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Objective

We aimed to explore how specific cognitive processes, such as attention and executive functions, account for variance in decision-making measured by Iowa Gambling Task (IGT) performance among individuals with schizophrenia spectrum disorders.





Methods

Adults (N = 65, Mage = 25.4) with schizophrenia spectrum disorders participating in a clinical trial (registered at clinicaltrials.gov NCT03048695) completed the IGT, neuropsychological tests of attention, response inhibition, mental flexibility, working memory, and planning, as well as subtests from the Wechsler tests of intelligence to estimate IQ. Associations between performance on specific tasks, a composite score of executive function and attention, and IGT performance measured in two ways, one using the total net score, decks (C+D) – (A+B) and the other as preference for decks with more frequent gains than losses, decks (B+D) – (A+C), were analyzed with correlational and hierarchical regression analysis controlling for estimated IQ and psychotic symptoms, measured by the Positive and Negative Syndrome Scale.





Results

In the regression analyses, the strongest predictor of IGT performance measured as the total net score was estimated IQ (b = 1.43, p <.001). Neither specific cognitive tasks nor the composite score of executive functioning significantly contributed to explaining variance in IGT total net score beyond IQ and symptoms of psychosis. However, IQ and symptoms of psychosis did not predict tendency towards selecting decks with different gain-to-loss frequency, whereas poorer composite executive functioning predicted a pattern of selecting decks A and C with more frequent losses, (b = 8.30, p <.05).





Discussion

The results suggest that both IQ and executive functions contribute to IGT performance, but in distinct ways. Whereas lower IQ may contribute to overall more disadvantageous decision-making, poorer executive functioning may contribute to a more risk-aversive decision-making style. A clinical implication may be that individuals with schizophrenia and lower IQ or poorer executive functioning will have a higher need for support and interventions targeting decision-making.
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1 Introduction

Schizophrenia is commonly recognized as one of the most severe mental disorders, characterized by hallucinations and delusions (i.e., positive symptoms) as well as diminished emotional expressions, avolition, and social withdrawal (i.e., negative symptoms) (1, 2). The lifetime prevalence of schizophrenia in the population is between 0.7% and 0.9% (3, 4). Despite the low prevalence, schizophrenia represents a heavy burden in terms of healthcare costs and years lived with disability (5, 6). Thus, research aimed at better understanding the multidimensional nature of schizophrenia and factors associated with heterogeneity in functioning is important for clinical care.

Despite existing treatment for psychotic symptoms, a substantial portion of individuals with schizophrenia experience reduced real-world function (7, 8). As cognition has proved a significant predictor of function, it has become an important treatment target (9, 10). Individuals with schizophrenia commonly present with poorer cognitive performance across a range of different domains (11). Lower pre-onset IQ predicts a higher risk of schizophrenia onset (12, 13). However, despite this association between lower IQ and schizophrenia risk, there is considerable variation in cognitive performance among individuals with schizophrenia, and almost one-fourth (22%) perform averagely or above averagely on tests of IQ (14). Beyond this deficit in global cognitive abilities, individuals with schizophrenia also commonly display difficulties across a range of different specific cognitive tasks, including attention, inhibition, working memory, shifting, and planning (15–20). These cognitive processes are commonly referred to as executive functions, an umbrella term for cognitive processes involved in the control of cognition, emotion, and behaviors (17, 21). The cognitive difficulties with executive functions and IQ have been found to be unrelated to positive symptoms and only weakly or moderately related to negative symptoms (22–24). Thus, the cognitive difficulties represent an important clinical domain, independent of the core symptoms of schizophrenia. Furthermore, demonstrating the importance of executive functions for clinical outcomes, studies have found that difficulties with executive functions in individuals with schizophrenia predict more functional impairments and internalizing difficulties later in life (25, 26).

Another domain where individuals with schizophrenia display poorer performance than their healthy counterparts is decision-making (27, 28). Individuals with schizophrenia more often display risk-taking behaviors, including among others substance-use and criminal offences (29–31). These risk-taking behaviors may be tied to decision-making processes (32). The Iowa Gambling Task (IGT; 33) is one laboratory task that has been extensively used in the study of decision-making processes in clinical and non-clinical populations (27, 28, 34–36). The IGT is a simulation of a situation where participants can win and lose money by drawing cards without knowing up front which decks of cards are more beneficial. The implicit nature of the task separates it from explicit tasks where probabilities are made explicit from start. Decision-making under implicit contingencies is considered to include a “hot” aspect, referring to the affective response participants have to the choice options (33, 37). The somatic marker hypothesis suggests that reactivation of bodily responses (e.g. increase in heart rate or sweat) to previous losses help guide decision-making (38, 39). Explicit tasks are not assumed to cause the same affective responses, but are rather considered “cold” in the sense that participants can make rational decisions about risk and benefit based on the known probabilities of the task (37).

Two meta-analyses have demonstrated that individuals with schizophrenia exhibit poorer performance on the IGT, i.e. they chose the disadvantageous decks more often (27, 28). This finding indicate that individuals with schizophrenia have difficulties in deciphering the risk/reward contingencies of the task and may struggle to adjust their strategy based on feedback. Generally, IGT performance has inconsistently been found to be positively related with IQ and executive functions (34). However, in one study of healthy individuals, IQ could account for around 40% of the variance in IGT performance and attention and shifting could account for 37% and 17% of the variance in IGT performance, respectively (40). Similarly, one of the meta-analysis of IGT performance in individuals with schizophrenia found a significant positive correlation with IQ (r = .20) and working memory (r = .22), whereas evidence for an association with overall executive functioning was inconclusive (27). The other meta-analysis of IGT performance in individuals with schizophrenia, however, found that whereas higher IQ was associated with placing lesser weight on immediate gain and increased weighting of gain-to-loss frequency in healthy controls, these effects were attenuated in individuals with schizophrenia (28). Furthermore, whereas higher IQ was associated with higher net scores towards the middle of the task (block 3 of 5) across individuals with schizophrenia and healthy controls, this effect was attenuated in individuals with schizophrenia earlier in the task (block 2) (28). A possible explanation for why IQ becomes more influential later during the IGT for individuals with schizophrenia may be that difficulties with executive function make them use more trials to decipher the contingencies of the task and correct their strategy accordingly. Whereas executive functions within the typical range may have a small or negligible impact on IGT performance (34), difficulties with executive functions may have a stronger impact on IGT performance (34, 41). First, difficulties with attending to the task (attention) make it difficult to code relevant information, and if coded, difficulties with holding the relevant information in mind to decipher the contingencies (working memory) may hinder the use of that information. Furthermore, if attending and holding the relevant information in mind, the participants still must inhibit the prepotent response to go for the decks with largest gains (response inhibition), shift focus from one deck to another (shifting) and plan a strategy as the relevant contingencies are deciphered (planning). Thus, difficulties with one or more executive functions may come into play when completing the IGT.

Overall, few studies (k = 6) of individuals with schizophrenia have examined the relationship between executive functions and performance on the IGT and related tasks (27). Moreover, the studies that have examined this relationship have often focused on complex tasks tapping a range of different executive functions at the same time, such as the Wisconsin Card Sorting Task, or just a specific executive function like working memory (27, 41). In order to gain a more refined understanding of how executive functions may contribute to IGT performance among individuals with schizophrenia, our aim was to examine the impact of a range of different executive functions including attention, response inhibition, shifting, working memory, and planning on IGT performance. We expected the different executive functions to have an impact on IGT performance beyond estimated IQ, and expected a composite score of all executive functions to have the most notable impact (16, 42). We also controlled for positive and negative symptoms, as previous studies have found a negative association between negative symptoms and decision-making (27). Before examining our main aim, we examined whether our participants with schizophrenia displayed the expected improvement from block 1 and onwards (i.e., learning trajectory), and their deck preferences.




2 Materials and methods



2.1 Procedures

Data for the current analysis was collected as part of a baseline assessment in a randomized controlled trial examining the effects of the metacognitive strategy training, Goal Management Training for executive functions, in a sample of persons with schizophrenia (43). The trial was preregistered at clinicaltrials.gov (NCT03048695) and approved by the Regional Committee for Medical and Health Research Ethics in Norway (2015/2118) prior to commencement. All participants gave informed consent in writing. The study took place at a regional hospital in Norway 2017-2021 and participants were recruited with the help of treating clinicians.

For this analysis, only the baseline data from participants with a schizophrenia spectrum disorder according to the criteria in the Diagnostic and Statistical Manual of Mental Disorders, DSM-IV-TR (44) were utilized. The diagnostic evaluation was performed by a clinical psychologist under supervision from a specialist in psychiatry using the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) Axis 1 disorders, SCID I (45). A specialist in clinical neuropsychology supervised the cognitive assessment.

Inclusion criteria were age 16 - 69 years and subjective complaints of executive function difficulties. Exclusion criteria were (1) having received treatment for psychosis for longer than five years, (2) ongoing substance abuse, (3) neurological disease or traumatic brain injury, or (4) severe intellectual disability (IQ <70).




2.2 Participants

The participants in the sample (n = 65) comprised 40% females and 60% males who were aged 16 – 44 years (Mage = 25.4, SD = 6.5). The majority, 86.2%, were of European descent. See Table 1 for a description of the sample.


Table 1 | Sample characteristics.






2.3 Measures



2.3.1 Estimated IQ

The Matrix Reasoning and Vocabulary subtests from Wechsler Abbreviated Scale of Intelligence (WASI) or the General Ability Index from Wechsler’s Adult Intelligence Scale, 4th edition (WAIS-IV) were used as estimates of IQ (46, 47). Estimated IQ was used as a control variable in the regression analysis.




2.3.2 Symptoms of psychosis

The severity of psychotic symptoms was assessed at the time of testing, using the Structured Clinical Interview for the Positive and Negative Syndrome Scale for Schizophrenia (SCI-PANSS), which includes a structured interview with participants, supplemental information from caregivers, and clinical observations made by mental health professionals (48). Symptom severity is measured on a scale ranging from 1 (absent) to 7 (extreme). A score of 4 is considered above the psychotic threshold for the items covering hallucinations and delusions. The inter-rater reliability of the Norwegian version of the instrument is adequate when it is performed by trained clinicians (49). In the present study the total score for seven positive symptom items and the total score for seven negative symptoms according to the original scale was utilized, as this allows for comparison with previous studies. Positive and negative symptoms were controlled for in the regression analysis.




2.3.3 Response inhibition and shifting

The time raw scores on the Color-Word Interference Test (CWIT), from the Delis-Kaplan Executive Function System (D-KEFS (50), condition 3 (CW3; response inhibition) and condition 4 (CW4; shifting) were used as measures of response inhibition and shifting, respectively. In the CWIT, the participant is presented with color words with dissonant ink (e.g., the word “red” written with blue ink) and asked to name the dissonant color (condition 3) instead of reading the word, or to switch back-and-forth between reading the word and naming the dissonant color (condition 4). The CWIT condition 3 and 4 have shown adequate test-retest reliability (r = .52 to.90) in a general population sample (50, 51) as well as discriminative validity in differentiating between populations with and without difficulties with executive functions (15, 52). CW3 and CW4 were used as independent variables in the regression analyses independent variables in the regression analyses to examine the influence of response inhibition and shifting on IGT performance.




2.3.4 Attention

The detectability score of the Conners Performance Test, 3rd edition (CPT-3), was used as a measure of an individual’s sustained attention and discriminative processing, offering insight into their executive functions regarding focus and response consistency (53). In the CPT-3, participants were instructed to respond quickly to letters appearing on a screen by pressing a button for all letters appearing, while refraining from pressing the button when the letter X appeared. The test comprises 360 trials, whereof 20% of them present the letter X. The detectability score is calculated as the ratio of incorrect responses to the non-target (i.e., the letter X) divided by correctly identified targets. The CPT-3 scores have shown good test-retest reliability (r ≥.74) in a general population sample (53) as well as discriminative validity in differentiating between populations with and without attention deficits (54, 55). CPT detectability was used as an independent variable in the regression analyses to examine the IGT performance.




2.3.5 Planning

The Tower test from the Delis-Kaplan Executive Function System (D-KEFS (50); was used as a measure of planning. In the Tower test, the participant is asked to move five disks in order to reproduce a target tower, varying in complexity, across three pegs. The participant is only allowed to move one disk at a time and is instructed to use as few moves as possible. We used the total achievement score, which is comprised by a combination of the time the participants use and the number of moves. The Tower test has shown weak test-retest reliability (r = .41 to.51) in a general population sample (50). However, the test has shown convergent validity through significant association with the Tower of London test (56) and discriminative validity in differentiating between individuals with and without traumatic brain injury (57). The Tower total achievement score was used as an independent variable in the regression analyses to examine the influence of planning on IGT performance.




2.3.6 Working memory

The Letter-Number Sequencing (LNS) test from the Wechsler Intelligence Scale for Children (58) was used as a measure of working memory. In the LNS test, the participant is asked to recall a sequence of letters and numbers read aloud by the test administrator and thereafter repeated the numbers in ascending order and the letters in alphabetic order. The LNS has shown adequate test-retest reliability (r ≥.69) (59–61) as well as discriminative validity in differentiating between populations with and without difficulties with executive functions (62) and predictive validity in relation to occupational attainment in patients with psychosis (63). The LNS total score was used as an independent variable in the regression analyses of whether working memory contributed to IGT performance.




2.3.7 Composite score of executive functioning

In addition to the test scores on the specific cognitive tasks, we also calculated a composite score of executive functioning for use in the analyses. The composite measure of executive functioning was added because there is an ongoing debate about whether executive functioning should be considered a unidimensional or multidimensional construct (64, 65). Furthermore, several studies have suggested that composite measures of executive functioning have greater clinical utility and higher predictive value and reliability (16, 66, 67). A composite measure also fits with the proposition that different specific cognitive processes may contribute to explaining individual differences in IGT performance (36). We created the composite score by converting all test scores to standardized scores (i.e., Z-scores) and then adding the Z-scores into a composite score of executive functioning. Higher scores on the composite reflect poorer executive functioning. The composite score of executive functioning was considered the primary independent variable in the regression analyses to examine the contribution of executive functioning to performance on the IGT.




2.3.8 Decision-making

A computerized version of the IGT, the IGT version 2 (33, 68), was used as a measure of decision-making. The participants were instructed that the goal of the task was to maximize their gains through choosing cards form the different decks (A, B, C, and D). In the IGT, the participant is presented with four decks of cards with varying gains and losses and is asked to maximize gain by choosing between cards from the four decks across five blocks of 20 trials. Two of the decks (A and B) are associated with larger gains but even greater losses, leading to a net loss over time, whereas the two other decks (C and D) are associated with smaller gains but even smaller losses, leading to a net gain over time. Decks A and C are characterized by frequent and smaller losses, whereas deck B and D is characterized by less frequent but larger losses. The participant is not informed about these probabilities and must decipher the contingencies of the task themselves. The gain-to-loss structure of the task can be seen in Table 2. The participants were instructed that some decks may be more beneficial than others, but not which decks. The task ended after five blocks of 20 trials (a total of 100 trials). We collected information about the participants total net score, as well as net scores of the five blocks, and the number of responses to each deck. The IGT has shown adequate internal consistency across blocks (α = .75) in previous studies (32, 69) and is considered to have adequate construct validity in terms of differentiating between clinical and non-clinical populations (70). The test-retest reliability of the IGT has been questioned as one study found the IGT to display low test-retest reliability (r = .26-.27) over a three-week period (71). However, a recent study found similar rank-order stability (r = .25) over an eight-year period across a clinical and non-clinical population (32), suggesting at least some stability in performance over time.


Table 2 | Gain-to-loss structure of Iowa Gambling Task, version 2. First twenty draws.



Two measures of performance on the IGT were used in the analysis: The total net score and a measure of gain-to-loss frequency. The total net score, often referred to as expectancy value, is calculated by subtracting the number of draws from decks with lower expectancies of winning money in the long term due to larger losses (the so-called ‘bad’ decks A and B) from the number of draws from decks with higher long-term win expectancies (the so-called ‘good’ decks C and D). As a measure of preference for decks with high gain-to-loss frequency, the number of draws from decks A and C were subtracted from draws from decks B and D. Both the net score and the gain-to-loss frequency were used as the dependent variable in separate regression analyses of the contribution of executive functions on IGT performance, controlling for estimated IQ and symptoms of psychosis.





2.4 Data analyses

We performed all analyses in SPSS version 29. First, we used repeated-measures analysis of variance (ANOVA) to examine the learning trajectory across the five blocks of the IGT and deck preferences across the four decks of the IGT. Second, we examined bivariate correlations between the different cognitive processes, IGT performance, and psychosis symptoms using Pearson’s product-moment correlation coefficient (r). Third, we examined the contribution of each of the specific cognitive processes to IGT performance beyond estimated IQ and psychosis symptoms in hierarchical regression analyses. In step 1, we entered psychosis symptoms and estimated IQ as predictors to control for these effects in the subsequent step. In step 2, we entered the specific cognitive tasks, as well as a composite measure of executive functioning, in separate analyses. We used the increase in explained variance (ΔR2) to determine model fit and set the significance level (α) at p ≤.05. We assumed missing data were missing at random and dealt with missingness using listwise deletion. A post hoc power analysis showed that all stepwise regression analyses achieved an acceptable power of ≥.79 to detect a medium increase in explained variance (f2 = .15, ΔR2 = .13) from step 1 to step 2 (72, 73). An f2 of respectively 0.02, 0.15, and 0.35 were considered a small, medium, and large effect size (74).

After finding a significant effect of estimated IQ on the IGT total net score, we did a post hoc visual inspection of the learning trajectory across IGT blocks according to IQ. We divided participants into three groups based on their normed IQ estimates; 1) a group with an average estimated IQ of the normative mean of 100 or above, 2) a group with estimated IQ between 99 and 1 SD below the normative mean (85), and 3) a group with an average estimated IQ between 1 and 2 SD below the normed mean (70–84).





3 Results



3.1 Learning trajectory and deck preferences

See Table 3 for descriptive statistics. The repeated-measures ANOVA with block as within-subject factor showed an overall significant effect of block (Pillai’s Trace = .233, F (4, 60) = 4.565, p = .003). As can be seen in Figure 1, pairwise comparisons showed that the net score in block 1 differed significantly from the net score of all other blocks (p ≤.009), whereas there were no significant differences in net score between blocks 2, 3, 4, and 5 (p ≥.336). Figure 2 illustrates mean number of responses to the IGT decks in the sample. The repeated-measures ANOVA with deck as a within-subject factor showed an overall significant effect of deck (Pillai’s Trace = .633, F (4, 60) = 35.137, p <.001). Deck B received significantly more responses compared to deck A (MD = 13.61, p <.001) and deck C (MD = 8.39, p = .003). Deck D received significantly more responses compared to deck A (MD = 11.67, p <.001) and deck C (MD = 6.45, p = .010). Deck C received significantly more responses compared to deck A (MD = 5.22, p = .005). This suggests an emphasis on gain-to-loss frequency, as the two decks where participants win more often and lose more seldom (B and D) were chosen significantly more often than decks where losses occur more frequently (A and C).


Table 3 | Descriptive statistics on the measures included in the current study.






Figure 1 | Net scores across blocks on the Iowa Gambling Task (IGT). Error bars display 95% confidence intervals.






Figure 2 | Number of responses to each deck on the Iowa Gambling Task (IGT). Error bars display 95% confidence intervals. (A) and (B) = Disadvantageous decks with high gains, but even higher losses. (C) and (D) = Advantageous decks with low gains, but even lower losses. Decks B and D have less frequent losses (18:2 per block), compared to decks (A) and (C) (10:10 per block).






3.2 Cognitive processes and IGT performance

Table 4 presents the bivariate correlations between the different specific cognitive tasks, the composite score of executive functioning, estimated IQ, psychosis symptoms, and IGT performance (total net score and gain-to-loss frequency). IGT total net score correlated significantly with estimated IQ, response inhibition (CW3), and the composite score of executive functioning. IGT gain-to-loss frequency correlated significantly with the composite score of executive functioning. Table 5 presents the results from the stepwise regression analyses with the IGT total net score as the dependent variable. After adding psychosis symptoms and estimated IQ in step 1, none of the cognitive tasks nor the composite score of executive functioning significantly contributed to increased explained variance in the IGT total net score in step 2. Estimated IQ was the only significant predictor of the IGT total net score, and consistently predicted this score across all analyses with differing executive tasks. In step 1, psychosis symptoms and estimated IQ together explained 28% of the variance in IGT performance (F (3, 55) = 8.492, p <.001, R2 = .317, Adjusted R2 = .279, f2 = .46). As can be seen in the illustration in Figure 3, those with lower estimated IQ showed little or no progression in terms of increasing net scores across blocks compared to those with higher estimated IQ who clearly increased their net score from block 2 onwards. Table 6 presents the results from the stepwise regression analyses with the IGT gain-to-loss frequency as the dependent variable. In this analysis, IQ and symptoms of psychosis did not explain variation in IGT gain-to-loss frequency, (F (3, 49) = .139, p = .936, R2 = .008, Adjusted R2 = -.052, f2 = .01). However, adding the composite measure of executive functioning in step 2 significantly increased the explanatory power of the model with a small, but significant change in explained variance (ΔF (4, 48) = 5.256, p.026, R2 = .106, Adjusted R2 = .032, ΔR2 = .098, f2 = .12). The individual components of executive functioning did not reach statistical significance when entered as predictors of IGT gain-to-loss frequency.


Table 4 | Correlation-matrix displaying the bivariate correlations between cognitive tasks, IQ, psychosis symptoms, and IGT performance.




Table 5 | Results from stepwise regression analyses with Iowa Gambling Task (IGT) performance measured by the total net score as dependent variable.






Figure 3 | Net scores on the Iowa Gambling Task (IGT) across block for different levels of estimated intelligence quotient (IQ). Error bars display 95% confidence intervals.




Table 6 | Results from stepwise regression analyses with Iowa Gambling Task (IGT) performance measured as selection of decks with higher gain-to-loss frequency as the dependent variable.







4 Discussion

The current study aimed at examining the impact of executive functions on IGT performance in individuals with schizophrenia. Contrary to our expectations, the findings show that executive functions did not contribute to IGT performance beyond estimated IQ when using the preference for advantageous decks (C+D) as the measure of IGT performance. However, executive function, and not IQ, predicted patterns of preference for decks with differing frequency of wins and losses, as participants with poorer overall performance on executive function tasks where more likely to choose the decks with more frequent losses (A+C). Thus, the findings support the notion that decision-making and executive functions are relatively separate cognitive domains (34). Yet both general and specific cognitive abilities may contribute during decision making processes.

When it comes to learning trajectory and deck preferences, our findings diverge from previous findings on two issues. First, Betz and colleagues concluded in their meta-analysis that the healthy controls displayed a steep learning trajectory on the IGT, whereas individuals with schizophrenia did not improve during the task (28). On the contrary, our findings showed that individuals with schizophrenia displayed the typical learning trajectory on the IGT; they used the first block to decipher the contingencies and thereafter performed significantly better in subsequent blocks. The lack of a control group prevented us from comparing the learning trajectory of individuals with schizophrenia to the learning trajectory of healthy controls. Thus, a clear conclusion about the divergence in findings compared to the meta-analysis by Betz and colleagues is not possible. However, it may be that individuals with schizophrenia display improvement during the task, but that they improve significantly less than healthy controls. This interpretations is in line with findings from an earlier study of IGT in participants with schizophrenia, where the steepest learning curve was seen from block one to block two, but the participants with schizophrenia held a level of advantageous to disadvantageous deck somewhat below the performance of healthy participants in the last four blocks (75).

Second, Betz and colleagues (28) also concluded that whereas deck preferences among healthy controls were driven by gain-to-loss frequency, shown by the number of responses to decks B and D, deck preferences among individuals with schizophrenia were driven mainly by immediate gains, shown by the number of responses to decks A and B. Similarly, the meta-analysis by Woodrow and colleagues (27) found that individuals with psychosis placed a greater weight on gains over losses compared to healthy controls, which typically results in choosing the decks with greater gains, i.e., deck A and B. In contrast, our findings showed a within-group preference for deck B and D relative to A and C, a preference pattern consistent with the typical preferences of healthy controls (28, 35). This finding is in line with at least one other study of persons with schizophrenia using the IGT (75). In the present study, those participants with poorer executive function showed a greater preference for deck A and C. Again, the lack of a control group prevented us from investigating whether the magnitude of the preferences differs between individuals with schizophrenia and healthy controls. Nonetheless, it is interesting that the current sample, comprising young adults with schizophrenia spectrum disorders having subjective executive functioning difficulties, display a rather typical learning trajectory and deck preferences on the task as a group, whereas atypical preference for decks with more frequent losses were seen more frequently among participants with larger general cognitive challenges or executive functioning difficulties. Still, it should be noted that in terms of risk, deck B and D are the two decks that have the highest risk within the disadvantageous and advantageous decks, respectively (36). Thus, the results are consistent with the notion of individuals with schizophrenia being risk-taking in their decision-making. However, risk-taking decision-making on the IGT may be the norm also for healthy controls (41). Deck B and D share the same properties in terms of gain-to-loss frequency, and an increasing number of studies suggest that gain-to-loss frequency may drive decision-making on the IGT in both healthy and psychiatric populations (41, 76). If this is the case, also healthy participants may more often than previously assumed be using a “win-stay, lose-shift”-strategy, indicating that they are not able to guard against poor long-term outcomes (77).

Our research explored the influence of IQ on IGT performance and found that higher IQ scores predicted better performance, consistent with past studies suggesting that the IGT reflects cognitive rather than emotional processes (78). This finding underscores the necessity of considering IQ as a potential confounding variable when using the IGT across several populations, both healthy and clinical. Exploring the relationship between IQ and decision-making in healthy populations could provide further insights. Future studies should incorporate control comparisons to determine whether the relationship between IQ and decision-making abilities is unique to schizophrenia or more broadly applicable.

When it comes to the impact of cognitive abilities on IGT performance, our hypothesis that specific cognitive abilities like executive functions would be associated with IGT performance beyond general cognitive abilities (i.e., IQ) was partially supported. Estimated IQ was the only significant correlate of IGT total net score in multivariate analyses, whereas overall executive functioning was a significant correlate of IGT gain-to-loss frequency. Our findings align with previous studies demonstrating an association between IQ and IGT performance, and lend support to a smaller number of studies showing an associations between executive functioning and IGT performance in people with schizophrenia (27, 28). Still, a great proportion of the variance in IGT performance remains unaccounted for after investigating symptoms of psychosis, estimated IQ and a broad battery of executive functioning tests. This supports the notion that IGT measures some other rather specific cognitive ability that may (or may not) be of clinical relevance (34).

Of interest, poorer overall executive functions predicted more draws from deck A and C relative to deck B and D. This is interesting because the overall pattern in the sample was a preference for deck B and D, and because deck A and C have a lower gain-to-loss frequency and is thus associated with lower risk than deck B and D (36). Consequently, our findings suggest that individuals with SZ and poorer executive functions exhibit a more risk-aversive decision-making style compared to individuals with SZ and better executive functions, after controlling for IQ. As such, it may be that risk-taking behaviors in individuals with SZ are more deliberate than previously thought and may not be a consequence of difficulties with regulating one’s own behavior and emotions (75). Interestingly, it has been argued that individuals on the autism spectrum is more deliberate in their decision-making style and thus, more risk-aversive (79, 80). As individuals with SZ and individuals on the autism spectrum display similar performance on executive functions, and an impairment compared to healthy controls (15), this may suggest that poorer executive functions (at least sometimes) contribute to a more risk-aversive decision-making style. Thus, whereas IQ may show a similar association with IGT performance across healthy and clinical populations (78), executive functions may be differentially associated with IGT performance across healthy and clinical populations (40). However, this hypothesis needs to be examined in future studies including a healthy comparison group.

The varied findings related to executive functions (i.e., net score versus gain-loss frequency) can be interpreted in light of the clinical cases of damage to the ventromedial prefrontal cortex (vmPFC) that were central to the development of the IGT (33). In these cases, Bechara and colleagues describe that the patients usually have intact intellectual (i.e., IQ) and problem-solving (i.e., executive functions) abilities, but exhibit a rather severe impairment in real-life decision-making – and on the IGT (33). The extent to which specific cognitive abilities play a role in determining IGT performance may depend on the pathophysiology of cortical networks involved in particular disorders. For example, one study found that executive functions were related to IGT performance among healthy participants and participants with lesions to the dorsolateral prefrontal cortex (dlPFC) but not among participants with lesions to the vmPFC (81). Reduced motivation and pleasure (anhedonia) are common negative symptoms of schizophrenia and found to be related to dampened decision value signals in the vmPFC (82). However, pathology of the dlPFC has been assumed to be central to the cognitive difficulties of individuals with schizophrenia (83). Thus, the differential role that executive functions play in overall IGT performance versus gain-to-loss frequency may indicate that different cortical regions are involved in the choices between advantageous versus disadvantageous decks and risky versus less-risky decks. It is important to note that whereas poorer executive functions may contribute to a risk-aversive decision-making style (i.e., more frequent draws from deck A and C), this decision-making style do not entail poorer overall decision-making (i.e., net score). In sum, current evidence implies that several cortical networks are involved in the pathophysiology of schizophrenia, complicating the interpretation of IGT results in this population (39, 83, 84). Thus, future research must continue to develop task paradigms aimed at teasing out specific cognitive processes. Importantly, to increase clinical relevance it is also essential to combine measures at the physiological, neuropsychological, and behavioral levels in the same studies.

Although IGT performance is assumed to be a proxy of real-life decision-making, the evidence of IGT being associated with real-life outcomes is limited (32, 70). Some evidence has suggested that IGT performance is related to social functioning in individuals with schizophrenia and risk-taking in everyday life in young adults with ADHD (27, 32). However, a recent study of decision-making tasks similar to the IGT found low ecological validity of the tasks across two general population samples (85). The decision-making tasks were not related to risk-taking in everyday life, operationalized as preventive health behaviors (e.g., wearing a mask) during the COVID-19 pandemic (85). Thus, more research is needed to establish clear links between IGT performance and clinical outcomes (e.g., psychotic relapse, remission, occupational functioning etc.) among individuals with schizophrenia.



4.1 Strengths and limitations

The strengths of the current study include a well-characterized clinical sample who had undergone testing with a comprehensive neuropsychological test battery. A major limitation of the current study is the lack of a control group preventing us from comparing the IGT performance of individuals with schizophrenia to that of healthy controls matched on IQ or another clinical group. Furthermore, the requirement that participants had to report subjective executive functioning difficulties to participate in the clinical trial means that our participants may have larger cognitive deficits on average compared to the general population of individuals with schizophrenia. At the same time, based on established norms, few participants scored in the clinical range on the neuropsychological tests (43, 86). Thus, the sample may not be representative of the whole population of individuals with schizophrenia spectrum disorders. Furthermore, due to the limited samples size, we did not control for sex differences in the regression analysis. However, a recent meta-analysis found that males tend to perform better than females on the IGT (87). In future studies, larger samples or pooling of data would help clarify whether sex differences are relevant to the relationships between general and specific cognitive functioning and decision-making. In our study, 69.2% of participants received antipsychotic treatment. According to the systematic review and meta-analysis by Woodrow et al. (27), low-dose antipsychotic treatment showed no impairments in decision-making, while medium to high doses and one antipsychotic-free study demonstrated moderate impairments, suggesting a possible curvilinear relationship. Consequently, the type and dosage of antipsychotic medication in our study may have influenced IGT performance. While the overall impact of second generation antipsychotic medication on cognitive functions is thought to be minor, the exact relationships are largely unknown (88). A last limitation is the cross-sectional nature of the study. Since IGT testing only took place at baseline, we could not examine how treatment may have affected IGT performance, or how IGT performance may affect the clinical course of individuals with schizophrenia. Furthermore, we lacked a measure of risk-taking in everyday life preventing us from establishing ecological validity.




4.2 Conclusion and clinical implications

The current study showed that individuals with schizophrenia improve across blocks in the IGT and display the typical preference for decks with highly frequent gains, and low frequent losses. Estimated IQ was strongly related to IGT total net score (choosing decks that are advantageous in the long run), whereas specific cognitive abilities contributed to the explained variance in choosing decks with more frequent gains than losses similar to how healthy participants often approach the task. In the real world, individuals with schizophrenia who possess higher cognitive functioning (i.e., estimated IQ and/or executive functioning) may be better equipped to weigh risks and benefits, anticipate the consequences of their actions, and engage in more adaptive decision-making processes. Moreover, knowledge of how these individuals approach risk and make decisions can assist caregivers and health professionals in creating environments that minimize potential harm while encouraging autonomy and independence. Clinical implications include the importance of taking both general cognitive difficulties, executive difficulties and decision-making difficulties into account when providing health care to individuals with schizophrenia, for instance by adapting information to aid informed treatment decisions. Standardized clinical assessment ought to, at the very least, include measures of general abilities and executive functioning, but preferably also measures that can shed light on real-life decision-making.
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OEBPS/Images/table6.jpg
Predictors

EF composite

PANSS pos. -1.94 6.43 764 -3.25 6.20 602
PANSS neg. -2.54 5.01 614 -3.71 4.83 447
Estimated 1Q -03 258 912 =35 29 222
EF composite -8.30 3.62 .026 098

Response inhibition

PANSS pos. -4.30 5.61 447 -3.85 552 488
PANSS neg. -3.24 4.95 515 -329 4.86 501

Estimated 1Q -.09 25 708 -23 26 379

cw3 -5.58 326 093 052
Shifting

PANSS pos. -4.30 5.61 447 -3.86 561 495

PANSS neg. 324 4.95 515 334 493 502

Estimated 1Q -.09 25 708 -15 25 551

Ccw4 -3.68 325 262 024

Attention/vigilance

PANSS pos. -3.07 5.83 .601 -2.94 587 618

PANSS neg. -2.62 5.16 614 -3.03 522 564
Estimated 1Q 02 25 953 -05 27 847

CPT detection -238 363 516 008
Planning

PANSS pos. -3.07 5.83 601 -4.60 577 428

PANSS neg. -2.62 5.16 614 -3.67 5.08 473

Estimated 1Q 02 25 953 -02 24 932

Tower -642 348 070 059

Working memory

PANSS pos. -14 6.66 983 -15 6.70 982

PANSS neg. -1.84 523 727 -222 5.30 677
Estimated 1Q .09 .26 724 -01 31 976
LNS -2.53 4.00 530 .008

Bold text, significant p-values. B, unstandardized regression coefficient; SE, standard error of the regression coefficient; p, statistical significance; AR?, Change in explained variance with step 2 of
the model. PANSS, Positive and Negative Syndrome Scale; Pos., Positive symptoms subscale; Neg., Negative symptoms subscale; IQ, Intelligence Quotient; EF, Executive Function Composite
Score; CW, Color-Word Interference Test; CPT, Connors Continuous Performance Test; LNS, Letter-Number Sequencing Task.
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Draw num Deck A Deck B Deck C Deck D

1 +100 +100 +50 +50
2 +120 +80 +60 +40
3 +80, -150 +110 +40, -50 +45
4 V +90 +120 ' +55 +45
5 +110, -300 +90 +55, -50 +55
6 +100 +100 +45 +60
7 +80, -200 +90 +50, -50 +40
8 +120 +120 +45 +55
9 +110 -250 +110, -1250 +60, -50 +50
10 +90, -350 +80 +40, -50 +60, -250
11 +110 +110 +55 +55
12 | +130, -350 +100 +55, -25 +40
13 ‘ +90 +90 +65, -75 +60
14 +100, -250 +130, -1500 +45 +40
15 +120, -200 +120 +70, -25 +45
16 +130 +130 +40 +55
17 +90, -300 +110 +50, -25 +65
18 V +130, -150 +90 +60, -75 +70
19 +120, -250 +100 +70 +50
20 +100 +120 +40, -50 +70, -275

Bold values mean losses.
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*p <05, **p <01, ***p <.001. IGT, lowa Gambling Task; net score, decks (C+D)-(A+B); IGT gain-to-loss frequency, decks (B+D)-(A+C). PANSS pos., Positive and Negative Syndrome Scale;
positive symptoms subscale. PANSS neg., Positive and Negative Syndrome Scale; negative symptoms subscale. Estimated 1Q, Wechsler Abbreviated Scale of Intelligence or the General Ability
Index from Wechsler’s Adult Intelligence Scale, 4th edition. CW, Color-Word Interference Test; LNS, Letter-Number Sequencing Task; EF comp., Executive Function Composite Score.
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Mean SD Range

1. IGT net score (C+D)-(A+B) 347 31.67 -66.00, 72.00 64
2. IGT gain:loss frequency (B+D)-(A+C) 20.06 24.30 -40,00, 68,00 64
3. PANSS total positive symptoms 18.26 0.50 9.00, 29.00 65
4. PANSS total negative symptoms 17.77 0.60 7.00, 28.00 65
5. Estimated 1Q 98.03 13.97 70, 131 60
6. CW3 63.63 22.96 39,153 63
7.CW4 70.02 21.81 42, 144 63
8. CPT detect -2.40 90 -4.19, -26 64
9. Tower 17.77 3.86 7, 30 65
10. LNS 18.21 3.76 5,30 61
11. EF composite -.08 3.05 -4.71, 875 58

PANSS, Positive and Negative Syndrome Scale. Estimated 1Q, Wechsler Abbreviated Scale of Intelligence or the General Ability Index from Wechsler’s Adult Intelligence Scale, 4th edition. CW,
Color-Word Interference Test; LNS, Letter-Number Sequencing Task; EF, Executive Function.
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Description Mean SD
Age 2542 635 0.81
‘ Sex
Female 26 (40.0%)
Male 39 (60.0%)
Education in years 12.86 1.81 0.26
‘ Diagnosis (DSM-IV):
Schizophrenia 29 (44.6%)
Schizoaffective disorder 14 (21.5%)
Schizophreniform disorder 6(9.2%)
Psychotic disorder not otherwise specified 15 (23.1%)
Delusional disorder 1 (1.5%)
Duration of untreated psychosis (weeks) 241.18 244.01 30.27
Hospitalizations 323 5.07 0.63
Duration hospitalized in sum (months) 5.69 8.15 101
Drug therapy 51 (78.5%)
Antipsychotics 45 (69.2%)
Occupational status (n = 63)
| Ordinary full time work or study 12 (18.5%)
Ordinary part time work or study 9 (13.8%)
Supported employment 13 (20.0%)
Disability benefits (n = 54) 13 (20.0%)
Living situation
Living independently (alone/flat share) 23 (35.4%)
Living independently (with partner or children) 11 (16.9%)
With parents (and siblings) 18 (27.7%)
In supported housing 13 (20.0%)
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Predictors

EF composite

PANSS pos. 1160 1.007 875 068 1.011 946

PANSS neg. 930 784 241 849 789 287

Estimated 1Q 1.428 283 <.001 1.270 325 <.001

EF composite -4.054 4.137 332 013
Response inhibition

PANSS pos. .585 874 .507 620 878 483

PANSS neg. 817 771 294 813 773 298

Estimated 1Q 1.448 269 <.001 1.373 284 <.001

cw3 -3.136 3.631 392 009
Shifting

PANSS pos. 585 874 507 659 872 453

PANSS neg. 817 771 294 801 767 301

Estimated 1Q 1.448 269 <.001 1.379 274 <.001

Cw4 -4.360 3532 223 018
Attention/vigilance

PANSS pos. 435 883 624 443 891 621

PANSS neg. 923 780 242 896 793 263

Estimated 1Q 1.330 264 <.001 1.300 287 <.001

CPT detection -1.083 3.855 780 001
Planning

PANSS pos. 435 883 624 A72 899 602

PANSS neg. 923 780 242 948 792 236

Estimated 1Q 1.330 264 <.001 1.336 267 <.001

Tower 1.094 3793 774 001
Working memory

PANSS pos. -057 1.014 955 -057 1.024 956

PANSS neg. 1.019 796 1206 1.030 810 209

Estimated 1Q 1.293 275 <.001 1313 326 <.001

LNS 493 4275 909 1000

Bold text, significant p-values. B, unstandardized regression coefficient; SE, standard error of the regression coefficient; p; statistical significance; AR, Change in explained variance with step 2 of
the model. PANSS, Positive and Negative Syndrome Scale; Pos., Positive symptoms subscale; Neg., Negative symptoms subscale; IQ, Intelligence Quotient; EF, Executive Function Composite
Score; CW, Color-Word Interference Test; CPT, Connors Continuous Performance Test; LNS, Letter-Number Sequencing Task.





