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Abstract

Int roduct ion: Neuroeconomics is a new science that  studies the brain processes involved 
in taking decisions, part icularly related to economy and it  has experienced an important  
advance in recent  years due to the development  of new neuroimaging techniques, 
basically funct ional magnet ic resonance imaging. The aim of this paper it  to carry out  a 
review of the literature on the dif ferent  neurological mechanisms involved in taking 
fi nancial decisions, the concerned brain st ructures and the diseases that  can affect  
them.
Sources: We made a non systemat ic review of the literature in primary (PubMed) and 
secondary (Tripdatabase and Cochrane Library) bibliographic databases. We also used 
bibliography given by the Asociación Española de Neuroeconomía.
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 
st ructures 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 vent ral tegmental area. The alterat ion of this balance may produce 
inappropriate fi nancial behaviours that  may occur in common diseases including 
depression, mania, alcoholism, gambling and several impulse cont rol disorders.
Conclusions: Neurologists should defi ne our role in this interdisciplinary fi eld due to the 
privileged posit ion of our specialty to study how the brain works and due to the potent ial 
growing of this science in the near future.
© 2010 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.

* Corresponding author.
E-mail :  pedro.bermej o.v@gmail.com (P.E. Bermej o).



174 P.E. Bermej o et  al 

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 fi nancial decisions. Throughout  history, 
numerous books have been writ ten about  economics and all 
explain it  as an exact  and rat ional science that  can be 
explained by classical mathemat ics. According to this 
t radit ional prism, prices would be determined by the 
balance between supply and demand in an effi cient ly 
running market . The current  crisis and all the other crises 
that  have existed and have since been forgot ten call the 
effi ciency of this market  into quest ion and demand that  the 
st riking dif ferences between theoret ical economy and the 
real economy be taken on board.1 For several years now, a 
new current  of thought  known as behavioural  economics 
considers that  our fi nancial decisions are less rat ional and 
more emot ional that  originally thought .2 However, the 
development  of modern neuroimaging techniques, such as 
funct ional magnet ic resonance, that  enable us to study the 
brain st ructures involved in economic decision-making, is 
what  has caused the emergence of neuroeconomics. 3

As neurologists, we should defi ne our role in this 
new science that  is coming into being and that  is winning 
over more and more advocates. Recent ly created 
associat ions (Society for Neuroeconomics, Associat ion for 

Neuropsychoeconomics or the Asociacion Española de 

Neuroeconomía [ASOCENE]) and the development  of more 
and more powerful brain imaging techniques foretell greater 
growth of this discipline in the coming years.

The aim of this art icle is to review the current  status of 
knowledge about  the brain st ructures 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 t imes of Aristot le in Ancient  Greece, philosophers 
and scient ists have hypothesized about  the presence of two 
brain st ructures that  defi ne almost  all human behaviour: the 
brain reward system and loss-aversion system (or risk-
aversion)4.  When a potent ial benefi t  is perceived in the 
atmosphere, the brain reward system becomes act ivated, 
and when a potent ial risk is perceived, the brain risk-aversion 
system becomes act ivated. The result ing balance between 
both systems will infl uence 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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Neuroanatomía de las decisiones fi nancieras

Resumen

Int roducción: La neuroeconomía es una nueva disciplina que estudia los procesos cere-
brales de toma de decisiones, fundamentalmente económicas y que ha adquirido un im-
portante avance en los últ imos años con el desarrollo de las modernas técnicas de neu-
roimagen, como la resonancia magnét ica cerebral funcional. Este art ículo realiza una 
revisión de la bibliografía sobre los diferentes mecanismos neurológicos implicados en la 
toma de decisiones fi nancieras, las est ructuras cerebrales involucradas y las enfermeda-
des que pueden afectarlos.
Fuent es: Realizamos una revisión no sistemát ica de la literatura, tanto en fuentes de 
información primaria (PubMed) como de información secundaria (Tripdatabase y Cochra-
ne Library). También se ut il izó bibliografía cedida por la Asociación Española de Neu-
roeconomía.
Desarrol lo: Los sistemas de recompensa cerebral y de aversión a la pérdida suponen un 
equilibrio que hará que optemos por una u ot ra decisión. En este equilibrio en el que la 
dopamina desempeña un papel primordial,  se han visto involucradas varias est ructuras 
cerebrales como la amígdala, la ínsula, la corteza prefrontal medial,  las cortezas cingu-
ladas anterior y posterior, el núcleo accumbens y el área tegmental vent ral.  Su alteración 
supone la producción de conductas fi nancieras inapropiadas como t ienen lugar en enfer-
medades tan frecuentes como la depresión, la manía, el alcoholismo, la ludopat ía o di-
versos t rastornos del cont rol de impulsos.
Conclusiones: Los neurólogos deberíamos defi nir nuest ro papel en esta ciencia pluridisci-
plinar, dada la posición de privilegio de nuest ra especialidad para estudiar el funciona-
miento cerebral, y al más que posible crecimiento que se espera que la neuroeconomía 
adquiera en un futuro cercano.
© 2010 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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neocortex. In fact , dopamine has come to be known as the 
pleasure substance, due precisely to it s involvement  in the 
brain reward system. Furthermore, this system can be 
act ivated by certain il l icit  drugs, which have come to be 
known colloquially as “ dope” , a term derived from 
dopamine.

These pathways include the mesolimbic pathway that  
runs f rom the vent ral t egmental area through the nucleus 
accumbens of  the l imbic system to the f rontal lobes, such 
as the medial prefrontal cortex and the anterior cingulate 
cortex (fi g.  1). 5,6 Each of  these st ructures wil l  become 
act ivated when faced with a dif ferent  situat ion. On the 
one hand, the nucleus accumbens wil l  become act ivated 
more when economic benefi t s are greater,  whereas the 
prefrontal cortex,  involved in calculat ion and in a great  
many cognit ive funct ions, 7 wil l  become act ivated when 
there are greater possibil it ies of  such benefi t s 
occurring. 8-10

It  has been suggest ed t hat  t he orbit o-f ront al  cort ex 
int egrat es emot ions in economic decisions. 11 It s act ivat ion 
correlat es wit h t he subj ect ive emot ional  experience 
and t he af fect ive st imul i  relat ed wit h a cert ain monet ary 
decision. 12 Lesions of  t he pref ront al  cort ex,  including 
t he orbit o-f ront al  cort ex,  int erfere wit h t he processing 
of  emot ions while sparing t he most  fundament al 
cognit ive funct ions.  These lesions produce al t erat ions in 
decision-making mechanisms t hat  compromise t he 
economic decisions of  everyday l i fe t o a large 
ext ent . 13

Greater act ivat ion of the brain reward system will lead 
to decisions aimed at  obtaining this grat ifi cat ion, which 
may be not  only monetary, but  also decisions of a very 
dif ferent  nature, such as beverage, food, smoking or sexual 
relat ions, among others.

Loss-aversion system

The loss-aversion system is less well-defi ned than the brain 
reward system, although it  is taken for granted that  certain 
st ructures such as the amygdala,  the insula,  locus ceruleus 
or the hypothalamus are involved in it .  One of  the most  
interest ing studies to address the risk-aversion system is 
that  published by Baba Shiv in 2005. 14 In that  paper, 
cont rols were compared with pat ients who had dif ferent  
t ypes of  lesions in brain areas related to loss-aversion, 
largely the amygdala and the insula.  Each of  the 
part icipants was given 20 dollars and had 20 investment  
possibil it ies on which to gamble one dollar.  If  t he pat ients 
decided not  to invest ,  t hey got  to keep the dollar and 
waited for the following round. If ,  on the cont rary,  they 
decided to invest ,  t he dollar was taken away and a coin 
was tossed in the air.  If  it  was heads, the players lost  the 
money, but  if  it  was tails,  t hey won 2.5 dollars.  Stat ist ically, 
t hose 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 t imes, would have 
25 dollars.  Therefore,  the expected benefi t  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 benefi t  is greater if  t he subj ect  always bets,  the 
most  logical choice would be to bet  in every round. 
However,  there were clear dif ferences between the 
cont rols and the pat ients with lesions in the loss-aversion 
system. The cont rol subj ects invested 57.6% of  the t imes, 
whereas up to 83.7% of  those who had lesions did so. 
Furthermore, af ter a failed investment  (the loss of  one 
dollar) only 40.7% of  the cont rols and up to 85.2% of  the 
subj ects with lesions invested in the following round, 
which also demonst rated much greater (and il logical) risk-
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Figure 1 Dopaminergic brain reward system.
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aversion in cont rol subj ects.  These dif ferences were 
part icularly not iceable in those pat ients with lesions in 
the insula,  who invested up to 91.3% of  the t imes and up 
to 96.8% in the rounds af ter losing. The fact  that  the 
pat ients with lesions in the insula had a greater tendency 
to risk their money and obtain more money overall suggests 
that  this st ructure in part icular and the loss-aversion 
system in general may be an impediment  for rat ional 
economic decision-making. Various later studies15-19 
corroborate the part icipat ion of  these st ructures in making 
decisions that  involve risk.

Several examples reveal the presence of clear loss-
aversion in economic decisions that  somet imes lead to 
taking the more mathemat ically il logical opt ion:

In one study,20 part icipants were 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 mathemat ically most  
valuable opt ion 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 part icipants 
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 opt ion when the mathemat ically safe opt ion 
would involve losing less money.

Another of the most  interest ing studies was carried out  
at  Yale University.21 The researchers t rained fi ve capuchin 
monkeys to t rade with metal coins and to be able to get  
fruit  in return.22 Two humans were in charge of t rading with 
the monkeys. When the monkeys t raded with the fi rst  
human, they received one piece of fruit  for each coin and a 
50% chance of being given another one later on. When they 
t raded 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 
t imes as to know that , stat ist ically 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 fi rst  human 71% of the t imes. The 
authors concluded that  the monkeys chose to avoid possible 
loss over possibly achieving a gain, displaying clear loss 
aversion, which appears to have a clear impact  on decision-
making. Moreover, it  has been suggested that  this behavioural 

characterist ic is present  since the fi rst  common ancestors 
before the branches of the capuchin monkeys and humans 
diverged, indicat ing a possible role in the survival as a 
species.

Although the previously ment ioned studies are among the 
most  representat ive of loss-aversion, this behaviour has 
been related to many experimental scenarios,23 as real as 
the property market ,24 consumer preferences25 or j ob 
choice.26,27

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 (fi g. 2). When a decision is 
presented as potent ial gain, the brain act ivates the reward 
system. When the decision is presented as potent ial loss, 
the loss-aversion system is act ivated. The very way in which 
the same investment  is presented will cause us to have a 
dif ferent  opinion. A “ golden opportunity”  and a “ risky, 
speculat ive investment ”  may possibly be the same 
investment , merely presented in a dif ferent  way. The 
dif ferent  act ivat ion of both brain systems will impact  how 
we perceive the investment  and our subsequent  
behaviour.28

In a recent  study,29 funct ional magnet ic resonance was 
used to determine the areas of the brain that  were act ivated 
when the subj ects made economic decisions in posit ive or 
negat ive economic contexts. These responses indicated 
relat ive specializat ion depending on the economic context . 
When the economic context  was posit ive, act ivat ion was 
seen predominant ly in st ructures involved in the brain 
reward system, such as the nucleus accumbens and the 
orbito-frontal cortex, whereas when the economic context  
was negat ive, greater act ivat ion was seen in the insula and 
the amygdala, which are related to the loss-aversion system. 
The results of this study point  to the presence of dif ferent  
pro and con brain localizat ions in decision-making that  may 
be affected by contextual factors.

One study carried out  by Knutson in 20078,30 presented 
the part icipants with several products that  they could 
purchase while cerebral magnet ic resonance was used to 
study the brain regions that  were act ivated. Each of  the 
three brain regions studied, the nucleus accumbens, 
prefrontal cortex,  and amygdala,  had a dif ferent  meaning: 
the nucleus accumbens was associated with the preference 
for an obj ect  and it s act ivat ion predicted that  the 
part icipant  was interested in the obj ect  and would 
probably buy it .  The medial prefrontal cortex was act ivated 
when prices were very low and predicted that  the 
part icipants would buy. The insula was act ivated 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 systems will defi ne our behaviour 
in light  of a given economic act ion and, as occurs in the rest  
of the body, pathologies can arise in one of them that  can 
cause the balance to t ilt  to one side or the other. Among the 
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Loss-
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Figure 2 Balance between the brain reward system and the 
loss-aversion system.



Neuroanatomy of fi nancial decisions 177

disorders that  have been involved in these systems, the 
following stand out :

1.  Depression and mania: decreased funct ion of the brain 
reward system may be behind the anhedonia and lack of 
mot ivat ion associated with depression. This hypothesis is 
founded on the evidence of reduced dopaminergic 
t ransmission in depression and decreased response of the 
reward system.31 This imbalance between both systems 
will foster a predominance of loss-aversion with a 
reduced appet ite for risk in these individuals. In manic 
pat ients, on the other hand, a dif ferent  pat tern of 
act ivat ion of the nucleus accumbens has been found, 
with less act ivat ion of this nucleus after obtaining the 
desired obj ect , which may underlie the disinhibit ion 
typically seen in this disorder.32

2.  Alcoholism: alcohol, l ike many other drugs, act ivates the 
mesolimbic dopaminergic pathway and, with chronic use, 
produces alterat ions in the brain reward system, leading 
to at rophy of the st ructures comprised in it .33 Specifi cally, 
ethanol appears to act  by means of the glycinergic 
receptors of the nucleus accumbens and through the 
nicot inic receptors of the vent ral tegmental area. 34 
Manipulat ion of these two receptor systems could 
modulate ethanol use and represent  a t reatment  for 
alcoholism.

3.  Gambling and other impulse cont rol disorders: compulsive 
gambling is the oldest  economic disorder ever described 
and was already known since Classical Greece. It  has an 
est imated 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.35 Compulsive gambling is included within a group of 
disorders known as impulse cont rol disorders and is 
characterized by a lack of sensit ivity to risk, increased 
impulsivity, and lack of self-cont rol.  Furthermore, 
compulsive gamblers display emot ional disorders such as 
depression, anxiety, and toxic substance use, above all,  
alcohol. A decrease in the number of dopamine receptors 
has been observed in the st ructures comprised in this 
system, making it  less sensit ive to the novelt ies and 
interests that  appear daily. These subj ects have been 
proven to present  a smaller increase in ant icipatory heart  
rate when facing an economic loss or gain in comparison 
to normal subj ects. They neither fear loss nor do they 
become as excited after winning as non-gamblers. This 
has also been proven through studies conducted with 
funct ional magnet ic resonance where their brain reward 
system has been shown to be less act ivated than in 
normal subj ects. This diminished act ivity of the 
dopaminergic brain reward system causes these subj ects 
to need to self-st imulate through games of chance and 
thereby momentarily increase their levels of dopamine 
and re-establish the balance with the loss-aversion 
system (fi g. 3). Curiously, compulsive gamblers also have 
decreased act ivity in the prefrontal lobe in areas of 
planning, est imat ion of t ime, calculat ion, reasoning, and 
impulse.

Disorders of the brain reward system have also been 
involved in other impulsive behaviours, such as substance 
abuse,36-38 hypersexuality,39 and even in obesity.40,41 In 

fact , the term reward defi ciency syndrome has been 
suggested to refer to the greater tendency toward 
addict ions, obsessive-compulsive disorders (addict ion to 
sex, gambling, eat ing behaviour disorders), and toward 
high-risk behaviours in subj ects suffering from it .  Subj ects 
with this disease tend to seek non-natural rewards to 
st imulate the int rinsic defi ciency of rewards and release 
dopamine to compensate dopaminergic hypoact ivity of 
the nucleus accumbens.42,43

4.  Alzheimer’s disease and other neurodegenerat ive 
diseases: the loss of abilit ies in various neurodegenerat ive 
diseases can associate a disorder in fi nancial abilit ies 
that , for the most  part ,  is under-diagnosed given that  
other symptoms predominate in these illnesses. For 
instance, altered numerical and fi nancial abilit ies are 
known to be present  in Alzheimer’s disease from the very 
earliest  stages of the disease and should be evaluated. 44,45 
With respect  to Parkinson’s disease, there is a growing 
body of evidence of the existence of various impulse 
cont rol disorders, including altered fi nancial decision-
making. They are related with being male, younger, early 
onset  of the disease, and taking dopaminergic agonists46 
and should be evaluated in all pat ients with Parkinson’s 
disease.47

Hormonal infl uences in fi nancial decision-making

There are clear dif ferences 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, part icularly young men, suf fer f rom 
a greater excess of  confi dence. A recent  study carried out  
in 17 male stockbrokers in London48 came to the conclusion 
that  when the subj ects had elevated levels of  testosterone 
in the morning, they recorded greater profi t s,  which was 
related to the fact  that  testosterone is capable of 
increasing confi dence and the taste for risk.  Another 
study49 reveals that  greater concent rat ions of  testosterone 
in women’s saliva were related with a greater taste for 
risk and with the choice of  riskier careers in the fi eld of 
fi nances.

Brain 
reward 
system Loss-

aversion 
system

Figure 3 The alterat ion of the brain reward system in gamblers 
will produce the need for greater involvement  of this system; 
consequent ly, the balance between this system and the loss-
aversion system will decompensate and foster increased risk in 
fi nancial investments.
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Another of the conclusions from these studies is that  
cort isol concent rat ions increase with the prospect  of 
obtaining a benefi t 48 and that  the high levels of this hormone 
have the opposite effect  of testosterone and cause investors 
to assume fewer risks and to be more caut ious.

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

Ideas, like yawns, are contagious. The herding effect  is the 
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 act ivit ies 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 mult itude of current  behaviour pat terns, 
from dif ferent  fashions to investor and stock market  
behaviour.50,51 Although the brain mechanisms involved in 
these social behaviours are not  clear, several possibilit ies 
have been postulated:

1.  The amygdala has been related to social decision-
making.52,53 When an individual has an independent  vision 
that  dif fers from that  of their group, the amygdala is 
highly act ivated, which might  represent  a negat ive 
emot ional charge, since the amygdala is associated with 
pain when it  dif fers from the herd’s ideology.

2.  Serotonin appears to regulate the acquisit ion of social 
behaviour. This substance is derived from an amino acid 
that  is present  in the diet , t ryptophan, and when 
t ryptophan is eliminated from the diet , serotonin levels 
in the brain fall.  A more ant isocial behaviour and 
increased personal interests over group interests have 
been found in subj ects with diets that  are poor in 
t ryptophan.54,55 There is a decrease in the act ivat ion of 
the anterior cingulate sulcus and of the orbito-frontal 
cortex, which suggests that  people with low levels of 
serotonin are less infl uenced by the herding effect .

3.  Mirror neurons become act ivated when an animal 
observes a certain act ivity in another individual, generally 
that  of their own species, as well as when carrying out  a 
given act ivity being observed in another. These have 
been ident ifi ed in several animal species, part icularly in 
primates and, of course, in human beings. It  has been 
supposed that  these neurons play an important  role in 
cognit ive abilit ies linked to learning and to social life. 56,57 
They also appear to be related with empathy, imitat ion, 
and social behaviours.58

Tendency to prediction and the price 
of surprise

Pavlov’s dogs are a classical example of the brain’s abilit y 
to predict . Pavlov associated a st imulus to the dogs’  food. 
After several days of carrying out  the same operat ion, he 
proved that  the dogs salivated with only the sound of the 
bell and without  being given any food.59 The brain’s tendency 
to make predict ions is also related to dopamine and the 

brain reward system. After performing a given act ion for 
which we have received a benefi t ,  whether economic or 
not , our dopaminergic reward system will be act ivated. 
This, on the one hand, will foster learning and on the other 
hand, will reinforce the pat terns of behaviour that  have led 
to the circumstances through which we have obtained the 
benefi t .60

The capacity to be surprised appears to be a t rait  that  is 
quite specifi c to human beings and sets them apart  from 
other animals. Humans and the large apes are among the 
few animals that  have a special kind of neuron called spindle 
cells that  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  dif ferent  act ivat ion 
pat terns.61

The spindle cells of the anterior cingulate cortex process 
and integrate huge amounts of informat ion in a very short  
period of t ime and make it  possible to respond very quickly. 
Thus, it  is an intuit ive system, the peculiarity of which is 
the speed of response. According to the studies conducted 
by Allman,62 this system does not  seek an ideal response, 
but  simply survival. When homo sapiens were taking their 
fi rst  steps, it  was more important  to recognize mistakes as 
quickly as possible than to recognize successes, and 
dist inguishing one small error might  be the dif ference 
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 act ivate much more in 
terms of both number and intensity than when the surprise 
is posit ive and more money was won than init ially foreseen, 
once again reinforcing the not ion that  what  mat tered to the 
Palaeolithic brain was the ident ifi cat ion of negat ive surprises 
with the aim of staying alive.63-65 This asymmetry in money 
management  has a clear applicat ion in fi nancial investments. 
Our brain will be more predisposed to react ing quickly, 
intensely, and irrat ionally to a negat ive piece of news than 
to a posit ive piece of news.

Excessive confi dence

Another bias that  cont inually occurs in fi nancial decision-
making is the excess of confi dence and the il lusion of 
knowledge. In an experiment  carried out  in Seat t le, two 
psychiat rists66 asked a group of drivers about  their abilit y 
behind the wheel the last  t ime 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 admit ted for 
causes related to a motor vehicle accident . Moreover, 
according to the Seat t le police, 68% of those drivers had 
been direct ly responsible for their accidents; 58% had t raffi c 
fi nes, 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.67



Neuroanatomy of fi nancial decisions 179

A recent  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. 12 When this area becomes act ivated, it  is a 
signal that  the individual is headed in the right  direct ion 
to achieve his or her goals and it  st rengthens the means by 
which this act ivat ion has occurred. This means we pay less 
and less at tent ion to the potent ial dangers of  our 
decisions.

The medial prefrontal cortex is act ivated by many ways 
other than money. Any product  that  we like (coffee, beer, 
smoking, or an at t ract ive person) is capable of act ivat ing 
the prefrontal cortex, which is why its act ivat ion only 
indicates sat isfact ion with the product . Some drugs, such as 
cocaine or amphetamines, act ivate this brain region, 
bringing about  a false feeling of pleasure.

The brain is going to generate signals to favour the 
behaviour that  leads to rewards. When a reward is at tained, 
the dopaminergic neurons fostering the behaviour that  has 
brought  about  this reward are act ivated. These dopaminergic 
neurons act  on the medial prefrontal cortex.68 When these 
behaviours no longer lead to a reward, noradrenalin is 
released, a substance that  st imulates the search for new 
opportunit ies.

When investors have achieved good results for one or two 
years, they become confi dent  and believe that  they are 
going to cont inue 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). 69 
However, these professionals have serious diffi cult ies in 
maintaining their at tent ion to risk. This combinat ion of 
neurot ransmit ters (act ivat ion of the dopaminergic system 
and decrease of the noradrenergic system) make the 
investors careless when facing certain events such as 
economic bubbles with disast rous outcomes.70

Conclusions

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

The st ructures involved to a greater degree in fi nancial 
decision-making are the amygdala, the insula, the medial 
prefrontal cortex, the anterior and posterior cingulate 
cort ices, the nucleus accumbens, and the vent ral tegmental 
area. These st ructures and others that  have yet  to be 
related to decision-making will be studied in great  depth in 
the years to come, given the important  pract ical applicat ions 
of this new science.

As neurologists, we should defi ne our role in this 
interdisciplinary science, given the privileged posit ion of 
our specialty to study brain funct ioning and the more than 
likely growth neuroeconomics is predicted to undergo in the 
near future.
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