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Neuroeconomics; Introduction: Neuroeconomics is a new science that studiesthe brain processes involved
Nucleus accumbens; in taking decisions, particularly related to economy and it has experienced an important
Reward system; advance in recent years due to the development of new neuroimaging techniques,
Medial prefrontal basically functional magnetic resonance imaging. The aim of this paper it to carry out a
cortex; review of the literature on the different neurological mechanisms involved in taking
Amygdala; financial decisions, the concerned brain structures and the diseases that can affect
Insula; them.

Orbito-frontal cortex Sources: We made a non systematic review of the literature in primary (PubMed) and

secondary (Tripdatabase and Cochrane Library) bibliographic databases. We also used
bibliography given by the Asociacién Espafola de Neuroeconomia.

Development : Brain reward and loss aversion systems suppose a balance that makes us
take one or another decision. Dopamine plays an important role on it and several brain
structures have been involved in this balance such as the amygdala, the insula, the
medial prefrontal cortex, the anterior and posterior cingulated cortex, the nucleus
accumbens and the ventral tegmental area. The alteration of this balance may produce
inappropriate financial behaviours that may occur in common diseases including
depression, mania, alcoholism, gambling and several impulse control disorders.
Conclusions: Neurologists should define our role in thisinterdisciplinary field due to the
privileged position of our specialty to study how the brain works and due to the potential
growing of this science in the near future.
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Resumen

Introduccidn: La neuroeconomia es una nueva disciplina que estudia |los procesos cere-
brales de toma de decisiones, fundamentalmente econémicas y que ha adquirido un im-
portante avance en los Ultimos afos con el desarrollo de las modernas técnicas de neu-
roimagen, como la resonancia magnética cerebral funcional. Este articulo realiza una
revision de la bibliografia sobre los diferentes mecanismos neuroldgicos implicados en la
toma de decisiones financieras, las estructuras cerebrales involucradas y las enfermeda-
des que pueden afectarlos.

Fuentes: Realizamos una revision no sistematica de la literatura, tanto en fuentes de
informacién primaria (PubMed) como de informacién secundaria (Tripdatabase y Cochra-
ne Library). También se utilizo bibliografia cedida por la Asociacién Espafiola de Neu-
roeconomia.

Desarrollo: Los sistemas de recompensa cerebral y de aversién a la pérdida suponen un
equilibrio que hara que optemos por una u otra decisién. En este equilibrio en el que la
dopamina desempefia un papel primordial, se han visto involucradas varias estructuras
cerebrales como la amigdala, la insula, la corteza prefrontal medial, las cortezas cingu-
ladas anterior y posterior, el nicleo accumbensy el areategmental ventral. Su alteracién
supone la produccion de conductas financieras inapropiadas como tienen lugar en enfer-
medades tan frecuentes como la depresion, la mania, el alcoholismo, la ludopatia o di-
versos trastornos del control de impulsos.

Conclusiones: Los neurologos deberiamos definir nuestro papel en esta ciencia pluridisci-
plinar, dada la posicion de privilegio de nuestra especialidad para estudiar el funciona-
miento cerebral, y al mas que posible crecimiento que se espera que la neuroeconomia
adquiera en un futuro cercano.

© 2010 Sociedad Espariola de Neurologia. Publicado por Hsevier Espana, SL. Todos los

derechos reservados.

Introduction

Neuroeconomics is a new discipline that has come into
being in recent years and deals with applying what we know
about how the human brain works to economics, above all
as regards making financial decisions. Throughout history,
numerous books have been written about economics and all
explain it as an exact and rational science that can be
explained by classical mathematics. According to this
traditional prism, prices would be determined by the
balance between supply and demand in an efficiently
running market. The current crisis and all the other crises
that have existed and have since been forgotten call the
efficiency of this market into question and demand that the
striking differences between theoretical economy and the
real economy be taken on board.' For several years now, a
new current of thought known as behavioural economics
considers that our financial decisions are less rational and
more emotional that originally thought.2 However, the
development of modern neuroimaging techniques, such as
functional magnetic resonance, that enable usto study the
brain structures involved in economic decision-making, is
what has caused the emergence of neuroeconomics.?

As neurologists, we should define our role in this
new science that is coming into being and that is winning
over more and more advocates. Recently created
associations (Society for Neuroeconomics, Association for

Neuropsychoeconomics or the Asociacion Espafiola de
Neuroeconomia [ASOCENE]) and the development of more
and more powerful brainimagingtechniquesforetell greater
growth of thisdiscipline in the coming years.

The aim of this article isto review the current status of
knowledge about the brain structures involved in economic
decision-making on which the development of
neuroeconomics is being built.

The brain reward system and the loss-
aversion system

From the times of Aristotle in Ancient Greece, philosophers
and scientists have hypothesized about the presence of two
brain structuresthat define aimost all human behaviour: the
brain reward system and loss-aversion system (or risk-
aversion)*. When a potential benefit is perceived in the
atmosphere, the brain reward system becomes activated,
and when apotential risk isperceived, the brain risk-aversion
system becomes activated. The resulting balance between
both systems will influence behaviour and decision-making.

Brain reward system

This system consists of a series of dopaminergic pathways
that connect the midbrain, the limbic system and the
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neocortex. In fact, dopamine has come to be known as the
pleasure substance, due precisely to its involvement in the
brain reward system. Furthermore, this system can be
activated by certain illicit drugs, which have come to be
known colloquially as “dope”, a term derived from
dopamine.

These pathways include the mesolimbic pathway that
runs from the ventral tegmental area through the nucleus
accumbens of the limbic system to the frontal lobes, such
as the medial prefrontal cortex and the anterior cingulate
cortex (fig. 1).5¢ Each of these structures will become
activated when faced with a different situation. On the
one hand, the nucleus accumbens will become activated
more when economic benefits are greater, whereas the
prefrontal cortex, involved in calculation and in a great
many cognitive functions,” will become activated when
there are greater possibilities of such benefits
occurring.&1°

It has been suggested that the orbito-frontal cortex
integratesemotionsineconomicdecisions.' Itsactivation
correlates with the subjective emotional experience
and the affective stimuli related with a certain monetary
decision.'? Lesions of the prefrontal cortex, including
the orbito-frontal cortex, interfere with the processing
of emotions while sparing the most fundamental
cognitive functions. These lesions produce alterationsin
decision-making mechanisms that compromise the
economic decisions of everyday life to a large
extent.

Greater activation of the brain reward system will lead
to decisions aimed at obtaining this gratification, which
may be not only monetary, but also decisions of a very
different nature, such as beverage, food, smoking or sexual
relations, among others.

Ventral tegmental area

Dopaminergic brain reward system.

Loss-aversion system

The loss-aversion system is less well-defined than the brain
reward system, although it istaken for granted that certain
structures such asthe amygdala, the insula, /ocus ceruleus
or the hypothalamus are involved in it. One of the most
interesting studies to address the risk-aversion system is
that published by Baba Shiv in 2005.'* In that paper,
controls were compared with patients who had different
types of lesions in brain areas related to loss-aversion,
largely the amygdala and the insula. Each of the
participants was given 20 dollars and had 20 investment
possibilities on which to gamble one dollar. If the patients
decided not to invest, they got to keep the dollar and
waited for the following round. If, on the contrary, they
decided to invest, the dollar was taken away and a coin
was tossed in the air. If it was heads, the players lost the
money, but if it wastails, they won 2.5dollars. Satistically,
those players who never invested would have 20 dollars at
the end of the study, whereas the ones who always bet,
supposing that they won 50% of the times, would have
25 dollars. Therefore, the expected benefit per round was
one dollar for those who didn’t bet and 1.25 dollars for
those who did (the mean of 0 and 2.5 dollars). Hence,
since the benefit is greater if the subject always bets, the
most logical choice would be to bet in every round.
However, there were clear differences between the
controls and the patients with lesions in the loss-aversion
system. The control subjects invested 57.6%o0f the times,
whereas up to 83.7% of those who had lesions did so.
Furthermore, after a failed investment (the loss of one
dollar) only 40.7%of the controls and up to 85.2%o0f the
subjects with lesions invested in the following round,
which also demonstrated much greater (and illogical) risk-
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Figure 2 Balance between the brain reward system and the
loss-aversion system.

aversion in control subjects. These differences were
particularly noticeable in those patients with lesions in
the insula, who invested up to 91.3%of the times and up
to 96.8% in the rounds after losing. The fact that the
patients with lesions in the insula had a greater tendency
torisk their money and obtain more money overall suggests
that this structure in particular and the loss-aversion
system in general may be an impediment for rational
economic decision-making. Various later studies'>"
corroborate the participation of these structuresin making
decisions that involve risk.

Several examples reveal the presence of clear loss-
aversion in economic decisions that sometimes lead to
taking the more mathematically illogical option:

In one study,? participantswere asked to choose between
safely winning 3,000 dollars and a game in which there was
an 80%chance of winning 4,000 dollars and a 20%chance of
losing it all. Despite the fact that the mathematically most
valuable option would be risky (0.80 x 4000 = 3,200 versus
3,000 dollars), most of the people chose to play it safe.
However, if the choice was to invest and the participants
could choose between losing 3,000 dollars for sure and a
game with an 80%chance of losing 4,000 dollars and a 20%
chance of not loosing anything, most of the people (92%
chose the risky option when the mathematically safe option
would involve losing less money.

Another of the most interesting studies was carried out
at Yale University.?' The researchers trained five capuchin
monkeys to trade with metal coins and to be able to get
fruit in return.? Two humans were in charge of trading with
the monkeys. When the monkeys traded with the first
human, they received one piece of fruit for each coin and a
50%chance of being given another one later on. When they
traded with the second human, they obtained two pieces of
fruit and a 50%chance of having one of them taken away
later on. The monkeys repeated the experiment enough
times as to know that, statistically speaking, they would
receive the same number of pieces of fruit (1.5 on average)
with each of the two humans. However, the monkeys
preferred to deal with the first human 71%of the times. The
authors concluded that the monkeys chose to avoid possible
loss over possibly achieving a gain, displaying clear loss
aversion, which appearsto have a clear impact on decision-
making. Moreover, it hasbeen suggest ed that thisbehavioural

characteristic is present since the first common ancestors
before the branches of the capuchin monkeys and humans
diverged, indicating a possible role in the survival as a
species.

Although the previously mentioned studies are among the
most representative of loss-aversion, this behaviour has
been related to many experimental scenarios,® as real as
the property market,? consumer preferences® or job
choice. 2%

Balance between the two systems

The decision to make a given investment or not will depend
on the resultant balance between the brain reward system
and the loss-aversion system (fig. 2). When a decision is
presented as potential gain, the brain activates the reward
system. When the decision is presented as potential loss,
the loss-aversion system is activated. The very way in which
the same investment is presented will cause us to have a
different opinion. A “golden opportunity” and a “risky,
speculative investment” may possibly be the same
investment, merely presented in a different way. The
different activation of both brain systems will impact how
we perceive the investment and our subsequent
behaviour.2

In a recent study,? functional magnetic resonance was
used to determine the areasof the brain that were activated
when the subjects made economic decisions in positive or
negative economic contexts. These responses indicated
relative specialization depending on the economic context.
When the economic context was positive, activation was
seen predominantly in structures involved in the brain
reward system, such as the nucleus accumbens and the
orbito-frontal cortex, whereas when the economic context
was negative, greater activation was seen in the insula and
the amygdala, which arerelated to the loss-aversion system.
The results of this study point to the presence of different
pro and con brain localizations in decision-making that may
be affected by contextual factors.

One study carried out by Knutson in 2007%% presented
the participants with several products that they could
purchase while cerebral magnetic resonance was used to
study the brain regions that were activated. Each of the
three brain regions studied, the nucleus accumbens,
prefrontal cortex, and amygdala, had a different meaning:
the nucleus accumbenswas associated with the preference
for an object and its activation predicted that the
participant was interested in the object and would
probably buy it. The medial prefrontal cortex wasactivated
when prices were very low and predicted that the
participants would buy. The insula was activated when
risky decisions were made and when mistakes due to risk-
aversion were made.

Alteration of the balance between the reward
system and the risk-aversion system

The balance between these systemswill define our behaviour
in light of a given economic action and, asoccursin the rest
of the body, pathologies can arise in one of them that can
cause the balance to tilt to one side or the other. Among the
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disorders that have been involved in these systems, the
following stand out:

1. Depression and mania: decreased function of the brain
reward system may be behind the anhedonia and lack of
motivation associated with depression. This hypothesisis
founded on the evidence of reduced dopaminergic
transmission in depression and decreased response of the
reward system.®' This imbalance between both systems
will foster a predominance of loss-aversion with a
reduced appetite for risk in these individuals. In manic
patients, on the other hand, a different pattern of
activation of the nucleus accumbens has been found,
with less activation of this nucleus after obtaining the
desired object, which may underlie the disinhibition
typically seen in this disorder.%

2. Aicoholism: alcohol, like many other drugs, activatesthe
mesolimbic dopaminergic pathway and, with chronic use,
produces alterationsin the brain reward system, leading
to atrophy of the structurescomprised init.® Soecifically,
ethanol appears to act by means of the glycinergic
receptors of the nucleus accumbens and through the
nicotinic receptors of the ventral tegmental area.®*
Manipulation of these two receptor systems could
modulate ethanol use and represent a treatment for
alcoholism.

3. Gambling and other impulse control disorders: compulsive
gambling is the oldest economic disorder ever described
and was already known since Classical Greece. It has an
estimated prevalence rate of 0.5% in women and 1%
among males, whereas mild gambling problems have a
prevalence rate of 3.6% among females and 6.9% in
men.% Compulsive gambling is included within a group of
disorders known as impulse control disorders and is
characterized by a lack of sensitivity to risk, increased
impulsivity, and lack of self-control. Furthermore,
compulsive gamblers display emotional disorders such as
depression, anxiety, and toxic substance use, above all,
alcohol. Adecrease in the number of dopamine receptors
has been observed in the structures comprised in this
system, making it less sensitive to the novelties and
interests that appear daily. These subjects have been
proven to present a smaller increase in anticipatory heart
rate when facing an economic loss or gain in comparison
to normal subjects. They neither fear loss nor do they
become as excited after winning as non-gamblers. This
has also been proven through studies conducted with
functional magnetic resonance where their brain reward
system has been shown to be less activated than in
normal subjects. This diminished activity of the
dopaminergic brain reward system causes these subjects
to need to self-stimulate through games of chance and
thereby momentarily increase their levels of dopamine
and re-establish the balance with the loss-aversion
system (fig. 3). Curiously, compulsive gamblers also have
decreased activity in the prefrontal lobe in areas of
planning, estimation of time, calculation, reasoning, and
impulse.

Disorders of the brain reward system have also been
involved in other impulsive behaviours, such as substance
abuse, 3% hypersexuality,® and even in obesity. 44" In

Brain
reward
system

Loss-
aversion
system

Figure 3 Thealteration of the brain reward system in gamblers
will produce the need for greater involvement of this system;
consequently, the balance between this system and the loss-
aversion system will decompensate and foster increased risk in
financial investments.

fact, the term reward deficiency syndrome has been
suggested to refer to the greater tendency toward
addictions, obsessive-compulsive disorders (addiction to
sex, gambling, eating behaviour disorders), and toward
high-risk behavioursin subjectssufferingfromit. Subjects
with this disease tend to seek non-natural rewards to
stimulate the intrinsic deficiency of rewards and release
dopamine to compensate dopaminergic hypoactivity of
the nucleus accumbens. 4243

4. Aizheimer’'s disease and other neurodegenerative
diseases: the lossof abilitiesin variousneurodegenerative
diseases can associate a disorder in financial abilities
that, for the most part, is under-diagnosed given that
other symptoms predominate in these illnesses. For
instance, altered numerical and financial abilities are
known to be present in Alzheimer’s disease from the very
earliest stages of the disease and should be evaluated. 4
With respect to Parkinson’s disease, there is a growing
body of evidence of the existence of various impulse
control disorders, including altered financial decision-
making. They are related with being male, younger, early
onset of the disease, and taking dopaminergic agonists*
and should be evaluated in all patients with Parkinson’s
disease.¥

Hormonal influences in financial decision-making

There are clear differences in decision-making between
men and women, in which an important role might be
played by sex hormones. Whereas females have greater
risk-aversion, males, particularly young men, suffer from
a greater excess of confidence. Arecent study carried out
in 17 male stockbrokersin London* came to the conclusion
that when the subjects had elevated levels of testosterone
in the morning, they recorded greater profits, which was
related to the fact that testosterone is capable of
increasing confidence and the taste for risk. Another
study® revealsthat greater concentrations of testosterone
in women’s saliva were related with a greater taste for
risk and with the choice of riskier careers in the field of
finances.
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Another of the conclusions from these studies is that
cortisol concentrations increase with the prospect of
obtaining a benefit* and that the high levels of thishormone
have the opposite effect of testosterone and cause investors
to assume fewer risks and to be more cautious.

The herding effect, the amygdala, serotonin,
and mirror neurons

Ideas, like yawns, are contagious. The herding effect isthe
tendency of certain species of animals to replicate the
behaviour of their kind, which has been related with a role
in the safety of species. The fact of living and reproducing
the herd’'s activities can increase the chance of the
individual’s survival and this, which might have been useful
for Neolithic man, may have been passed down to our days
and account for the multitude of current behaviour patterns,
from different fashions to investor and stock market
behaviour.5°5" Although the brain mechanisms involved in
these social behaviours are not clear, several possibilities
have been postulated:

1. The amygdala has been related to social decision-
making. %25 When an individual has an independent vision
that differs from that of their group, the amygdala is
highly activated, which might represent a negative
emotional charge, since the amygdala is associated with
pain when it differs from the herd’s ideology.

2. Serotonin appears to regulate the acquisition of social
behaviour. This substance is derived from an amino acid
that is present in the diet, tryptophan, and when
tryptophan is eliminated from the diet, serotonin levels
in the brain fall. A more antisocial behaviour and
increased personal interests over group interests have
been found in subjects with diets that are poor in
tryptophan.s*® There is a decrease in the activation of
the anterior cingulate sulcus and of the orbito-frontal
cortex, which suggests that people with low levels of
serotonin are less influenced by the herding effect.

3. Mirror neurons become activated when an animal
observesacertain activity in another individual, generally
that of their own species, aswell as when carrying out a
given activity being observed in another. These have
been identified in several animal species, particularly in
primates and, of course, in human beings. It has been
supposed that these neurons play an important role in
cognitive abilitieslinked to learning and to social life. %%
They also appear to be related with empathy, imitation,
and social behaviours.%®

Tendency to prediction and the price
of surprise

Pavlov’s dogs are a classical example of the brain’s ability
to predict. Pavlov associated a stimulus to the dogs' food.
After several days of carrying out the same operation, he
proved that the dogs salivated with only the sound of the
bell and without being given any food. The brain’stendency
to make predictions is also related to dopamine and the

brain reward system. After performing a given action for
which we have received a benefit, whether economic or
not, our dopaminergic reward system will be activated.
This, on the one hand, will foster learning and on the other
hand, will reinforce the patterns of behaviour that have led
to the circumstances through which we have obtained the
benefit .

The capacity to be surprised appearsto be a trait that is
quite specific to human beings and sets them apart from
other animals. Humans and the large apes are among the
few animalsthat have a special kind of neuron called spindle
cellsthat are found in a brain region known as the anterior
cingulate cortex. These neurons are in charge of encoding
the feeling of surprise when an event does not take place in
the expected way. Although this region is the most widely
studied, others, such as the right inferior orbito-frontal
cortex, the supplementary premotor area, and the posterior
cingulate cortex also exhibit different activation
patterns.®

The spindle cells of the anterior cingulate cortex process
and integrate huge amounts of information in a very short
period of time and make it possible to respond very quickly.
Thus, it is an intuitive system, the peculiarity of which is
the speed of response. According to the studies conducted
by Allman,® this system does not seek an ideal response,
but simply survival. When homo sapiens were taking their
first steps, it was more important to recognize mistakes as
quickly as possible than to recognize successes, and
distinguishing one small error might be the difference
between surviving or not.

A clear asymmetry has been seen in the responses to
monetary surprises. When the news consists of money
having been lost, these neurons activate much more in
terms of both number and intensity than when the surprise
is positive and more money was won than initially foreseen,
once again reinforcing the notion that what mattered tothe
Palaeolithic brainwasthe identification of negative surprises
with the aim of staying alive.®% This asymmetry in money
management hasaclear applicationinfinancial investments.
Our brain will be more predisposed to reacting quickly,
intensely, and irrationally to a negative piece of news than
to a positive piece of news.

Excessive confidence

Another bias that continually occurs in financial decision-
making is the excess of confidence and the illusion of
knowledge. In an experiment carried out in Seattle, two
psychiatrists®® asked a group of drivers about their ability
behind the wheel the last time they drove their car. Most of
them rated it as“good” or “very good”. The odd thing about
the study is that the group of drivers had been selected
from a hospital and all of them had been admitted for
causes related to a motor vehicle accident. Moreover,
according to the Seattle police, 68%of those drivers had
been directly responsible for their accidents; 58%had traffic
fines, and 44%had a criminal record. In general, human
beings believe that they are above average. According to
another study, between 65 and 80%of the drivers thought
they were above average.®
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Arecent study showed that the medial prefrontal cortex,
the area where the dopaminergic pathways of the reward
system converge, is involved in learning while making
decisions.’”? When this area becomes activated, it is a
signal that the individual is headed in the right direction
to achieve his or her goals and it strengthens the means by
which this activation has occurred. This means we pay less
and less attention to the potential dangers of our
decisions.

The medial prefrontal cortex is activated by many ways
other than money. Any product that we like (coffee, beer,
smoking, or an attractive person) is capable of activating
the prefrontal cortex, which is why its activation only
indicates satisfaction with the product. Some drugs, such as
cocaine or amphetamines, activate this brain region,
bringing about a false feeling of pleasure.

The brain is going to generate signals to favour the
behaviour that leadsto rewards. When areward is attained,
the dopaminergic neurons fostering the behaviour that has
brought about thisreward are activated. These dopaminergic
neurons act on the medial prefrontal cortex.® When these
behaviours no longer lead to a reward, noradrenalin is
released, a substance that stimulates the search for new
opportunities.

When investors have achieved good results for one or two
years, they become confident and believe that they are
going to continue to obtain the same results. Their
dopaminergic system has created a series of changes that
foster the behaviours that led to success (to the reward).®
However, these professionals have serious difficulties in
maintaining their attention to risk. This combination of
neurotransmitters (activation of the dopaminergic system
and decrease of the noradrenergic system) make the
investors careless when facing certain events such as
economic bubbles with disastrous outcomes.™

Conclusions

New neuroimaging techniques have made it possible to
determine which brain structures are in charge of economic
decision-making, which has led to the birth of
neuroeconomics.

The structures involved to a greater degree in financial
decision-making are the amygdala, the insula, the medial
prefrontal cortex, the anterior and posterior cingulate
cortices, the nucleus accumbens, and the ventral tegmental
area. These structures and others that have yet to be
related to decision-making will be studied in great depth in
the yearstocome, giventheimportant practical applications
of this new science.

As neurologists, we should define our role in this
interdisciplinary science, given the privileged position of
our specialty to study brain functioning and the more than
likely growth neuroeconomicsispredicted to undergo inthe
near future.
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