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Abstract
Objective: Numerous studies have identified impaired decision making (DM) under both ambiguity and risk in
adult patients with schizophrenia. However, the assessment of DM in patients with adolescent-onset schizophrenia
(AOS) has been challenging as a result of the instability and heterogeneity of manifestations. The Iowa Gambling
Task (IGT) and Game of Dice Task (GDT), which are frequently used to evaluate DM respectively under ambiguity
and risk, are sensitive to adolescents and neuropsychiatric patients. Our research intended to examine the
performance of DM in a relatively large sample of patients with AOS using the above-mentioned two tasks. We also
aimed to take a closer look at the relationship between DM and symptom severity of schizophrenia.
Methods: We compared the performance of DM in 71 patients with AOS and 53 well-matched healthy controls
using IGT for DM under ambiguity and GDT for DM under risk through net scores, total scores and feedback ration.
Neuropsychological tests were conducted in all participants. Clinical symptoms were evaluated by using Positive
and Negative Syndrome Scale (PANSS) in 71 patients with AOS. Pearson’s correlation revealed the relationship
among total score of DM and clinical and neuropsychological data.
Results: Compared to healthy controls, patients with AOS failed to show learning effect and had a significant
difference on the 5th block in IGT and conducted more disadvantageous choices as well as exhibited worse
negative feedback rate in GDT. Apart from DM impairment under risk, diminished DM abilities under ambiguity
were found related to poor executive function in AOS in the present study.
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Conclusions: Our findings unveiled the abnormal pattern of DM in AOS, mainly reflected under the risky condition,
extending the knowledge on the performance of DM under ambiguity and risk in AOS. Inefficient DM under risk
may account for the lagging impulse control and the combined effects of developmental disease. In addition, our
study demonstrated that the performance on IGT was related to executive function in AOS.
Keywords: Adolescent-onset schizophrenia, Decision making, Iowa gambling task, Game of dice task

Introduction
Adolescent-onset schizophrenia (AOS) was commonly
considered as a chronic and sever illness with poor prognosis and typical age of onset at 13–18 year [1–4], affecting approximately one child in two hundred [5]. Nearly a
third of adult patients with schizophrenia developed their
earliest symptoms in the period of children and adolescents, characterized by high diagnostic stability [5]. According to peviousstudies, the onset of schizophrenia is
thought to be basically associated with the combined effects of genetice, developmental, and environmental factors. The adolescent brain was advancing towards
maturity, along with the development of the synaptogenesis and myelination [6], suggesting that it may be easier to
identify the true etiology of schizophrenia to primarily
concern AOS rather than adult schizophrenia [7–9].
In recent year, patients with AOS increasingly suffered
with alcoholism, substance abuse and high suicide rates,
which may contribute to the premature psychotis symptoms, aggravating manifestations and poor prognosis of
AOS [10]. Suicidal behaviors before the first
hospitalization occurred in approximate 32% of patients
with AOS, and follow-up investigations reported a suicide rate of 12% in the two years after the first admission
[11]. Urbanization and social adversity accelerated the
occurrence of the harmful behaviors of AOS [12]. Furthermore, risk behaviors were reported to be related
with poor DM ability and compelling evidence has
proved that DM is one of the strongest predictive factors
of risk behaviors [13, 14]. Therefore, it is of great necessity to assess the characteristics of DM in AOS.
DM is the capacity to modulate the advantageous and
disadvantageous perception, facilitating rewarded consequences [15, 16], which is generally considered as two
types: one is DM under ambiguity (with uncertain probability); the other is DM under risk (with certain probability). DM under ambiguity generally means that decision
makers are unaware of the outcomes and probabilities in
the beginning, after which they gradually acquire favorable
information and optimal choice from the feedback of previous choices [17]. In contrast to DM under ambiguity,
DM under risk is associated with explicit information and
probabilities which are initailly informed [18]. Moreover,
there are representative paradigms for DM under ambiguity and under risk, i.e. IGT (Iowa Gambling Task) [19] and

GDT (Game of Dice Task) [20], respectively. IGT, frequently revealing decisions under ambiguity and GDT
usually designed to examine DM under a specific risky
condition, are both well established and widely applied in
the assessment of the neuropsychiatric patients [21–24].
In the past decade, researchers have proceeded with numerous studies to investigate the features of DM deficits in
schizophrenia [25–28], which may implicate working
memory deficits [29], reward-driven hyperactivities [30,
31], or executive dysfunctions [32]. However, up to date,
few consensuses were reached on this issue. Lee et al.
(2007) firstly found adult schizophrenia has difficulty in
making decisions under ambiguous condition (IGT) but
not under risky condition (GDT) [24], whereas, the results
of subsequent studies tended to identify the impairments
in the schizophrenia under both ambiguous and risky conditions [25, 26, 32, 33]. Consequently, it is of importance
to take the above-mentioned DM-related characteristics
into account in patients with AOS, in order to reach a
general agreement on the DM dysfunctions in the
schizophrenia.
With the perspective of DM development, people in
adolescence usually preferred to take risks and displayed
insensitivity to punishment [34]. Dana et al. (2012)
found ambiguous DM abilities progressed in J-shaped
curve from 8 to 17 years of age [35], demonstrating children from 8 to10 years of age performed better in IGT
than those from 10 to 12 years of age [36], and then the
performances on IGT gradually improved in those from
13 to 18 years of age. The compelling evidence indicated
accessing the GDT performances may predict the gambling behaviors in adolescents [37]. Studies on DM in
healthy adolescents were considered as a foundation, accelerating researches’ investigation on the teenagers with
mental or neurological diseases. However, at present,
only Kester et al. (2006) investigated the characteristics
of DM in patients with AOS under ambiguity using IGT
[38]. Patients with AOS exhibited worse during the last
two blocks of IGT. They have trouble finding rules to
avoid the disadvantageous decks from previous feedback
under ambiguity. However, due to a very limited simple
size (15 patients with AOS), Kester et al. (2006) may not
efficiently demonstrate DM performance in AOS [38].
Meanwhile, to our best knowledge, GDT has not yet been
applied to study the characteristics of DM under risk in
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patients with AOS, though it is widely used in adolescent
patients with neurological disease and healthy adolescents
[37, 39, 40]. Accordingly, it is of importance and interest
to further investigate the performances of DM in AOS in
a relatively large sample size, adopting the two different
conditions (under ambiguity and under risk).
However, to date, no study has virtually compared the
DM performances of AOS and healthy controls under ambiguity and risky respectively at the same time depending
on a relatively large sample size, in which the evaluation
of the characteristics of DM of AOS would be made more
comprehensively and accurately. In the present study, we
sought to prove the following hypotheses: (a) patients with
AOS demonstrated DM impairments under both ambiguity and risk, utilizing experimental paradigms of IGT and
GDT, respectively; Moreover, (b) the performances of DM
may be associated with the psychiatric symptoms or cognitive functions in patients with AOS.

Methods
Subjects

From November 2013 to January 2019, 71 patients
ranged from13 to 18 years old with AOS were recruited
from the in-patient and out-patient of the Mental Health
Center of Anhui Province in Hefei, China. All the patients met the diagnostic criteria for schizophrenia of the
Diagnostic and Statistical Manual of Mental Disorders
4th edition (DSM-IV) [41]. Fifty-three healthy controls
were recruited from the local junior-high schools. The
two groups were well matched with age, gender, and
length of education. Furthermore, those who scored less

than or equal to 26 on the Montreal Cognitive Assessment (MoCA) [42], accompanied with anxiety and
depression state (Hamilton Anxiety Scale, HAMA> 14,
or Hamilton Depression Scale, HAMD> 17) [43, 44], or
with a history of substance abuse, neuropsychiatric disorders, or head trauma were excluded from both groups.
The Positive and Negative Syndrome Scale (PANSS) [45]
was used by trained and experienced psychiatrists to assess the severity of clinical symptoms of patients with
AOS. Targets of the assessment are positive subscale
score, negative subscale score, general psychopathology
subscale score and total scores. Additionally, patients
with AOS were at a stable stage of the illness for more
than three months. The course of the disease of all patients with AOS is no more than 3 years.
Overall, all the participants in the study completed
demographic and psychiatric interviews, underwent the
assessment of psychotic symptoms and neuropsychological characteristics. The neuropsychological tests included the MoCA, the Digit Span [46] and the Stroop
Color Word [47], assessing the function of the digital
and memory and executive function. Detailed demographic, clinical and neuropsychological data are included in Table 1. To avoid the effect of fatigue, all the
tests were conducted in two days. All the participants
were given the neuropsychological evaluation on the first
day, IGT and GDT were performed on the next day in
the same order. This study was approved by the Research Ethics Committee of the Anhui Medical University. All participants were right-handed as assessed by
Edinburgh Handedness Inventory [48]. All participants

Table 1 Demographic and neuropsychological performances in patients with AOS and healthy controls (M ± SD)
T/x2

P value

23/30

2.034

0.154

15.80 ± 0.87

1.649

0.102

9.87 ± 1.47

10.47 ± 0.82

−1.688

0.094

27.67 ± 1.99

28.6 ± 1.49

−2.495

0.015*

Items

Patients with AOS

Healthy controls

Number of participants

71

53

Gender (male/female)

40/31

Age (years)

16.11 ± 1.38

Educational year
MoCA
Stroop Color

17.02 ± 5.39

12.25 ± 2,78

6700

< 0.001***

Stroop Word

20.30 ± 7.02

14.68 ± 3.90

5940

< 0.001***

Stroop Color&Word

33.16 ± 13.46

26.34 ± 9.05

3.546

0.001***

DS-Forward

7.96 ± 0.25

7.96 ± 0.18

−0.069

0.945

DS-Backward

5.45 ± 1.15

6.31 ± 0.84

−4.677

< 0.001***

PANSS-P

13.81 ± 6.27

PANSS-N

13.44 ± 6.45

PANSS-T

54.81 ± 14.77

CPZeq of total antipsychotic drugs (mg/day)

441.55 ± 115.76

Note: MoCA Montreal Cognitive Assessment; Stroop Stroop Color Word Tasks; PANSS Positive and Negative Syndrome Scale. PANSS - P PANSS Positive Subscale
Score; PANSS - N PANSS Negative Subscale Score; PANSS - T PANSS Total Score; DS The Digital Span Test, CPZ - eq Chlorpromazine - equivalent.* p < 0.05,
*** p < 0.001
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and their legal representative gave written informed consent with being given an adequate description and approval of study.
Decision-making tasks
Iowa gambling task (IGT)

IGT was used to assess DM under ambiguity, which has
been modified into the chinesize-computerized version
in 2010 [19]. There are 4 decks (A, B, C and D) of cards
on the screen, with 100 trials with 2000 € initial capital
presented. The participants were asked to select one
card among four different decks during each trial without being given any cues, and then they would be informed to win or lose money in each feedback, through
which they would find the underlying rule, and then try
to maximize monetary outcome. As a specific rule, cards
selected from A and B decks were disadvantageous
choices under the high-risk condition (an average gain
of 100 €), with every 10 selections losing 250 €. The C
and D decks were conservative choices, resulting in the
gain of win €100 in 10 selections. Eventually, final capital
and the total net score were calculated. The net score
was the number of decks (C + D)–(A + B). In order to
observe the decision strategies of the participants during
IGT, 100 trials were divided into five equal blocks for
calculating net scores, and subsequently block-wise analysis would be conducted.
Game of dice task (GDT)

The computerized GDT was a useful and interesting tool
to measure DM under risk. With the participants sitting
at the computer, they were given 1000 € as a basic fund
and presented with a throwing six-sided dice (numbered:
1–6) [20]. Before the dice was thrown, participants were
instructed to try to win as much money as possible during 18 throws. They must choose one from the following
four given options:
(1) Single number (N1): one-in-six chance to acquire
1000 € gain/loss;
(2) Combination of two numbers (N2): two-in-six
chance to acquire 500 € gain/loss;
(3) Combination of three numbers (N3): three-in-six
chance to acquire 200 € gain/loss;
(4) Combination of four numbers (N4): four-in-six
chance to acquire 100 € gain/loss;
The positive feedback utilization rate: positive feedback
numbers (PFN) meant the number of times to choose N3 or
N4 option and earn money, and positive feedback switching
numbers (PFSN) meant the number of times to earn money
after choosing N3 or N4, and then continue choosing N3 or
N4 option. The positive feedback utilization rate was calculated by PFSN/PFN, and then turned into percentage (%).
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The negative feedback utilization rate: negative feedback numbers (NFN) meant the number of times to
choose N1 or N2 option and lose money, and negative
feedback switching numbers (NFSN) meant the number
of times to lose money after choosing N1 or N2, and
then switch to choose N3 or N4 option. The negative
feedback utilization rate was calculated by NFSN/NFN,
and then turned into percentage (%).
It can be concluded that the higher the return, the
higher the risk. N1 and N2 are considered as the highrisky decisions (high-risk options), and N3 and N4 are
regarded as the low-risk decisions (low-risk options).
After each throw, the feedback of the amount of money
will be displayed on the screen. The net score (N3+N4) (N1-N2) was calculated to investigate GDT performance.
The total score was calculated to represent total money
earned. Statistical analyses were conducted to calculate
the final capital, net score, positive and negative feedback rate, the times to select each one from the four
choices and the number of safe/risky decisions.
Statistical analyses

All statistical analyses were performed by using SPSS,
version 23.0 for Windows. All of the variables were examined for normality with the Kolmogorov-smirnov
statistic and for homogeneity of variance with the
Levene test. Independent sample t-test was conducted to
compare the neuropsychological data, background information data, positive and negative feedback rate in
GDT, net score and total score in IGT/GDT between
patients with AOS and healthy controls. Comparisons
with different genders were made by using the Chisquare test. To measure the performance of IGT and
GDT, mixed ANOVA was conducted, with the blocks/
combination numbers as the within-subject factor, and
AOS group and healthy controls group as the betweensubjects factors to examine the interaction effect
(Blocks/numbers×Group) among these variables. If the
interaction effect is significant, analyses of simple effects
for group and block interaction were then performed.
Post hoc analyses were performed to compare the performances of AOS group and healthy control group in
IGT and GDT, using Bonferroni multiple comparison
test. Pearson’s correlation analyses were conducted
among the total score of DM (IGT and GDT), and clinical and neuropsychological data. For all tests, the
threshold of statistical significance was set at p < 0.05
(two-tail).

Results
Demographic and neuropsychological assessments

The results of demographic materials, clinical evaluation
and neuropsychological assessments were shown in
Table 1. AOS group and healthy controls group were
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matched for the age, gender and years of schooling
(p > 0.05). In neuropsychological tests, AOS group performed significantly worse on the score of the Moca
(p < 0.05) compared with healthy controls group. With
regard to the executive functions on the Stroop tests,
AOS group performed significantly worse than healthy
controls group (p < 0.001). Compared with healthy controls group, AOS group showed lower score on the Digit
Span (backward) test (p < 0.001).

Decision-making on IGT

The 100 choices were divided into five blocks on average, and the data were analyzed by mixed ANOVA. The
block was a within-subjects factor, and the group was a
between-subjects factor. For the block, its main effect
was significant (F4, 488 = 16.182, p < 0.001, η2 = 0.264),
indicating a dynamic change process of IGT. The main
effect between groups was not significant (F1, 122 =
0.150, p = 0.699, η2 = 0.001), indicating that there were
not differences in the DM strategies between the two
groups. There was significant block × group interaction
(F4, 488 = 2.544, p = 0.041, η2 = 0.054). The analyses of
simple effects for group and block interaction was performed. On the DM performance in each block of IGT,
there is no significant difference in the performance between AOS group and healthy control group (p > 0.05),
except the 5th block (p < 0.01). In AOS group, there was
no significant difference in the net scores among the five
blocks (p > 0.05). In normal teenager group, the net
score on the 1st block was significantly lower than each
net score 2-5th blocks (p < 0.001) (Fig. 1). There were no
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significant differences on total score and net score of
IGT between two groups (p > 0.05) (Table 2, Fig. 1).
Decision-making on GDT

The data were analyzed by mixed ANOVA. The combination number was the within-subject factor, and the group
was a between-subjects factor. For the combination number, its main effect was significant (F 3, 366 = 34.485, p <
0.001, η2 = 0.397). The main effect between groups was
not significant (F 1, 122 = 1.356, p = 0.264, η2 = 0.011).
There was significant combination number×group interaction (F 3, 366 = 8.761, p < 0.001, η2 = 0.221). The analysis
of simple effects for combination number and block interaction was performed. Both AOS group and healthy
control group showed higher frequency of choices in the
single numbers and three numbers (p < 0.01). There was
no significant difference between the two groups in two
numbers and four numbers in GDT (p > 0.05). Significant
differences existed between the two groups in the low and
high risk options (p < 0.01). As shown in Table 2, the total
score and net score of patients with AOS in GDT were
significantly lower than those of healthy controls (p <
0.01). Although the difference in the use of positive feedback did not reach statistical significance (p > 0.05), there
was a significant difference in the use of negative feedback
between the two groups (p < 0.05) (Fig. 2).
Additional analyses on the performance of DM

With including cognitive functions as covariates, no significant effect was found for IGT (p > 0.05), while there
is a significant interaction effect on GDT (p < 0.05). All
participates were divided in two groups based on their

Fig. 1 Iowa Gambling Task (IGT) performance across time between patients with AOS and healthy controls. The healthy controls selected more
advantageous choices over time, whereas AOS did not differ. Significant net score difference between two groups occurred on the 5th blocks in
IGT. Note: ** vs Block 5, p < 0.01
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Table 2 Decision-making performances of patients with AOS and healthy controls (M ± SD)
Item

Patients with AOS

Healthy Controls
concontrolcontrols

T

P value

Conken, d

IGT
Number of participants
Block1

71

53

−2.93 ± 4.80

−3.87 ± 4.30

−1.189

> 0.999

0.176

Block2

−0.67 ± 3.93

−1.12 ± 4.69

− 0.556

> 0.999

0.082

Block3

−0.077 ± 5.24

−0.658 ± 6.126

− 0.730

> 0.999

0.108

Block4

0.038 ± 5.89

0.20 ± 5.91

−0.211

> 0.999

0.031

Block5

−0.98 ± 6.56

1.63 ± 5.64

−3.287

0.005**

0.487

Total net score

−4.63 ± 13.79

−2.53 ± 14.97

−0.988

0.325

0..073
.0883

Total score

1441.18 ± 458.94

1521.34 ± 444.65

−1.194

0.234

0.088

3.81 ± 3.61

0.98 ± 1.49

5.954

< 0.001***

0.912

GDT
Number 1(N1)
Number 2(N2)

3.26 ± 2.3

3.92 ± 3.01

−1.376

0.978

0.211

Number 3(N3)

4.47 ± 2.40

5.90 ± 2.88

−3.002

0.046*

0.459

Number 4(N4)

6.39 ± 3.89

7.18 ± 4.23

−1.082

0.638

0.255

Total net score

3.77 ± 8.07

8.18 ± 7.12

−3.164

0.002**

0.290

Total score

− 2263.38 ± 3392.43

247.16 ± 1925.79

−5.211

< 0.001***

0.469

Use of negativea(%)
feedback (%)

63.53 ± 27.68

75.19 ± 27.64

−2.321

0.022*

0.209

Use of positiveb(%)
feedback (%)

61.29 ± 32.87

69.64 ± 25.15

−1.593

0.114

0.143

Note: effect size: small effect, ≤ 0.30; medium effect, 0.31–0.50; large effect, > 0.50
*p < 0.05, **p < 0.01, *** p < 0.001

age: 13–15 years old group and 15–18 years old group.
With the gender and education years as covariates,
no significant effect was found on either IGT or GDT
in 13–15 years old group (p > 0.05), while significant
interaction effects on both IGT and GDT were

observed in 15–18 years old group (p < 0.05). Beyond
that, we conducted an analysis on effect of gender on
either IGT or GDT performances respectively in the
AOS. There was no significant interaction effect one
IGT, as well as no significant number × gender

Fig. 2 Performances on the Game of Dice in AOS and healthy controls. (A) AOS group was more likely to choose high risk options (N1 and Risk
options), whereas the healthy controls preferred to choose the low risk options (N3 and low risk options). Note: *** vs N1, p < 0.001, ** vs N3, p <
0.01. (B) Group comparisons revealed that means of the net score in AOS were lower than those in the healthy controls Note: **, p < 0.01
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Fig. 3 Pearson correlation analyses between the total/net score of IGT, GDT and the performance in the three stroop subtest, digital span
backward. The total / net scores of IGT and GDT were respectively negatively correlated with the reaction time in the subtest of the stroop color,
stroop word, stroop color-word, they also were positive correlated to the score in the digital span backward. Note: *, p < 0.05

Table 3 Pearson’s correlation analyses between the total/net score of DM (IGT and GDT), clinical and neuropsychological data in the
AOS (n = 63)
Items

IGT Total score

GDT Total score

GDT Total score

r value

IGT Netscore
p value

r value

p value

r value

p value

r value

p value

Stroop Color

− 0.338**

0.008**

−0.343

0.008**

−0.121

0.356

−0.145

0.269

Stroop Word

− 0.261

0.044*

−.0360

0.005**

−0.237

0.068

−0.208

0.111

Stroop Color&Word

−0.306

0.017*

−0.272

0.037*

−0.060

0.651

−0.140

0.287

DS - Forward

0.174

0.233

0.248

0.090

0.113

0.441

0.071

0.626

DS - Backward

0.367

0.010*

0.345

0.016*

0.203

0.162

0.131

0.368

PANSS - Positive

0.043

0.749

0.244

0.069

0.075

0.580

−0.021

0.879

PANSS - Negetive

−0.124

0.378

−0.059

0.676

−0.103

0.462

−0.170

0.222

PANSS - Total

−0.111

0.408

−0.015

0.913

−0.076

0.570

−0.197

0.139

Note: PANSS Positive and Negative Syndrome Scale. PANSS-P PANSS Positive Subscale Score; PANSS-N PANSS Negative Subscale Score; PANSS-T PANSS Total Score;
DS Digital Span Test, * p < 0.05, ** p < 0.01
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interaction in the GDT (p > 0.05) (see details in the
Supplementary Materials).
Correlational analyses

Correlational analyses were examined among the performance of DM, the severity of psychiatric symptoms,
and the result of neuropsychological measurements in
AOS group. Results showed that there was a negative
correlation between completion time in the stroop (subtest: Color, Word, Color & Word) and the net/total
score of IGT (p < 0.05) (Fig. 3). In addition, there was a
significantly positive correlation between the score of
the Digit Span backward and the net/total score of IGT
(p < 0.05) (Table 3).

Discussion
Our findings indicated that patients with AOS showed
worse performance than healthy controls in DM, especially under risky condition, as measured by IGT and
GDT. In regard to the ambiguous situation, patients
with AOS showed significant difference on the 5th block
and failed to show learning effect on IGT. Similarly
under risk, patients with AOS not only conducted more
disadvantageous choices, but also exhibited worse negative feedback rate on GDT. Apart from DM impairment
under risk diminished DM abilities under ambiguity
were also found to be related to the poor executive function in the present study.
The DM performance in patients with AOS in our
present study principally replicated the findings demonstrated by Kester et al. (2006) [38]. Patients with AOS
documented a different learning curve compared with
their non-psychiatric peers. Although patients with AOS
were able to explore an advantageous strategy from the
feedback condition on each of the first four blocks, this
strategy was incapable of developing a favorable longterm one, and progressed to a high-risk and low-reward
strategy on the 5th block. One potential factor may be
patients with AOS are implicated with DM dysfunctions
under risk, rather than with decisions under ambiguity.
Recent evidence has suggested that people had come
to learned the rules and contingencies implied in distinct
options [34, 49]; and gradually get an awareness of
which decks were advantageous or disadvantageous
when they performed DM on 3rd or 4th block during the
IGT, then making decisions with certainty to the end.
In addition, compared to healthy controls, net scores
of the blocks of IGT haven’t shown any difference until
progressing to the 5th deck in patients with AOS, while
those have showed difference scince the 3rd or 4th deck
in adult patients with schizophrenia [26, 30]. This delay
in patients with AOS was probably due to the instability
in adolescence [50], characterized by the slow development and the biological changes of the brain regions in
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the puberty [50–52]. Adolescents are originally sensitive
to immediate gains and losses (inhibitory processes),
then affecting the further DM strategies on IGT [53–
55]. AOS showed comparatively delated DM strategy,
coinciding with the adolescent development trajectory
[50, 53, 56]. Notably, the prefrontal cortex, with the
properties of protracting structural development during
adolescence and early adulthood, has been proved as the
key brain area of DM, participating in neural processes
of DM [50, 52]. Taking into account the alterations of
reward processing in the etiology of schizophrenia [52],
combining with the late developed impulse control in
the adolescence [56], performances of DM in patients
with AOS might be consequently damaged. In the future, more researches with a larger sample size and different stages of adolescents with AOS were needed to
verify these findings.
In GDT, patients with AOS showed remarkly deficits
on risky DM. This result is consistent with the previous
studies presented in adolescence patients with neuropsychosis by other scholars [40, 57, 58]. Patients with AOS
failed to efficiently integrate consequences and probabilities, and were unable to modify the options from rewards and punishments feedback, possibly lacking a
vision on low risk for the higher returns. Our results
found patients with AOS not only liked the risky options, but also preferred a higher number in GDT. Similarly, patients with AOS showed worse on processing
negative feedback than healthy controls, rather than
positive feedback. Patients with AOS were unable to
transform a safe/gain option after receiving a big penalty.
In other words, AOS preferred to take risks without regard to the consequences of behaviors. Another reason
was that AOS may be lack of the ability of impulse control, failing to stop risking actions, and then affecting
monitoring and modifying profitable dysfunctions under
risk. Previous studies have always stood by the social
cognition (especially DM) deficits may be qualified as a
hallmark of schizophrenia. However, combining with
progressive difference of DM performances occurring
only on the 5th block on IGT and high-risk preference in
GDT, our results went a step further to indicate that
deficits of DM under risk may be a specific sociocognitive phenotype of AOS.
Results from the current study demonstrated lower
score on IGT was related to poor performance executive
function in AOS, represented by stroop test and digital
span backward. Similarly, blocks and groups interactions
were not significant after adding executive function as a
covariance on IGT. Executive function plays an inevitable role in DM behaviors, and IGT was called as“hot”executive function in the previous studies [59, 60].
Meanwhile, there is a positive correlation between net/
total score on IGT and score on the digital span
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backward but not the digital span forward in
the present study, which may be most likely attributed to the asumption that digital span backward required
more
cognitive
processing,
especially
depending on the executive resources [61]. These associations concurred with those shown in other previous studies [34, 39, 62]. However, different with
previous researches during the DM processes, our
present study showed an inconsistent performance
that clinical symptoms were unrelated to DM processes. Evidence from previous studies suggested
negative symptoms were associated with abnormality
of DM processes in schizophrenia through the
reinforcement learning [51, 63, 64] and similar results
have been found in some fMRI studies. The most
probable explanation of these inconsistent results may
be that the enrolled patients with AOS in the present
study were all in a short course (less than three
years), and the possibly limited clinical symptoms
may impede the clear presention of the relationship
to a certain extent.
In together, a few limitations should be acknowledged. Although the sample size in our present study
is larger than any one in the previous published studies of AOS, it is obviously not large enough to be
subdivided into different age groups. Second, patients
with AOS are given medication during the research.
Despite they are all at a stable stage of the illness for
more than three month before assessment, we were
not able to completely exclude the medicinal impact.
The ongoing study should recruit treatment-naive patients to clarify the mechanism of DM deficits under
less interference. Third, although the healthy controls
were enrolled with psychiatric interview eliminating
the history of neuropsychiatric disorders, PANSS was
not used to exclude the individuals with mental
symptoms. Future studies could be designed including the assessment clinical symptoms.

Conclusions
Our findings unveiled the abnormal pattern of DM
in AOS, mainly reflected on the risky condition, extending knowledge on the performance of DM under
ambiguity and risk in AOS. Inefficient DM under
risk may contribute to the lagging impulse control
and the combined effects of developmental diseases.
In addition, our study shows the performance on
IGT related to executive function in AOS.
Abbreviations
AOS: Adolescent-onset schizophrenia; DM: Decision Making;
IGT: Iowa Gambling Task; GDT: Game of Dice; PANSS: Positive and Negative
Syndrome Scale; PANSS-P: PANSS Positive Syndrome Score; PANSS-N: PANSS
Negative Syndrome Score; PANSS-T: PANSS total score; DS: The Digital Span
Test

Page 9 of 11

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12888-021-03230-1.
Additional file 1: Table 1. Decision-making performance of patients
with AOS and healthy controls at different age and gender groups.

Acknowledgements
Not applicable.
Authors’ contributions
DDL, FZ, CYZ and KW designed the study. YFZ, FYZ, TTY and DDL collected
and analyzed data. FYZ, DDL, CYZ and KW wrote this article, which all
authors have reviewed. All authors approved the final version to be
published and can certify that no other individuals not listed as authors have
made substantial contributions to the paper.
Funding
This study was funded by the Natural Science Foundation of China
(91432301, 82090034, 31970979, and 91232717 to K.W., 81771456 to C.Z.,
31800909 to L.Z.,81971689 to G.J.)
Availability of data and materials
The data are not publicly available due to privacy restrictions but are
available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by the Research Ethics Committee of the Anhui
Medical University. All subjects and their legal representative gave written
informed consent. The study adhered to the tenets of the Declaration of
Helsinki.
Consent for publication
Not Applicable.
Competing interests
The authors state that no conflict of interest exists.
Author details
1
Department of Neurology, the First Affiliated Hospital of Anhui Medical
University, Hefei 230022, China. 2Anhui Province Key Laboratory of Cognition
and Neuropsychiatric Disorders, Hefei 230022, China. 3Collaborative
Innovation Center of Neuropsychiatric Disorders and Mental Health, Hefei
230022, China. 4School of Mental Health and Psychological Sciences, Anhui
Medical University, Hefei 230022, China. 5Children’s Rehabilitation
Department, Wuhan Mental Health Center, Wuhan 430012, China. 6Institute
of Artificial Intelligence, Hefei Comprehensive National Science Center, Hefei
230022, China.
Received: 9 December 2020 Accepted: 20 April 2021

References
1. Kennedy EKA, Datta SS. Antipsychotic medication for childhood-onset
schizophrenia. Cochrane Database Syst Rev. 2007;3(3):CD004027.
2. Young CMFR. Pharmacologic treatment of adolescent and child
schizophrenia. Expert Rev Neurother. 2004;4(1):53–60. https://doi.org/10.1
586/14737175.4.1.53.
3. Armenteros JL, Davies M. Antipsychotics in early onset schizophrenia:
systematic review and meta-analysis. Eur Child Adolesc Psychiatry. 2006;
15(3):141–8. https://doi.org/10.1007/s00787-005-0515-2.
4. Pagsberg AK, Tarp S, Glintborg D, Stenstrom AD, Fink-Jensen A, Correll CU,
et al. Acute antipsychotic treatment of children and adolescents with
schizophrenia-Spectrum disorders: a systematic review and network metaanalysis. J Am Acad Child Adolesc Psychiatry. 2017;56(3):191–202. https://
doi.org/10.1016/j.jaac.2016.12.013.

Li et al. BMC Psychiatry

5.

6.

7.
8.

9.

10.

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

(2021) 21:230

Madaan V. Dvir, Y., & Wilson, D. R.: child and adolescent schizophrenia:
pharmacological approaches. Expert Opin Pharmacother. 2008;9(12):2053–
68. https://doi.org/10.1517/14656566.9.12.2053.
Paus T, Keshavan M, Giedd JN. Why do many psychiatric disorders emerge
during adolescence? Nat Rev Neurosci. 2008;9(12):947–57. https://doi.org/1
0.1038/nrn2513.
Dienel SJ, Lewis DA. Alterations in cortical interneurons and cognitive
function in schizophrenia. Neurobiol Dis. 2019;131:104208.
Howes OD, Murray RM. Schizophrenia: an integrated sociodevelopmentalcognitive model. Lancet. 2014;383(9929):1677–87. https://doi.org/10.1016/
S0140-6736(13)62036-X.
Garcia RR, Aliste F, Soto G. Social cognition in schizophrenia: cognitive and
neurobiological aspects. Revista colombiana de psiquiatria. 2018;47(3):170–6.
https://doi.org/10.1016/j.rcpeng.2018.06.004.
Schneider C, Papachristou E, Wimberley T, Gasse C, Dima D, MacCabe JH,
et al. Clozapine use in childhood and adolescent schizophrenia: a
nationwide population-based study. Eur Neuropsychopharmacol. 2015;25(6):
857–63. https://doi.org/10.1016/j.euroneuro.2015.02.003.
Sanchez-Gistau V, Baeza I, Arango C, Gonzalez-Pinto A, de la Serna E,
Parellada M, et al. Predictors of suicide attempt in early-onset, first-episode
psychoses: a longitudinal 24-month follow-up study. J Clin Psychiatry. 2013;
74(1):59–66. https://doi.org/10.4088/JCP.12m07632.
Heinz A, Deserno L, Reininghaus U. Urbanicity, social adversity and
psychosis. World Psychiatry. 2013;12:187–97.
Kriegler J, Wegener S, Richter F, Scherbaum N, Brand M, Wegmann E. DM of
individuals with heroin addiction receiving opioid maintenance treatment
compared to early abstinent users. Drug Alcohol Depend. 2019;205:107593.
https://doi.org/10.1016/j.drugalcdep.2019.107593.
Lejuez CW, Aklin WM, Zvolensky MJ, Pedulla CM. Evaluation of the balloon
analogue risk task (BART) as a predictor of adolescent real-world risk-taking
behaviours. J Adolesc. 2003;26(4):475–9. https://doi.org/10.1016/S0140-1971
(03)00036-8.
Heekeren HR, Marrett S, Ungerleider LG. The neural systems that mediate
human perceptual DM. Nat Rev Neurosci. 2008;9(6):467–79. https://doi.org/1
0.1038/nrn2374.
Sterzer P. Moving forward in perceptual DM. Proc Natl Acad Sci. 2016;
113(21):5771–3. https://doi.org/10.1073/pnas.1605619113.
Bechara A. The role of emotion in decision-making: evidence from
neurological patients with orbitofrontal damage. Brain Cogn. 2004;55(1):30–
40. https://doi.org/10.1016/j.bandc.2003.04.001.
Brand M, Labudda K, Markowitsch HJ. Neuropsychological correlates of
decision-making in ambiguous and risky situations. Neural Netw. 2006;19(8):
1266–76. https://doi.org/10.1016/j.neunet.2006.03.001.
Bechara A, Damasio AR, Damasio H, Anderson SW. Insensitivity to future
consequences following damage to human prefrontal cortex. Cognition.
1994;5:7–15.
Fujiwara E, Borsutzky S, Kalbe E, Kessler J, Markowitsch H. J: decision-making
defificits of Korsakoff patients in a new gambling task with explicit rules:
associations with executive functions. Neuropsychology. 2005;12:276–7.
Zhang L, Dong Y, Ji Y, Zhu C, Yu F, Ma H, et al. Dissociation of DM under
ambiguity and DM under risk: a neurocognitive endophenotype candidate
for obsessive–compulsive disorder. Prog Neuro-Psychopharmacol Biol
Psychiatry. 2015;57:60–8. https://doi.org/10.1016/j.pnpbp.2014.09.005.
Sun TXT, Wang J, Zhang L, Tian Y, Wang K, Yu X, et al. Decision-making
under ambiguity or risk in individuals with Alzheimer's disease and mild
cognitive impairment. Front Psychiatry. 2020;8(11):218.
Biars JW, Johnson NL, Nespeca M, Busch RM, Kubu CS, Floden DP. Iowa
gambling task performance in Parkinson disease patients with impulse
control disorders. Archiv Clin Neuropsychol. 2019;34(3):310–8. https://doi.
org/10.1093/arclin/acy036.
Lee Y, Kim Y-T, Seo E, Park O, Jeong S-H, Kim SH, et al. Dissociation of emotional
decision-making from cognitive decision-making in chronic schizophrenia.
Psychiatry Res. 2007;152(2–3):113–20. https://doi.org/10.1016/j.psychres.2006.02.001.
Runyon M, Buelow MT. Risky decision-making and delusion proneness: an
initial examination. Heliyon. 2019;5(11):e02767. https://doi.org/10.1016/j.
heliyon.2019.e02767.
Pedersen A, Goder R, Tomczyk S, Ohrmann P. Risky decision-making under
risk in schizophrenia: a deliberate choice? J Behav Ther Exp Psychiatry. 2017;
56:57–64. https://doi.org/10.1016/j.jbtep.2016.08.004.
Brown EC, Hack SM, Gold JM, Carpenter WT Jr, Fischer BA, Prentice KP, et al.
Integrating frequency and magnitude information in decision-making in

Page 10 of 11

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.
42.

43.
44.
45.
46.
47.
48.

49.

schizophrenia: an account of patient performance on the Iowa gambling
task. J Psychiatr Res. 2015;66-67:16–23. https://doi.org/10.1016/j.jpsychires.2
015.04.007.
Hori H, Yoshimura R, Katsuki A, Atake K, Nakamura J. Relationships between
brain-derived neurotrophic factor, clinical symptoms, and decision-making
in chronic schizophrenia: data from the Iowa gambling task. Front Behav
Neurosci. 2014;8:417.
Collins AG, Brown JK, Gold JM, Waltz JA, Frank MJ. Working memory
contributions to reinforcement learning impairments in schizophrenia. J
Neurosci. 2014;34(41):13747–56. https://doi.org/10.1523/JNEUROSCI.
0989-14.2014.
Saperia S, Da Silva S, Siddiqui I, Agid O, Daskalakis ZJ, Ravindran A, et al.
Reward-driven decision-making impairments in schizophrenia. Schizophr
Res. 2019;206:277–83. https://doi.org/10.1016/j.schres.2018.11.004.
Gold JM, Waltz JA, Prentice KJ, Morris SE, Heerey EA. Reward processing in
schizophrenia: a deficit in the representation of value. Schizophr Bull. 2008;
34(5):835–47. https://doi.org/10.1093/schbul/sbn068.
Fond G, Bayard S, Capdevielle D, Del-Monte J, Mimoun N, Macgregor A,
et al. A further evaluation of decision-making under risk and under
ambiguity in schizophrenia. Eur Arch Psychiatry Clin Neurosci. 2013;263(3):
249–57. https://doi.org/10.1007/s00406-012-0330-y.
Zhang L, Tang J, Dong Y, Ji Y, Tao R, Liang Z, et al. Similarities and
differences in decision-making impairments between autism Spectrum
disorder and schizophrenia. Front Behav Neurosci. 2015;9:259.
Brand M, Recknor EC, Grabenhorst F, Bechara A. Decisions under ambiguity
and decisions under risk: correlations with executive functions and
comparisons of two different gambling tasks with implicit and explicit rules.
J Clin Exp Neuropsychol. 2007;29(1):86–99. https://doi.org/10.1080/138033
90500507196.
Smith DG, Xiao L, Bechara A. DM in children and adolescents: impaired
Iowa gambling task performance in early adolescence. Dev Psychol. 2012;
48(4):1180–7. https://doi.org/10.1037/a0026342.
Donati MA, Panno A, Chiesi F, Primi C. A mediation model to explain DM
under conditions of risk among adolescents: the role of fluid intelligence
and probabilistic reasoning. J Clin Exp Neuropsychol. 2014;36(6):588–95.
https://doi.org/10.1080/13803395.2014.918091.
Donati MA, Frosini A, Izzo VA, Primi C. The effectiveness of the game of dice
task in predicting at-risk and problem gambling among adolescents: the
contribution of the neural networks. J Gambl Stud. 2018;35(1):1–14.
Kester HM, Sevy S, Yechiam E, Burdick KE, Cervellione KL, Kumra S.
Decision-making impairments in adolescents with early-onset
schizophrenia. Schizophr Res. 2006;85(1–3):113–23. https://doi.org/10.101
6/j.schres.2006.02.028.
Bin Xuan PL, Aiqing Z, Liping Y. Decision-making in adolescents with
profound hearing loss. J Deaf Stud Deaf Educ. 2018;23(3):219-27.
Paiva ML, Rzezak P, Santos B, Lima EM, Moschetta SP, Vincentiis S, et al.
Dissociation between DM under ambiguity and risk in patients with juvenile
myoclonic epilepsy. Epilepsy Behav. 2019;101(Pt A):106548.
APA. Diagnostic and statistical manual of mental disorders. 4th ed.
Washington, DC: American Psychiatric Press; 2000.
Nie K, Zhang Y, Wang L, Zhao J, Huang Z, Gan R, et al. A pilot study of
psychometric properties of the Beijing version of Montreal cognitive
assessment in patients with idiopathic Parkinson’s disease in China. J Clin
Neurosci. 2012;19(11):1497–500. https://doi.org/10.1016/j.jocn.2011.11.039.
HAMILTON. The assessment of anxiety states by rating. Br J Med Psychol.
1959;32(1):50–5. https://doi.org/10.1111/j.2044-8341.1959.tb00467.x.
HAMILTON. A rating scale for depression. J Neurol Neurosurg Psychiatry.
1960;23(1):56–62. https://doi.org/10.1136/jnnp.23.1.56.
Stanley R, Kay AF, Lewis A. Opler the positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261–76.
D. W. Wechsler Memory Scale—revised. San Antonio: The Psychological
Corporation; 1987.
Spreen O. SEne: a compendium of neuropsychological tests. New York:
Oxford University Press; 1998.
Oldfield RC. The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia. 1971;9(1):97–113. https://doi.org/10.1016/002
8-3932(71)90067-4.
Matsuzawa D, Shirayama Y, Niitsu T, Hashimoto K, Iyo M. Deficits in emotion
based decision-making in schizophrenia; a new insight based on the Iowa
gambling task. Prog Neuro-Psychopharmacol Biol Psychiatry. 2015;57:52–9.
https://doi.org/10.1016/j.pnpbp.2014.10.007.

Li et al. BMC Psychiatry

(2021) 21:230

50. Blakemore S-J, Robbins TW. Decision-making in the adolescent brain. Nat
Neurosci. 2012;15(9):1184–91. https://doi.org/10.1038/nn.3177.
51. Chang WC, Waltz JA, Gold JM, Chan TCW, Chen EYH. Mild reinforcement
learning deficits in patients with first-episode psychosis. Schizophr Bull.
2016;42(6):1476–85. https://doi.org/10.1093/schbul/sbw060.
52. Papanastasiou E, Mouchlianitis E, Joyce DW, McGuire P, Banaschewski T,
Bokde ALW, et al. Examination of the neural basis of Psychoticlike
experiences in adolescence during reward processing. JAMA Psychiatry.
2018;75(10):1043–51. https://doi.org/10.1001/jamapsychiatry.2018.1973.
53. Galvan A, Hare TA, Parra CE, Penn J, Voss H, Glover G, et al. Earlier
development of the accumbens relative to orbitofrontal cortex might
underlie risk-taking behavior in adolescents. J Neurosci. 2006;26(25):6885–92.
https://doi.org/10.1523/JNEUROSCI.1062-06.2006.
54. Vijayakumar N, Op de Macks Z, Shirtcliff EA, Pfeifer JH. Puberty and the
human brain: insights into adolescent development. Neurosci Biobehav Rev.
2018;92:417–36. https://doi.org/10.1016/j.neubiorev.2018.06.004.
55. Santangelo PS, Koenig J, Funke V, Parzer P, Resch F, Ebner-Priemer UW,
et al. Ecological momentary assessment of affective and interpersonal
instability in adolescent non-suicidal self-injury. J Abnorm Child Psychol.
2017;45(7):1429–38. https://doi.org/10.1007/s10802-016-0249-2.
56. Grootens-Wiegers P, Hein IM, van den Broek JM, de Vries MC. Medical
decision-making in children and adolescents: developmental and
neuroscientific aspects. 2017;17(1):120.
57. Pacheco-Colon I, Hawes SW, Duperrouzel JC, Lopez-Quintero C, Gonzalez R.
Decision-making as a latent construct and its measurement invariance in a
large sample of adolescent Cannabis users. J Int Neuropsychol Soc. 2019;
25(7):661–7. https://doi.org/10.1017/S1355617719000341.
58. Farrar DC, Mian AZ, Budson AE, Moss MB, Killiany RJ. Functional brain
networks involved in decision-making under certain and uncertain
conditions. Neuroradiology. 2018;60(1):61–9. https://doi.org/10.1007/s00234017-1949-1.
59. AKaPD Z. Development of “hot” executive function: the children
gambling task. Brain Cogn. 2004;55(1):148–57. https://doi.org/10.1016/
S0278-2626(03)00275-6.
60. MacKenzie LE, Patterson VC, Zwicker A, Drobinin V, Fisher HL, Abidi S,
et al. Hot and cold executive functions in youth with psychotic
symptoms. Psychol Med. 2017;47(16):2844–53. https://doi.org/10.1017/
S0033291717001374.
61. Tripathi R, Kumar K, Bharath S, P M, Rawat VS, Varghese M. Indian older
adults and the digit span a preliminary report. Dementia Neuropsychologia.
2019;13(1):111–5. https://doi.org/10.1590/1980-57642018dn13-010013.
62. Holfelder B, Klotzbier TJ, Eisele M, Schott N. Hot and cool executive function
in elite- and amateur- adolescent athletes from open and closed skills
sports. Front Psychol. 2020;11:694. https://doi.org/10.3389/fpsyg.2020.00694.
63. James M, Gold JAW, Matveeva TM. Negative symptoms and the failure to
represent the expected reward value of actions: behavioral and
computational modeling evidence. Arch Gen Psychiatry. 2012;69(2):129.
64. Moran EKCA, Barch DM. Supplemental material for ecological momentary
assessment of negative symptoms in schizophrenia: relationships to effortbased DM and reinforcement learning. J Abnorm Psychol. 2017;126(1):96–
105. https://doi.org/10.1037/abn0000240.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

