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Abstract

Background: Neuroticism is a heritable trait that contributes to the vulnerability to depression.
We used polygenic risk scores (PRS) to examine genetic vulnerability to neuroticism and its
associations with reward/punishment processing in a clinical sample with mood, anxiety, and
substance use disorders. It was hypothesized that higher PRS for neuroticism is associated with
attenuated neural responses to reward/punishment.

Method: Four hundred sixty-nine participants were genotyped and their PRSs for neuroticism
were computed. Associations between PRS for neuroticism and anticipatory processing of
monetary incentives were examined using functional magnetic resonance imaging.

Results: Individuals with higher PRS for neuroticism showed less anticipatory activation in the
left amygdala and caudate region to incentives regardless of incentive valence. Further, these
individuals exhibited altered sensitivity to gain/loss processing in the right anterior insula. Higher
PRSs for neuroticism were also associated with reduced processing of gains in the precuneus.

Limitations: The study population consisted of a transdiagnostic sample with dysfunctions in
positive and negative valence processing. PRS for neuroticism may be correlated with current
clinical symptoms due to the vulnerability to psychiatric disorders.

Conclusions: Greater genetic loading for neuroticism was associated with attenuated
anticipatory responsiveness in reward/punishment processing with altered sensitivity to valences.
Thus, a higher genetic risk for neuroticism may limit the degree to which positive and/or negative
outcomes influence the current mood state, which may contribute to the development of positive
and negative affective dysfunctions in individuals with mood, anxiety, and addictive disorders.
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1. Introduction

Neuroticism is a heritable personality trait considered to be a risk factor for developing
major depression, anxiety disorders, and other psychiatric disorders (Kotov et al., 2010;
Malouff et al., 2005; Ormel et al., 2013). Individual difference in neuroticism is associated
with differences in affective processing. It has been posited that neuroticism contributes to
greater sensitivity to negative stimuli, resulting in high emotional arousal and emotional
response to negative stimuli (Costa & McCrae, 1980, 2008; Suls & Martin, 2005; Wilson et
al., 2006). As individuals with neuroticism are also more sensitive to potential loss, they tend
to avoid risk (Lahey, 2009; Widiger & Oltmanns, 2017). At the neural level, neuroticism
was associated with increased amygdala activation to emotional stimuli (Cremers et al.,
2010; Servaas et al., 2013; Stein et al., 2007) and risk-taking decisions (Paulus et al., 2003;
Preuschoff et al., 2008; Von Siebenthal et al, 2020). These results indicate that neuroticism is
characterized by altered processing of negative affect at both behavioral and neural levels.

In addition, psychiatric disorders with high neuroticism are known for blunted responsivity
to positive stimuli (Alloy et al., 2016; Nelson et al., 2013). A growing body of neuroimaging
literature has shown decreased neural responses to reward as well as altered neural reward
circuitry in depression (Luking et al., 2016; Pechtel et al., 2013; Robbins, 2016), anxiety
(Elman et al., 2009; Guyer et al, 2012; Sailer et al., 2008), and substance use disorders
(Cooper et al., 2017; Volkow et al., 2010). These findings suggest that neuroticism could

be associated with positive affective dysfunction as well as negative affective dysfunction.
However, the direct investigation on neuroticism and altered processing of positive affect is
rather scarce, except for recent studies on altered electrophysiological sensitivity to reward
and inappropriate use of reward information with increased neuroticism (Rupprechter et al.,
2020; Speed et al., 2018).

While neuroticism has been predominantly associated with high sensitivity to negative
affect, stress, threat, and the proneness to adverse life outcomes (Lahey, 2009; Ozer &
Benet-Martinez, 2006), the study findings on altered processing of reward with neuroticism
imply that neuroticism may underlie altered sensitivity to reward/punishment. Altered
approach-avoidance behavior with compromised sensitivity to reward/punishment has been
considered as one of the dysfunctional characteristics of various psychiatric disorders
(Aupperle & Paulus, 2010, Ironside et al., 2020; Nelson et al., 2013). Neuroticism

may mediate altered approach-avoidance behavior via differential sensitivity to reward/
punishment with dysfunctional valence processing. Nonetheless, it is unknown whether
neuroticism influences neural processing of sensitivity to reward/punishment through
valence responsivity, despite the importance of understanding neuroticism in relation to
the vulnerability for psychiatric disorders.

Since Eysenck and Prell’s (1951) seminal article, heredity is considered to contribute to
individual differences in neuroticism (Nagel et al., 2018a; Smith et al., 2016). Previous
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studies have shown substantial genetic associations between neuroticism and psychiatric
disorders (Hettema et al., 2006; Okbay et al., 2016). The association between neuroticism
and differential depression treatment outcomes is also thought to be mediated by genetic
factors (de Moor et al, 2012; Kendler et al., 1993). Personality traits are known to

be polygenic, in which multiple genes collectively contribute to the effect of the trait,
accounting for small variances across the genome (Amare et al., 2018; Zwir et al., 2019). In
this regard, the polygenic risk score (PRS) can be a useful tool for investigating neuroticism.
Using the PRS approach, we investigated whether genetic risk for neuroticism modulated
the processing of gain (i.e., reward) and loss (i.e., threat of punishment) (hereafter reward
processing inclusively) on a monetary incentive task with functional magnetic resonance
imaging (fMRI). Due to the importance of the motivational component in reward processing,
we focused on anticipatory neural responses to incentive cues. The present study included

a transdiagnostic group along with healthy controls to examine how a range of genetic
propensity for neuroticism was associated with reward processing in the broad context of
psychopathology beyond depression and anxiety, along with healthy individuals.

We investigated (1) the association of PRS for neuroticism with reward processing across
valence (gain & loss); (2) the association of PRS for neuroticism with sensitivity to reward/
punishment by comparing motivational valence (gain vs. loss); and (3) the association

of PRS for neuroticism with the processing of each valence (gain or loss). In light

of previous studies showing attenuated reward processing in individuals with mood and
anxiety disorders, we hypothesized that PRS for neuroticism would modulate overall neural
responses to monetary incentives. We also predicted that relative sensitivity to motivational
valence would be moderated by PRS for neuroticism. Further, we expected altered reward
responsivity by incentive valence with PRS for neuroticism. Given the exploratory nature
of the study, a whole-brain approach was adopted for studying the relationship between
polygenic risk for neuroticism and neural reward processing.

2. METHODS AND MATERIALS

Participants

The participants in this study were from the first 500 participants in the Tulsa-1000 (T-1000)
cohort, a naturalistic study that aimed to longitudinally follow 1000 individuals with mood,
anxiety, substance use, and/or eating disorders, as well as healthy volunteers (Victor et al.,
2018). Target population individuals were considered eligible for the T-1000 study if they
fulfilled any of the following criteria: Patient Health Questionnaire (PHQ-9: Kroenke et al.,
2001) = 10 and/or Overall Anxiety Severity and Impairment Scale (OASIS: Campbell-Sills
etal., 2009) = 8, and/or Drug Abuse Screening Test (DAST-10: McCabe et al., 2006)

score > 2, and/or Eating Disorder Screen (SCOFF: Morgan et al., 2000) score = 2. Healthy
controls were individuals who did not screen positive for the inclusion measures. Exclusion
criteria of the T1000 study were (1) positive results on a drug screening test; (2) lifetime
bipolar, schizophrenia spectrum, antisocial personality, or obsessive-compulsive disorders;
(3) active suicidal ideation; (4) moderate to severe traumatic brain injury; (5) severe/unstable
medical concerns; (6) change in psychiatric medication dose in the last 6 weeks; and

(7) MRI contraindications. Participants provided written informed consent and received
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financial compensation for their involvement. All procedures were approved by the Western
Institutional Review Board. The present study was based on the data from 469 participants
after excluding those with excessive head-motion (n = 11) or incomplete genetic or MRI
data (n = 20). Participants’ demographic and clinical information is displayed in Table 1.

Polygenic Risk Score (PRS) for neuroticism—~Participants’ blood samples were
genotyped by RUCDR Infinite Biologics using Illumina Infinium Global Screening
Array-24 (v.2.0) BeadChip arrays. The McCarthy Group Tool (HRC or 1000G Imputation
preparation and checking, v.4.2.11) was used to compare genotypes to the Haplotype
Reference Consortium (HRC) release 1.1 reference panel to check for mismatches in the
strand, ID names, position, alleles, and ref/alt assignments. The resultant sample data

were subjected to quality control using PLINK (v.1.9, https://www.cog-genomics.org/plink2;
v.2.0, https://www.cog-genomics.org/plink/2.0) at the Laureate Institute for Brain Research.
SNPs were excluded if (1) call rates were lower than 2%; (2) SNPs were duplicated; (3)
SNPs did not meet Hardy-Weinberg equilibrium. Individuals were also excluded if closely
related participants (z > 0.2) were identified within the sample. Imputation was performed
using the Michigan Imputation Server (Das et al., 2016). Genome information was imputed
from 569,641 to 40,359,612 SNPs.

The base data describing the strength and significance of the association of each SNP with
neuroticism was obtained from a genome-wide association study (GWAS) performed by the
Center for Neurogenomics and Cognitive Research Complex Trait Genetics Lab on data
from the UK Biobank (Nagel et al., 2018b). Neuroticism was quantified in the base data as
a neuroticism sum score of 12 items. The GWAS was conducted using 380,060 participants,
and the resulting GWAS summary included 10,846,943 SNPs. PRS for neuroticism was
derived using the software PRSice-2 (Choi et al., 2019). Clumping was performed in PRSice
to account for linkage disequilibrium (LD) between SNPs using standard parameters (250
kilobases, r2 = 0.1, p = 1), and 144,443 SNPs remained after clumping. The p-values
provided in the GWAS summary were used to determine which SNPs to include in the
calculation of the PRS. Several p-value thresholds were considered (5*1078, 5*1077, 5*1076,
5*1075, 5*1074, 0.001, 0.005, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, & 1), and each resulting PRS

was compared to participant neuroticism score from the Big Five Inventory (BFI). Because
the thresholds between 0.05 and 1 shared comparable fit to the phenotype (Supplementary
Figure 1), with no a-priori method to determine the best threshold, we opted to choose the
most stringent threshold of 0.05 among the thresholds that explained greater than 0.025

of the variance. Principle Component Analysis (PCA) was used to adjust for population
stratification (FlashPCA2, Abraham et al., 2017). PRSs for neuroticism were standardized
across participants (M =0, SD = 1).

MID task—The Monetary Incentive Delay task (MID) was used as an imaging experiment
paradigm for investigating reward-related neural activity (Knutson et al., 2001). The study
design included valence (2: gain, loss) x magnitude (3: high, low, no) of the incentive
resulting in 6 incentive conditions: high-gain (+$5), low-gain (+$1), no-gain (+$0), high-loss
(-$5), low-loss (-$1), and no-loss (-$0). On each trial, participants were presented a visual
object cue (2 s) in which the shape of the cue indicated valence (circle: gain, square: loss)
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https://www.cog-genomics.org/plink2
https://www.cog-genomics.org/plink/2.0

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Park et al.

Page 5

and the position of a horizontal line in the cue indicated magnitude (top: $5, middle: $1,
bottom: $0). Following a varied delay period (2.25 -3 s), a target (triangle) prompted a
button-press response. Participants were instructed to respond to the target as fast as they
could, for either obtaining potential gain or avoiding potential loss. The target duration was
calibrated to each participant such that participants would succeed on approximately 66% of
trials. Feedback (2 s) followed the target and indicated the outcome (i.e., amount earned or
lost). The task was comprised of two runs totaling 90 trials with 15 trials per condition (~19
m). Participants performed the task in the scanner.

Neuroimaging data acquisition and preprocessing—Two identical GE MR750
3T scanners in the same site equipped with 8 RF channel phased array coils were used

to acquire both T1-weighted 3D high-resolution anatomical images (MP-RAGE pulse
sequence, FOV 240 x 192mm, TR/TE = 5/2.012ms, 186 axial slices) and T2*-weighted
echo-planar images (flip angle 78°, FOV 240 x 240mm, TR/TE = 2000/27ms, axial plane)
per volume. Each volume comprised of 39 slices (2.9mm thick, 1.875 x 1.875mm voxels)
acquired in an interleaved sequence. Functional imaging data were collected in two runs,
each with 281 volumes (~ 9m 225s).

Preprocessing and statistical analyses of MRI data were performed using the Analysis

of Functional Neurolmages software suite (AFNI, https://afni.nimh.nih.gov/). The first 3
EPI volumes were discarded for signal stabilization. For preprocessing, imaging data were
despiked, slice-time corrected to the first slice, co-registered to a T1-weighted anatomical
image, and motion-corrected. Time points with large head movements were censored
(ENORM > 0.3). Imaging data were also normalized to the standard MNI space with
resampling of 2-mm isotropic voxels and smoothed with an isotropic 4-mm FWHM
Gaussian kernel.

Data analysis

A two-level general linear model was employed to analyze functional imaging data focused
on neural responses to incentive cues during delay periods. First, six event regressors were
constructed on a subject to model the response for an upcoming incentive: high-gain (+
$5), low-gain (+$1), no-gain (+$0), high-loss (-$5), low-loss (-$1), and no-loss (-$0). The
BOLD response to an incentive cue was convolved with a delta function for 4-s spanning
from the presentation of the cue. Regressors of noninterest were included for the first four
polynomial terms and the six motion parameters. For the group-level analyses, the contrasts
of incentive valences were constructed by comparing high-incentive to no-incentive trials:
gain (+$5 > +$0) and loss (-$5 > -$0). Then, the relationship between PRS for neuroticism
and anticipatory reward processing was examined using a multivariate ANCOVA model
(3dMVM) with age, sex, and race as covariates.! That means, the gain and loss contrasts

of valence served as two events-of-interests varied by PRS for neuroticism with other
covariates in the analysis model (within-subject: valence (2), between-subject: PRS, age,
sex, race). The main effect of PRS for neuroticism was estimated by collapsing valences. An

1An alternative model in which 10 principal components for population stratification were used instead of race yielded similar patterns
of results with smaller number of voxels.
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interaction between PRS and valence was estimated by comparing the difference between
gain versus loss by PRS. The effect of PRS for neuroticism was also estimated to each
valence, gain and loss. A cluster-extent threshold of a < .05 (k> 43) was set based on the
estimated ACF parameters of the group level error terms using 3dFWHMXx and 3dClustSim
with a voxel-wise threshold of p < .001. Cluster effects were further examined for each
valence following a-priori hypotheses by extracting beta coefficients from suprathreshold
clusters and applying the same model as was used for voxel-wise statistics. In addition,

the association between cluster activation and psychiatric symptom severity (depression

& anxiety) was also examined to see the relationship of genetic risk for neuroticism in
depression and anxiety disorders. Besides, a supplementary model was constructed with the
addition of an individual’s psychiatric diagnosis as a covariate to see if a psychiatric disorder
contributed to the effect of PRS for neuroticism. Except for the inclusion of psychiatric
diagnosis in the model, all statistical procedures were identical to those of the main model
described above. Behavioral data, hit responses and reaction times (RT), were also analyzed
analogously to the analysis of imaging data.

3. RESULTS

Participant characteristics.

Both treatment-seeking individuals and healthy volunteers participated in the study.
PRSs for neuroticism were higher in treatment-seeking individuals compared to healthy
volunteers (Table 1). Treatment-seeking individuals also showed higher neuroticism on
BFI-Neuroticism. These individuals were more depressed and more anxious than healthy
volunteers.2

Behavioral results.

Hit responses and RTSs to cues by valence and magnitude are shown in Supplementary Table
2.3 Participants made more hits to $5 trials than $0 trials, A1,464] = 5.36, p = 0.01, gpz

= 0.0045 [95% CI: 0, 0.01]. The interaction between valence and magnitude in hits was
significant A1,464] = 4.77, p= .03, 5,2 = 0.0034 [95% ClI: 0, 0.01], but participants made
more hits to gain trials only marginally, p = .05. Participants responded faster to gains than
losses, A1,464] = 10.62, p=0.001, gpz =0.0076 [95% CI: 0, 0.02]. An interaction showed
that participants responded to gains faster in $5 trials, A1,464] = 12.62, p< 0.001, p,~ =
0.009 [95% CI: 0, 0.02]. PRS for neuroticism was related to neither hits nor RTs (s > .25).
The amount earned was also not related to PRS for neuroticism (p > .57).

fMRI results.

Neural correlates of PRS for neuroticism in reward processing across the valence of
incentives (gain & loss) were found with diminished anticipatory activity for an upcoming
incentive in the basolateral part of the left amygdala (-23,-7,-21), standardized = —0.2048
[95% CI: —0.2938, —0.1158], f467] = —4.52, and the region adjacent to the left caudate

tail (—29,-37,23), standardized = —0.2086 [95% CI: -0.2975, —0.1197], 467] = —4.61

2Participant information by each group is shown in Supplementary Table 1.
Four participants were removed from analysis (n=465) due to incomplete behavioral data
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as shown in Figure 1. Follow-up tests showed that neural activations corresponding to
anticipatory gain processing and loss processing were also reduced with the increase of
PRSs for neuroticism in the amygdala (gain: standardized = —0.1877 [95% CI: —0.2770,
-0.0983], 467] = —-4.13; loss: standardized = —0.1507 [95% CI: —0.2406, —0.0608],
f467] = —3.29) and the caudate tail area (gain: standardized = -0.1820 [95% CI: —0.2714,
-0.0926], 1467] = —4.00; loss: standardized B = —0.1427 [95% CI: —0.2327, —0.0527],
4467] = -3.12). In addition, those individuals with greater neural activity in the caudate

tail region reported lower scores on depression (PHQ-9) and anxiety (OASIS) as well as
BFI-Neuroticism (Figure 2).

To examine the sensitivity to reward/punishment (gain vs. loss) we investigated the
interaction between PRS and incentive valence. A large cluster in the dorsal anterior to the
middle part of the right insula (35,31,5; 168 voxels) showed the association between PRS
for neuroticism and sensitivity to gain versus loss during the delay period, standardized g
=-0.2312 [95% CI: —-0.3197, —0.1428], {467] = —5.14 (Figure 3). Specifically, individuals
with high PRS for neuroticism showed greater activation to loss relative to gain. Further,
individuals with high PRS for neuroticism relative to low neuroticism PRS showed less
activation to anticipating gains (standardized g = -0.1514 [95% CI: —0.2413, -0.0615],
{467] = -3.31) but showed slightly more activation to anticipating losses (standardized
B=0.1219 [95% CI: 0.0316, 0.2121], f467] = 2.65). At the same time, high PRS for
neuroticism individuals showed slightly larger activation to anticipating the positive neutral
condition (+3$0) and slightly less activation to anticipating the negative neutral condition
(-$0). Taken together, these results show that the anterior insula in individuals with high PRS
for neuroticism is more sensitive to anticipating losses than gains.

The relationship between PRS for neuroticism and valence processing was probed for gain
and loss, individually. PRS for neuroticism was inversely associated with activation to

the cue signaling potential gain in the posterior part of the right precuneus (11,-57,27),
Standardized g = -0.2028 [95% CI: —0.2919, -0.1138], {467] = —4.48 (Figure 4). However,
the examination of PRS for neuroticism and anticipatory loss processing did not yield any
significant cluster. Moreover, the supplementary model with psychiatric diagnosis yielded
similar patterns of findings described above (Supplementary Figure 2).

4. DISCUSSION

This study investigated the association of polygenic risk for neuroticism with neural
processing to reward or punishment using an fMRI paradigm of monetary incentives

with a group of treatment-seeking individuals and healthy volunteers. The present study
yielded three key findings. First, individuals with higher PRSs for neuroticism showed lower
activations in the amygdala and caudate regions during anticipation of incentives regardless
of gain or loss. Second, individuals with higher PRSs for neuroticism exhibited altered
neural sensitivity between gain cues versus loss cues in the right anterior insula. Third,
individuals with higher PRS for neuroticism revealed attenuated anticipatory responses to
gains in the right precuneus. Taken together, these findings suggest that individuals with
high genetic loading for neuroticism are less sensitive to anticipatory gains and losses in
subcortical regions but are more sensitive to losses in the anterior insular cortex.

J Affect Disord. Author manuscript; available in PMC 2022 October 01.
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Based on the MID neuroimaging data, there was an inverse relationship between PRSs for
neuroticism and neural activity for reward processing was found in the basolateral amygdala
and the region near the caudate tail. The nature of monetary incentives presumably called
upon arousal for motivating an appropriate approach to potential gain and avoidance from
potential loss (Knutson & Greer, 2008). Decreasing activations in the amygdala by increased
PRSs reflect lower arousal for anticipating an upcoming event regardless of valence,

which implies dysregulation of arousal for motivating approach-avoidance behavior. This
association is in line with previous findings of the basolateral amygdala connecting with the
use of reward cue and reward value (Ambroggi et al., 2008; Wassum & Izquierdo, 2015).

The caudate nucleus as a part of the ventral striatum is known for its involvement in reward
processing (Delgado et al., 2000; Rupprecheter et al., 2020; Tricomi et al., 2004). Reduced
activity across gain and loss cues evidenced inefficient anticipatory reward processing with
increased genetic risk for neuroticism. Further, negative correlations between neural activity
and symptom measures of depression and anxiety indicate that attenuated activity may
represent impaired reward processing linked to manifested neuroticism beyond genetic risk.
As symptom severity of a disorder is more likely to be the outcome of interacting genetic
and environmental contributions to the disorder, the negative relationship with symptom
measures could reflect altered reward processing associated with manifested neuroticism in
which genetic risk for neuroticism is counted. In fact, BFI-neuroticism scores also showed
an inverse relationship with neural activity in this region.

The anterior insula has been linked to not only gain and loss but also greater gain over

loss as well as greater loss over gain on incentive anticipation (Knutson & Greer, 2008;
Wilson et al., 2018). The anterior insula has also been involved in processing uncertainty
(Critchley et al., 2001; Paulus et al., 2003; Preuschoff et al. 2008). The association between
PRS for neuroticism and motivational valence (gain vs. loss anticipation) was apparent in the
right dorsal anterior insula. Differential sensitivity to potential yet uncertain gain relative to
loss and vice versa by PRSs suggests that genetic risk for neuroticism may underlie altered
sensitivity to reward/punishment. The opposite patterns of sensitivity to upcoming incentives
with PRS for neuroticism in the anterior insula during the anticipatory period, negative
relationship between genetic risk for neuroticism and neural activity to gain over loss and
positive relationship between genetic risk for neuroticism and neural activity to loss over
gain, may imply double calamity of neuroticism, reduced sensitivity to positive valence but
heightened sensitivity to negative valence.

The role of the precuneus in visuospatial information processing is well established
(Cavanna & Trimble, 2006; Schott et al., 2019). In the study task, maximizing monetary
outcome was contingent upon visual processing of object cues. Decreased precuneus
activation to gain cue was likely to reflect diminished visuospatial processing to the
object cue signaling reward with increased PRSs for neuroticism. The result conveys

the deleterious effect of neuroticism in perceiving and detecting potential rewards in
connection with blunted responses to positive stimuli in depression. On the contrary, no
significant cluster was found in the processing of potential loss associated with PRSs. The
interpretation of this null finding warrants further investigations.
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To the best of our knowledge, this is the first fMRI study examining the association of

PRS for neuroticism with reward-related processing in the brain. We found that PRS

for neuroticism modulates reward processing via altered responsivity to reward valence.
Nonetheless, the present findings should be considered with the limitations. First, the
clinical cohort in the study was comprised of various populations who may have disorders
in both positive and negative affect. While the transdiagnostic populations provided the
basis for studying PRS for neuroticism in the broad context of psychopathology, the mixed
nature of the cohort may limit implications of the current findings to specific disorders.
Second, genetic risk for neuroticism may be inherently intertwined with symptoms of mood
and affective disorders, as neuroticism is known to increase the vulnerability to psychiatric
disorders including depression. Therefore, the interpretation of the current findings should
be considered in the context of the intercorrelation between PRS for neuroticism and
psychiatric disorders. On a related note, symptom scores from the depression group did

not show a significant relationship with neural activity in any clusters reported in this study
whereas PRSs for neuroticism from the depression group did show significant correlations
with neural activations in all clusters in the same directions reported above (Supplementary
Figure 3).

5. CONCLUSION

The present study demonstrates that PRS for neuroticism modulates reward processing in
the brain. Genetic loading of neuroticism attenuated anticipatory reward processing whether
it involved reward or punishment. Further, genetic propensity for neuroticism mediated
sensitivity to reward/punishment via altered reactivity to gain over loss and loss over gain.
Finally, increased genetic risk for neuroticism was associated with reduced processing

of reward cues. Collectively, these findings illustrate the relationship of genetic risk for
neuroticism to both positive and negative valence dysfunctions. Considering the adaptive
value of integrating contingencies of motivational valences for positive and negative
outcomes, the current findings have significant implications for understanding genetic risk
for neuroticism in daily life as well as psychopathology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. We examined the Polygenic Risk Score (PRS) for neuroticism in neural

reward processing.
. Higher PRS for neuroticism is associated with attenuated processing of gain

and loss.
. Higher PRS for neuroticism is linked to altered sensitivity to both gain and

loss.
. Genetic propensity for neuroticism modulates reward processing.
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Figure 1.

Brain regions showing the association of PRS for neuroticism (N-PRS) with reward
processing across valence (A: Amygdala, B: Caudate). The gray shaded area in regression
plot represents 95% confidence interval.
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Figure 2.
Relationship between caudate activity and symptom severity (A: PHQ-9, B: OASIS, C:

BFI-Neuroticism). Gray shading represents 95% confidence interval.
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Figure 3.
Association of PRS for neuroticism (N-PRS) with gain/loss sensitivity in anterior insula.

Gray shading represents 95% confidence interval
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Figure 4.
Association of PRS for neuroticism (N-PRS) with gain processing. Gray shading represents

95% confidence interval.
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Table 1.

Demographic and clinical characteristics of the study sample

Age, M (SD)
Male, N (%)
Ethnicity, N (%)
Hispanic or Latino
Not Hispanic or Latino
Unspecified
Race, N (%)
White
American Indian or Alaska Native
Black or African American
Asian or Pacific Islander
“Other”, unspecified
Education, N (%)
Less than high school
High school degree or equivalent (GED)
Some college, no degree
College or higher
No response
Income, M (SD)
PRS-Neuroticism, M (SD)
BFI-Neuroticism, M (SD)
PHQ-9, M (SD)
OASIS, M (SD)
DAST, M (SD)
SCOFF, M (SD)

HC
(N =55)

324 (11.2)
27 (49%)
4 (7%)
50 (91%)
1 (2%)
42 (76%)
7 (12.5%)
2 (3.5%)
2 (3.5%)
2 (3.5%)
0 (0%)
7 (13%)
22 (40%)
26 (47%)
0 (0%)

$59,848  ($57,373)

-0.26 (1.01)

16.4 (5.53)

0.93 (1.40)

131 (1.93)

0.12 (0.39)

0.09 (0.29)

Target

34.4
138

15
392

287

28

18

46
88
139
138
3
$51,785
0.03
28.0
10.43
8.38
3.14
1.02

Population

g
(10.4)
(33%)

(4%)
(94%)
(2%)

(69%)
(19%)
(7%)
(0.5%)
(4.5%)

(0%)
(17%)
(28%)
(55%)

(0%)

($73,017)

(0.99)
(6.66)
(6.17)
(4.40)
(3.72)
(.27)

p-value

0.02

0.04
<0.001
<0.001
<0.001
<0.001
<0.001

Abbreviations: HC, Healthy Comparison; PRS-Neuroticism, Polygenic Risk Score for Neuroticism; BFI-Neuroticism, Big Five Inventory
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Neuroticism; PHQ-9, Patient Health Questionnaire; OASIS, Overall Anxiety Severity and Impairment Scale; DAST, Drug Abuse Screening Test;
SCOFF, eating disorders screening questionnaire.
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