to decision-making (Cos-
tello, 1983; Cusi et al., 2012; Fellows & Farah, 2007; Henriques, Glowacki, & Da-
vidson, 1994; Holmes & Pizzagalli, 2008; Pizzagalli, 2011). 

The neuro-anatomical substrate involved in the decision-making process 
(analysis in situations of certainty, cost-benefit analysis in situations of uncer-
tainty) may have various routes in common with those found in neurocircuit 
dysfunctions observed in depressed individuals (Fellows & Farah, 2007; Harle et 
al., 2010; Holmes & Pizzagalli, 2008; Radford et al., 1991; Takahashi et al., 2008). 
These processes are all interlinked and involve areas or circuits related to the 
pre-frontal cortex (Bechara, Damasio, Tranel, & Damasio, 2005; Beitz, Salthouse, 
& Davis, 2014; Cotrena et al., 2014; Cui, Chen, Wang, Shum, & Chan, 2013; 
Greene, Nystrom, Engell, Darley, & Cohen, 2004; Greene & Paxton, 2009; Li, Lu, 
D’Argembeau, Ng, & Bechara, 2010; Steingroever & Wagenmakers, 2014; Taka-
hashi et al., 2008). Studies using the Iowa Gambling Task (IGT), a card game 
that evaluates decision-making by simulating gains and losses in a situation of 
uncertainty (punishment/reward) reveal that patients who are depressed and/or 
apathetic show greater impulsiveness and are less effective in performing the 
tasks (Bechara et al., 2005; Bollon & Bagneux, 2013; Jaracz & Borkowska, 2012). 

1.1. Neural Circuits Involved in Major Depression 

Studies of neuroimaging, neurophysiology, and neuropathology have shown that 
the neural network that modulates emotional behavior is, generally, also in-
volved in the physiopathology of mood disorders. The main circuit involved in 
emotional behavior and major depression is the limbic-cortical-striatal-pallidal- 
thalamic circuit (LCSPTC), formed by connections with the orbitofrontal cortex 
(OFC), amygdala, hippocampus, subiculum, ventromedial striatum, medial and 
medial dorsal thalamic nuclei and the ventral pallidum (Drevets, 2001, 2007; 
Drevets, Price, & Furey, 2008; Ongur, Ferry, & Price, 2003). One of the most 
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important connections with the LCSPTC concerns the areas of the brain respon-
sible for visceral control, especially the hypothalamus and the periaqueductal 
gray matter (PGM) (Nauta & Domesick, 1984; Price, 2007). A second viscero-
motor circuit identified in the physiopathology of depression involves the sub-
genual anterior cingulate cortex (sgACC), amygdala, and ventral striatum route. 
The pathological activity of this circuit seems to be suppressed when exposed to 
pharmacological, surgical, or deep brain stimulation treatment for major de-
pression (Drevets, 2003; Drevets, Bogers, & Raichle, 2002; Drevets, Savitz, & 
Trimble, 2008). 

1.2. Electrophysiological Alterations in Major Depression 

Neurophysiological studies have also been used to provide a better understand-
ing of the circuits involved in major depression (Coan, Allen, & McKnight, 2006; 
Davidson, Chapman, Chapman, & Henriques, 1990; Henriques & Davidson, 1991; 
Pizzagalli, Peccoralo, Davidson, & Cohen, 2006; Schaffer, Davidson, & Saron, 
1983; Stewart, Bismark, Towers, Coan, & Allen, 2010; Stewart, Coan, Towers, & 
Allen, 2011). The main electrophysiological variable used to study mood disord-
ers is the Frontal Alpha Asymmetry Index and this is considered a predictive 
factor for depression (Davidson, 1998; Henriques & Davidson, 1991; Schaffer et 
al., 1983; Stewart et al., 2010; Stewart et al., 2011). 

Studies with depressed, or previously depressed, patients have shown more 
alpha activity in the left frontal cortex, this being inversely proportional to cor-
tical activity (Allen & Kline, 2004; Davidson, 1992; Henriques & Davidson, 1990, 
1991; Stewart et al., 2010; Tomarken, Davidson, Wheeler, & Doss, 1992; Zoon et 
al., 2013). Frontal alpha asymmetry has been related to the value dimension of 
emotion, with negatively valued emotions being more associated with activation 
of the right frontal cortex, while positive emotions are associated with activation 
of the left (Tomarken, Davidson, & Henriques, 1990). It should be pointed out 
that not only the value dimension of emotion (negative or positive) but also the 
direction (attraction or repulsion) lie at the root of frontal alpha asymmetry 
(Harmon-Jones & Allen, 1997, 1998; Sutton & Davidson, 2000). 

1.3. Decision-Making in Major Depression 

As decision-making is a process involving preference, selection and execution of 
actions, and evaluation of results, various brain circuits are interlinked in this 
complex system (Levin et al., 2012). Neuroimaging studies using brain fMRI and 
PETscan show that the areas involved in the decision-making circuit include the 
dorsolateral and ventromedial prefrontal cortex, the amygdala, the parietal and 
temporal cortex, the parahippocampal region and the anterior cingulate gyrus 
(75). In other words, all the regions that are functionally involved in social beha-
vior and the regulation of emotion.  

1.4. Punishment/Reward-Type Decision-Making 

Damásio et al. postulated that patients with lesions in the ventromedial prefron-
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tal cortex were incapable of using emotion took make appropriate decisions and 
building up the so-called somatic marker hypothesis. This concept came from 
the idea that emotion is a fundamental component in guiding decision-making 
in situations where the result of a choice, in terms of punishment or reward, was 
uncertain (Bechara, Tranel, & Damasio, 2000; Damasio, Grabowski, Frank, Ga-
laburda, & Damasio, 1994). 

To test the somatic marker hypothesis, Bechara & Damásio (2005) developed 
a test based on a simulation of real-life decision-making, the Iowa Gambling 
Task (IGT). The IGT provides a punishment or reward during each turn, de-
pending on the choice of a certain card by each participant (Bechara & Van Der 
Linden, 2005). 

In short, the present study aims to provide more in-depth knowledge of elec-
trophysiological and behavioral findings involved in depression and deci-
sion-making behavior. 

2. Materials and Methods 

The experiments were conducted with a cross-sectional cohort at the Applied 
Neuroscience Laboratory (Neurolab-Brazil), in Recife, Pernambuco in associa-
tion with the Federal University of Pernambuco (UFPE) during three years from 
2015.  

2.1. Participants 

Forty healthy, right-handed subjects, 20 with and 20 without major depression, 
participated after providing informed, written consent, following the Helsinki 
Declaration and local ethics committee. A senior neurologist saw all participants, 
who administered a carefully designed questionnaire (SCID-IV) (First, Spitzer, 
Gibbon, & Williams, 1997) and (HAM-D) (Hamilton, 1960, 1967) to rule out 
medical conditions related to psychiatric and neurological disorders. In the 
non-depressed there were some inclusion criteria like having more than 12 years 
of schooling; be right handed; do not use any type of antidepressant at the time 
of the evaluation; does not have any type of injury or neurological dysfunction 
(traumatic brain injury, epilepsy, stroke) or psychiatric (bipolar disorder, schi-
zophrenia, cyclothymia); do not use alcohol or use illegal drugs; do not meet the 
criteria for major depression of SCID-IV. For depression group there were the 
same inclusion criteria with exception to be included in the major depression 
criteria of SCID-IV. As exclusion criteria for both group it was considered the 
presence of excessive EEG artifacts and appearance of changes in the EEG record 
that suggests some type of pathological dysfunction. 

2.2. Procedures 

All participants were invited to sit comfortably in a chair facing a computer 
monitor. The technician explained carefully to each subject that the experiment 
was safe and innocuous and provided details of the procedure during the task. 
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2.2.1. Behavioral Task 
Iowa Gambling Task (IGT) 
For this task participants received standard instructions for the IGT (Bechara 

et al., 2005). For instance, they were told that the object of the task was to win as 
much as possible and avoid losses by drawing cards, one at a time, from the four 
decks. It was explained that each card drawn would indicate that he could win or 
whether there was also a penalty. All patients were also advised that some decks 
could be more advantageous than others and that during the game they should 
feel free to switch from one deck to another. However, they were not informed 
of the schedule of wins and losses in each deck or advised on how to draw the 
cards. 

For this task, participants were asked to select cards from any of four decks 
labeled A, B, C, and D. Mixture cards in each deck was presented, half with a red 
circle and half with blue one on the underside. Whether the patient choosing a 
card that had a red circle will result in a win, however choosing a card with a 
blue circle on the underside could result in a win but could also result in a pe-
nalty. Every card in decks A and B resulted in a $100 win, and every card in 
decks C and D resulted in a $50 win, but the penalties were higher when blue 
circle cards were drawn from decks A and B compared to decks C and D. Decks 
C and D, therefore, resulted in greater net wins throughout the task because of 
the smaller penalties attached to cards with blue circles. 

The performance of the IGT was evaluated by dividing the 100 cards drawn 
into 5 blocks of twenty, with a response time of six seconds between each card 
they picked. The volunteer had to choose between advantageous (C and D) and 
disadvantageous cards (A and B), the final result is calculated as the total Net 
score. To total Netscore, first the K-S test was applied showing a parametric dis-
tribution in both groups. In this case the t-student test was used to compare the 
total Netscore between depressed and non-depressed groups. 

Calculation of the Net score was based on the sum of the numbers of cards 
chosen according to the following formula [(C + D) − (A + B)]. The perfor-
mance of the volunteers was then classified as unimpaired, impaired, or border-
line. When subjects scored over 18 points (>+18) the performance was consi-
dered unimpaired; for scores between (>−18 and <+18), performance was con-
sidered borderline; and below 18 (<−18) impaired (Denburg, Tranel, & Bechara, 
2005). 

The second criterion chooses for analysis, which is commonly mentioned in 
the literature (Bechara et al., 2005), concerns the score per block, obtained in 
each of the five blocks of 20 choices (cards), in the course of the 100 choices 
(rounds). The equation used to obtain this result is the same one used to calcu-
late the overall score [(C + D) − (A + B)], applied to each block of 20 cards. This 
score allows researchers to ascertain whether a learning curve has been followed 
during the execution of the task. To study the learning curve, the Netscore per 
block (5 blocks of 20 rounds) was applied and also a K-S test showing a parame-
tric distribution. For this reason, a repeated-measures ANOVA statistical analy-
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sis with Tukey post hoc was applied, to study the learning curve between de-
pressed and non-depressed participants in the 100th round of the IGT task 

2.2.2. Electroencephalogram Recording 
In preparation for the EEG recording, the distance between the nasion and inion 
was measured to determine the electrode capsizes. The forehead and the mastoid 
were prepared with a mild abrasive gel to remove any oil from the skin. After fit-
ting the cap on the scalp, each electrode site was injected with electrogel. A 
32-channel bioamplifier (Nexus 32; Mind Media B.V.; Netherlands) Biotrace 
true-DC polygraph, which uses a fast USB 2.0 and fiber optics, offering up to 
2048 samples per second on all EEG channels/24-bit resolution. The EEG re-
cordings from the 40 subjects were acquired from a 21-channel carbon cap in 
which each EEG channel had its active shield, and carbon-coated cables in com-
bination with active shielding were used to minimize 50/60 Hz noise. The chan-
nels of the cap were positioned according to the international 10 - 20 system, 
with linked mastoids as the recording reference (Fp1, Fp2, F3, F4, Fz, F7, F8, C3, 
C4, Cz, T3, T4, T5, T6, P3, P4, Pz, O1, O2, A1, A2). The EEG recordings were 
acquired at a sampling rate of 512 Hz and bandpass filtered between 1 and 70 
Hz. Impedances were maintained at 5 kΩ or below. Data were obtained using 
the Nexus 32-Biotrace program and then transformed into ASCII using WinE-
EG software (Mitsar Ltd. St. Petersburg-Russia), plotted and carefully inspected 
for manual and automatic artifact rejection. To remove artifacts, an offline EEG 
analysis was performed using a Common Average Montage and Independent 
Component Analysis (ICA) was applied to the rejected eye movement and blink 
artifacts. All episodic artifacts, including muscle artifacts, body movements, and 
EKG artifacts, were also removed from the stream of EEG by defining a voltage 
threshold of 100 μV. “Fast and slow artifact” components were filtered by re-
moving all data exceeding 35 μV within the 20 - 35 Hz frequency range and all 
data exceeding 50 μV in the 0 - 1 Hz range. A 20-minute vigilance-controlled 
EEG recording with eyes closed alternating with eyes open for 15 seconds every 
three minutes was carried out. Eight epochs of 2 seconds/minute, totaling 96 
epochs or 192 seconds free of artifacts, were selected for each volunteer in the 
depressed and non-depressed groups for subsequent Fast Fourier Transform 
(FFT) and also for calculating the Frontal Alpha Asymmetry Index (FAAI). 

Frontal Alpha Asymmetry Index (FAAI) is a method of Asymmetry metrics 
for investigating whether the two brain hemispheres are differentially involved 
in specific cognitive and affective processes, personality traits, or various forms 
of psychopathology (Davidson, 1998). The FAAI is an index derived from sub-
tracting the natural logarithm of the left hemisphere power value from the natu-
ral logarithm of the right hemisphere power value (Ln R – Ln L). The Frontal 
Alpha Asymmetry Index in this study was obtained by calculating the Fast 
Fourier Transformation (FFT) and then subtracting the natural logarithm of the 
Alpha Power in μ2 in F4 and F8 (right frontal electrodes) from the natural loga-
rithm of the Alpha power in μ2 in F3 and F7 (let frontal electrodes) (Ln F4 – Ln 
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F3; Ln F8 – Ln F7). Because alpha (α) power is considered to be inversely related 
to brain activation, positive numbers or α > 0 on this index indicate relatively 
greater left activity, and negative numbers or α < 0 indicate higher right activity 
(Davidson, 1998). To compare the FAAI (lognF4-lognF3; lognF8-lognF7) from 
depressed versus non-depressed patients, a statistical analysis using the t-student 
was applied. 

2.2.3. Electrodermal Recording 
Electrodermal activity was measured by placing micro-Siemens 1/10,000 
high-resolution sensor (Biotrace-Nexus 32) on the middle- and forefinger of the 
dominant hand of each volunteer. The tonic response or “Skin Conductance 
Level” was recorded, along with the delay in phasic response, which corresponds 
to the time elapsing between the tonic stimulus and the peak amplitude of the 
phasic response provoked (Skin Conductance Response). For each card chosen, 
the selection time of the samples was divided into two phases, anticipation and a 
response phase. For the response phase, the first five seconds accompanying the 
choice was measured. For the anticipation phase, a fluctuating amplitude within 
the last second before the choice of the next card was selected. For statistical 
analysis a normalization test was applied, the evaluation of the skin conductance 
response (SCR’s) by group, for each block, was done using the repeated meas-
ures ANOVA, comparing non-depressed versus depressed group. 

3. Results 

The characterization data for the sample are presented in (Table 1). The mean 
score on the Hamilton scale for the depression groups was 29.95 ± 7.83, while 
the score for the non-depressed group was 0.95 ± 1.27. 

The behavior task using the Iowa Gambling Task (IGT), the depressed group 
(D = −8.85 ± 16.34, n = 20) attained a lower total Net score (p < 0.003) than the 
non-depressed group (ND = 8.7 ± 11.68, n = 20) (Figure 1). 

Furthermore, the analysis of the performance of the IGT per block (5 blocks 
of 20 rounds) during the 100 rounds was lower (p < 0.001) for the depressed in 
block 4 (D = 1 ± 9.1; ND = 3.88 ± 7.86) and 5 (D = 1 ± 9.8; ND = 7 ± 9.4) com-
pared with non-depressed (Figure 2). 

Electrophysiological Study 
Analysis of Electrodermal Response 
Evaluation of the skin conductance response (SCR) found that the SCR value 

for the advantageous cards in blocks 1 (D = 2 ± 1.5; ND = 3.1 ± 1.4) and 2 (D = 
1.6 ± 1.6; ND = 2.6 ± 1.7) was higher (p < 0.05) for the non-depressed group. For 
the disadvantageous cards, the value in blocks 4 (D = 1.4 ± 1.1; ND = 2.3 ± 1.4) 
and 5 (D = 1.3 ± 0.9; ND = 2.3 ± 1.5) was found to be higher (p < 0.05) for the 
non-depressed group. The results show better emotional trigger response and 
learning (somatic marker) in the non-depressed group compared to the de-
pressed individuals (Table 2). 
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Table 1. Data characterization. 

 
Depressed Depress no Non-depressed 

n 20 20 

Age 33.8 ± 10.60 SD 34.45 ± 10.53 SD 

Gender (%) 
  

Male 3 (15%) 11 (55%) 

Female 17 (85%) 9 (45%) 

Civil state (%) 
  

Singer 6 (30%) 11 (55%) 

Married 10 (50%) 8 (40%) 

Other 4 (20%) 1 (5%) 

Workactivity (%) 
  

Yes 16 (80%) 17 (85%) 

No 4 (20%) 3 (15%) 

Familiar history (%) 
  

Yes 11 (55%) 6 (30%) 

No 9 (45%) 14 (70%) 

Previouspsychiatricevaluation 
  

Yes 15 (75%) 1 (5%) 

No 3 (15%) 14 (70%) 

Yes, but without a diagnosis 2 (10%) 5 (25%) 

Previoustreatment (%) 
  

Yes 3 ( 15%) 2 (10%) 

No 17 (85%) 18 (90%) 

Yes, justpsychological 0 (0%) 0 (0%) 

Suicide attempt (%) 
  

Yes 3 (15%) 0 (0%) 

No 17 (85%) 20 (100%) 

 
Table 2. Effect of electrodermal response to advantageous and disadvantageous cards per 
blocks. 

Play blocks Cards Depressed Non-depressed 

1 Advantageous 2 ± 1.5 3.1 ± 1.4* 

 
Disadvantageous 2.4 ± 1.7 3.3 ± 1.3 

2 Advantageous 1.6 ± 1.6 2.6 ± 1.7* 

 
Disadvantageous 1.9 ± 1.7 2.5 ± 1.6 

3 Advantageous 1.5 ± 1.4 2.5 ± 1.6 

 
Disadvantageous 1.6 ± 1.4 2.3 ± 1.8 

4 Advantageous 1.4 ± 1.2 2.3 ± 1.7 

 
Disadvantageous 1.4 ± 1.1 2.3 ± 1.4* 

5 Advantageous 1.5 ± 1.4 2.4 ± 1.6 

 
Disadvantageous 1.3 ± 0.9 2.3 ± 1.5* 

Effect of major depression on the response of the somatic marker (SCR) by playing blocks to advantageous 
and disadvantageous cards. Repeated measures ANOVA *p < 0.05. 
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Figure 1. Depressed patients showed a lower total Net score (p < 0.003) compared with 
non-depressed. 
 

 
Figure 2. IGT Net score per block showed lower Net score for a depressed group in 
blocks 4 and 5 with p < 0.001. 
 

Analysis of Frontal Alpha Asymmetry Index (FAAI) 
The electrophysiological study found that the depressed group exhibited more 

pronounced activation of the prefrontal cortex (F4 and F8) than the non-depressed 
group (Figure 3). 
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Figure 3. FAAI showed pronounced activation on the right frontal cortex compared to 
the group of depressed patients with non-depressed patients (p < 0.01). 

4. Discussion 

The principal finding of the present study is to stand out that major depression 
compared with non-depressed patients exhibit impaired in the decision-making 
risk/punishment during the IGT task associated with a deficit in the anticipatory 
learning effect. Furthermore, this finding was associated with a more right fron-
tal activation, which has been related to negative emotions (Davidson, 1998; 
Henriques & Davidson, 1991, 1997). Major depression affects the flexibility ne-
cessary to elaborate on more appropriate strategies and executive planning dur-
ing decision-making that involves risks and rewards decision-making. In other 
words, it may suggest that the dysfunction in the socio-emotional monitoring 
circuit found in major depression may affect the planning and execution of ap-
propriate decision-making. 

During the IGT, major depression leads to impaired performance, as meas-
ured using the total Net score. Analysis of the Net score per block found that 
depression considerably reduced the Net score in blocks 4 and 5, showing an 
impaired learning curve in the course of the game. This result shows that there is 
an impairment of the circuits related to emotion and decision-making, which 
alters behavior related to evaluation and judgment of risk in the IGT. It is known 
that depressed individuals tend to choose advantageous cards with concern for 
the penalties (Must, Horvath, Nemeth, & Janka, 2013). According to some au-
thors, the more serious the depression, the poorer the performance on the IGT 
(Cusi et al., 2012; Must et al., 2013; Takahashi et al., 2008). In the present study, 
the depressed patients found it difficult to perform effectively throughout the 
IGT. Analysis of the advantageous cards suggests that there is a difficulty in 
learning from rewards and a loss of anticipatory effect. It is known that deficien-
cies in executive functions and attention are considered to be important markers 
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of depression (Must et al., 2013; Porter, Bourke, & Gallagher, 2007). 
The EEG/FAAI suggested greater activation of the right frontal cortex (nega-

tive emotion) among depressed individuals, as reported in previous studies (He-
nriques & Davidson, 1991, 1997). This frontal alpha asymmetry and the poor 
performance of depressed individuals in the IGT indicates that modulation of 
the frontal alpha rhythm goes beyond the dimension of affective value (positive 
emotion = left frontal activation; negative emotion = right frontal activation) 
and inclines to affect the direction of the modulation of emotions related to de-
cision-making neural circuits (Harmon-Jones & Allen, 1997). 

5. Final Considerations 

Evaluating decision-making behavior in depressed patients using neurophysio-
logical tools would appear to be a great challenge. In the present study, it was 
possible to trace a line of reasoning culminating in the grand integration of con-
cepts and ideas that seemed to be separate. However, bringing together the re-
sults of various studies that have demonstrated an association between deci-
sion-making neural circuits and those related to emotion and cognition sheds 
much light on the understanding of this complex system.  

Further studies comparing patients with major depression undergoing treat-
ment with those untreated would help to understand what kind of therapeutic 
approach may contribute to regulating and modulating decision-making circuits 
and improve productive capacity and the ability for strategic planning for more 
effective decision-making. 
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