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The Brain Volume of NAcc Might Predict Individual Financial
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ABSTRACT: Both mammal neurochemical and human imaging studies suggested that the nucleus accumbens (NAcc) could affect
risk preference by expecting risk benefits. However, few studies addressed the relationship between individual financial risk preference
and the NAcc structure in the brain. In this study, the contribution of the NAcc volume and individual financial risk preference was
examined by the domain specific risk taking scale and FIRST imaging tool (FMRIB's integrated registration and segmentation tool). The
result suggested that the volume of NAcc may underlie human financial risk preference traits.
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Introduction
Lots of studies implicated that the nucleus accumbens (NAcc)

is relevant to reward expectation. Mammal neurochemical and
electrophysiological studies found that dopamine release occurred
more robustly in the NAcc during reward expectation than reward
presentation [1-3]. Human functional MRI (fMRI) studies also
showed that this region activated when participants expected re-
wards. For example, a monetary reward and punishment experi-
ment found that NAcc could code for the expected positive incen-
tive [4]. Another study observed both monetary and social reward
expectation would activate the NAcc [5].

Likewise, a widely observed phenomenon in risk-based deci-
sion making is that the risk preference could be influenced by its
accompanying reward expectation. The psychological risk-return
framework proposed that one's preference for risky options is a
trade-off between the expected rewards and the perceptible riski-
ness [6,7].

Thus, it was not surprising that the NAcc has much to do with
risk preference. Neurological studies suggested that the brain re-
gions, which were recruited by reward processing, also played an
important role in the risk-based decision-making [8-10]. Cardianl and
Howes found the NAcc-lesioned rats revealed a risk-averse pattern
of choice behavior [8], whereas the ones with intact NAcc function
biased the choice toward large potential rewards, even though this
behavior would bring a greater risk [10]. The NAcc also took part in
the human risk-based decision making process. For example, one
fMRI study showed bilateral NAcc were more activated when se-
lecting large gain than selecting small option for the higher expect-
ed rewards [11]. Moreover, another study examined the investors'
systematical errors when they made financial decisions. The re-

sults showed the activation of NAcc could lead to a risk-seeking
mistake which participants overestimated the profit of the invest-
ment, whereas the activation of insula might result in a risk-aver-
sion mistake which was caused by underestimating the profit of
the investment [12].

Although previous research focused on the NAcc role in the
reward expectation and its influence on risk-based preferences, to
our knowledge, no prior work addressed whether different volume
of NAcc would cause different individual financial risk prefer-
ences by affecting the expectation of financial rewards.

In recent years, the development of advanced brain imaging
technology made it possible to explore the relationship between
personality and structure of specific brain regions. For example,
the greater temporal cortical gray matter volumes implied the high-
er self-transcendence [13], the larger brain volume implied the lower
neuroticism [14], the lower supplementary motor area gray matter
volume density implied the weaker self-control [15]. As a stable per-
sonality trait [6,16], some studies have already investigated the rela-
tionship between brain structure and attitude to reward expecta-
tion [17-19]. However, most of these studies did not distinguish the
different domains of reward expectation attitude and did not ex-
tend their results to the individual risk preference which was close-
ly related the individual reward expectation attitude.

Reward expectation attitude and risk preference were differ-
ent in specific domain. Slovic et al. proposed "one can expect to
find differences in the perception of risks and benefits in these dif-
ferent domains of decisions because decisions in these domains
score differently on the psychological risk dimensions" [6,20].

In the present study, we hypothesized tha t the volume of
NAcc would predict individual financial risk preference indirectly
by influencing reward expectation.
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1 Method
1.1 Participants

Sixteen undergraduate students from University of Oregon
participated in this study (8 female and 8 male, right-handed, mean
age±SD=21.5±1.71). All subjects provided informed consent,
consistent with IRB guidelines, and were free of any neurological
or psychological disorder.

Their attitude of financial risk preference and its accompany-
ing reward expectation were measured by the DOSPERT (The Do-
main Specific Risk-Taking Scale) scale [7], which is a psychometric
tool used to measure domain specific risk preference and the ex-
pected benefits.
1.2 MRI data acquisition

MR imaging was performed on a Siemens Allegra 3.0 Tesla
scanner (Siemens Sonata, Erlangen, Germany). The high-resolu-
tion T1-weighted image was acquired in each participant
(TR=2500, TE=4.38, Slice Thickness= 1, flip angle = 8°).
1.3 Data analysis

Two subjects' data were excluded from analysis for the struc-
ture images or questionnaire missing reasons.

All MR data processing occurred with FIRST (FMRIB's Inte-
grated Registration and Segmentation Tool http://www.fmrib.ox.
ac.uk/fsl/first/index.html), which is a semiautomated model-based
subcortical segmentation tool under the Bayesian framework. This
method carried out a two-stage affine registration to the MNI152
standard space with 1 mm resolution using 12 degrees of freedom
and a subcortical mask to exclude voxels outside the subcortical
regions. Then, the left and right NAcc were segmented based on
shape models and voxel intensities. Finally a boundary correction
took place to verify whether the boundary voxels belong to the
structure based on a statistical probability. Previous studies have
successfully used this technique to acquire the volume of putamen
and thalamus in Alzheimer's disease patients [21].

SPSS 16.0 was used to do statistical analysis of NAcc vol-
ume, financial preference and expected financial rewards. Normal-
ity was tested by Kolmogorov-Smirnov method to determine ap-
propriateness of statistical methods. Pearson correlations were
used to examine the relationship between variables. Finally, re-
gression models were used to assess the contribution of NAcc vol-
ume in predicting expectation of risk benefit and risk preference.

2 Results
The results of Kolmogorov-Smirnov test showed that all vari-

ables followed the normal distributions. The reward expectation
revealed significant correlations with the volume of NAcc (Pear-
son correlation coefficient=0.731, P=0.003) and the risk prefer-
ence (Pearson correlation coefficient=0.666, P=0.009), whereas
the correlation between the volume of NAcc and risk preference
was not significant (Pearson Correlation coefficient=0.495, P=0.
072).

To obtain the contribution of the NAcc volume in predicting

the risk preference, the regression model was applied. As shown in
Figure 1, there was a direct contribution from the volume of NAcc
to the reward expectation and from the reward expectation to the
risk preference. The volume of NAcc and the risk preference could
be connected with the reward expectation by an indirect path with
the path coefficient 0.731*0.666=0.486.

3 Discussion
To our knowledge, this is the first study demonstrating the

volume of NAcc could predict financial risk preference with medi-
ation by the attitude of financial reward expectation.

The DOSPERT scale was applied to obtain individual attitude
of financial risk preference and financial reward expectation.
Thus, this study avoided the problems of previous studies which
mixed diverse domains of reward attitudes together, and expanded
the results to individual risk preference.

The present results were compatible with many previous
studies about the relationship between the structure of NAcc and
reward attitude. For instant, Lebreton et al. found that the social re-
ward dependence had a positive correlation with the gray matter
density of basis ganglia [17] and the results of Cohen et al. suggested
the different strengths of limbic-striatal fibers could predict indi-
vidual differences in novelty seeking [19]. However, another study
obtained a different result that a reduced volume in the striatum
might be associated with enhanced reward sensitivity measured by
the sensitivity to reward scale [18]. Considering the risk preferences
and the benefit expectations were specialized into different do-
mains, our results might be more robust in financial domain.

Some limitations to this work should be considered. The la-
tent variables were not used to represent variables to remove the
measurement errors for the limited number of MR participants in
the present study. The perception of riskiness, which is another in-
dependent variable in risk-return framework, was not examined for
the methodology reasons of the FMRIB's integrated registration
and segmentation tool. This tool could not segment the cortex re-
gions, including anterior medial prefrontal cortex, ventral anterior
cingulate and posterior cingulate, which was relating to perceiving
riskiness [22].

Fig.1 The relationships among volume of NACC, reward expectation and
risk preference
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4 Conclusion
Our results indicated the volume of NAcc could indirectly

contribute to financial risk preference by affecting the financial re-
ward expectation.
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大脑伏隔核体积可能预测个人金融风险偏好 *
鹿麒麟 1 唐一源 1,2△

（1大连理工大学，神经信息研究所 辽宁大连 116024；2俄勒冈大学，心理系 美国俄勒冈 97403）

摘要：以往的研究发现：大脑伏隔核参与了期望收益的判断过程，继而影响了风险决策。但目前还没有研究表明，伏隔核结构是否
与个体的其风险偏好有关。本研究通过使用 "特定领域风险量表 "以及 "FIRST"软件包来研究：个体伏隔核体积差异是否可以导
致不同的风险偏好。试验结果表明，伏隔核体积对个体金融风险偏好有一定贡献。
关键词：伏隔核，磁共振成像，金融风险偏好
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