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Previous studies have demonstrated that patients with schizophrenia and individuals with schizotypy experi-
ence decreased anticipatory pleasure. However, it is unclear whether this decrease is contributed by altered re-
ward processing at the proximal or distal future. In order to investigate the preference for receiving rewards in
the proximal or distal future for individuals with schizophrenia spectrum disorders, individuals with either
high or low levels of negative schizotypy performed a delay discounting task under positive, neutral and negative
affective priming conditions. Comparedwith individuals with low levels of negative schizotypy, individuals with
high levels of schizotypy exhibited increased delay discounting, preferring to choose immediate but smaller re-
wards instead of delayedbut larger rewards across all three affective priming conditions. Negative affective prim-
ing elevated discounting for both groups comparedwith both the positive and neutral affective conditions. After
dividing delayed temporal distance into the proximal and distal future, the results showed that individuals with
high levels of negative schizotypy exhibited more preference for immediate but smaller rewards in the distal in-
stead of proximal future comparedwith controls. Our results suggest that individuals with high levels of negative
schizotypy have altered anticipatory reward processing, which ismainly attributed to alterations in representing
rewards in the distal future. These findings extend the alterations in representing reward values from schizo-
phrenia patients to schizotypal individuals, and suggest that diminished anticipatory pleasure in schizophrenia
spectrum disorders may be due to changes in processing anticipatory rewards in the distal future.

© 2018 Published by Elsevier B.V.
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1. Introduction

Reward processing is impaired in many mental disorders, including
schizophrenia, major depressive disorder and autism spectrum disor-
ders (Baskin-Sommers and Foti, 2015; Bottini, 2018; Yang et al.,
2016). For schizophrenia spectrum disorders, previous studies have
demonstrated that patients' reward processing is impaired at both the
behavioural (Martinelli et al., 2018; Wang et al., 2015) and neural
level relative to healthy individuals (Huang et al., 2016; Kirschner
et al., 2015; Simon et al., 2015). More specifically, patients with schizo-
phrenia appear to manifest the deficit in the anticipation of pleasure
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rather than in the consummation of pleasure (Gard et al., 2007; Li
et al., 2015; Lui et al., 2015; Mote et al., 2014), suggesting an abnormal-
ity in processing forthcoming rewards. Shankman et al. (2014) have
proposed that anticipatory reward processing could be divided into re-
ward processing in the proximal future and the distal future. This allows
researchers to investigate whether the decreased anticipatory pleasure
found in patients with schizophrenia is due more to alteration in pro-
cessing of rewards in the proximal or distal future.

Delay discounting (temporal discounting) describes the decrease in
subjective value of a future reward as a function of increasing delay
(Mazur, 1987; Rachlin andGreen, 1972) and has been shown to capture
reward deficits in various psychiatric disorders (Imhoff et al., 2014;
Story et al., 2016;Wilson et al., 2011). In the Delay Discounting Task, in-
dividuals are asked to decide between receiving small rewards immedi-
ately or larger rewards later (e.g. “Would you like to receive $10 now or
receive $20 in 1month?”) tomeasure their intertemporal preference for
receiving rewards (Green et al., 1996). Based on the hyperbolic model
and affective priming in individuals with negative schizotypy, Schizo-
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(Green et al., 1994), the delay discounting rate at different delayed time
points can be calculated to assess reward preference at different tempo-
ral distances. A higher rate of delay discounting suggests that an individ-
ual prefers immediate rewards over delayed rewards and may be more
impulsive (MacKillop et al., 2011; Odum, 2011). Previous neuroimaging
studies have shown that the ventral striatum, the insula and themedial
prefrontal cortex are involved in the reward processing of delay
discounting tasks (Kable and Glimcher, 2007; Wittmann et al., 2010).
By manipulating the temporal distance for delayed rewards, more in-
volvement of the ventroanterior striatum and the nucleus accumbens
has been shown to be correlated with longer delays (Steele et al.,
2018; Wittmann et al., 2010). Moreover, activation of the insula and
the striatum has been shown to hierarchically increase as delayed
time increases (Tanaka et al., 2004).

Previous studies investigating delay discounting in patients with
schizophrenia have produced inconsistent results. Some studies found
that patients with schizophrenia exhibited greater delay discounting
than healthy controls (Heerey et al., 2011; Yu et al., 2017; Weller
et al., 2014), while others did not (Horan et al., 2017; MacKillop and
Tidey, 2011; Wing et al., 2012). A functional magnetic resonance imag-
ing (fMRI) study has shown that patients with schizophrenia had ab-
normal activation in the insula, the cingulate gyrus, the precuneus and
the ventral striatum in a delay discounting task (Avsar et al., 2013).
Among these regions, the changes of activation at the striatum and
the insula, which have been shown to be correlated with temporal dis-
tances (Tanaka et al., 2004), indicates that there may be intertemporal
decision-making changes as temporal distances vary in patients with
schizophrenia. As for the inconsistent results regarding discounting
rate in patients with schizophrenia, it remains unclear whether the ab-
normal discounting rate is due to the disease itself or other factors, such
as smoking status, cognitive impairment, course of illness or
medication.

Studying delay discounting in individuals with schizotypy may pro-
vide an alternative approach to minimize confounding factors.
Schizotypy is a set of personality traits that convey vulnerability to
schizophrenia (Meehl, 1962, 1989), and individuals with high levels of
schizotypy have a higher risk of developing psychosis relative to indi-
viduals with low levels of schizotypy (Rawlings et al., 2008). Previous
studies have found that individuals with high levels of schizotypy
have impairments in cognition (Ettinger et al., 2015; Wang et al.,
2008), emotion (Cohen et al., 2015; Wang et al., 2014), and social func-
tioning (Wang et al., 2013). Furthermore, schizotypy could be divided
into positive and negative schizotypy with different patterns of impair-
ments (Ettinger et al., 2015; Yan et al., 2016). Previous studies have
shown that individuals with elevated negative schizotypy experience
decreased anticipatory pleasure (Engel et al., 2013; Loas et al., 2014;
Martin et al., 2011), have deficits in emotion-related processing (Fung
et al., 2017; Giakoumaki, 2016;Martin et al., 2011), and exhibit different
neural responses when anticipating rewards (Yan et al., 2016) com-
pared with controls. Interestingly, schizophrenia patients with negative
symptoms also experience less anticipatory pleasure than patients
without significant negative symptoms (Chan et al., 2010). Further-
more, in patients with recent-onset schizophrenia, more severe nega-
tive symptoms are associated with a lower capacity to anticipate
pleasure (Mote et al., 2014). Thus, investigating anticipatory reward
processing in individuals with negative schizotypymay provide a better
understanding of anticipatory reward processing in schizophrenia, but
few studies have investigated delay discounting in individuals with
schizotypy.

Emotions have been shown to modulate intertemporal decision-
making in the healthy population (Engelmann and Hare, 2016;
Herman et al., 2018). Sohn et al. (2015) used affective pictures to induce
positive, negative and neutral emotions and then asked participants to
perform a delay discounting task. The participants showed higher
discounting rate under both positive and negative arousal conditions
compared with the neutral condition. Lerner et al. (2013) also found
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that participants weremore impulsive under the negative emotion con-
dition, but Luo et al. (2014) found that happy emotional primes in-
creased impatience relative to fearful emotional primes. However, it is
not clear whether such a modulatory effect of emotions on inter-
temporal reward processing exists or not in schizophrenia spectrum
disorders. Impairments in emotion processing have been found in pa-
tients with schizophrenia spectrum disorders (Cohen et al., 2016;
Giakoumaki, 2016), and patients with schizophrenia have also been
found to experiencemore negative emotion (Cho et al., 2017). However,
it is not knownwhether such impairments would alter reward process-
ing or not. Therefore, investigating how emotions influence delay
discounting in individualswith schizotypymay contribute to the under-
standing of the role that how emotions play in reward processing, and
could facilitate the development of interventions to enhance reward
processing in patients with schizophrenia spectrum disorders.

To address these questions, we examined and compared the delay
discounting rate of individuals with high and low levels of negative
schizotypy at the proximal and distal future using three delay
discounting tasks under positive, neutral and negative affective priming
conditions. Given that patients with schizophrenia exhibit greater delay
discounting (Heerey et al., 2007; Weller et al., 2014), we hypothesized
that individuals with high levels of negative schizotypy would choose
smaller, immediate rewards rather than larger, delayed rewards and
prefer rewards in the proximal future rather than the distal future.
Since negative emotions increase delay discounting rate (Luo et al.,
2014; Sohn et al., 2015) and patients with schizophrenia tend to expe-
rience more negative emotions (Cho et al., 2017), we further hypothe-
sized that individuals with high levels of negative schizotypy would
prefer immediate rewards in the positive or negative emotion condi-
tions relative to the neutral affective condition compared with individ-
uals with low levels of negative schizotypy.

2. Method

2.1. Participants

The revised Chinese version of the Chapman Social Anhedonia Scale
(CSAS; Eckblad et al., 1982),whichmeasures negative schizotypy (Chan
et al., 2015), was used to define participantswith high levels of negative
schizotypy and participants with low levels of negative schizotypy.
Three hundred and twenty-seven university students in Beijing were
recruited to complete the CSAS. The mean score of the CSAS from this
large sample pool was 10.28 (±5.61). Participants whose scores were
1 SD higher than the mean were classified as individuals with high
levels of negative schizotypy (CSAS scores N15) and participants
whose scores were lower than the mean were classified as individuals
with low levels of negative schizotypy (CSAS scores b11). The cut-offs
were similar in our previous studies (Li et al., 2016a; Wang et al.,
2016). Using this definition, 73 participants were recruited according
to their scores on the CSAS in this study, 38 of whom had high levels
of schizotypy and 35 had low levels of schizotypy. This study was ap-
proved by the Ethics Committee of the Institute of Psychology, the Chi-
nese Academy of Sciences. Written informed consent was obtained
from each participant.

2.2. Stimulus material

One hundred and twenty affective pictures were selected from the
Chinese Affective Picture System (Lu et al., 2005). The pictureswere cat-
egorized into three sets to be used in three emotional conditions: 40 pic-
tures with positive valence and high arousal to elicit positive emotions,
40 pictures with negative valence and high arousal to elicit negative
emotions, and 40 pictures with neutral valence and normal arousal cor-
responding to a neutral emotional state according to the norms of the
Chinese Affective Picture System (valence: positive = 7.25 ± 0.35,
negative = 1.97 ± 0.47, neutral = 4.40 ± 0.35, F(2, 117) = 1784.10,
and affective priming in individuals with negative schizotypy, Schizo-
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p b 0.001; arousal: positive = 6.19 ± 0.45, negative = 6.77 ± 0.36,
neutral = 3.88, F(2, 117) = 432.37, p b 0.001).

2.3. Delay discounting task

A computerized delay discounting task was administered to all par-
ticipants. In the task, participants were asked whether they preferred
receiving 50 yuan immediately or 100 yuan at six delayed time points
(1, 3, 7, 30, 90, or 180 days). They pressed the F key or the J key on
the keyboard to choose the immediate or the delayed reward respec-
tively. There was no time limit. Under each delay condition, the smaller
value was changed based on the previous response until the preference
changed: if a participant chose a delayed reward, the value of the imme-
diate reward would increase by 5 yuan; and if a participant chose the
immediate reward, the value of the immediate reward would decrease
by 5 yuan. The indifference point was calculated by averaging the two
immediate reward values before and after the preference changed in
each delay.

2.4. Other assessment

Self-report questionnaires and IQ test were administrated to all par-
ticipants. Self-report questionnaires included the Chinese version of the
CSAS (Chan et al., 2012; Eckblad et al., 1982), the Beck Depression
Inventory-I (BDI; Beck et al., 1988), and the adapted Chinese version
of the Barratt Impulsiveness Scale Version 11 (BIS; Li et al., 2011;
Patton et al., 1995).

Four subtests of the short-form of the Chinese version of the
Wechsler Adult Intelligence Scale-Revised (WAIS-R) (information, sim-
ilarity, arithmetic and digit span) were used to estimate the partici-
pants' IQ (Gong, 1992).

The Chinese version of the CSAS was employed to capture social an-
hedonia as the negative dimension of schizotypy. This version consists
of 40 items and has been validated in previous studies (Chan et al.,
2015; Chan et al., 2012). Higher scores indicate lower ability to experi-
ence pleasure from social activities.

The BDIwas used to assess the severity of depressive symptoms. The
BDI items were rated on a four-point scale to assess depressive symp-
toms of the participants. Higher scores indicate more severe depressive
symptoms.

The adapted Chinese version of the BIS-11 was used to measure im-
pulsivity. The BIS contains three 10-item subscales: Non-planning Im-
pulsiveness, Motor Impulsiveness and Attentional Impulsiveness. A
higher total score indicates higher impulsivity.

2.5. Procedure

When participants arrived in the laboratory, they first completed the
self-report questionnaires listed above. Next, a research assistant ex-
plained the Delay Discounting Task to the participants to ensure com-
prehension. Then, the participants began the task with practice trials
where they had to choose between 1000 yuan and 2000 yuan in one
week, three months or one year. When the participants were familiar
with the procedure, they started the main experiment. Participants
were instructed to complete the Delay Discounting Task under three
emotional conditions: positive, negative and neutral, in a random
order. In each emotional condition, participants were shown a set of
40 affective pictures to induce a positive, negative, or neutral emotional
state before they began the task. In the Delay Discounting Task, the
order of the delayed time pointswas also randomized. Before the exper-
iments, participants were told that there were no right or wrong an-
swers and they should make the choices they preferred. They were
also told that they would receive a monetary reward which calculated
based on their choices. The participants were paid 50 yuan/h for partic-
ipating in the experiment and one of the indifference points was ran-
domly chosen and multiplied by 0.1 as the additional compensation to
Please cite this article as: X. Cai, M. Weigl, B. Liu, et al., Delay discounting
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enhance the salience of the task. After participants finished the experi-
ment, their IQ was assessed by a trained research assistant. The whole
experiment was run by E-Prime 2.0 (Psychology Software Tools, Inc.,
Pittsburgh, PA, USA).
2.6. Data analysis

For the delay discounting task, the Area Under the Curve (AUC)
and the delay discounting rate (k) were calculated (see Supplemen-
tal materials for details). Two kinds of delay discounting rates were
calculated based on the hyperbolic model (Green & Myerson, 2004;
Mazur, 1987): the delay discounting rate at each delayed time
point (calculated by the hyperbolic equation, referred as k1, k3, k7,
k30, k90, k180 for each delay) and the delay discounting rate based
on the whole six time points (using non-linear regression least-
square analysis to determine the best fitting value kall). Because the
discounting rates were not normally distributed, we transformed k
to ln(k) for the subsequent analysis.

To increase the validity of the data analysis and the results for the
delay discounting task, two widely used criteria (Horan et al., 2017;
Tian et al., 2018; Wilson et al., 2011) were applied to identify unsys-
tematic data (see Supplementary materials for details). Participants
whose data under each emotional condition that met both criteria
were considered unsystematic and excluded. Data from 12 partici-
pants (seven with high levels and five with low levels of negative
schizotypy) were excluded as a result, leaving 31 participants in
the high negative schizotypy group and 30 in the low negative
schizotypy group.

Independent sample t-tests were used to compare age, IQ, scores on
the CSAS, the BDI, the BIS and the three subscales of the BIS between the
two groups. Chi-square tests were conducted to compare gender distri-
bution and smoking status between groups. Correlation between the ln
(kall) and the AUC values in each emotional condition was calculated
using Pearson correlation coefficients. The ln(kall) and the AUC values
were compared between the two groups using a 2 × 3 mixed multivar-
iate analysis of variance (MANOVA) with group status as the between-
subject factor and affective priming (positive vs. negative vs. neutral)
as the within-subject factor. Then, we defined the delay discounting
rate based on different temporal distances (referred to as ktem): the tem-
poral distance was divided into the proximal future (1, 3 and 7 days)
and the distal future (30, 90 and 180 days). The ktem value for the prox-
imal future was calculated by averaging k1, k3, k7, and the ktem value for
the distal future was calculated by averaging k30, k90, k180. The ln(ktem)
values were then entered into a 2 × 2 × 3 mixed repeated-measures
ANOVA with group status as the between-subject factor, temporal dis-
tance (proximal future vs. distal future) and emotional type (positive
vs. negative vs. neutral) as within-subject factors. When main effects
were significant in the ANOVA, post-hoc tests were conducted with
Bonferroni corrections. When interaction effects were significant, the
simple main effects test was conducted with Bonferroni corrections.
Since impulsivity has been shown to be related to delay discounting
(Ainslie, 1975; Hoe et al., 2018), scores on the BIS and the BDI were fur-
ther entered into theMANOVA and the ANOVA as a covariate for further
analysis independently. The kall values were calculated in MATLAB
R2017b (MathWorks Inc.; https://www.mathworks.com). Other analy-
ses were conducted using SPSS (Version 17, IBM).
3. Results

3.1. Demographic information and group differences in the scale scores

The two groupswerematched for gender, age, IQ, and smoking rate.
Therewere significant differences between the two groups in the scores
on the CSAS, the BDI, and the BIS (Table 1).
and affective priming in individuals with negative schizotypy, Schizo-
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Table 1
Demographic information for the high and low levels of schizotypal groups.

High levels of negative schizotypal group
(n = 31)

Mean (S.D.)

Low levels of negative schizotypal group
(n = 30)

Mean (S.D.)

t/χ2 p

Age (years) 19.77 (0.990) 19.767 (1.104) 0.028 0.978
Gender (male: female) 14: 17 14: 16 0.014 0.906
Smoking status (non-smoker: smoker) 31:0 28:2 2.137 0.144
Education level (years) 11.29 (0.739) 11.70 (2.020) −1.045 0.303
IQ 118.16 (9.744) 118.13 (8.241) 0.012 0.990
CSAS 20.32 (4.736) 5.83 (3.761) 13.205⁎⁎ 0.000
BDI 8.13 (4.849) 3.10 (3.438) 4.685⁎⁎ 0.000
BIS-11 total 39.19 (8.828) 32.14 (9.468) 3.011⁎ 0.004
BIS-11 motor 36.53 (10.014) 30.67 (11.370) 2.140⁎ 0.036
BIS-11 attentional 39.76 (10.847) 31.33 (8.140) 3.422⁎ 0.001
BIS-11 nonplanning 41.29 (13.691) 35.33 (12.675) 1.762 0.083

Notes: CSAS, The Chinese version of the Chapman Social Anhedonia Scale; BDI, The Beck Depression Inventory-I; BIS-11, Barratt Impulsiveness Scale Version 11; BIS-11 motor, the motor
subscale of Barratt Impulsiveness Scale Version 11; BIS-11 attentional, the attentional subscale of Barratt Impulsiveness Scale Version 11; BIS-11 nonplanning, the nonplanning subscale of
Barratt Impulsiveness Scale Version 11.
⁎ p b 0.05.
⁎⁎ p b 0.001.
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3.2. Correlation for delay discounting parameters

To provide evidence for the robustness of the parameters ln(k) and
AUC (see Table 2 for descriptive statistics) of the delay discounting
task, Pearson correlations were calculated showing that the ln(kall)
values were significantly and negatively correlated with the AUC values
under each emotional condition for each group and across all partici-
pants (Table 3).
3.3. Effects of affective priming and group status on delay discounting

A 2 (group status: high vs. low levels of negative schizotypy) × 3
(emotional type: positive vs. negative vs. neutral) MANOVA with re-
peated measures showed that the main effects for group and affective
priming were both significant (group status: F(2, 58) = 5.103, p =
0.009 b 0.05, ηp

2 = 0.150; affective priming: F(4, 56) = 2.774, p =
0.036 b 0.05, ηp

2 = 0.165), but the interaction between groups status
and affective priming was not significant (F(4, 56) = 1.170, p = 0.334
N 0.05, ηp

2 = 0.077). Tests for univariate variables revealed significant
group effects on the AUC values (F(1, 59) = 8.453, p = 0.005 b 0.05,
ηp
2 = 0.125) (Fig. 1) and ln(kall) values (F(1, 59) = 5.969, p = 0.018 b

0.05, ηp
2 = 0.092) (Fig. 2). There were also significant main effects for

emotional types on both the AUC values (F(2, 58) = 5.129, p = 0.007
b 0.05, ηp

2 = 0.080) and ln(kall) values (F(2, 58) = 5.592, p = 0.005 b

0.05, ηp
2 = 0.087). Post-hoc tests for the differences from the affective

priming types showed that the ln(kall) values were significantly higher
and the AUC values were significantly lower under the negative affec-
tive priming condition (ln(kall) adjusted mean = −3.52, 95% C·I:
[−4.14,−2.89]; AUC adjustedmean=0.48, 95% C·I.: [0.41, 0.54]) com-
pared with the positive affective priming condition (ln(kall): p=0.016;
AUC: p = 0.024; ln(kall) adjusted mean = −3.97, 95% C.I.: [−4.58,
−3.35]; AUC adjusted mean= 0.52, 95% C.I.: [0.46, 0.59]) and the neu-
tral affective priming condition (ln(kall): p= 0.025; AUC: p=0.020; ln
(kall) adjusted mean = −3.95, 95% C.I: [−4.54, −3.37]; AUC adjusted
Table 2
Descriptive information for AUC and k.

High levels of negative schizotypal
Group

Mean (S.D.)

Low

AUC Ln(kall) AU

Positive emotion 0.44 (0.207) −3.30 (1.903) 0.61 (0
Neutral emotion 0.44 (0.223) −3.36 (1.901) 0.60 (0
Negative emotion 0.36 (0.178) −2.65 (1.722) 0.59 (0
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mean = 0.52, 95% C.I.: [0.45, 0.59]). The interaction between affective
priming types and group status was not significant (ln(kall): F(2, 59)
= 1.740, p = 0.180 N 0.05, ηp

2 = 0.029;AUC: F(2, 59) = 1.874, p =
0.158 N 0.05, ηp

2 = 0.031). After adding BIS scores as a covariate, the re-
sults remained significant. After adding BDI scores as a covariate, the re-
sults remained significant as well. Overall, individuals with high levels
of negative schizotypy showed significantly steeper discounting with
lower AUC and higher ln(kall) values compared with individuals with
low levels of negative schizotypy and negative affective priming signif-
icantly increased delay discounting rates compared with positive and
neutral affective priming.

3.4. Effects of temporal distance and group status on delay discounting

A 2 (group status: high vs. low levels of negative schizotypy) × 2
(temporal distance: proximal vs. distal future) × 3 (emotional type:
positive vs. negative vs. neutral) ANOVA with repeated measures
showed that there was a significant temporal distance effect on ln
(ktem) (F(1, 59) = 123.98, p= 0.000 b 0.05, ηp

2 = 0.678), with a higher
ktem in the proximal future. There was a significant effect for emotional
types on ln(ktem) (F(2, 58)= 8.63, p=0.001 b 0.05, ηp

2= 0.229), with a
higher k under negative affective priming. The interaction between
group status and temporal distance was also significant (F(1, 59) =
4.108, p = 0.047 b 0.05, ηp

2 = 0.065) (Fig. 3). The simple main effects
test for the significant interaction showed that individuals with high
levels of negative schizotypy had significantly higher ln(ktem) values
than individuals with low levels of negative schizotypy in the distal fu-
ture (F(1, 59) = 6.157, p = 0.016 b 0.05, ηp

2 = 0.094), but not in the
proximal future (F(1, 59) = 1.402, p = 0.241 N 0.05, ηp

2 = 0.023). The
results did not change after adding BIS scores as a covariate. After
adding BDI scores as a covariate, the effect of temporal distance
remained significant (F(1, 58) = 41.14, p = 0.000 b 0.05, ηp

2 = 0.415),
the interaction between group status and temporal distance became
marginally significant (F(1, 58) = 3.287, p = 0.075 b 0.1, ηp

2 = 0.054),
but the effect of emotion became non-significant. Overall, the results
levels of negative schizotypal
Group

Mean (S.D.)

All participants
Mean (S.D.)

C Ln(kall) AUC Ln(kall)

.317) −4.64 (2.816) 0.52 (0.278) −3.95 (2.470)

.295) −4.56 (2.613) 0.52 (0.271) −3.94 (2.338)

.321) −4.39 (3.014) 0.47 (0.280) −3.50 (2.577)

and affective priming in individuals with negative schizotypy, Schizo-
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Table 3
Correlation between AUC and k.

Group r p

Positive emotion High levels of negative schizotypal group −0.93** 0.000
Low levels of negative schizotypal group −0.96** 0.000

All participants −0.95** 0.000
Neutral emotion High levels of negative schizotypal group −0.96** 0.000

Low levels of negative schizotypal group −0.98** 0.000
All participants −0.97** 0.000

Negative emotion High levels of negative schizotypal group −0.83** 0.000
Low levels of negative schizotypal group −0.96** 0.000

All participants −0.94** 0.000

Notes: *p b 0.05; **p b 0.001.
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showed that individualswith high levels of negative schizotypy had sig-
nificantly higher delay discounting rate in the distal future than the
proximal future compared with individuals with low levels of negative
schizotypy.

4. Discussion

In the present study, we found that individuals with high levels of
negative schizotypy had higher delay discounting rate and lower AUC
values across all three emotional conditions, indicating that they
showed greater preference for immediate rewards comparedwith indi-
viduals with low levels of negative schizotypy under each emotional
condition. For the effect of affective priming, we observed that individ-
uals preferred to choose immediate rewards in the negative affective
priming condition compared with the positive and neutral affective
priming conditions irrespective of the level of schizotypy. After dividing
temporal distance, we found that individuals with high levels of nega-
tive schizotypy had higher delay discounting rate in the distal future,
but not in the proximal future compared with individuals with low
levels of negative schizotypy, indicating that individuals with high
levels of negative schizotypy preferred to receive immediate but smaller
rewards instead of delayed but larger rewards in the distal rather than
proximal future. All the findings remained unchanged after adding BIS
scores as a covariate, indicating that the devaluation of future rewards
was not influenced by impulsivity. After adding BDI scores as a covari-
ate, the effects of temporal distance and affective priming remained
Fig. 1. Mean ln(kall) for high levels of negative schizotypal group and low levels of negative s
difference of ln(kall) based on all emotion conditions between two groups was significant (p b
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unchanged. The result that individuals with high levels of negative
schizotypy exhibited increased delay discounting remained unchanged,
but the preference to choose immediate rewards in the distal instead of
proximal future became marginally significant, indicates that depres-
sive symptoms may reduce such preference in individuals with high
schizotypy.

Our finding of a steeper decrease in delay discounting in individuals
with high levels of negative schizotypy replicates the findings from Li
et al. (2016). They compared the delay discounting rate (from the
Monetary-Choice Questionnaire) among participants with positive
schizotypal personality features, participants with negative schizotypal
personality features and controls, and found that participants with neg-
ative schizotypal personality features valued delayed rewards in the fu-
ture less than the other two groups (Li et al., 2016b). The results from Li
et al. (2016b) and the present study both suggest that negative
schizotypy may be strongly associated with alterations in anticipatory
reward processing. However, previous studies investigating delay
discounting in patients with schizophrenia and their relatives have pro-
duced mixed results, with smoking status reported as a confounding
factor (Heerey et al., 2011; Hoe et al., 2018; Yu et al., 2017; MacKillop
and Tidey, 2011). In our study, we have carefully matched the smoking
status between the two groups of participants to address this issue. Al-
though smoking may influence reward pathways and may affect value
representation (Barr et al., 2008; Bickel et al., 1999), the very low and
matched smoking rate in our sample had minimized the effect of nico-
tine on the delay discounting task. Moreover, as an important pheno-
type of schizophrenia spectrum disorders (Meehl, 1989), the
increased delay discounting rate in individuals with high levels of neg-
ative schizotypy suggests that altered intertemporal reward processing
may already exist before illness onset and may not be a consequence of
illness duration or medication. Instead, altered delay discounting may
be considered a trait in individuals with schizophrenia spectrum
disorders.

Gold et al. (2008) have proposed that patients with schizophrenia
are impaired in reward value representation when processing rewards.
Our findings have further extended this alteration into schizotypal indi-
viduals. Moreover, previous studies have demonstrated that individuals
with schizotypy (Engel et al., 2013; Loas et al., 2014; Martin et al., 2011)
and patients with schizophrenia (Li et al., 2015; Lui et al., 2015; Mote
et al., 2014) experience less anticipatory pleasure compared with
chizotypal group among positive, neutral, and negative affective priming condition. The
0.05).
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Fig. 2.Mean AUC for the high levels of negative schizotypal group and the low levels of negative schizotypal group among positive, neutral, and negative affective priming condition. The
difference of AUC based on all emotion conditions between two groups was significant (p b 0.05).
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controls. In our study, altered reward processing only appeared in the
distal future instead of the proximal future for individuals with high
levels of negative schizotypy, indicating that less anticipatory pleasure
may mainly be due to altered reward processing in the distal future. A
neuroimaging meta-analytic study has revealed that brain regions in-
cluding the amygdala, the thalamus, the striatum and the insula play a
key role in anticipating rewards (Oldham et al., 2018). In addition, a
fMRI study has found that individuals with high levels of negative
schizotypy exhibit diminished activation in the ventral striatum during
reward anticipation (Yan et al., 2016). Moreover, the striatum is sug-
gested to be associated with decision-making in different delayed
time points (Steele et al., 2018; Wittmann et al., 2010). These converg-
ing lines of evidence indicate that the preference of rewards in the distal
Fig. 3.Mean ln(ktem) in the proximal future and the distal future for the high levels negative sc
group status and the future temporal distance was significant (p b 0.05).
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future in individuals with high negative schizotypy may be contributed
by the altered activity in the striatum, which is important for motiva-
tional behaviour and negative symptoms in schizophrenia spectrum
disorders. Another possible factor which may contribute to the prefer-
ence in the distal future is prospective memory. Previous studies have
found that episodic future thinking (prospection) reduces delay
discounting in the healthy population, which implies less impulsivity
in decision-making (Hu et al., 2016; Lin and Epstein, 2014). However,
the impairments in prospective memory have been demonstrated in
schizophrenia spectrum disorders, which may lead to more impulsive
decision-making in individuals with high levels of negative schizotypy,
manifesting as increased discounting rate in the distal rather than prox-
imal future (Chen et al., 2016; Ordemann et al., 2014).
hizotypal group and low levels of negative schizotypal group. The interaction between the
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For the effect of affective priming, the result that the negative affec-
tive condition increased delay discounting is in line with previous stud-
ies in the general population (Lerner et al., 2013; Sohn et al., 2015). In
our study, the valence and the arousal of emotion induced by the affec-
tive pictures were similar as Sohn et al.'s study, supporting the validity
of the affective pictures. Unexpectedly, there was no significant interac-
tion between group status and affective priming types for the
discounting rate, although previous studies have found that individuals
with high levels of schizotypy have impaired emotion processing
(Giakoumaki, 2016; Lui et al., 2016). This suggests that the effect of af-
fective priming on decision-making is not significantly different be-
tween the two groups, which may be due to the limited magnitudes
of elicited emotion and the small sample size.

Negative schizotypy was assessed based on social anhedonia in this
study. Individuals with high levels of social anhedonia obtain diminished
reward from social stimuli (Kwapil et al., 2009). The alterations in pro-
cessing monetary rewards in this study suggest that individuals with
high levels of negative schizotypy may not only be altered in processing
social incentives but alsomonetary rewards. Both behavioural and neuro-
imaging findings have shown that individuals with social anhedonia ex-
hibited specific deficits in social but not monetary incentives (Xie et al.,
2014; Chan et al., 2016; Yan et al., 2016). The pattern of processing re-
wards from different domains in individuals with social anhedonia and
the underlying neural mechanism warrants further investigation.

There are several limitations in this study. First, we failed to find a
significant interaction between group status and affective priming
types and we did not record the arousal and valence after participants
were shown the affective pictures. Future studies should incorporate
this step so that the subjective experience for the affective stimuli
could be delineated. Secondly, we only defined temporal distance into
the proximal and distal future. However, a more refined delineation of
time span may be needed to examine more precisely how individuals
evaluate rewards at different temporal distances in future studies.
Thirdly, different samples from the schizophrenia spectrum, such as
positive schizotypal individuals, first-degree relatives of schizophrenia
patients, and schizophrenia patients, should be considered in future
studies in exploring how delay discounting changes with the develop-
ment of the disorder. Fourthly, although the participants were college
students, it would be better to use the Mini-International Neuropsychi-
atric Interview (Sheehan et al., 1998) to exclude possible psychiatric
disorders. Finally, incorporating neurophysiological and neuroimaging
techniques in future studies could help to explore the underlyingneuro-
biological mechanism of reward processing deficits.
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