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ARTICLE INFO ABSTRACT

Keywords: Studies of patients with schizophrenia and offenders with severe mental disorders decision-making performance
Violence have produced mixed findings. In addition, most earlier studies have assessed decision-making skills in offenders
Schizophrenia

or people with mental disorders, separately, thus neglecting the possible additional contribution of a mental
disorder on choice patterns in people who offend.

This study aimed to fill this gap by comparing risk-taking in patients with schizophrenia spectrum disorders
(SSD), with and without a history of serious violent offending assessing whether, and to what extent, risk-taking
represents a significant predictor of group membership, controlling for their executive skills, as well as for socio-
demographic and clinical characteristics.

Overall, 115 patients with a primary diagnosis of SSD were recruited: 74 were forensic patients with a lifetime
history of severe interpersonal violence and 41 were patients with SSD without such a history. No significant
group differences were observed on psychopathological symptoms severity. Forensic generally displayed lower
scores than non-forensic patients in all cognitive subtests of the Brief Assessment of Cognition in Schizophrenia
(except for the “token motor” and the “digit sequencing” tasks) and on all the six dimensions of the Cambridge
Gambling Task, except for “Deliberation time”, in which forensic scored higher than non-forensic patients.
“Deliberation time” was also positively, although weakly correlated with “poor impulse control”.

Identifying those facets of impaired decision-making mostly predicting offenders' behaviour among in-
dividuals with mental disorder might inform risk assessment and be targeted in treatment and rehabilitation

Forensic mental health services
Decision-making
Risk-taking

protocols.
1. Introduction Choice Theory-RCT) suggest that this process includes a cost-benefit
analysis, driving choices towards the option associated with the high-
Decision-making typically entails the evaluation of multiple options est cost-benefit ratio. It is widely accepted, however, that both attention
that may differ in the valence, magnitude and/or probability of their and working memory limitations, and the influence of emotional and
outcomes, to select one which might be then translated into an actual motivational factors bias humans' choices away from the prescriptions of
behaviour. Economic models of decision-making (i.e., the Rational normative economic models (Hastie, 2001). In keeping with Damasio
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et al.'s (1991) “somatic marker hypothesis”, neurobiological models of
decision-making suggest that evaluative processes engage emotional
and bodily states associated with prospective outcomes (e.g., Canessa
et al., 2013, 2017; Sokol-Hessner et al., 2015). By covertly biasing
choices towards those previously associated with rewards, and away
from those associated with punishments, these anticipatory signals not
only reduce the number of available options and deliberation time, but
also tend to bypass formal cost-benefit analyses. So-called “risk aver-
sion” is the most typical instance of choice patterns departing from
“rational” economic predictions embodied in the usual preference for
certain compared with probabilistic outcomes (Kahneman and Tversky,
1984; De Martino et al., 2006).

1.1. Decision-making in patients with schizophrenia

Studies of patients with schizophrenia decision-making performance
has produced mixed findings, either of altered performance on decision-
making tasks by patients with psychosis or schizophrenia (Brown et al.,
2013; Msk et al., 2021; Pedersen et al., 2017; Sabater-Grande et al.,
2020), or of choice patterns comparable to those of healthy people
(Currie et al., 2017; Trémeau et al., 2008). Despite such inconsistencies,
it is noteworthy that these studies have also highlighted a limited rela-
tionship, mainly involving working-memory, between decision-making
skills and executive performance (Shurman et al., 2005). With regard
to psychopathology, a recent meta-analysis on decision-making in psy-
chosis has shown no association between overall psychotic symptoms,
general psychopathology (assessed using the PANSS) and the quality of
choices (Woodrow et al., 2019). On the other hand, there is evidence of a
moderate association between decision-making performance and social
functioning (Woodrow et al., 2019).

1.2. Decision-making in offenders with mental disorders

The quality of decision-making in offenders is also controversial
(Yechiam et al., 2008). Drawing on criminological theory, both impaired
evaluative processes and low levels of self-control are popular expla-
nations for offenders' decision to commit crime (Piquero and Tibbetts,
1996). In this framework, interpreting offenders' choices and behaviours
must take into account the availability of relevant information (Cornish
and Clarke, 1987, 2014), alongside their ability to integrate multiple
choice-related variables such as the magnitude and probability of posi-
tive and negative outcomes, while considering that these processes are
subject to considerable individual differences.

Explaining, and indeed even predicting, offenders' choices and be-
haviours might thus greatly benefit from a neuropsychological assess-
ment including choice-related metrics (Beszterczey et al., 2013). An
improved understanding of decision-making in mentally disordered of-
fenders may even open new treatment avenues, if decision-making was
identified as a critical node in the complex pathway leading eventually
to violent behaviour. Identifying those facets of impaired decision-
making mostly predicting offenders' behaviour among individuals with
mental disorder might inform risk assessment and be targeted in treat-
ment and rehabilitation protocols. Besides improving the quality of
patient care, any advance in this respect might help to reduce rates of
recidivism and harm to society, and thus the burden on penal systems.

Importantly, most earlier studies have assessed decision-making
skills in offenders (see Jones et al., 2019) and people with mental dis-
orders (e.g., Hiser and Koenigs, 2018) separately, thus neglecting the
possible additional contribution of a mental disorder on choice patterns
in people who offend. We thus aimed to fill this gap by comparing risk-
taking in patients with schizophrenia spectrum disorders (SSD), with
and without a history of serious violent offending. Risk aptitude was
assessed using the Cambridge Gambling Task (CGT), a well-established
tool to evaluate different facets of decision-making (Rogers et al., 1999).
In particular, we aimed to assess whether, and to what extent, risk-
taking represents a significant predictor of group membership between
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patients with SSD with or without a history of severe interpersonal
violence, controlling for socio-demographic and clinical characteristics.

2. Methods
2.1. Participants

EU-VIORMED is a European multicentre observational study. The
field work was conducted in five European countries: Austria, Germany,
Italy, Poland and England. Subjects were aged between 18 and 65 years
with a primary DSM-5 diagnosis of an SSD. “Cases” were patients with a
primary diagnosis of an SSD and a history of significant interpersonal
violence. They were recruited from multiple forensic services in each
country. Significant interpersonal violence was defined as a homicide,
attempted homicide or other assault that caused serious physical injury
to another person. “Controls” were sex and age-matched patients with
SSDs who have never committed such an act of violence and were
recruited from general psychiatric services. Exclusion criteria included:
(i) a confirmed intellectual disability; (ii) a traumatic brain injury or
organic brain disorders; (iii) not being able to speak the national lan-
guage fluently; and (iv) planned discharge from psychiatric services in
the next month.

Initial plans were to recruit 200 cases and 200 gender- and age-
matched controls. However, the worldwide coronavirus outbreak and
the resulting restrictions from February 2020 caused recruitment to
temporarily halt in every country. Once recruitment restarted, the
persistence of restrictions on social contact made it feasible to over-
recruit cases rather than controls. Due to restrictions on electronic de-
vices (Ipad) entering secure clinical services in Austria, Germany and UK
the study was conducted only in Italy and Poland.

The study was approved by the Research Ethics Committee for the
coordinating Centre (IRCCS Centro San Giovanni di Dio Fatebenefratelli,
Brescia, Italy: n. 74-2018), and by the relevant Research Ethics Com-
mittees for each of the participating sites (listed at the end of the paper).
All participants provided written informed consent before entering the
study.

2.2. Measures

Socio-demographic, core clinical and criminological and violence
risk data were collected using a study-specific Patient Information Form
(PIF), an Index Violence Sheet (IVS) and a Risk Factors Questionnaire
(RFQ) based on patient interviews cross referenced with the medical
records and clinical review. DSM-5 diagnoses were based on clinicians'
evaluations extracted from the medical records.

Current psychotic symptoms were assessed using the Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987), based on a semi-
structured patient interview and clinical observation. PANSS scoring
used the original standard PANSS model; the PANSS overall total score
ranges from 30 to 210.

The World Health Organization Disability Assessment Schedule 2.0
(WHODAS 2.0) (Ustiin et al., 2010) was used to assess day-to-day
functioning across six functional domains: cognition, mobility, self-
care, getting along, life activities and participation. Scores were calcu-
lated as a sum of items, yielding a total from O to 48, with higher scores
indicating more severe problems.

2.3. Cognitive assessment

The Brief Assessment of Cognition in Schizophrenia (BACS) (Keefe
et al., 2004) is a paper and-pencil standardized neuropsychological in-
strument used to evaluate cognitive impairments and their relationship
with functional outcomes in patients with schizophrenia. It includes six
tests measuring different cognitive constructs: verbal memory (list
learning) and working-memory (Digit Sequencing Task), motor speed
(Token Motor Task), verbal fluency (semantic and letter fluency),
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attention and speed information processing (Symbol Coding Task) and
executive functions (Tower of London).

2.4. Decision-making task

The computerized Cambridge Gambling Task was presented on an
iPad (Fray et al., 1996). On each trial, subjects were initially presented
with a configuration of ten boxes, either red or blue, at the top of the
screen, and told that a yellow token was randomly hidden inside one
box. The ratio of red to blue boxes varied from trial to trial, and subjects
were first asked to decide whether the token was hidden inside ared or a
blue box. They are then asked to place a “bet” on the confidence in their
choice in order to increase an initial endowment of 100 points (arbitrary
units). To this purpose, possible bets appear in an ascending or
descending sequence at the screen centre, and subjects are asked to
respond when the preferred bet appears. The possible bets represent a
fixed percentage (5, 15, 50, 75 and 95%) of the current total score. After
selecting a bet, one of the boxes at the top of the display opens to reveal
the actual location of the yellow token, and the chosen bet is added or
subtracted from the total points score according to whether or not the
initial colour prediction was correct.

The task comprises eight blocks of nine trials each. Three features of
this task allow for a detailed analysis of decision-making performance.
Firstly, the request to bet a variable proportion of the total score allows
the assessment of the subjects’ willingness to make a risky investment in
order to acquire further reward, and provides a rating of their confi-
dence in the associated decision. Secondly, the inclusion of both
ascending and descending conditions allows to distinguish “impulsive”
and “risk taking” betting strategies. Namely, a pattern of low bets in the
ascend condition and high bets in the descend condition is suggestive of
high impulsivity, would the opposite hold for risk-taking. Therefore, a
large or small difference between the mean percentage bet in these two
conditions indicates impulsivity or risk-seeking, respectively. Finally,
since some ratios of red to blue boxes provide a better indication than
others about the response likely to be reinforced (e.g., 9 red: 1 blue vs 6
red: 4 blue), this aspect of the task allows for the assessment of subject's
sensitivity to changing information. A subject's decision on colour,
associated bets and deliberation times are thus expected to vary as a
function of the ratio of red to blue boxes.

For the purpose of this study six outcome measures were extracted:

1. Delay aversion, which allows to distinguish between risk-taking and
impulsivity by determining whether subjects simply just place a bet
at the first opportunity. It is calculated as CGT risk-taking for all trials
from the descending minus ascending condition.

2. Deliberation time, i.e., the mean latency (in milliseconds) from the
presentation of red-blue boxes to the subject's colour selection. It is
calculated over all the assessed trials in both the ascending and
descending conditions.

3. Risk-taking, i.e., the mean proportion (0-1) of current points gambled
by the subject. It is calculated over all the assessed trials from both
the ascending and descending conditions in which the number of
boxes in each colour differed and the subjects chose the most likely
outcome.

4. Quality of decision-making: the proportion (0-1) of all trials in which
the subject chose the most likely outcome. It is calculated over all the
assessed trials from both the ascending and descending conditions.

5. Risk adjustment, i.e., a measure of sensitivity to risk, based on the
ability to a) adapt choices to the available information about the
probability of different outcomes, and b) track the optimal outcome
on each trial. This measure is calculated from the average proportion
of points that the subject chose to bet, while taking into account the
number of coloured boxes.

6. Overall proportion bet, i.e., the mean proportion (0-1) of current
points gambled by the subject. It is calculated over all the assessed
trials from both the ascending and descending conditions.
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2.5. Statistical analyses

Continuous variables were compared between violent and non-
violent groups using t-tests or Mann-Whitney tests, as appropriate.
Categorical variables were compared between the two groups using >
test. The correlation among the six dimensions of CGT (Quality decision-
making; Deliberation time; Risk taking; Overall Proportion Bet; Risk adjust-
ment; Delay Aversion), stratified for forensic and non-forensic patients,
was evaluated using Spearman's correlation coefficient.

Generalized linear models (GLM) were implemented to compare CGT
scores between forensic and non-forensic patients, adjusting for the ef-
fect of confounders. Variables associated with both CGT scores and type
of patient (forensic and non-forensic) were considered as confounders.

All statistical analyses were conducted using the Statistical Package
for the Social Sciences (SPSS), version 25.0. The level of significance was
set at p < 0.05.

3. Results

The final sample consisted of 115 patients with a primary diagnosis
of SSD: 74 cases had a lifetime history of severe interpersonal violence
and 41 controls with no such history, with a significantly higher pro-
portion of violent cases assessed in Poland (39 out of 50 patients; 52.7%)
compared to Italy (35 out of 65 patients; 47.3%) (x° test = 7.2, p =
0.007).

Forensic and non-forensic patients did not differ on age (mean age
forensic 39.9, SD = 12.3; mean age non-forensic 38.9, SD = 12.8),
marital, occupational status and education (Table 1). Compared to
controls, cases more often had children (p = 0.029).

The type of SSD diagnosis was differed significantly between the two
groups (x2 test = 13.6, p = 0.019): forensic patients were more likely to
have a delusional disorder (13.5% vs. 0% for non-forensic) and less
likely to have a schizoaffective disorder (6.8% vs. 22% for non-forensic);
comorbidity with personality disorders was more common among
forensic than non-forensic patients (28.4% vs. 5.0%, respectively; 2 test
= 8.8, p = 0.003). Forensic patients were more likely to have witnessed
violence (37.0% vs. 17.9%, respectively; X2 test = 4.4, p = 0.037), and to
have been beaten, kicked or punched by someone (62.2% vs. 38.5%,
respectively; 2 test = 5.8, p = 0.016). No significant group differences
were observed either on the current PANSS total score (p = 0.577), or on
positive (p = 0.855), negative (p = 0.543) and general score (p = 0.415).

Forensic generally displayed lower scores than non-forensic patients
in all subtests of the BACS, except for the “token motor” and the “digit
sequencing” tasks, for which no differences were found.

The frequency distribution of CGT scores was asymmetric for
“Quality of decision-making” (forensic: Shapiro-Wilk test = 0.62, p <
0.001; non-forensic: Shapiro-Wilk test = 0.74, p < 0.001) towards
higher scores, and “Deliberation time” (forensic: Shapiro-Wilk test =
0.78, p < 0.001; non-forensic: Shapiro-Wilk test = 0.68, p < 0.001),
towards shorter times for both forensic and non-forensic patients. Other
dimensions were normally distributed among the two groups.

Forensic and non-forensic patients did not differ in the six di-
mensions of CGT, except for “Risk-taking” (Table 2), in which forensic
scored higher than non-forensic patients (M = 0.62, SD = 0.17 vs. M =
0.55, SD = 0.21; t-test = —2.09, p = 0.039). Fig. 1S shows the distri-
bution of CGT scores of the six dimensions for both groups.

In both forensic and non-forensic patients, “Risk-taking” and “Overall
Proportion Bet” scores were strongly correlated (Spearman's rho = 0.98,
p < 0.01) (Table 3). In non-forensic patients “Quality of decision-making”
was negatively and moderately correlated with “Deliberation time”
(Spearman's rho = —0.58, p < 0.01) and “Delay Aversion” (Spearman's
rho = —0.42, p < 0.01). In forensic patients “Quality of decision-making”
was also moderately and negatively correlated with “Deliberation time”
(Spearman's rho = —0.43, p < 0.01) and positively correlated with “Risk-
adjustment” (Spearman's rho = 0.55, p < 0.01).

Univariate GLMs were estimated for each dimension of CGT using
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Table 1
Comparison of demographic and clinical characteristics between forensic and non-forensic patients.
Forensic Non-forensic Test p-Value
(n=74) (n=41)

Sex, n % 1.91° 0.166
Male 65 87.8% 32 78.0%
Female 9 12.2% 9 22.0%

Age, mean (SD) 39.9 (12.3) 38.9 (12.8) —0.40° 0.692

Country, n % 7.19° 0.007
Italy 35 47.3% 30 73.2%
Poland 39 52.7% 11 26.8%

Brothers/sisters, n % 1.28° 0.258
No 13 17.6% 4 9.8%
Yes 61 82.4% 37 90.2%

Marital status, n % 0.01° 0.910
Single/widowed/divorced 69 93.2% 38 92.7%
Married 5 6.8% 3 7.3%

Highest occupational status, n % 0.61° 0.894
Never worked 11 14.9% 6 14.6%
Unskilled worker 40 54.1% 22 53.7%
Skilled worker 20 27.0% 10 24.4%
Professional 3 4.1% 3 7.3%

Years of education, mean (SD) 12.0 (4.0) 11.4 (3.9) 0.71°¢ 0.481

Children, n % 4.77% 0.029
No 54 73.0% 37 90.2%
Yes 20 27.0% 4 9.8%

Disease duration, median [IQR] 10 [4-17] 10 [4-20] 1461° 0.743

Type of SSDs, n % 13.55% 0.019
Schizophrenia 53 71.6% 31 75.6%
Schizoaffective disorders 5 6.8% 9 22.0% Non-forensic>forensic
Delusional disorder 10 13.5% 0 0.0% Forensic>non-forensic
Brief psychotic disorder 1 1.4% 0 0.0%
Schizophreniform disorder 4 5.4% 0 0.0%
Drug-induced psychosis 1 1.4% 1 2.4%

Type of SSDs (2 categories), n % 0.21° 0.644
Schizophrenia 53 71.6% 31 75.6%
Other disorders 21 28.4% 10 24.4%

Comorbidity with PD, n % 8.81" 0.003
No 53 71.6% 38 95.0%
Yes 21 28.4% 2 5.0%

Witnessed of violence, n % 4.36" 0.037
No 46 63.0% 32 82.1%
Yes 27 37.0% 7 17.9%

Victim of violence, n % 2.59° 0.107
No 49 67.1% 31 81.6%
Yes 24 32.9% 7 18.4%

Beaten, kicked, punched, n % 5.78" 0.016
No 28 37.8% 24 61.5%
Yes 46 62.2% 15 38.5%

Attempted suicide/self-harm, n % 0.43° 0.511
No 46 62.2% 28 68.3%
Yes 28 37.8% 13 31.7%

Lifetime substance/alcohol use, n % 0.11°% 0.736
No 23 31.1% 14 34.1%
Yes 51 68.9% 27 65.9%

PANSS, mean (SD)
Positive 7.3 (6.3) 7.5 (5.7) 0.18° 0.855
Negative 12.3 (7.0) 11.5 (6.9) -0.61°¢ 0.543
General 18.8 (10.6) 17.2 (9.5) —-0.82¢ 0.415
Total score 38.4 (21.1) 36.2 (19.4) —0.56° 0.577

BACS, mean (SD)
List learning 35.4 (10.2) 37.7 (12.2) 1.05° 0.297
Digit sequencing task 15.2 (4.3) 15.7 5.4 0.55° 0.586
Token motor task 57.7 (16.2) 57.1 (18.8) —0.17°¢ 0.868
Verbal fluency 34.4 (11.7) 38.1 (13.7) 1.52¢ 0.132
Symbol coding 35.5 (14.6) 39.0 (16.0) 1.21¢ 0.228
Tower of London test 14.4 (5.1) 15.7 (4.5) 1.33¢ 0.187

Significant associations (p-Value<0.05) are highlighted in bold.
2 Chi-square test.
Y Mann-Whitney U test.

¢ t-Test.
inverse-gamma distribution and log-link function (“Quality of decision- between forensic and non-forensic groups. Only “Deliberation time” was
making”, “Deliberation time”, “Risk-taking” and “Overall Proportion Bet” significantly different between forensic and non-forensic patients
dimensions), and normal distribution and identity link function (“Risk- (2396.6 vs. 3347.9 milliseconds, respectively), with a mean difference of

adjustment” and “Delay Aversion” dimensions), to compare scores 951.3 milliseconds (95% CI [277.1; 1.625.4]; p = 0.003).
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Table 2
Comparison of Cambridge Gambling Task scores between forensic and non-forensic patients.
Forensic (n = 74) Non-forensic (n = 41) test p-Value
Quality decision-making 1725% 0.207
Mean (SD) 0.93 (0.12) 0.88 (0.17)
Median [IQR] 0.97 [0.91; 1] 0.94 [0.88; 1.00]
Deliberation time 1226 0.089
Mean (SD) 2396.6 (1308.1) 3347.9 (2913)
Median [IQR] 2009 [1471; 2810] 2421 [1701; 3836]
Risk taking —2.09" 0.039
Mean (SD) 0.62 (0.17) 0.55 (0.21)
Median [IQR] 0.63 [0.51; 0.75] 0.56 [0.40; 0.70]
Overall proportion bet -1.92" 0.060
Mean (SD) 0.59 (0.16) 0.52 (0.21)
Median [IQR] 0.59 [0.50; 0.68] 0.52 [0.43; 0.71]
Risk adjustment —1.24" 0.219
Mean (SD) 0.90 (1.06) 0.63 (1.19)
Median [IQR] 0.73 [0.22; 1.56] 0.37 [-0.18; 1.58]
Delay aversion 0.94" 0.500
Mean (SD) 0.12 (0.26) 0.16 (0.27)
Median [IQR] 0.08 [~0.05; 0.25] 0.08 [0; 0.30]
Significant associations (p-Value<0.05) are highlighted in bold.
@ Mann-Whitney U test.
b t-Test.
Table 3
Spearman's rho correlations of CGT dimensions by forensic and non-forensic patient groups.
DMQMT DMMT RTKMT OPBMT RAJMT DAVT
Forensic
DMQMT 1 —0.429+* —0.232* —0.234* 0.552** —0.024
DMMT 1 0.037 0.054 —0.349** -0.219
RTKMT 1 0.978** —0.237* 0.072
OPBMT 1 —0.262* 0.036
RAIMT 1 —0.160
DAVT 1
Non-forensic
DMQMT 1 —0.578** 0.130 0.168 0.244 —0.416""
DMMT 1 —0.104 —0.120 -0.112 0.113
RTKMT 1 0.980** —0.026 0.035
OPBMT 1 —0.045 0.037
RAJMT 1 -0.179
DAVT 1

DMQMT: Quality decision-making; DMMT: Deliberation time; RTKMT: Risk taking; OPBMT: Overall Proportion Bet; RAJMT: Risk adjustment; DAVT: Delay Aversion.

Significant associations (p-Value<0.05) are highlighted in bold.
™ Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Among potential confounders (e.g., sex, country, having children,
comorbidity with PD, being witness of violence, being beaten, kicked or
punched), only country was identified as an actual confounder because
it was associated with CGT “Deliberation time” and “Delay Aversion”
scores, and showed significant differences between forensic and non-
forensic patients.

After adjusting for country, the “Deliberation time” of forensic pa-
tients remained significantly lower compared to non-forensic patients
(2418.6 vs. 3092.8 milliseconds, respectively), with a mean difference of
674.2 millisecond (95% CI [4.1; 1344.3]; p = 0.036). The “Delay Aver-
sion” scores did not differ between the two groups after adjusting for the
country (Table 4).

“Deliberation time” was positive, although weakly correlated with
the item G14 (“poor impulse control”) of the PANSS scale in the forensic
group (Rho = —0.363, p = 0.020): therefore, lower behavioural regu-
lation and control were associated with higher response latency. In the
non-forensic group, we found a positive, although weak, correlation
between “BACS-ToL” and “deliberation time” (Rho = 0.28, p = 0.015).
No associations were found between type of crimes and deliberation
time in forensic patients.

4. Discussion

We assessed decision-making abilities in patients with a primary
diagnosis of an SSD, with or without a history of serious violence, to
investigate possible cognitive drivers of altered choice patterns favour-
ing violent behaviour. Group comparisons highlighted greater risk-
taking and a shorter deliberation time in forensic than non-forensic
patients.

These findings contribute to existing data showing both greater risk-
seeking levels (Becker, 1968), or normal adjustments of risk-taking to
outcome probability (Block and Gerety, 1995; Grogger, 1991) in of-
fenders. Some of the inconsistencies found in previous studies might
reflect intrinsic differences in the specific demands posed on cognitive
processing by different decision-making tasks. In this respect, it is
noteworthy that the few studies reporting greater risk-taking in of-
fenders have generally used the Iowa Gambling Task (Jones et al.,
2019), which requires the coordinated activity of both reasoning and
affective processes generally subsumed under the notions of “hot” and
“cool” executive functions (Dunn et al., 2006). The latter includes pro-
cesses characterized by their inherently cognitive nature such as work-
ing memory, response inhibition or planning, typically associated with



L. Iozzino et al.

Table 4

Schizophrenia Research: Cognition 29 (2022) 100257

Univariate and multiple generalized linear models to estimate the relation between type of subject (forensic vs. non-forensic) and CGT scores, adjusted for socio-

demographic and clinical confounders.

Predictors Dependent variables

DMQMT DMMT

RTKMT

OPBMT RAJMT DAVT

Univariate models
Type of subject
Non-forensic patients
Forensic patients
Multiple models
Type of subject
Non-forensic patients -
Forensic patients -

B [95% CI] B [95% CI]

Ref. cat.

—0.33 [-0.55; —0.12]*
B [95% CI]

Ref. cat.
0.05 [—0.02; 0.13]

Ref. cat. -
—0.25 [-0.48; —0.02]* -

Country
Italy - Ref. cat. -
Poland - —0.21 [-0.42; —0.01]* -

B [95% CI]

Ref. cat.
0.13 [-0.05; 0.31]

B [95% CI] B [95% CI] B [95% CI]
Ref. cat.
—0.05 [-0.15; 0.05]

B [95% CI]

Ref. cat.
0.27 [-0.15; 0.69]

Ref. cat.
0.13 [-0.05; 0.31]

Ref. cat.

—0.01 [-0.11; 0.09]

Ref. cat.
—0.14 [-0.23; —0.041*

B: coefficients of the regressions.
95% CI: 95% confidence interval.
* p-Value < 0.05.

DMQMT: Quality decision-making; DMMT: Deliberation time; RTKMT: Risk taking; OPBMT: Overall Proportion Bet; RAJMT: Risk adjustment; DAVT: Delay Aversion.

abstract and decontextualized problems and with the engagement of the
fronto-parietal executive brain networks (De Brito et al., 2013). On the
contrary, the notion of “hot executive functions” refers to processes
involving an assessment of affective, motivational and/or reward
incentive values of the available options, recruiting the meso-cortico-
limbic pathway (Berridge and Kringelbach, 2008; Doya, 2008). It
might be argued, however, that a detailed characterization of decision-
making skills requires tasks minimizing demands in terms of processes
other than the evaluation of available options, including the processing/
inhibition of affective drives, behavioural learning or high-order exec-
utive functions. To overcome these limitations, we used the CGT, which
appears better suited to measure risk aptitude, for several reasons. First,
it allows to assess decision-making and risk-taking outside a learning
context, while minimizing executive and working memory demands on
participants, as the information which is required to make decisions is
always visible (Fellows and Farah, 2005). Moreover, since this infor-
mation also includes the number of red/blue boxes, unlike the Iowa
Gambling Task and other widely used tests such as the Balloon Analog
Risk Taking Task (BART) (e.g., Bechara et al., 2005; Lejuez et al., 2002;
Fein et al., 2006; Le Berre et al., 2014; Zorlu et al., 2013), the CGT entails
making decisions under conditions of known risk, rather than ambigu-
ity. Finally, the CGT allows to distinguish between decision-making in
itself, i.e., choosing what to bet on, and risk-taking, i.e., how much to bet
on that choice.

4.1. Previous research with CGT in psychiatric and forensic samples

To date, only one study used the CGT to investigate decision-making
performance in violent offenders with antisocial personality disorder,
while comparing two subgroups with and without psychopathy (De
Brito et al., 2013). According to this study, there was some evidence of
poorer decision-making in both offender groups compared with healthy
controls, as shown by significantly longer deliberation time, a trend for
decreased adjustment of risk-taking to changing probabilities, but also
no significant difference in risk-taking. The present data extend this
evidence both in terms of a larger sample-size, and by recruiting non-
violent patients with SSD as a primary control group, to better disen-
tangle the effects of mental disorders from other clinically-relevant
factors which might otherwise contribute to seemingly antisocial
behaviour.

While the result of shorter deliberation time and higher risk-taking in
forensic SSD patients might be suggestive of increased impulsivity in this
population, this interpretation is ruled out by the lack of significant
differences in the CGT “delay aversion” metric. In line with the sensi-
tivity of CGT performance to orbitofrontal damage (Newcombe et al.,

2011; Rogers et al., 1999), the combination of slowed decision-making
and increased risk-taking resembles choice patterns displayed by pa-
tients with ventromedial prefrontal lesions (e.g., Rogers et al., 1999;
Rahman et al., 1999; Manes et al., 2002), who tend to persist in mal-
adaptive behaviours despite full conscious knowledge of their adverse
outcomes (Bechara et al., 1997).

4.2. Limitations

Several methodological limitations should be considered in inter-
preting the results of the present study. The first is the limited sample
size. There may be a lack of statistical power to detect group differ-
ences resulting from the relatively small number of non-forensic pa-
tients. The number of participants, however was similar or in some
cases higher compared to other neuropsychological studies. As
pointed out in the participants section, however this limitation was
related to the prohibition to introduce electronic devices (Ipads) in
the forensic facilities located in three countries. The second limitation
was linked to the heterogeneity of the disorder under study. All pa-
tients had a clinical diagnosis of SSD, which includes several different
disorders characterized by common clinical features, but also dis-
playing different degrees of neuropsychological impairments and
different functional cortical alterations. The third limitation refers to
the lack of a deep evaluation of executive functions in both groups.
This was primary due to the length of the assessment procedure: all
evaluations took about 5 h per patients and were organized in mul-
tiple sessions. Further researchers with a good executive functions
evaluations are needed.

This study had also several strengths: first, it is the first study aimed
to assess decision-making abilities in patients with a primary diagnosis
of SSD detained for violent crimes in forensic settings; second, it is the
first study to compare the characteristics of forensic and non-forensic
patients with SSD using standardized and validated instruments which
cover different functional assessment areas.

5. Conclusions

The findings from this study provide novel evidence that, in com-
parison to non-violent patients with SSD, violent patients are charac-
terized by higher risk-taking and a shorter deliberation time. The
combinations of these aspects may help explain, taken together, why
forensic patients persist in engaging in antisocial behaviours despite
knowing the risk of negative consequences to themselves and or to
others. These findings pave the way to further studies in which a pre-
liminary characterization of offenders' decision-making deficits might
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help designing cognitive-behavioural rehabilitation programs to reduce
the risk of recidivisms.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scog.2022.100257.
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