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The Salience of Reward
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An important and so far minimally addressed aspect of psy-
chosis research is the manifestation of genetic psychosis
susceptibility, as measured with polygenic risk profile
scores (RPSs), on human brain function. The study of more

than 1500 adolescents by
Lancaster et al1 in this issue of
JAMA Psychiatry reveals that
the genetic vulnerability to

developing psychosis is associated with increased brain activ-
ity in the ventral striatum during reward processing. This find-
ing suggests that the genetic risk of psychosis may shape the
adolescent response to rewarding stimuli.

Aberrant processing of salience is a fundamental factor un-
derlying psychotic disorders.2 Aberrant salience in this respect
refers to the inappropriate attribution of incentive salience to
environmental cues, which is the process by which a stimulus
grabs attention and motivates goal-directed behavior because
of associations with reward or punishment. This phenomenon
is thought to underlie the formation of psychotic symptoms and
is most likely driven by elevated striatal dopamine function,3

which is 1 of the most robust pathophysiologic features of psy-
chosis. Since the early 2000s, numerous functional magnetic
resonance imaging (MRI) studies4-6 have investigated the ef-
fect of incentive cues on human brain activity patterns with a
monetary incentive delay task that involves reward anticipa-
tion and receipt. In this task, individuals are required to press
a button as fast as possible when seeing a target stimulus. The
cue that precedes the target stimulus indicates whether a timely
button press is rewarding or nonrewarding. The time between
cue and target is considered the anticipation time, and reward
receipt is assessed when feedback on performance is given at
the end of every trial. Results of studies with healthy individu-
als have unequivocally indicated the ventral striatum as the brain
area critically involved in reward processing4 and have also re-
vealed the heritability of brain activity patterns underlying re-
ward processing.7 Neuroimaging in patients with a psychotic
disorder has consistently revealed significantly attenuated ac-
tivity in the ventral striatum during reward anticipation, as con-
firmed by a recent meta-analysis5 that included 23 functional
MRI studies. This pattern of reduced striatal activity during re-
ward anticipation has also been found in unaffected siblings8

and offspring9 of patients with a psychotic disorder, which sug-
gests that genetic risk of psychosis contributes to the response
to rewarding cues.

Recently, the ability to stratify individuals on the basis of
polygenic RPSs for psychiatric disorders, such as schizophre-
nia and bipolar disorder, has offered new opportunities for clini-
cal and epidemiologic research. Risk profile scores are de-
rived from large genome-wide association studies10,11 that

examined individual genetic variants associated with a par-
ticular disorder and indicate an individual’s genetic suscepti-
bility of developing this disorder. Thereby, RPSs provide the
possibility to examine phenotypic manifestations of large
groups of healthy individuals according to genetic risk. For ex-
ample, in the general population, genetic schizophrenia sus-
ceptibility as assessed by RPSs has been associated with mea-
sures of creativity,12 the deleterious effect of cannabis use on
cortical brain development,13 and the presence of negative psy-
chotic symptoms and anxiety disorder.14 However, research
on the manifestation of the genetic risk of psychotic disor-
ders in human brain function has been limited.

Lancaster and colleagues1 investigated how genetic vul-
nerability to developing psychosis relates to ventral striatal ac-
tivity during reward processing using functional MRI and the
monetary incentive delay task in a large cohort of healthy ado-
lescents. The psychosis RPSs were acquired by combining the
RPSs for schizophrenia and bipolar disorder because both psy-
chiatric disorders include, although not necessarily, psychotic
symptoms, share genetic liability,15 and involve altered reward
processing.16 They found that higher psychosis RPSs were sig-
nificantly associated with increased activity in the ventral stria-
tum during reward anticipation and, to a lesser extent, during
reward receipt. These effects were controlled for IQ and were
not related to depressive symptoms and smoking behavior,
which are potential confounding factors. Increased striatal
activity was driven by the RPSs for schizophrenia and bipolar
disorder. These findings suggest that genetic psychosis suscep-
tibility is associated with enhanced incentive salience during
adolescence. The reported findings support results from a pre-
vious study17 that found associations between single genetic risk
variants for psychosis and reward processing. In addition, the
findings are consistent with results of neuroimaging studies8,18

that found altered reward processing in first-degree relatives
of patients with psychosis. Findings of this study are of sig-
nificant importance because they indicate that an altered
neurophysiologic response to rewarding cues, which has
consistently been found in patients diagnosed as having psy-
chosis, is present before the onset of the disorder in those at a
higher genetic risk for psychosis.

As pointed out by Lancaster and colleagues,1 the demon-
strated association between a higher psychosis RPS and in-
creased ventral striatal activity during reward processing is not
consistent with results of a recent meta-analysis5 of 23 studies
on reward anticipation, which found significantly attenuated
ventral striatal activity in patients with a psychotic disorder.
Previous neuroimaging studies8,18 with first-degree relatives of
patients with psychosis also found reduced ventral striatal ac-
tivity during reward anticipation. One possible factor that may
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explain these discrepant findings is the age of the study partici-
pants. Whereas Lancaster et al1 examined reward processing in
a large sample of adolescents, other studies5,8,18 included adult
study participants. Importantly, a recent study by Vink and
colleagues9 revealed a significantly different pattern of reward-
related striatal activity across age between healthy controls and
offspring of patients with psychosis. Where younger offspring
had an increased response to rewarding stimuli compared with
controls, the older participants at genetic risk for psychosis had
relatively lower striatal activity during reward anticipation. This
finding suggests that manifestation of genetic psychosis suscep-
tibility in reward brain function may vary across the lifespan.
The genetic vulnerability to psychosis is possibly associated with
enhancedincentivesalienceduringadolescence,whichisattenu-
ated during later stages of brain development.

Another possible explanation for the apparently discrep-
ant findings on ventral striatal activity during reward process-
ing between adolescents at high genetic risk for psychosis and
patients may be that the results are driven by altered reactiv-
ity to nonrewarding rather than rewarding stimuli. Most func-
tional MRI studies using the monetary incentive delay task
compared brain activity during rewarding task conditions with
activity during nonrewarding conditions. With this ap-
proach, reduced ventral striatal activity as reported during re-
ward processing in patients with a psychotic disorder could
be the result of reduced reactivity to rewarding or a stronger
response to nonrewarding cues. However, Lancaster and
colleagues1 reported brain activity patterns across rewarding
and nonrewarding conditions, rather than contrasting both task

conditions. This finding implies that the increased ventral stria-
tal activity in those adolescents at higher risk for psychosis
could be explained by higher reactivity to incentive and neu-
tral stimuli. Thus, the reported increase in ventral striatal ac-
tivity during reward processing in those with a higher psycho-
sis RPS and the demonstrated reduced response to rewarding
cues in patients and siblings could be attributable to a stron-
ger response to nonrewarding cues. This finding would be con-
sistent with contemporary models that propose that psy-
chotic symptoms arise from the inappropriate attribution of
salience to otherwise insignificant stimuli.2

Notwithstanding the significance of the findings pre-
sented by Lancaster et al,1 one alternative interpretation of their
results has not been addressed. A significant association be-
tween an increased psychosis RPS and task performance was
reported, with those individuals at a higher genetic risk for psy-
chosis having a lower performance accuracy. Because task per-
formance could be reflected in brain activity patterns, this sig-
nificant effect on performance accuracy may be involved in the
association between the genetic vulnerability to develop psy-
chosis and striatal activity during reward processing.

In summary, this interesting new study reports that ado-
lescents at higher genetic risk for developing psychosis have
increased brain activity in the ventral striatum during reward
processing. This finding suggests that genetic psychosis sus-
ceptibility is associated with enhanced incentive salience dur-
ing adolescence. The findings by Lancaster et al1 support the
notion that genetic vulnerability to psychosis is reflected in an
altered neurophysiologic response to rewarding cues.

ARTICLE INFORMATION

Author Affiliations: Department of Psychiatry,
Brain Center Rudolf Magnus, University Medical
Center Utrecht, Utrecht, the Netherlands.

Corresponding Author: René S. Kahn, MD, PhD,
Department of Psychiatry, Brain Center Rudolf
Magnus, University Medical Center Utrecht,
Heidelberglaan 100, 3584 CX Utrecht, the
Netherlands (r.kahn@umcutrecht.nl).

Published Online: July 6, 2016.
doi:10.1001/jamapsychiatry.2016.1134.

Conflict of Interest Disclosures: None reported.

REFERENCES

1. Lancaster TM, Linden DE, Tansey KE, et al.
Polygenic risk of psychosis and ventral striatal
activation during reward processing in healthy
adolescents [published online July 6, 2016]. JAMA
Psychiatry. doi:10.1001/jamapsychiatry.2016.1135.

2. Kapur S. Psychosis as a state of aberrant
salience: a framework linking biology,
phenomenology, and pharmacology in
schizophrenia. Am J Psychiatry. 2003;160(1):13-23.

3. Howes OD, Kapur S. The dopamine hypothesis
of schizophrenia, version III: the final common
pathway. Schizophr Bull. 2009;35(3):549-562.

4. Knutson B, Adams CM, Fong GW, Hommer D.
Anticipation of increasing monetary reward
selectively recruits nucleus accumbens. J Neurosci.
2001;21(16):RC159.

5. Radua J, Schmidt A, Borgwardt S, et al. Ventral
striatal activation during reward processing in
psychosis: a neurofunctional meta-analysis. JAMA
Psychiatry. 2015;72(12):1243-1251.

6. Balodis IM, Potenza MN. Anticipatory reward
processing in addicted populations: a focus on the
monetary incentive delay task. Biol Psychiatry.
2015;77(5):434-444.

7. Silverman MH, Krueger RF, Iacono WG, Malone
SM, Hunt RH, Thomas KM. Quantifying familial
influences on brain activation during the monetary
incentive delay task: an adolescent monozygotic
twin study. Biol Psychol. 2014;103:7-14.

8. de Leeuw M, Kahn RS, Vink M. Fronto-striatal
dysfunction during reward processing in unaffected
siblings of schizophrenia patients. Schizophr Bull.
2015;41(1):94-103.

9. Vink M, de Leeuw M, Pouwels R, van den
Munkhof HE, Kahn RS, Hillegers M. Diminishing
striatal activation across adolescent development
during reward anticipation in offspring of
schizophrenia patients. Schizophr Res. 2016;170(1):
73-79.

10. Schizophrenia Working Group of the Psychiatric
Genomics Consortium. Biological insights from 108
schizophrenia-associated genetic loci. Nature.
2014;511(7510):421-427.

11. Psychiatric GWAS Consortium Bipolar Disorder
Working Group. Large-scale genome-wide
association analysis of bipolar disorder identifies a
new susceptibility locus near ODZ4. Nat Genet.
2011;43(10):977-983.

12. Power RA, Steinberg S, Bjornsdottir G, et al.
Polygenic risk scores for schizophrenia and bipolar
disorder predict creativity. Nat Neurosci. 2015;18(7):
953-955.

13. French L, Gray C, Leonard G, et al. Early
cannabis use, polygenic risk score for schizophrenia
and brain maturation in adolescence. JAMA
Psychiatry. 2015;72(10):1002-1011.

14. Jones HJ, Stergiakouli E, Tansey KE, et al.
Phenotypic manifestation of genetic risk for
schizophrenia during adolescence in the general
population. JAMA Psychiatry. 2016;73(3):221-228.

15. Purcell SM, Wray NR, Stone JL, et al;
International Schizophrenia Consortium. Common
polygenic variation contributes to risk of
schizophrenia and bipolar disorder. Nature. 2009;
460(7256):748-752.

16. Caseras X, Lawrence NS, Murphy K, Wise RG,
Phillips ML. Ventral striatum activity in response to
reward: differences between bipolar I and II
disorders. Am J Psychiatry. 2013;170(5):533-541.

17. Lancaster TM, Heerey EA, Mantripragada K,
Linden DE. CACNA1C risk variant affects reward
responsiveness in healthy individuals. Transl
Psychiatry. 2014;4:e461.

18. Grimm O, Heinz A, Walter H, et al. Striatal
response to reward anticipation: evidence for a
systems-level intermediate phenotype for
schizophrenia. JAMA Psychiatry. 2014;71(5):531-539.

Opinion Editorial

778 JAMA Psychiatry August 2016 Volume 73, Number 8 (Reprinted) jamapsychiatry.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/psych/935555/ by a Utrecht University Library User  on 02/07/2017

mailto:r.kahn@umcutrecht.nl
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2016.1134&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.1134
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2016.1135&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.1134
http://www.ncbi.nlm.nih.gov/pubmed/12505794
http://www.ncbi.nlm.nih.gov/pubmed/19325164
http://www.ncbi.nlm.nih.gov/pubmed/11459880
http://www.ncbi.nlm.nih.gov/pubmed/11459880
http://www.ncbi.nlm.nih.gov/pubmed/26558708
http://www.ncbi.nlm.nih.gov/pubmed/26558708
http://www.ncbi.nlm.nih.gov/pubmed/25481621
http://www.ncbi.nlm.nih.gov/pubmed/25481621
http://www.ncbi.nlm.nih.gov/pubmed/25101864
http://www.ncbi.nlm.nih.gov/pubmed/25368371
http://www.ncbi.nlm.nih.gov/pubmed/25368371
http://www.ncbi.nlm.nih.gov/pubmed/26631365
http://www.ncbi.nlm.nih.gov/pubmed/26631365
http://www.ncbi.nlm.nih.gov/pubmed/25056061
http://www.ncbi.nlm.nih.gov/pubmed/25056061
http://www.ncbi.nlm.nih.gov/pubmed/21926972
http://www.ncbi.nlm.nih.gov/pubmed/21926972
http://www.ncbi.nlm.nih.gov/pubmed/26053403
http://www.ncbi.nlm.nih.gov/pubmed/26053403
http://www.ncbi.nlm.nih.gov/pubmed/26308966
http://www.ncbi.nlm.nih.gov/pubmed/26308966
http://www.ncbi.nlm.nih.gov/pubmed/26818099
http://www.ncbi.nlm.nih.gov/pubmed/19571811
http://www.ncbi.nlm.nih.gov/pubmed/19571811
http://www.ncbi.nlm.nih.gov/pubmed/23558337
http://www.ncbi.nlm.nih.gov/pubmed/25290268
http://www.ncbi.nlm.nih.gov/pubmed/25290268
http://www.ncbi.nlm.nih.gov/pubmed/24622944
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.1134

