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The neural substrates of risky rewards and losses in healthy
volunteers
and patient groups: a PET imaging study
Introduction
Risk is an essential trait of most daily
decisions. Our behaviour when faced with
risks involves evaluation of many factors
including the outcome probabilities, the
valence (gains or losses) and past
experiences. Several psychiatric disorders
belonging to distinct diagnostic categories,
including obsessive-compulsive disorder,
pathological gambling and addiction, show
pathological risk-taking and implicate
abnormal dopaminergic, opioidergic and
serotonergic neurotransmission. In this
study, we adopted a trans diagnostic
approach to delineate the neurochemical
substrates of decision making under risk.

Method

We recruited thirty-nine participants, including
17 healthy controls, 15 pathological gamblers
and 7 binge eating disorder patients, who
completed an anticipatory risk-taking task.
Separately, participants underwent positron
emission omography (PET) imaging with three
ligands, [18F]fluoroDOPA, [11C]MADAM and
[11C]carfentanil
to
assess
presynaptic
dopamine synthesis capacity and serotonin
transporter and mu-opioid receptor binding
respectively.

Results
Across all subjects, the best fitting model
for risk-taking to reward (F=6.63, p=0.002)
was positively correlated with dorsal
cingulate
[11C]carfentanil
binding
(beta=0.501, F=3.27, p=0.003). The
positive correlation between risk-taking to
reward and insula [11C]MADAM binding
(beta=0.59, F=2.47, p=0.02), and negative
correlation
with
VMPFC/mOFC
[11C]MADAM binding (beta=-0.49, F=2.09, p=0.047) did not survive corrections
for multiple comparisons.

Across all subjects, the best fitting model for risk-taking to loss
(F=11.02, p=0.003) was positively correlated with striatal
[11C]MADAM binding (beta=0.53, F=3.32, p=0.003). We then
tested ventral striatal, caudate and putamen [11C]MADAM binding
in a single multiple regression analysis with risk-taking to loss to
assess striatal specificity including caudate, putamen and ventral
striatum. The best fitting model for risk-taking to loss was positively
correlated with caudate (beta=0.31, F=1.79, p=0.08) and putamen
[11C]MADAM binding (beta=0.32, F=1.85, p=0.07) (F=6.55,
p=0.004).

Figure 3. Striatal and rostral cingulate gyrus Regions of Interest (ROIs)
Regions of interest (ROIs) in striatum and rostral cingulate gyrus as delineated with
FreeSurfer software from individual T1-weighted MR images.

Conclusion
Aim
We recruited thirty-nine participants,
including seventeen healthy controls,
fifteen
patients
with
pathological
gambling and seven binge eating
disorder patients, who completed an
anticipatory risk-taking task. Separately,
participants
underwent
positron
emission tomography (PET) imaging
with three ligands, [18F]fluoroDOPA,
[11C]MADAM and [11C]carfentanil to
assess presynaptic dopamine synthesis
capacity and serotonin transporter and
mu-opioid receptor binding respectively.

Figure 1. Adaptive risk-taking task
Risk-taking task

Participants were separately tested on an anticipatory
risk-taking task for reward and loss outcomes. The task,
involved choosing between a certain option and a
gamble in two valence versions; reward and loss.
Participants were instructed that if they chose the
gamble, the computer would randomly select a ball from
the jar filled with red and blue balls. If the ball was red,
participants would win (or lose) the specified amount on
top of the jar. If the ball was blue, participants would not
win (or lose) any amount. The reward probabilities
varied on four different levels, p= 0.1, 0.3, 0.5, 0.9,
represented by the number of red balls (compared to blue
ones) in the jar, with five expected values for each level,
E= £10, £50, £100, £500, £1000, thus giving a total of
twenty prospects.

Figure 2. Risk taking tendencies and neurochemical
binding potential
The regression plots show the relationship between risk taking
propensities for reward (left) and loss (right) and striatal
[11C]carfentanil and dorsal cingulate [11C]MADAM binding
propensities respectively in healthy volunteers (HV),
pathological gamblers (PG) and binge eating disorder (BED)
subjects.

We show distinct neurochemical substrates underlying
risk-taking with the dorsal cingulate cortex mu-opioid
receptor binding associated with rewards and dorsal
striatal serotonin transporter binding associated with
losses. We highlight distinct neurochemical and
anatomical substrates as a function of valence within risktaking and goal-directed control processes. Our findings
have implications for the effects of illicit drugs and
pharmaceutical agents on risk taking tendencies and
highlight the potential role of pharmacological agents or
neuromodulation on modifying risk taking biases.
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