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Highlights 

 Adult ADHD had difficulty to understand situations as controllable situations 

 Adult ADHD had difficulty to consider multiple solutions for difficult situations 

 Adult ADHD had difficulty to understand multiple alternative justifications for human behaviors 

 Appropriate risk-taking in  the adult ADHD was lower than normal people 

 The average response time in the ADHD group was shorter than normal group 
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Abstract 

 

Attention Deficit Hyperactivity Disorder (ADHD) is a developmental and psychiatric disorder 

that affects different aspects of an individual life, such as cognitive functions. ADHD comprise a 

complex symptomatology such as cognitive flexibility and inappropriate risk-taking. We aimed 

to compare cognitive flexibility and appropriate risk-taking of adults with and without ADHD. 

For this purpose, the Conners‟ Adult ADHD Rating Scale (CAARS) was used to screen 580 

students of Tehran University in Iran. Forty participants who scored highest in CAARS were 

invited to have a clinical interview with a trained psychiatrist. The diagnosis was made based on 

the Diagnostic and Statistical Manual of Mental Disorders (DSM–5), using the Wender Utah 

Rating Scale (WURS). Finally, thirty individuals were diagnosed with ADHD. Meanwhile, the 

30 students with the lowest scores on the CAARS and General Health Questionnaire (GHQ) 

were included as the control group. The two groups then were compared using the Cognitive 

Flexibility Inventory (CFI) and the Iowa Gambling Task (IGT). The results of the one-way 

ANOVA indicated that scores of case group in the components of cognitive flexibility were 

significantly lower in the patients compared to the control group. Also, the ADHD group had 

lower scores concerning appropriate risk-taking and had a shorter reaction time. Findings of the 

current study might help to open further avenues in the rehabilitation of cognitive flexibility and 

controlling reward-seeking and risk-seeking impulses.  

 

Keywords: Attention Deficit-Hyperactivity Disorder, Adults, Cognitive function, Flexibility, 

Risk-taking, Reaction time. 
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1. Introduction 

 

ADHD is a developmental disorder characterized by difficulties in attention, impulsivity, and 

over-activity. The symptoms appear in childhood first but persist into adulthood in more than 

50% of cases (Davidson, 2008). At least five features are required for the diagnosis of ADHD in 

adults in the fifth edition of DSM (Diagnostic and Statistical Manual of Mental Disorders). 

Based on the literature, the prevalence of ADHD for adults in the general population has been as 

follows: 10.3% (Garnier-Dykstra et al., 2010), 5% (Klassen et al., 2010), 4.4% (Kessler et al., 

2006), 3.4% (Fayyad et al., 2007), 2.5% (American Psychiatric Association, 2013). Moreover, 

ADHD has been shown to affect 4% to 11% of all university students (DuPaul et al., 2001). 

Generally, ADHD is recognized as an inborn disorder and never begins in adulthood (Webb et 

al., 2005). The symptoms affect the social, educational, and emotional development of the 

individuals. Furthermore, the disorder increases the probability of delinquency, imprisonment, 

unemployment, marital problems and divorce (Resnick, 2005). ADHD studies in children and 

adolescents have been a growing field of interest in recent years. However, due to the lack of 

understanding of the disorder in adults, its proper diagnosis has rarely been made in adults. 

Similarly, cognitive functions like cognitive flexibility and appropriate risk-taking have not been 

sufficiently studied in this group either. 

Alteration of cognitive flexibility is one of the most critical variables of ADHD that correlates 

with mental health problems (Schoemaker and Kalverboer, 1994). Cognitive flexibility enables 

individuals to adapt their cognitive processing strategies to cope with new and unpredicted 

conditions (Canas et al., 2003). People with ADHD have particular problems that are often 

attributed to defective attention. Despite this, the effect of cognitive flexibility on the 

performance of such individuals has not been sufficiently addressed previously (Wixted et al., 

2016). Since attention and recall are the main factors for cognitive flexibility, it is assumed that 

patients with ADHD have abnormal cognitive flexibility. It has been suggested that the main 

mechanism behind abnormal cognitive flexibility is a lack of attention which leads to a lack of 

acquiring the right and consecutively to problems with processing, memorize and finally 

recalling the information (Canas et al., 2003). Functional magnetic resonance imaging (fMRI) 

studies have shown that the anterior cingulate as well as the superior and inferior frontal gyrus, 
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which are involved in cognitive flexibility, are less active in people with ADHD (Wixted et al., 

2016). 

Decision-making is a cognitive process of making choices by identifying a decision, gathering 

information, and assessing alternative resolutions. Risky decisions are characterized by positive 

short-term and negative long-term consequences (Llewellyn, 2008). The negative consequences 

of impaired decision-making in adult ADHD are notable and include high-risk driving (Cox et 

al., 2011), high-risk sexual behavior (Flory et al., 2006) and substance abuse (Asherson, 2005). It 

has been demonstrated that risky-decision making behaviors in people with ADHD are 

aggravated in adulthood (Matthies et al., 2012). According to the theory of dynamic 

development, decision-making deficits in adults with ADHD can be attributed to the impaired 

capacity to learn from feedback (Toplak et al., 2005). The Reaction Time (RT) is the speed of 

decision-making and refers to the interval between the presentation of a stimulus and the start of 

the response (Kline, 2015). In this regard, it is essential to understand how information is 

processed (identification of stimulus, choice of response, and action) (Schmidt and Lee, 2013). 

Predicting the risk level of individual decisions in different situations can mainly lead to better 

control of high-risk behaviors and reduce damage to individuals and societies (Polezzi et al., 

2010). The ability to properly change, adjust behavior and cognitive action in response to context 

shifts, i.e., cognitive flexibility, is crucial for academic/occupational performance, and problem-

solving. Given this, we designed the current study to investigate whether cognitive flexibility in 

adults with ADHD significantly differed from the healthy control group. In addition, we aimed to 

study the reaction time and inappropriate risk-taking, as one of the major behavioral 

characteristics of the patients with ADHD (Barkley and Fischer, 2010). Therefore, the 

investigation of cognitive flexibility, inappropriate risk-taking, and reaction time in adult ADHD 

leads to an insight into the condition of these factors. This in turn may provide us with the 

knowlwdge for treatment, rehabilitation, and psychoeducation of the patient's inefficient 

cognitive flexibility, impulsive behavior, and disadvantageous decision-making. Nonetheless, 

research on this topic has been scarce and there are many ambiguities regarding these 

components. Due to the importance of shedding light on these components in adults with ADHD 

especially among the dynamic and socially active adults, we aimed to investigate the differences 

in cognitive flexibility and appropriate risk-taking between adults with and without ADHD.  
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2. Materials and methods 

 

2.1. Participants selection procedure 

 

This case-control study was conducted among students of Tehran University in Iran. Following 

the Institutional Review Board approval from Tehran University in Iran, we advertised the study 

via posters and invited all university students to participate in this study. The maximum number 

of students who volunteered to participate in the study during the three-week screening was 580 

participants (320 females, 260 males) aged 17 to 35 years. In the second stage, following the 

distribution of the Conners‟ Adult ADHD Rating Scale (CAARS) all of the 55 participates with 

the highest score on the CAARS (above the cut-off point of 19) were invited to a clinical 

interview for a possible diagnosis of ADHD. However, 40 of those participates aged 18 to 30 

made themselves available for the clinical interview. The diagnosis of adult ADHD was made by 

a psychiatrist based on the DSM-5 using the Wender Utah Rating Scale. As a result, thirty of the 

participants fulfilled the diagnostic criteria for ADHD (age 24.52±4.32, 18 male, 12 female). We 

also chose 30 aged-matched healthy subjects (matched by average age and SD) with the lowest 

score on the CAARS (under the cut-off point of 3) and with the GHQ score of lower than 23. 

Therefore, 30 healthy participants (age 23.81±5.65, 11 male, 19 female) were invited to the 

clinic for the second phase of the study. Finally, the two groups were compared regarding the 

Cognitive Flexibility Inventory (CFI) and the Iowa Gambling Task (IGT).  

The inclusion criteria for the ADHD group were earning a score of above the cut-off point of 19 

in the CAARS, diagnosis of ADHD by the psychiatrist and having symptoms of combined 

subtype, among three types of ADHD. Also, the exclusion criteria for this group were the 

absence of ADHD in childhood despite the presence of all components of ADHD in adulthood, 

exhibiting symptoms of inattentive subtype and hyperactive/impulsive subtype alone as well as 

other disorders that cause symptoms of ADHD. 

The inclusion criteria for the control group were earning a score of below the cut-off point of 3 

on CAARS, being aged-matched with ADHD group and earning a score of lower than the cut-off 

point of 23 in the general health questionnaire and absence of ADHD in their childhood. The 

exclusion criterion for the control group was an age-related mismatch with the ADHD group. 

Participants were free to withdraw from the study at any stage if they wished to do so. During the 

study, participants were anonymous, and codes were used instead of names.  
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2.2. Measures 

 

2.2.1. CAARS 

 

This questionnaire was designed by Conners et al. (1999) to evaluate the symptoms of 

hyperactivity, impulsivity, and disturbance of focus and attention in adults (Conners et al., 1999). 

Many studies have shown that the scale yields proper psychometric features (Christiansen et al., 

2011). The questionnaire is available in two forms: Self-report Screening Version of the 

Conners‟ Adult ADHD Rating Scales (CAARS-S: SV) and Observer Screening Version of the 

Conners‟ Adult ADHD Rating Scales (CAARS-O: SV) (Sagvolden et al., 2005)  . The self-report 

version (30-item) was used in this study. The items on the four subscales are summaries as 

follows; Subscale A (inattention): questions 1, 9, 13, 14, 19, 21, 26, 29, 30; Subscale B 

(hyperactivity/impulsivity): 2, 4, 6, 8, 16, 18, 22, 25, 27; Subscale C: (A + B) and Subscale D 

(ADHD index): 3, 5, 7, 10, 11, 12, 15, 17, 20, 23, 24, 28. The validity and reliability of the 

Persian version of  the CAARS have been assessed by (Sadeghi-Bazargani et al., 2014). 

 

2.2.2. Cognitive flexibility inventory (CFI) 

 

This inventory was developed by Dennis and Vander Wal (2010) and is a short self-reporting 

tool with 20 questions. It is used to measure a kind of cognitive flexibility that is needed for the 

success of a person by challenging and replacing inefficient thoughts with more efficient 

thoughts. The scoring method is based on a 7-point Likert Scale in which score 1 is used for 

strong disagreement and score 7 for a strong agreement. Here, the scores ranged from 20 to 140 

and the higher score shows the greater flexibility. This questionnaire tries to measure three 

aspects of  cognitive flexibility including: a) the desire to understand difficult situations as 

controllable situations (questions 1, 2, 4, 7, 9, 11, 15, 17); b) the ability to understand several 

alternative justifications for human life events and behavior (questions 8, 10); and c) the ability 

to create several alternative solutions for tough situations (questions 3, 5, 6, 12, 13, 14, 16, 18, 

19, 20). Questions 2, 4, 7, 9, 11, and 17 are scored in reverse order. Denis and Vander Wal 

showed that this questionnaire has an acceptable factor structure, convergent validity, and 

concurrent validity (Dennis and Vander Wal, 2010).  
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2.2.3. Iowa gambling task (IGT) 

 

The IGT (Bechara et al., 1994) was initially designed for simulating real-life decision-making 

under conditions of uncertainty in order to functionally assess the ventromedial prefrontal cortex 

(VmPFC) in patients who show impaired decision making (Bechara et al., 1994). The Persian 

version of the test, which is called Persian IGT, was designed by Ekhtiari et al. (2002) in the 

Institute for the Study of Cognitive Sciences and proved to be reliable and valid after being 

applied to Iranian subjects (Ekhtiari et al., 2009). Generally, it has been validated with a wide 

range of clinical groups as well (Dunn et al., 2006). In this test, participants are asked to choose 

one of four decks of cards, each of which has different consequences for the chooser; two decks 

of cards (A and B) lead to significant and quick profit and loss (loser), and the other two (C and 

D) lead to low profit and loss (winner) (Smith et al., 2012). The IGT is underpinned by the 

Somatic Marker Hypothesis (SMH). Somatic markers are physiological changes that occur in the 

body and are relayed to the brain where they are transformed into an emotion that tells the 

individual something about the stimulus that they have encountered. When making subsequent 

decisions, these somatic markers and their evoked emotions are associated with their past 

outcomes, and influence decision-making in favor of some behaviors instead of others. These 

situation-specific somatic states based on and reinforced by, past experiences help to guide 

behavior in favor of more advantageous choices, and therefore are adaptive (Damasio, 1994). 

The main point of the hypothesis is that decision-making is a process guided by emotions. There 

is a link between the abnormalities in emotion and feeling and severe impairment in judgment 

and decision-making in real-life (Bechara et al., 2000). Good IGT performance is correlated with 

the development of somatic marker signals (as indexed by anticipatory skin conductance 

responses) in healthy participants, and with the absence of such signals in VmPFC patients 

(Bechara et al., 1996).  

The logic of this test is to train for optimal selection, which aims at obtaining the maximum net 

amounts of rewards and penalties from cards whose selection is associated with differing levels 

of loss and gain. The two disadvantageous decks lead to relatively high gains ($100) but also to 

occasional large losses ($125), which result in an average loss of $25 per trial. The two 

advantageous decks lead to lower gains each time ($50) but produce smaller losses, resulting in 

an average gain of $25 per trial. During the test, healthy people learn to choose fewer reward 
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cards because they entail fewer losses and ultimately lead to a better outcome (Ekhtiari et al., 

2009). After 100 choices are made, the total number of selections from advantageous decks is 

subtracted from the number of selections from disadvantageous decks and this difference is 

compared between the two groups of the study ((C+D) – (A+B)) (Paydary et al., 2016). 

 

2.2.4. General health questionnaire (GHQ) 

 

The General Health Questionnaire was first introduced by Goldberg in 1972 and aimed to 

distinguish between healthy and unhealthy people. The lower the individual‟s score, the better 

their general health (Goldberg and Hillier, 1979). Goldberg and Williams examined the 

psychometric properties of different versions in 43 studies in different countries of the world. 

They showed that the 28-question version is more valid, sensitive, and specific, and the best cut-

off point was determined as 23. This edition, according to the factor analysis by Goldberg and 

Hiller includes four main factors such as the scale of physical symptoms (questions 1-7), 

symptoms of anxiety and sleep disorders (questions 8-14), social function disorder (questions 15-

21) and the depression scale (questions 22-28) (Campbell et al., 2003). As such, we used the 28-

question version in this study. 

 

2.3. Statistical analysis 

 

Descriptive statistics were shown as mean ± standard deviation or frequency (percentage). 

Kolmogorov-Smirnov test was used to assess the normality within the variables. Also, 

multivariate variance analysis, independent t-test, and Wilcoxon rank-sum test were used for 

statistical analysis. Multivariate statistical testing for the homogeneity of covariance matrices 

was performed using Mbox test. Levene‟s test was used to assess the equality of variances of the 

variables between the groups. Statistical analysis was performed using SPSS version 16 (SPSS 

Ltd., Chicago, IL, USA). A p-value less than 0.05 was considered statistically significant. 
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3. Results 

 

The demographic information of both control and ADHD groups are shown in Table 1. There 

were no statistically significant differences between the two groups regarding demographic 

information.  

In order to compare the cognitive flexibility in the two groups, multivariate analysis of variance 

was used. One of the prerequisites for this analysis is the homogeneity of cognitive flexibility 

variance matrix among the groups (P=0.64, F=1.04, Mbox = 6.662). There was a significant 

difference between the two groups, in terms of cognitive flexibility (p<0.001, f = 28.98, Wilks’ 

Lambda = 392.0), as the ADHD group performed worse than the control group. The mean scores 

of cognitive flexibility components in the ADHD group statistically were lower than the control 

group, and the total cognitive flexibility scores in the ADHD and control group were 78.85±21, 

87 and 108.32±13.47, respectively (p<0.001) (see Table 2). 

The Iowa gambling task results showed that there was a significant difference in appropriate 

risk-taking (p<0.001) between the individuals with and without ADHD. Groups performance on 

the Iowa gambling task scale is shown in Table 3. Appropriate risk-taking (orientation to the 

advantageous decks of cards) in people with ADHD was lower than normal ones. Also, during 

the task, the reaction time scores were significantly shorter for those with ADHD (p<0.001) (see 

Table 3). 

 

 

4. Discussion 

 

The purpose of this study was to compare cognitive flexibility, appropriate risk-taking, and 

reaction time in adults with and without ADHD. The results showed that the cognitive flexibility 

total score in the ADHD group was lower than in the control group. Additionally, the sub-scores 

for the ability to understand difficultis as controllable, multiple solutions for them and multiple 

alternative justifications for personal behaviors in people with ADHD were lower compared to 

the control group. Also, the results showed that appropriate risk-taking in adults with ADHD is 

lower than normal people, and the average reaction time in adult ADHD was shorter. 
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Cognitive flexibility 

 

As mentioned, our study showed that ADHD subjects had lower cognitive flexibility score 

compared to the healthy control group. Our findings are supported by previous results of 

(Kercood et al., 2017), (Wixted et al., 2016), (Gualtieri and Johnson, 2006) and the longitudinal 

study of (Farrant et al., 2014) albeit inconsistent with the findings of Rommelse et al., which 

showed no significant difference in cognitive flexibility between children with ADHD and their 

healthy siblings (Rommelse et al., 2007). It is worth mentioning that, our study samples size was 

larger than (Kercood et al., 2017), (Wixted et al., 2016) and smaller than (Rommelse et al., 2007) 

and (Gualtieri and Johnson, 2006). Moreover, contrary to our research, Wixted et al., did not 

perform diagnostic interviews and solely relied on self-reports of subjects (who had previously 

been diagnosed with ADHD) which is a less reliable method. More interestingly, unlike our 

study, Wixted et al., used fMRI imaging and yet showed similar results as ours. Although our 

findings were in line with the studies above, they were contrary to the Rommelse et al., results 

where they showed no significant cognitive flexibility between ADHD children and their healthy 

siblings.  

 To elaborate more on the different performances of the two groups studied (ADHD and control), 

we argue that cognitive flexibility crucially depends on controlling attentional processes to detect 

whether a situation has changed and needs a non-routine response or not. Thus, to abort 

automatic responses and to develop strategies which are in line with environmental requirements, 

one needs to focus on attentional processes (Canas et al., 2003) which is inadequate in ADHD 

people (Farrant et al., 2014).  

Moreover, various imaging studies have shown that the frontal and prefrontal cortices play an 

essential role in executive functions (EF) such as cognitive flexibility. Since neuronal activity 

and as a result blood flow in these regions in ADHD patients are less than normal people 

(Semrud-Clikeman et al., 2000), it can be concluded that due to functional impairment of the 

frontal and prefrontal cortices, they are unable to perform the required cognitive flexibility under 

certain conditions (Rommelse et al., 2007). Various studies have shown that one of the factors of 

prefrontal cortex failure in these individuals is the reduction of neurotransmitter catecholamine 

and specifically dopamine (Volkow et al., 2011). Therefore, the reduced level of dopamine is one 

of the major factors of ADHD (Kibiuk et al., 2008) and accordingly, cognitive inflexibility 
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(Cools, 2008). As stipulated in the “cognitive-energetic model” of ADHD, Boredom Proneness 

(BP) is also a characteristic of individuals with ADHD (Sergeant, 2005). Since cognitive 

flexibility comes under the influence of individual boredom (Struk et al., 2016), one of the 

reasons for subjects‟ failure in cognitive flexibility may be their constant boredom. 

 

Appropriate risk-taking 

 

We showed that appropriate risk-taking (orientation to the advantageous decks of cards) in 

students with ADHD was lower than in the normal people. The results are in line with prior 

studies (Mowinckel et al., 2015), (Drechsler et al., 2008), (Ernst et al., 2003), (Mäntylä et al., 

2012) and (Matthies et al., 2012). Moreover, our findings are also in line with the results of 

(Masunami et al., 2009), (Garon et al., 2006) and (Toplak et al., 2005) who showed the same 

results in ADHD children and adolescents. However,  Geurts et al. (2006), found no significant 

differences in inappropriate risk-taking in children with and without ADHD (Geurts et al., 2006). 

 It is worth mentioning that, our study had larger samples size compared to Drechsler et al., Ernst 

et al., Matthies et al., Geurts et al., and had the same sample size as Mäntylä et al., while 

Drechsler et al., used parent reports.  While experts on adult ADHD have stressed the need to 

interview the patient assisted by parents, siblings, or long-time spouse (Jensen et al., 1999), 

childhood ADHD is diagnosed primarily from parent and teachers´ reports because children with 

ADHD have notoriously little insight into their symptoms (Jensen et al., 1999). However, relying 

on the third person information is much more difficult in ADHD adults case (Wender et al., 

2001). For this reason, in our study, we opted to rely on self-reports (in the diagnostic interview). 

Also, Ernest et al., study which was done with positron emission tomography (PET) method, had 

the same result as our research. 

 To explain the poor performance of people with ADHD in the appropriate risk-taking, we 

speculate that working memory is impaired in ADHD adults (Hervey et al., 2004). Toplak et al., 

also indicated that adolescents with ADHD scored lower measures of working memory and 

made less advantageous selections on the card task compared with the control group (Toplak et 

al., 2005). In line with Toplak et al., Bechara and Martin showed that working memory is 

critically important in expressing appropriate risk-taking. This is because, at the level of 

cognitive functioning, the information should go through the working memory, and therefore, an 

impairment may lead to problems with maintaining, monitoring, and evaluating information 
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related to online decision-making. Difficulties with online processing reinforce the probability of 

impulsivity in decisions for instant rewards as well (Bechara and Martin, 2004).  

The role of emotion on decision making has been documented in several studies. Bechara, in 

support of „„The Somatic Marker Hypothesis”, suggested that the process of decision-making 

depends on neural substrates that regulate homeostasis, emotion, and feeling (Bechara, 2004) and 

there is a link between the abnormalities in emotion and feeling of patients and their severe 

impairment in judgment and decision-making in real-life (Bechara et al., 2000). 

On the other hand, Brand et al., concluded that under risky conditions, strategies, as well as 

emotional feedback processing, controls advantageous decision making (Brand et al., 2006). 

Moreover, the dopaminergic reward pathways of the brain produce the drive to satisfy basic 

needs and to seek pleasure (Comings and Blum, 2000) and the dysfunction of the dopamine 

reward pathway is associated with the need to take risky behaviors which are majorly expressed 

in ADHD subjects (Volkow et al., 2011). Therefore, it may be presumed that patients with 

ADHD willingly chose the unhealthy risky alternatives in the current study for emotional 

reasons. This might be due to the reward and fun of risk rather than gaining reward by weighing 

the probabilities of loss and gain. As such, the risk-taking behavior exerted by ADHD adults may 

mean to experience a pleasurable state worth losing a significant amount of fictive money 

(Matthies et al., 2012). 

The weak performance of our ADHD subjects in appropriate risk-taking could be explained by 

“boredom proneness” characteristic (Kass et al., 2003) which itself is in accordance with 

Sergeant‟s “cognitive-energetic” model. Based on the model, the executive-functional deficits of 

ADHD patients rely on arousal and stimulation of the individual as well as the allotment of 

attentional energy to the task expected to be done (decision making). Under-arousal or under-

activation of the brain may lead to the slow and erroneous performance of ADHD individuals 

(Sergeant, 2005). Under-activation and boredom reduce noradrenaline and dopamine discharge 

in the prefrontal cortex that affects attention; this plays an essential part in the regulation of 

behavior and emotion and accordingly disturbs one‟s performance while prompting inappropriate 

emotions, and risk-seeking impulses (Arnsten, 2009). 

Moreover, theories of sensitivity to rewards and punishments by Douglas (1989), Sagvolden et 

al. (1998), Sonuga-Barke (2002) and Quay (1988) indicate that individuals with ADHD are 

highly sensitive to rewards or immediate rewards and Masunami et al., showed that ADHD 
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children failed to differentiate between reward and punishment (Masunami et al., 2009). This, in 

turn, explains that ADHD people could be impaired in decision-making strategies depending on 

their aberrant sensitivity to rewards and punishments.  

 

Reaction time 

 

Another finding of the current study was that the average reaction time in adults with ADHD was 

shorter than that of healthy people. Such a finding is in line with (Wixted et al., 2016) and 

(Hervey et al., 2006). However, our findings are in contrast with the results of Hervey et al., 

2004, whereby a meta-analysis study they showed that adult ADHD have normal reaction time 

similar to controls (Hervey et al., 2004) and Gualtieri and Johnson (2006) who showed that 

ADHD patients had longer reaction time (Gualtieri and Johnson, 2006). Moreover, it has been 

shown that ADHD was associated with slow reaction time in children aged 6–18 (Andreou et al., 

2007) and (Hynd et al., 1989).  

Given the dynamic development theory, one of the reasons for shorter reaction time could be 

attributed to the low amount of dopamine produced due to hypo-functioning mesolimbic 

dopamine branch. The branch produces altered reinforcement of behavior and deficient 

extinction of previously reinforced behavior. This gives rise to delay aversion, development of 

hyperactivity in novel situations, impulsiveness, deficient sustained attention, increased 

behavioral variability, and failure to “inhibit” responses (disinhibition). In fact, According to this 

theory, inhibiting the reaction and avoiding response requires dopamine, and since the 

individuals with ADHD experience degradation of dopamine, they become too sensitive to 

external stimuli and display shorter response (Sagvolden et al., 2005).   

 

 

Limitations and strengths 

 

Several limitations in the current study are noteworthy. First, our sample sizes were small in both 

clinical and control groups. Second, we did not employ the random sampling procedure and 

rather used the convenient sampling method for screening ADHD by CAARS. Considering that 

and the fact that the current research was done only on university students, cautions should be 

taken in generalizing the findings to the general population. The lack of enough evidence-based 
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research in this area was also one of the limitations of this study that necessitates further research 

of this nature. On the other hand, ADHD diagnosis was not simply performed based on self-

report questionnaires, and clinical interview and rather was conducted more reliably by a trained 

psychiatrist which we consider as a strength of this study compared to the other studies of this 

nature. 

 

Suggestions: 

 

Since inappropriate risk-taking quality grows from childhood and intensifies with age, the role of 

education and counseling services of schools in preventing the formation of chaotic means of 

decision-making should be further highlighted. Moreover, we suggest further studies of adult 

ADHD to investigate other cognitive processes such as working memory, cognitive fatigue, 

cognitive control, time perception (Sluggish Cognitive Tempo), problem-solving, and ambiguous 

decision-making. 

 

Conclusion 

 

Based on the findings of this study, we conclude that ADHD is associated with cognitive 

inflexibility and deficit in appropriate risk-taking in university students. Our results expand on 

the literature examining cognitive flexibility and have implications for both academic and career 

planning, particularly for students who may struggle with a lack of attention. 
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            Table 1. Demographic information of the groups included in the study. 

 

Variable      ADHD group  

 (n=30) 

Control group 

(n=30) 

 

P-value 

     

Age (Range:18-34 year) 

 

 

(year) 24.52±4.32 23.81±5.65 0.63 

Gender Male 18 (60%) 11(37%) 0.06 

 Female 12 (40%) 19 (63%)  

Educational status Bachelor of 

science 

14 (47%) 16 (53%) 0.44 

 Master of 

science 

12 (40%) 12 (40%)  

 Doctorate 4 (13%) 2 (7%)  

Marital status Single 26 (87%) 21 (70%) 0.1 

 Married 4 (13%) 9 (30%)  

     

There were no statistically significant differences between the two groups regarding 

demographic information.  
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          Table 2. Cognitive flexibility features compared in both ADHD and control groups.  

 

           
 95% confidence interval 

 

The mean scores of cognitive flexibility components in the control group are statistically higher                                              

than the ADHD group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable   ADHD group 

(n=30) 

Control group 

(n=30) 

Estimated 

mean 

difference* 

P-value 

     

Creating several Alternative  

solutions for tough situations 

41.03±15.01 51.36±12.48 3.19-17.46 0.005 

Understanding difficult 

situations as controllable 

situations 

 

29.86±9.32 47.03±6.58 13-21.33 0.001 

Understanding alternatives 

for human life events and 

behavior 

7.96±3.71 

 

9.93±3.00 0.22-3.71 0.02 

Total cognitive flexibility 78.85±21.87 108.32±13.47 20.08-38.85 0.001 
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        Table 3. Iowa gambling task performance compared in both ADHD and control groups.  

 

Variable   ADHD group 

(n=30) 

Control group 

 (n=30) 

P-value 

    

Appropriate risk-taking -9.13±23.29 27.16±29.14 0.001 

Reaction Time (seconds) 116.70±27.37 158.36±106.85 0.001 

    

Appropriate risk-taking in people with ADHD was lower than the control group. Reaction 

time in the ADHD was also shorter than the control group.  

 

 

 


