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Abstract

Objective: Attention deficit/hyperactivity disorder (ADHD) is one of the most prevalent psychiatric disorders that often persist
into adulthood. ADHD is associated with a high percentage of comorbid psychiatric disorders. Studies indicate that ADHD is
prevalent among inmates. The aim of the present study was to evaluate the executive functions (EFs), that is, inhibition and
working memory among inmates with and without ADHD after controlling for comorbidity effects. Method: Through stratified
sampling method, 60 adult male inmates (30 with ADHD and 30 without ADHD) were selected on a voluntary basis and were
matched for age and education. We compared the groups on measures of neuropsychological tests battery and self-rated comor-
bidities. Results: Prior to controlling for the effects of comorbid disorders, the ADHD and non-ADHD groups showed significant
differences on several measures of attention; however, only the classic Stroop test interference score remained significant after
controlling for the effect of the comorbid disorders. The group comparisons on the measures of memory remained unaffected
from before to after controlling for the effects of the six comorbid disorders. Conclusions: Specific comorbid disorders may exac-
erbate the poor performance of prison inmates with ADHD on the tests of attention, but their performance on the tests of mem-
ory could remain unaffected by their comorbidity symptoms. We recommend replicating the study with ADHD participants
with no criminal history.
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Attention deficit/hyperactive disorder (ADHD) is considered

as one of the most prevalent neuropsychological disorders

among children and adolescents. The disorder can be

observed among 3–7% of the school-age children. ADHD is

usually associated with three main chronic problems includ-

ing attention control, hyperactivity, and impulsivity

(American Psychiatric Association, 2013). Such symptoms

can be usually observed at early ages, especially among chil-

dren aged less than 13 years (American Psychiatric Associa-

tion, 2013). Longitudinal studies have shown that ADHD

can often persist into adulthood (Barkley, Fischer, Smallish,

& Fletcher, 2002), with a prevalence of 2–4.40% among

adults (Fayyad et al., 2007; Kessler et al., 2006; Park

et al., 2011).

Considering the behavioural problems and consequences

among adults with ADHD and the disorder’s comorbidity

with other problems (e.g., antisocial personality disorder

and drug-related disorders), it is reasonable to expect that

ADHD among adult prisoners is more common than the

normal population. Evidences shows that 10–70% of pris-

oners in different countries suffer from the disorder

(Ghanizadeh, Mohammadi, Akhondzadeh, & Sanaei-Zadeh,

2011; Gudjonsson, Sigurdsson, Young, Newton, & Peersen,

2009; Hamzeloo, Mashhadi, & Fadardi, 2016). The result of

a recent meta-analysis estimating the prevalence of ADHD

in incarcerated populations was 25.5% with no significant

differences for gender and age (Young, Moss, Sedgwick,

Fridman, & Hodgkins, 2015). Inmates with ADHD were at

greater risk of suffering from behavioural problems and psy-

chiatric comorbidities (e.g., substance use disorders, conduct

disorder, mood disorders, anxiety disorders, and personality

disorders) compared with inmates without ADHD

(Hamzeloo et al., 2016; Young, Adamou, et al., 2011b;

Young, Wells, & Gudjonsson, 2011a). The result of a recent

meta-analysis showed that the risk of all psychiatric
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comorbidity has increased among adult inmate with ADHD.

The results of this study also suggested that the highest psy-

chiatric comorbidity associated with adult with ADHD was,

up to 74%, for substance use disorders and the lowest psy-

chiatric comorbidity was for conduct disorder (Young, Sedg-

wick, et al., 2015).

Many longitudinal and cross-sectional studies in adults

with ADHD have reported consistent executive dysfunctions

from childhood to adulthood, including inhibitory control,

flexibility, and working memory as well as divided and sus-

tained attention (Alderson, Kasper, Hudec, & Patros, 2013;

Dige, 2010; Dramsdahl, Westerhausen, Haavik, Hugdahl, &

Plessen, 2011; Salomone, Fleming, Bramham, O’Connell, &

Robertson, 2016; Schweitzer, Hanford, & Medoff, 2006;

Sobanski, Sirtl, Alm, Hennig, & Banaschewski, 2015). Exec-

utive functions (EFs) are defined as neurocognitive pro-

cesses such as verbal fluency, inhibitory control, working

memory, planning, and problem solving that maintain

an appropriate way to attain a future goal (Welsh &

Pennington, 1988). The meta-analysis of studies on adults

with ADHD indicated that they were significantly impaired

on executive tasks (e.g., continuous performance test, trail

making test, the classic Stroop test, WAIS digit span) in

comparison with the individuals in the control groups, with

the effect sizes in the medium range for the majority of the

deficits (Boonstra, Oosterlaan, Sergeant, & Buitelaar, 2005;

Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). Struc-

tural and functional imaging studies in subjects with ADHD

suggested that the abnormalities in frontal–striatal–

cerebellar networks were associated with the integrity of

EFs (Vaidya, 2011). Besides, compared with the control

group, the prison inmates with ADHD showed poorer

results on several measures of EFs and during controlling

for IQ (Ginsberg, Hirvikoski, & Lindefors, 2010). However,

some investigations have indicated that the executive dys-

functions are not consistently found in those with ADHD

(Engelhardt, Nigg, Carr, & Ferreira, 2008; Epstein, Johnson,

Varia, & Conners, 2001; King, Colla, Brass, Heuser, & von

Cramon, 2007; Saboya, Coutinho, Segenreich, Ayrão, &

Mattos, 2009); they have also revealed that cognitive defi-

cits, especially problems with inhibitory processes, do not

stretch far into adulthood. Moreover, many psychiatric dis-

orders that are associated with ADHD are also related to

executive dysfunctions (Pennington & Ozonoff, 1996; Seid-

man, Biederman, Faraone, Weber, & Ouellette, 1997); and

this makes it difficult to determine whether the dysfunc-

tions are attributable to ADHD, the presence of comorbid

disorders or both. A few comorbid disorders associated with

ADHD, which are also related to executive dysfunctions

include bipolar disorders (Ryan et al., 2012), anxiety disor-

ders (Fujii et al., 2013), borderline personality disorders

(Hagenhoff et al., 2013), and antisocial personality disorders

(De Brito, Viding, Kumari, Blackwood, & Hodgins, 2013).

Although a few studies have evaluated the EF deficits in

adults with ADHD during controlling for comorbidities

(Bramham et al., 2012; Marchetta, Hurks, Krabbendam, &

Jolles, 2008; Nigg et al., 2005; Silva et al., 2013), the find-

ings of a study suggest that Wisconsin Card Sorting Test

(WCST) impairment among patients with ADHD seems to

be strongly attributable to comorbid bipolar disorder (Silva

et al., 2014). Addressing the issue in inmates with ADHD

seems even more complicated because they report more

ADHD symptoms (Ginsberg et al., 2010) and more comor-

bid disorders (Rösler et al., 2004) than the ADHD individ-

uals with no criminal history. In sum, the main aim of the

present study was to compare the EFs among a group of

adult male inmates with and without ADHD after control-

ling for comorbid disorders. We hypothesised that prison

inmates with ADHD show higher executive dysfunctions

than those without ADHD, even after controlling for psychi-

atric comorbidities in both groups.

METHOD

Participants

The sampling method was non-randomised. Participants

were 60 adult male inmates between 20 and 49 years of

age; of this population, 30 inmates suffered from ADHD and

the others did not. Participants were selected on a voluntary

basis through a three-step diagnostic procedure from an

earlier study (Hamzeloo et al., 2016). The study was con-

ducted at Gorgan Central Prison, Golestan Province, Iran

from July 2011 to October 2012. This study was granted

ethical approval by ethical committee of Department of Psy-

chology, Ferdowsi University of Mashhad and Golestan

State Prison Research Council. All participants gave written

informed consent prior to their participation. The

section below describes the diagnostic procedure for screen-

ing the inmates. The two groups were matched with respect

to their ages (M = 29.38, standard deviation (SD) = 6.10;

range: 20–49) and education (M = 7.78, SD = 2.48). The

inmates’ participation or refusal to participate in the study

remained totally unrelated to the services that they received

routinely at the prison.

Diagnostic procedure for ADHD

A three-step diagnostic procedure was used to select the

participants with ADHD. First, we assessed the presence or

absence of current ADHD symptoms by administering the

Adult ADHD Self-Report Scale (ASRS), (Adler, Kessler, &

Spencer, 2003). Second, those who scored high on ASRS

(indicating as very likely to have ADHD) took part in a ret-

roactive, clinical unstandardised interview in order to

ensure the existence of ADHD symptoms during their child-

hood based on the criteria provided in the Diagnostic and
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Statistical Manual of Mental Disorders (fourth ed., DSM-

IV). Third, the diagnosis of ADHD was confirmed by an

experienced, board-certified psychiatrist. There was no need

to divide the present sample into subtypes of adult ADHD

because the existing evidence suggested that there were no

differences among the ADHD subtypes with regard to the

EFs (Geurts, Verté, Oosterlaan, Roeyers, & Sergeant, 2005;

Nigg, Blaskey, Huang-Pollock, & Rappley, 2002).

Assessment of psychiatric comorbidity

Psychiatric comorbidity symptoms for both groups were

evaluated through the following instruments:

(1) The Millon Clinical Multiaxial Inventory—III (Chegini,

Delavar, & Garrayi, 2013; Millon & Davis, 1998). MCMI-III

is a 175-item true–false self-report questionnaire that mea-

sures 10 clinical syndromes and 14 personality disorders

based on the Axis I and II categories of the diagnostic sys-

tem of the DSM-IV. MCMI-III consists of 24 scales as fol-

lows: (1) 14 clinical personality patterns scales including

Schizoid, Avoidant, Depressive, Dependent, Histrionic, Nar-

cissistic, Antisocial, Sadistic, Compulsive, Negativistic, Mas-

ochistic, and (three severe personality pathology scales)

Schizotypal, Borderline, and Paranoid; (2) 7 clinical syn-

drome scales consisting of Anxiety, Somatoform, Bipolar

(Manic), Dysthymia, Alcohol Dependence, Drug Depen-

dence, and Posttraumatic Stress Disorder; and (3) 3 severe

clinical syndrome scales comprising of Thought Disorder,

Major Depression, and Delusional Disorder. There are also

three modifying indices and a validity scale that are used to

detect the presence of response sets and invalid profiles.

Scores ≥ 85 propose the disorders of clinical significance

(i.e., primary diagnosis) while a score of 75–84 indicates the

characteristics of the disorder.

(2) Beck Depression Inventory—second edition (BDI-II)

(Beck, Steer, & Brown, 1996; Ghassemzadeh, Mojtabai,

Karamghadiri, & Ebrahimkhani, 2005), is a 21-item self-

report measure that evaluates the severity of depression

symptoms. Answers on each item are rated on a 4-point

Likert scale (ranging from 0 to 3), with higher scores on the

scale representing greater severity of depressive symptoms.

(3) Beck Anxiety Inventory (BAI), (Beck, Steer, & Carbin,

1988; Kaviani & Mousavi, 2008) is a 21-item self-report

questionnaire evaluating common symptoms of clinical

anxiety. Each symptom is scored on a 4-point Likert scale

(ranging from 0 to 3), with higher scores corresponding to

higher level of anxiety.

EFs test battery

Wechsler digit span subtest Digit-span task was used to

measure verbal working memory capacity for number stor-

age. Completing the test requires the participants to pay a

lot of attention to the number sequence, keep them in mind

for a short period, do some calculations, and reproduce

them (Kessels, van den Berg, Ruis, & Brands, 2008). The

test has a good internal consistency (Cronbach’s α = 0.65)

and test–retest reliability (r = 0.83) for Iranian population

(Orangi, Atefvahid, & Ashayeri, 2002).

Corsi Block-Tapping Task A computer version of Corsi

Block-Tapping Task (Corsi, 1972) was used to measure the

visuospatial, short-term working memory. The test requires

maintaining a visuospatial pattern and a movement chain.

Keeping a chain of sequencing movements in mind is also

required for the successful completion of the task. Although

this test is applied broadly for measuring the spatial working

memory in neuropsychological studies, there is little infor-

mation about its reliability and validity (Kessels et al.,

2008). However, Kessels et al. showed that forward and

backward Corsi Block-Tapping Task and Wechsler digit span

subtest had the same level of difficulty and required similar

cognitive systems to complete them. The authors reported a

point less than the fifth percentile for detecting the impaired

performance. The test gives two measures: (1) Block span

which shows the longest sequence that has been correctly

reproduced (at least twice) by the participant; and

(2) visual–spatial memory span which displays the partici-

pant’s spatial working memory capacity.

The Stroop test There is general consensus that Stroop test

(Stroop, 1935) is a measure of cognitive inhibition and

interference control (MacLeod, 1991). The test contains a

series of congruent colour-words (e.g., red in red) and

incongruent colour-words (e.g., red in blue) in response to

which the participants are asked to ignore the meaning of

the words and respond to the colour of the words as accu-

rately and quickly as possible (Cox, Fadardi, & Pothos,

2006). In the computerised Persian version of the test used

in the current study (Fadardi & Ziaei, 2010), four colour

words (green, red, yellow, and blue) were presented

96 times, 50% of which were congruent and 50% were

incongruent. Each word stayed on a PC screen for 2 s dur-

ing which a key should be pressed on the keyboard (other-

wise, a ‘no response’ was recorded by the computer); a

fixation crosses ‘+’ with an inter-trial interval of 800 ms dis-

persed the word stimuli.

Go/No Go task Go/No Go task is used broadly for measuring

sustained attention, response control, and movement inhi-

bition (Wodka et al., 2007). The task gives two separate

scores: (1) Commission errors (i.e., responding to instead of

ignoring a stimulus) which are considered as an index of

problems with inhibition, and (2) omission errors

(i.e., ignoring instead of responding to a stimulus) which

are indices of inattention. In the current study, geometrical

shapes were used (i.e., circle, square, oval, triangle, rectan-

gle, and trapezoid). The triangle (go trial; 70 out of 100)
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was chosen and randomly presented among other shapes

(no-go trials). The participants were required to press the

space bar on the keyboard as soon as they saw a triangle on

the monitor screen. Each stimulus stayed on the monitor

for 500 ms, and the inter-trial interval between the stimuli

was 500 ms.

Stop-signal task The stop-signal task is a reliable measure

of behavioural inhibition. We used a freely available version

of the task titled ‘Stop It’ (Verbruggen, Logan, & Stevens,

2008). The task has two steps: (1) The practice step includes

32 trials to help participants to learn about the test’s instruc-

tions and how to respond to the stimuli; and (2) the experi-

mental step consists of three blocks, each of which contains

64 tries. The task presents two different stimuli (i.e., a circle

and a square) in the center of a computer display and par-

ticipants should press one of the allocated keys on the right

or left hand side of the keyboard (i.e., ‘/’ or ‘z’). On some

trials, the stop signal (i.e., a beep sound) plays randomly

right after a stimulus, which means the participant must not

respond to that particular stimulus. Stopping the response

in this condition requires a quick controlling mechanism to

prevent executing the motor response (Verbruggen &

Logan, 2008b).

The program records the participants’ responses and their

reaction times. Output measures are based on the probabil-

ity of responding on stop signal serials (p(r|s)), stop-signal

delay (SSD), stop-signal reaction time (SSRT), mean reac-

tion time on signal-respond trials (SR-RT), mean reaction

time on no-signal trials (NS-RT), and mean percentage of

correct responses on no-signal trials (NS-HIT). Among the

indices, SSRT and p(r|s) are more widely used to address

issues related to cognitive control and inhibition

(Verbruggen & Logan, 2008a, 2008b).

Procedure

Participating in the study was voluntary, and the partici-

pants were not entitled to any advantages or disadvantages

in the prison. The objectives of the study were explained

verbally and through the study information sheet. The vol-

unteers had the opportunity to ask questions at any step of

the study, and they were told that they could withdraw

from the study at any time without incurring any negative

consequences. After giving their informed consent, the par-

ticipants were all given a demographic questionnaire to

complete. Then, they completed a series of EF tests which

were administered individually via a PC computer with a

1700 display in a quiet room allocated to the study. Consis-

tent verbal instructions were given to all participants on

each measure.

Data analysis

Four methods of data analyses were used. First, one-way

analyses of variance (ANOVAs) were conducted to examine

any significant differences that might exist between the two

groups in comorbid disorders. Second, multivariate analyses

of covariance (MANCOVAs) were conducted to test any dif-

ferences in EFs between the two groups, during controlling

for comorbidities as covariates. Third, Pearson correlational

analyses were performed to determine the strength of the

relationships among comorbidities and EFs. Fourth, linear

regression analyses were conducted in order to determine

the extent to which comorbidity symptoms could predict

the executive dysfunctions among the inmates with ADHD.

Prior to conducting each data analysis, all the prerequisite

assumptions for the fitness of the model were tested. No

violations of the assumptions were detected for any of the

models.

RESULTS

Table 1 shows the frequency and percentage of the partici-

pants regarding their marital status and crime type in the

experimental (i.e., with ADHD) and control (i.e., without

ADHD) groups, respectively.

Table 2 shows the means, the SDs, and the results of

ANOVA testing the two groups’ differences in comorbid

symptoms—as measured by the study tools (i.e., ASRS,

BAI, BDI-II, and MCMI-III) and their subtests. Table 2 also

shows significant differences between the inmates with and

without ADHD across all measures of comorbidities.

Table 3 shows the means, the SDs and the results of two

MANCOVAs. The first analysis (Model 1) tested the study

hypotheses about the participants’ EFs (i.e., scores on

Table 1 Demographic characteristics of inmates with and
without ADHD

With ADHD Without ADHD

Variable F % F %

Marital status
Single 14.00 46.70 9.00 30.00
Married 13.00 30.43 19.00 63.30
Divorced 3.00 10.00 2.00 6.70

Type of crime
Drug-related 11.00 36.67 15.00 50.00
Robbery 7.00 23.34 6.00 20.00
Murder 3.00 10.00 2.00 6.67
Assault and battery 3.00 10.00 2.00 6.67
Rape and adultery 3.00 10.00 3.00 10.00
Abduction 2.00 6.67 1.00 3.34
Mahrieha 1.00 3.34 1.00 3.34
a Mahrieh is an amount of money or something else that is mutually
agreed to be paid by the groom to the bride at the time of marriage
(nikah) or after the bride’s request. In Iran, the payment is not nor-
mally demanded by the bride unless there are serious marital
problems.
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Go/No Go, Stop It, and Stroop test), and the second analysis

tested the study hypotheses about the participants’ memory

capabilities (i.e., scores on Corsi Block-Tapping Task,

Wechsler digit span subtest). In both models, the main

effects were tested after controlling for the effects of comor-

bid symptoms (i.e., anxiety, depression, bipolar,

Table 2 Means and standard deviations for the participants’ comorbidity symptoms, and the results of ANOVA for significant comparisons

With ADHD Without ADHD

Variable M SD M SD F(1, 59) p-value

Inattention symptomsa 25.50 3.35 14.50 5.02 99.78 .0001
Hyperactivity symptomsa 24.90 3.97 15.53 3.87 85.56 .0001
Combined symptomsa 50.40 5.67 30.03 7.77 134.45 .0001
Anxiety symptomsb 50.40 5.67 32.73 10.54 65.38 .0001
Depression symptomsc 41.70 9.55 33.50 9.66 10.94 .002
Bipolar disorderd 68.50 15.48 60.67 11.36 4.99 .029
Posttraumatic stress disorderd 72.60 16.93 62.20 16.58 5.78 .019
Antisocial personality disorderd 74.73 16.58 66.40 12.99 4.70 .034
Borderline personality disorderd 72.43 17.83 63.40 16.56 4.13 .047

a Evaluated by ASRS.
b Evaluated by BAI.
c Evaluated by BDI-II.
d Evaluated by MCMI-III.

Table 3 Means and standard deviations for the participants’ inhibition (Model 1) and working memory (Model 2) scores, and the results of
MANCOVA comparisons between prisoners with and without ADHD, controlling for anxiety, depression, bipolar, posttraumatic stress
disorder, antisocial, and borderline personality disorder symptoms as covariates

Without covariates With covariates

With ADHD Without ADHD

Wilk’s Γ (p < .05)

Group main effect
.52; F(49,9) = 4.86;

η2 = .47

Wilk’s Γ (p < .05)
Bipolar disorder*

0.63, F(43,9) = 2.82;
η2 = .37

Group main effect
.57; F(43,9) = 3.60;

η2 = .43

Model 1 Test variable M SD M SD F p η2 F p η2

Go/No Go Commission Error 2.70 2.57 1.23 1.99 5.56 .022 .089 0.019 0.89 0.001
Omission error 15.33 10.78 7.57 7.87 10.14 .002 .15 15.79 0.001 0.24
RT of correct response 260.09 20.45 258.97 16.76 .19 .661 .003 0.021 0.88 0.001
RT of commission error 359.91 48.03 307.55 48.13 7.07 .010 .11 2.67 0.11* 0.050

Stop It p(r|s) 47.67 7.87 49.73 14.35 .52 .474 .009 0.18 0.67 0.004
SSRT 318.09 86.11 258.59 114.97 6.43 .014 .10 2.87 0.096 0.053

Stroop Congruent RT 1,018.84 212.54 958.61 178.93 2.18 .145 .03 4.92 0.031 0.088
Incongruent RT 1,156.12 262.85 1,054.22 192.55 3.85 .055 .06 6.41 0.014 0.11
Interference score 150.03 96.09 98.63 53.22 6.39 .014 .10 6.42 0.014* 0.11

Without covariates With covariates

With ADHD Without ADHD

Wilk’s Γ (p < .05)

Group main effect
.482; F(54,5) = 11.54; η2 = .51

Wilk’s Γ (p < .05)
Borderline personality

disorder (BPD)
0.80, F(47, 5) = 2.50; η2 = .21

Group main effect
.54; F(47, 5) = 7.99;η2 = .46

Model 2 Test variable M SD M SD F p η2 F p η2

Corsi Blocks Block span 4.17 1.23 5.57 0.89 25.25 .0001 .30 16.33 0.001* 0.24
Total correct score 23.77 13.69 41.57 13.71 25.30 .0001 .30 17.18 0.0001* 0.25
Total correct trials 5.17 2.04 7.73 1.14 36.26 .0001 .38 24.02 0.0001* 0.32
Memory span 3.58 1.02 4.87 0.57 36.26 .0001 .38 24.02 0.0001* 0.32

Digit span Forward 4.27 1.66 7.37 1.67 51.98 .0001 .47 35.18 0.0001 0.40
Backward 3.57 1.22 6.43 2.50 31.81 .0001 .35 23.37 0.0001 0.31
Total score 7.83 2.69 13.80 3.93 47.002 .0001 .45 33.76 0.0001 0.39

Note. RT = reaction time; SSRT = stop-signal reaction time; p(r|s) = probability of responding on stop-signal trials.
*Significance of the covariate effect.; Bold indicates the significance p values of p < .05
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posttraumatic stress disorder, antisocial, and borderline per-

sonality disorder symptoms). The results of the first MAN-

COVA model (Table 3) showed that (1) the only significant

covariate was bipolar disorder, Wilk’s Γ = 0.63, F

(43, 9) = 2.82; p = .011; η2 = .37; (2) group had a main

effect, Wilk’s Γ = .57; F(43, 9) = 3.60; p = .002; η2 = .43;

and (3) in comparison with non-ADHD group, the ADHD

group made more omission errors and showed higher reac-

tion times for congruent and incongruent stimuli and hence

larger Stroop interference scores.

The second MANCOVA model (Table 3) showed that

(1) the only significant covariate was borderline personality

disorder, Wilk’s Γ = 0.80, F(47, 5) = 2.50; p = .43; η2 = .21;

(2) group had a main effect, Wilk’s Γ = .54; F(47, 5) = 7.99;

p = .001; η2 = .46; and (3) in comparison with non-ADHD

group, the ADHD group performed worse on all measures

of memory. That is, the ADHD group had lower scores than

the non-ADHD group on the Corsi Block Tapping Task’s

Block Span; total correct score; visuospatial memory span;

and lower scores on the Wechsler digit span’s forward and

backward forms and the subtest’s total score (Table 3).

Next, we calculated a correlation matrix among the EFs

various scores and the participants’ comorbidities for both

ADHD and non-ADHD prison inmates separately. As

Table 4 shows, 13.56% of correlations among the EFs indi-

ces and the measures of the comorbidities were significant

for the ADHD group—in comparison to 7.29% of significant

correlations in non-ADHD group.

Finally, a series of standard multiple regressions were

conducted to examine whether the comorbidities could be

predicted by the main EFs in inmates with ADHD. To avoid

problems with collinearity, the subtests of each measure

were not entered into the models. Table 5 shows the results

of three significant regression models for the two groups for

depression disorder and bipolar disorder.

DISCUSSION

This study aimed to compare the EFs among a group of

adult male inmates with and without ADHD before and

after controlling for the scores of six comorbid disorders.

Although Go/No Go commission error, the Stop Signal task

SSRT, and the classic Stroop test interference score were sig-

nificantly different across the two groups, only the classic

Stroop test interference score remained significant after

controlling for the effect of the comorbid disorders. How-

ever, the group comparisons on the measures of memory

remained unaffected from before to after controlling for the

effects of the six comorbid disorders. Finally, and after con-

trolling for the covariate, significant differences between the

two groups were observed in their working memory, as

measured by Wechsler digit span subtest, Corsi Block-

Tapping Task, inattention, as measured by the Go/No Go

commission errors, and inhibition and interference control,

as measured by the classic Stroop test.

In comparison with the adult inmates without ADHD,

adult inmates with ADHD performed poorer on the classic

Stroop test as a measure of inhibition and interference con-

trol. However, the ADHD group did not score higher on all

indices of the Stop Signal task or on the Go/No Go commis-

sion error as other measures of inhibition; in fact they made

more omission errors (as a measure of inattention) in com-

parison with adult inmates without ADHD. Declarations of

inconsistent findings in inhibition tasks can be made with

regard to their differences. For example Eagle, Bari, and

Robbins (2008) provide evidence from human and rodent

studies indicating that different brain loci and pathways are

involved in the Go/No Go and Stop Signal tasks (e.g., SSRT)

that implicates different mechanisms of control in the tasks

of inhibition. Cohen et al. (2014) reported similar results

indicating that participants’ performance on Go/No Go and

the classic Stroop tests my tap different cognitive and neural

mechanisms (Morooka et al., 2012). They quote Barkley

(1997) suggesting that the Go/No Go task tests inhibition of

prepotent responses, whereas the Stroop task combines

inhibition of proponent responses and interference control.

In other words, it seems that the classic Stroop task is more

potent to uncover difficulties with inhibitory processes. We

need to clarify that in our discussion of groups’ differences

in inhibitory processes, we actually refer to their perfor-

mance on the classic Stroop test (Barkley, 1997). Our find-

ings cannot fully support previous meta-analyses on adults

with ADHD, indicating that they are significantly impaired

on working memory, attention, and measures of inhibition

in comparison with control group (Boonstra et al., 2005;

Willcutt et al., 2005).

In the first MANCOVA model, only one out of six covari-

ates, i.e., bipolar disorder had a significant effect on the clas-

sic Stroop test interference score as an index of cognitive

inhibition, differentiating the ADHD group from the non-

ADHD group. Our findings suggested that the two groups’

differences on the classic Stroop test (i.e., inhibition and

interference control) were not attributable to the partici-

pants’ anxiety, depression, posttraumatic stress disorder,

antisocial personality, and borderline personality disorder,

except for bipolar disorder. The results were consistent with

pervious findings (Bramham et al., 2012; Garcia et al.,

2012; Marchetta et al., 2008; Nigg et al., 2005; Salomone

et al., 2016; Sobanski et al., 2015). Silva et al. (2013) and

Silva et al. (2014) indicated that the problem of inhibition

can be considered as a significant component in ADHD and

bipolar disorder. In addition, the impulsivity characteristic

seen in both disorders can imply a component of emotional

dysregulation in both abnormalities. However, the ADHD

and non-ADHD group’s performance on the measures of

memory were not significantly affected by their scores on
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the comorbidity measures, as indicated in the second MAN-

COVA model. Therefore, it seems that when comparing

adults with and without ADHD on popular tests of inhibi-

tion and cognitive control, special attention should be paid

to the role of comorbid disorders such as borderline

personality.

The findings of study showed that the ADHD group per-

formed poorer than the non-ADHD group on the Stroop

test (as a measure of cognitive inhibition and interference

control). This finding supported the results of previous stud-

ies (dos Santos Assef, Capovilla, & Capovilla, 2007; Holmes

et al., 2010; King et al., 2007), and the results of a research

conducted by Milwaukee and the University of Massachu-

setts Medical School Studies (UMASS) (Barkley, Murphy, &

Fischer, 2010) that showed adults with ADHD had deficits

in their interference control and resistance to distraction. In

contrast to our findings, van Mourik, Oosterlaan, and Ser-

geant (2005) did not find such a difference and suggested

that the classic Stroop test could not be a proper measure of

interference control in ADHD (van Mourik et al., 2005);

hence, they suggested using other measures of cognitive

inhibition.

Study findings showed the significant differences between

the two groups in verbal and visuospatial working memory.

These findings, in the line with the results of the previous

meta-analysis studies, confirm the weakness of working

memory in individuals with ADHD (Alderson et al., 2013;

Boonstra et al., 2005; Willcutt et al., 2005). ADHD partici-

pants showed poorer performance than those in the control

in visuospatial working memory; the finding supports those

reported by Milwaukee and UMASS (Barkley et al., 2010;

Boonstra et al., 2005; Willcutt et al., 2005). However, evi-

dence (Brown, Reichel, & Quinlan, 2009) suggests that the

difference between ADHD and non-ADHD participants’

visual–spatial working memory vanishes after controlling

for their intellectual abilities. Therefore, it seems that perfor-

mance on visual–spatial tasks is less automatic and adults

with ADHD need more mental and verbal struggling to

complete items on IQ tests that engage working memory

(Westerberg, Hirvikoski, Forssberg, & Klingberg, 2004).

Given the Wechsler digit span subtest, and by measuring

working memory, we found a significant difference

between the two groups, with the ADHD participants show-

ing smaller verbal memory span in both forward and back-

ward forms than the participants without ADHD. The deficit

of working memory leads to sustained problems in time

management, organisation, and attention to related infor-

mation for problem solving (Alderson et al., 2013; Barkley,

1997; Schweitzer et al., 2006; Willcutt et al., 2005).

Table 3 shows that, in the first model, the only significant

covariate was manic-depression, and in the second model,

the only significant covariate was borderline personality dis-

order, whereas in Table 4, four out of the six comorbidTa
b
le
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disorders show significant correlations with measures of

inhibition and two with measures of memory—interest-

ingly, in Table 4, borderline personality disorder is not sig-

nificantly correlated with any of memory scores. The

discrepancy needs explanation. The MANCOVA models test

group differences across a series of dependent variables

while controlling for intercorrelations among the covariates

and the dependent variables. Although tests of the MAN-

COVA models’ fitness (Tabachnick & Fidell, 2012) con-

ducted in this study proved a lack of multicollinearity

problem, the existence of some degrees of collinearity

among the variables lead to patterns of significant correla-

tions that are different from mere bivariate correlations.

This is a reason for not observing the same significant corre-

lations between the covariates in the MANCOVA models as

opposed to bivariate correlations that have been reported in

Table 4, separately for the ADHD and non-ADHD group.

We also calculated a correlation matrix for the six covariates

(i.e., scores for the comorbid variables) for the two groups

combined and only bipolar disorder showed four significant

correlations with other covariates.

The results of regression analyses showed that among the

comorbid disorders, only depression disorder and bipolar

disorder could predict neuropsychological deficits in prison

inmate adult with ADHD. A review of studies on similarities

between depression and bipolar disorders and ADHD in

their neuropsychological functions indicated that they might

share deficits in emotional dysregulation (Hegerl & Hensch,

2014) and sustained attention (Silva et al., 2013, 2014;

Young, Sedgwick, et al., 2015). Since depression disorder

and bipolar disorder as the two comorbidity disorders are

the most commonly used to predict the problems of adult

prison inmates with ADHD, it is important to consider the

need for assessment as well as the related interventions,

including cognitive-behavioural therapy focusing on beha-

vioural activation and improving cognitive processes of

these individuals. The results suggest that although comor-

bidity symptoms with ADHD may cause significant deficits

in the behavioural and cognitive performance of prisoners

with ADHD, they have a small proportion in predicting the

executive dysfunctions of the inmates with ADHD.

In sum, we found that, compared with the prisoners

without ADHD, the adults with ADHD showed some defi-

ciencies in their EF, resembling EF dysfunctions in children

with ADHD (i.e., problems with attention, inhibition, inter-

ference control, and verbal and non-verbal working mem-

ory). Our findings supported the neuropsychological

theories addressing the importance of deficits in inhibitory

processes and working memory in ADHD (Engelhardt et al.,

2008), the deficits that could stretch far into adulthood.

Although some comorbid psychiatric disorders were related

to deficits in inhibition and working memory, it seemed that

the deficits could not be accounted for by the comorbidTa
b
le

5
R
eg
re
ss
io
n
m
o
d
el
s
p
re
d
ic
ti
n
g
d
ep

re
ss
io
n
an

d
bi
p
o
la
r
d
is
o
rd
er
s
fr
o
m

ex
ec
u
ti
ve

fu
n
ct
io
n
s,
se
p
ar
at
el
y
fo
r
A
D
H
D

an
d
n
o
n
-A

D
H
D

gr
o
u
p
s

D
ep

re
ss
io
n
d
is
o
rd
er

B
ip
o
la
r
d
is
o
rd
er

B
SE

β
t

B
SE

β
t

A
N
-A

A
N
-A

A
N
-A

A
N
-A

A
N
-A

A
N
-A

A
N
-A

A
N
-A

B
lo
ck

ta
p
p
in
g
to
ta
l

.1
2
3

−
.0
1
0

.2
8

.2
9

.0
9
4

−
.0
0
9

.4
3
0

−
.0
3
4

−
.1
7
6

.0
7

.1
9

.2
1

−
.1
7

.0
8
5

−
.8
9

.3
4

C
o
m
m
is
si
o
n
er
ro
r

1
.4
8

−
1
.2
5

1
.3
4

1
.5
5

.2
1

−
.1
7

1
.1
0

−
.8
0

.8
8

−
.1
9
5

.9
3

1
.0
9
3

.1
4
6

−
.0
3
4

.9
4
8

−
.1
8

O
m
is
si
o
n
er
ro
r

−
.0
4
5

−
.3
7

.4
2

.4
0
1

−
.0
2
7

−
.2
0
2

−
.1
1

−
.9
2

−
.7
6

−
.3
0
4

.2
9

.2
8

−
.5
3

−
.2
1

−
2
.5
9
*

−
1
.0
7
7

S
to
p
It
p(
r|
s)

1
.0
2
8

.1
5
7

.5
3

.2
5

.4
5

.1
6

1
.9
3

.6
3

.1
4

.0
5
6

.3
6
8

.1
7
5

.0
7
3

.0
7
1

.3
9
1

.3
1
9

S
S
R
T

−
.0
6
0

.0
0
3

.0
5
1

.0
3
0

−
.2
8

.0
2
0

−
1
.1
6

.0
8
3

.0
4
4

−
.0
1
9

.0
3
5

.0
2
1

.2
5

−
.1
9

1
.2
5

−
.9
0
0

S
tr
o
o
p
in
te
rf
er
en

ce
−
.0
8
7

−
.0
5
3

.0
3
5

.0
7
0

−
.4
7

−
.1
9

−
2
.4
9
*

−
.7
6

−
.0
7
3

−
.0
3
0

.0
2
4

.0
4
9

−
.4
5

−
.1
3
9

−
3
.2
0
*

−
.5
9

F
o
rw

ar
d
d
ig
it
sp
an

−
1
.9
7

1
.9
2

2
.9
1

3
.0
1
9

−
.1
8

.2
2

−
.6
8

.6
4

−
3
.9
5

5
.2
4

2
.0
1
1

2
.1
2

−
.4
2

.7
7
1

−
1
.9
7

2
.4
7
*

B
ac
k
w
ar
d
d
ig
it
sp
an

3
.4
5

−
1
.9
5

4
.0
3
5

2
.0
2
6

.2
4

−
.3
4

.8
5

−
.9
6

7
.7
9

−
2
.0
9
9

2
.7
9

1
.4
2

.6
2

−
.4
6

2
.7
8
*

−
1
.4
7

N
ot
e.
A

=
A
D
H
D

gr
o
u
p
;
A
D
H
D

=
at
te
n
ti
o
n
d
efi

ci
t/
h
yp

er
ac
ti
vi
ty

d
is
o
rd
er
;
N
-A

=
n
o
n
-A

D
H
D

gr
o
u
p
.

*p
<
.0
5
.

© 2018 The Australian Psychological Society

242 M. Hamzeloo et al.



disorders; rather, the deficits could constitute a commonal-

ity of ADHD with the other comorbid psychiatric disorders.

As far as the development of criminal behaviours was con-

cerned, the consequences of suffering from ADHD could be

exacerbated when it was also associated with executive

dysfunctions.

However, the interpretation of these findings should be

conceived in the context of some limitations. Our sample

was from a state prison in the province of Golestan (located

in the north of Iran). Hence, our findings might not be rep-

resentative of the prison populations in other provinces or

countries. In addition, we used a selective battery of EF and

working memory measures; a more comprehensive battery

of the measures could shed more light on the relationship

between the EF dysfunctions and the prevalence of adult

ADHD among inmates. Also as learning disorders were

comorbid with ADHD, and in a prison sample with ADHD,

the presence of learning disorders that might be even more

pronounced possible effect of learning disorders on EFs,

such as on working memory functions, would have been

considered in the future study. Finally, the study did not

measure and controlled for IQ differences across the two

samples due to some methodological problems. However,

the two samples were matched in terms of education which

could partially compensate for the limitation. This study

added to literature regarding EFs and comorbid disorders of

prison inmate adult with ADHD and the findings had some

implications for assessment and clinical interventions

including: (1) Assessing the EFs of these individuals at the

entrance to the prison, (2) developing and implementing

therapeutic protocols based on EFs for prison inmate adult

with ADHD; and (3) performing cognitive-behavioural

interventions based on EFs with particular attention to the

issue of mood disorders.

REFERENCES

Adler, L., Kessler, R. C., & Spencer, T. (2003). Adult ADHD Self-
Report Scale—v1.1 (ASRS-v1.1) symptom checklist. New York, NY:
World Health Organization.

Alderson, R. M., Kasper, L. J., Hudec, K. L., & Patros, C. H. (2013).
Attention-deficit/hyperactivity disorder (ADHD) and working
memory in adults: A meta-analytic review. Neuropsychology,
27(3), 287–302.

American Psychiatric Association (2013). Diagnostic and Statistical
Manual of Mental Disorders (DSM-5®). Washington, D.C.: American
Psychiatric.

Barkley, R. A. (1997). Behavioral inhibition, sustained attention,
and executive functions: Constructing a unifying theory of
ADHD. Psychological Bulletin, 121(1), 65–94.

Barkley, R. A., Fischer, M., Smallish, L., & Fletcher, K. (2002). The
persistence of attention-deficit/hyperactivity disorder into young
adulthood as a function of reporting source and definition of dis-
order. Journal of Abnormal Psychology, 111(2), 279–289.

Barkley, R. A., Murphy, K. R., & Fischer, M. (2010). ADHD in
adults: What the science says. New York, NY: Guilford Press.

Beck, A. T., Steer, R. A., & Brown, G. K. (1996). Beck Depression
Inventory-II. (Vol. 78(2), pp. 490–498). San Antonio, TX: Psycho-
logical Corporation.

Beck, A. T., Steer, R. A., & Carbin, M. G. (1988). Psychometric
properties of the Beck Depression Inventory: Twenty-five years
of evaluation. Clinical Psychology Review, 8((1)), 77–100.

Boonstra, A. M., Oosterlaan, J., Sergeant, J. A., & Buitelaar, J. K.
(2005). Executive functioning in adult ADHD: A meta-analytic
review. Psychological Medicine, 35(8), 1097–1108.

Bramham, J., Murphy, D., Xenitidis, K., Asherson, P.,
Hopkin, G., & Young, S. (2012). Adults with attention deficit
hyperactivity disorder: An investigation of age-related differences
in behavioural symptoms, neuropsychological function and co-
morbidity. Psychological Medicine, 42(10), 2225–2234.

Brown, T. E., Reichel, P. C., & Quinlan, D. M. (2009). Executive
function impairments in high IQ adults with ADHD. Journal of
Attention Disorders, 13(2), 161–167.

Chegini, M., Delavar, A., & Garrayi, B. (2013). Psychometric char-
acteristics of Millon Clinical Multiaxial Inventory-III. Journal of
Modern Psychological Research, 8, 135–162.

Cohen, R. G., Klein, K. A., Nomura, M., Fleming, M., Mancini, M.,
Giladi, N., … Horak, F. B. (2014). Inhibition, executive function,
and freezing of gait. Journal of Parkinson’s Disease, 4(1), 111–122.

Corsi, P. M. (1972). Human memory and the medial temporal region of
the brain. Unpublished doctoral dissertation. Montreal, Canada:
McGill University.

Cox, W. M., Fadardi, J. S., & Pothos, E. M. (2006). The addiction-
Stroop test: Theoretical considerations and procedural recom-
mendations. Psychological Bulletin, 132(3), 443–476.

De Brito, S. A., Viding, E., Kumari, V., Blackwood, N., &
Hodgins, S. (2013). Cool and hot executive function impair-
ments in violent offenders with antisocial personality disorder
with and without psychopathy. PLoS One, 8(6), e65566.

Dige, N. (2010). Neuropsychological tests and functional impairment in
adult attention deficit hyperactivity disorder: With special reference to
memory disturbance. Unpublished doctoral dissertation. Stock-
holm, Sweden: Karolinska Institute.

dos Santos Assef, E. C., Capovilla, A. G. S., & Capovilla, F. C.
(2007). Computerized Stroop test to assess selective attention in
children with attention deficit hyperactivity disorder. The Spanish
Journal of Psychology, 10(1), 33–40.

Dramsdahl, M., Westerhausen, R., Haavik, J., Hugdahl, K., &
Plessen, K. J. (2011). Cognitive control in adults with attention-defi-
cit/hyperactivity disorder. Psychiatry Research, 188(3), 406–410.

Eagle, D. M., Bari, A., & Robbins, T. W. (2008). The neuropsycho-
pharmacology of action inhibition: Cross-species translation of
the stop-signal and go/no-go tasks. Psychopharmacology, 199(3),
439–456.

Engelhardt, P. E., Nigg, J. T., Carr, L. A., & Ferreira, F. (2008). Cog-
nitive inhibition and working memory in attention-deficit/
hyperactivity disorder. Journal of Abnormal Psychology, 117(3),
591–605.

Epstein, J. N., Johnson, D. E., Varia, I. M., & Conners, C. K. (2001).
Neuropsychological assessment of response inhibition in adults
with ADHD. Journal of Clinical and Experimental Neuropsychology,
23(3), 362–371.

Fadardi, J. S., & Ziaei, S. S. (2010). Implicit cognitive processes and
attention bias toward addictive behaviors: Introduction, develop-
ment and application of addiction Stroop test. Journal of Funda-
mentals of Mental Health, 12(45), 358–390.

Fayyad, J., De Graaf, R., Kessler, R., Alonso, J., Angermeyer, M.,
Demyttenaere, K., … Lara, C. (2007). Cross-national prevalence
and correlates of adult attention-deficit hyperactivity disorder.
The British Journal of Psychiatry, 190(5), 402–409.

Fujii, Y., Kitagawa, N., Shimizu, Y., Mitsui, N., Toyomaki, A.,
Hashimoto, N., … Koyama, T. (2013). Severity of generalized

© 2018 The Australian Psychological Society

243Prisoners’ EFs and comorbidities



social anxiety disorder correlates with low executive functioning.
Neuroscience Letters, 543, 42–46.

Garcia, C., Bau, C., Silva, K., Callegari-Jacques, S., Salgado, C.,
Fischer, A., … Rohde, L. (2012). The burdened life of adults with
ADHD: Impairment beyond comorbidity. European Psychiatry,
27(5), 309–313.

Geurts, H. M., Verté, S., Oosterlaan, J., Roeyers, H., &
Sergeant, J. A. (2005). ADHD subtypes: Do they differ in their
executive functioning profile? Archives of Clinical Neuropsychology,
20(4), 457–477.

Ghanizadeh, A., Mohammadi, M. R., Akhondzadeh, S., & Sanaei-
Zadeh, H. (2011). Attention deficit hyperactivity disorder in
imprisoned individuals—a review. Psychiatria Danubina, 23(2),
139–144.

Ghassemzadeh, H., Mojtabai, R., Karamghadiri, N., &
Ebrahimkhani, N. (2005). Psychometric properties of a Persian-
language version of the Beck Depression Inventory—second edi-
tion: BDI-II-PERSIAN. Depression and Anxiety, 21(4), 185–192.

Ginsberg, Y., Hirvikoski, T., & Lindefors, N. (2010). Attention deficit
hyperactivity disorder (ADHD) among longer-term prison
inmates is a prevalent, persistent and disabling disorder. BMC Psy-
chiatry, 10(1), 112–125.

Gudjonsson, G. H., Sigurdsson, J. F., Young, S., Newton, A. K., &
Peersen, M. (2009). Attention deficit hyperactivity disorder
(ADHD). How do ADHD symptoms relate to personality among
prisoners? Personality and Individual Differences, 47(1), 64–68.

Hagenhoff, M., Franzen, N., Koppe, G., Baer, N., Scheibel, N.,
Sammer, G., … Lis, S. (2013). Executive functions in borderline
personality disorder. Psychiatry Research, 210(1), 224–231.

Hamzeloo, M., Mashhadi, A., & Fadardi, J. S. (2016). The preva-
lence of ADHD and comorbid disorders in Iranian adult male
prison inmates. Journal of Attention Disorders, 20(7), 590–598.
https://doi.org/10.1177/1087054712457991

Hegerl, U., & Hensch, T. (2014). The vigilance regulation model of
affective disorders and ADHD. Neuroscience & Biobehavioral
Reviews, 44, 45–57.

Holmes, J., Gathercole, S. E., Place, M., Alloway, T. P.,
Elliott, J. G., & Hilton, K. A. (2010). The diagnostic utility of
executive function assessments in the identification of ADHD in
children. Child and Adolescent Mental Health, 15(1), 37–43.

Kaviani, H., & Mousavi, A. (2008). Psychometric properties of the
Persian version of Beck Anxiety Inventory (BAI). Tehran Univer-
sity Medical Journal, 66(2), 136–140.

Kessels, R. P., van den Berg, E., Ruis, C., & Brands, A. M. (2008).
The backward span of the Corsi Block-Tapping Task and its asso-
ciation with the WAIS-III digit span. Assessment, 15(4), 426–434.

Kessler, R. C., Adler, L., Barkley, R., Biederman, J., Conners, C. K.,
Demler, O., … Secnik, K. (2006). The prevalence and correlates
of adult ADHD in the United States: Results from the National
Comorbidity Survey Replication. American Journal of Psychiatry,
163(4), 716–723.

King, J. A., Colla, M., Brass, M., Heuser, I., & von Cramon, D. Y.
(2007). Inefficient cognitive control in adult ADHD: Evidence
from trial-by-trial Stroop test and cued task switching perfor-
mance. Behavioral and Brain Functions, 3(42), 1–19.

MacLeod, C. M. (1991). Half a century of research on the Stroop
effect: An integrative review. Psychological Bulletin, 109(2),
163–203.

Marchetta, N. D., Hurks, P. P., Krabbendam, L., & Jolles, J. (2008).
Interference control, working memory, concept shifting, and ver-
bal fluency in adults with attention-deficit/hyperactivity disorder
(ADHD). Neuropsychology, 22(1), 74–84.

Millon, T., & Davis, R. (1998). Millon Clinical Multiaxial Inventory.
Bloomington, MN: Pearson Assessments.

Morooka, T., Ogino, T., Takeuchi, A., Hanafusa, K., Oka, M., &
Ohtsuka, Y. (2012). Relationships between the color-word

matching Stroop task and the Go/NoGo task: Toward multiface-
ted assessment of attention and inhibition abilities of children.
Acta Medica Okayama, 66(5), 377–386.

Nigg, J. T., Blaskey, L. G., Huang-Pollock, C. L., & Rappley, M. D.
(2002). Neuropsychological executive functions and DSM-IV
ADHD subtypes. Journal of the American Academy of Child & Adoles-
cent Psychiatry, 41(1), 59–66.

Nigg, J. T., Stavro, G., Ettenhofer, M., Hambrick, D. Z., Miller, T., &
Henderson, J. M. (2005). Executive functions and ADHD in
adults: Evidence for selective effects on ADHD symptom
domains. Journal of Abnormal Psychology, 114(4), 706–717.

Orangi, M., Atefvahid, M., & Ashayeri, H. (2002). Standardization
of the revised Wechsler memory scale in shiraz. Iranian Journal
of Psychiatry and Clinical Psychology, 7(4), 56–66.

Park, S., Cho, M. J., Chang, S. M., Jeon, H. J., Cho, S.-J., Kim, B.-
S., … Hong, J. P. (2011). Prevalence, correlates, and comorbid-
ities of adult ADHD symptoms in Korea: Results of the Korean
epidemiologic catchment area study. Psychiatry Research, 186(2),
378–383.

Pennington, B. F., & Ozonoff, S. (1996). Executive functions and
developmental psychopathology. Journal of Child Psychology and
Psychiatry, 37(1), 51–87.

Rösler, M., Retz, W., Retz-Junginger, P., Hengesch, G.,
Schneider, M., Supprian, T., … Wender, P. (2004). Prevalence of
attention deficit-/hyperactivity disorder (ADHD) and comorbid
disorders in young male prison inmates. European Archives of Psy-
chiatry and Clinical Neuroscience, 254(6), 365–371.

Ryan, K. A., Vederman, A. C., McFadden, E. M., Weldon, A. L.,
Kamali, M., Langenecker, S. A., & McInnis, M. G. (2012). Differ-
ential executive functioning performance by phase of bipolar dis-
order. Bipolar Disorders, 14(5), 527–536.

Saboya, E., Coutinho, G., Segenreich, D., Ayrão, V., & Mattos, P.
(2009). Lack of executive function deficits among adult ADHD
individuals from a Brazilian clinical sample. Dementia & Neuropsy-
chologia, 3(1), 34–37.

Salomone, S., Fleming, G. R., Bramham, J., O’Connell, R. G., &
Robertson, I. H. (2016). Neuropsychological deficits in adult
ADHD: Evidence for differential attentional impairments, defi-
cient executive functions, and high self-reported functional
impairments. Journal of Attention Disorders, https://doi.org/10.
1177/1087054715623045

Schweitzer, J. B., Hanford, R. B., & Medoff, D. R. (2006). Working
memory deficits in adults with ADHD: Is there evidence for sub-
type differences? Behavioral and Brain Functions, 2(43), 1–11.

Seidman, L. J., Biederman, J., Faraone, S. V., Weber, W., &
Ouellette, C. (1997). Toward defining a neuropsychology of
attention deficit-hyperactivity disorder: Performance of children
and adolescents from a large clinically referred sample. Journal of
Consulting and Clinical Psychology, 65(1), 150–160.

Silva, K. L., Guimarães-da-Silva, P. O., Grevet, E. H., Victor, M. M.,
Salgado, C. A., Vitola, E. S., … Picon, F. A. (2013). Cognitive def-
icits in adults with ADHD go beyond comorbidity effects. Journal
of Attention Disorders, 17(6), 483–488.

Silva, K. L., Rovaris, D. L., Guimarães-da-Silva, P. O., Victor, M. M.,
Salgado, C. A., Vitola, E. S., … Karam, R. G. (2014). Could
comorbid bipolar disorder account for a significant share of exec-
utive function deficits in adults with attention-deficit hyperactiv-
ity disorder? Bipolar Disorders, 16(3), 270–276.

Sobanski, E., Sirtl, A., Alm, B., Hennig, O., & Banaschewski, T.
(2015). Neuropsychological functioning and psychosocial out-
come in adults with attention-deficit/hyperactivity disorder. Zeits-
chrift für Neuropsychologie, 26, 17–26.

Stroop, J. R. (1935). Studies of interference in serial verbal reac-
tions. Journal of Experimental Psychology, 18(6), 643–662.

Tabachnick, B. G., & Fidell, L. S. (2012). Using multivariate statistics.
Boston, MA: Allyn & Bacon/Pearson Education.

© 2018 The Australian Psychological Society

244 M. Hamzeloo et al.

https://doi.org/10.1177/1087054712457991
https://doi.org/10.1177/1087054715623045
https://doi.org/10.1177/1087054715623045


Vaidya, C. J. (2011). Neurodevelopmental abnormalities in ADHD.
Current Topics in Behavioral Neurosciences, 9, 49–66.

van Mourik, R., Oosterlaan, J., & Sergeant, J. A. (2005). The Stroop
revisited: A meta-analysis of interference control in AD/HD.
Journal of Child Psychology and Psychiatry, 46(2), 150–165.

Verbruggen, F., & Logan, G. D. (2008a). Automatic and controlled
response inhibition: Associative learning in the go/no-go and
stop-signal paradigms. Journal of Experimental Psychology: General,
137(4), 649–672.

Verbruggen, F., & Logan, G. D. (2008b). Response inhibition in the
stop-signal paradigm. Trends in Cognitive Sciences, 12(11),
418–424.

Verbruggen, F., Logan, G. D., & Stevens, M. A. (2008). STOP-IT:
Windows executable software for the stop-signal paradigm.
Behavior Research Methods, 40(2), 479–483.

Welsh, M. C., & Pennington, B. F. (1988). Assessing frontal lobe
functioning in children: Views from developmental psychology.
Developmental Neuropsychology, 4(3), 199–230.

Westerberg, H., Hirvikoski, T., Forssberg, H., & Klingberg, T. (2004).
Visuo-spatial working memory span: A sensitive measure of cog-
nitive deficits in children with ADHD. Child Neuropsychology,
10(3), 155–161.

Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., &
Pennington, B. F. (2005). Validity of the executive function

theory of attention-deficit/hyperactivity disorder: A meta-
analytic review. Biological Psychiatry, 57(11), 1336–1346.

Wodka, E. L., Mark Mahone, E., Blankner, J. G., Gidley Larson, J. C.,
Fotedar, S., Denckla, M. B., & Mostofsky, S. H. (2007). Evidence
that response inhibition is a primary deficit in ADHD. Journal of
Clinical and Experimental Neuropsychology, 29(4), 345–356.

Young, S., Moss, D., Sedgwick, O., Fridman, M., & Hodgkins, P.
(2015). A meta-analysis of the prevalence of attention deficit
hyperactivity disorder in incarcerated populations. Psychological
Medicine, 45(2), 247–258.

Young, S., Sedgwick, O., Fridman, M., Gudjonsson, G.,
Hodgkins, P., Lantigua, M., & González, R. (2015). Co-morbid
psychiatric disorders among incarcerated ADHD populations:
A meta-analysis. Psychological Medicine, 45(12), 2499–2510.

Young, S., Wells, J., & Gudjonsson, G. (2011a). Predictors of
offending among prisoners: The role of attention-deficit hyperac-
tivity disorder and substance use. Journal of Psychopharmacology,
25(11), 1524–1532.

Young, S. J., Adamou, M., Bolea, B., Gudjonsson, G.,
Müller, U., Pitts, M., … Asherson, P. (2011b). The identifica-
tion and management of ADHD offenders within the crimi-
nal justice system: A consensus statement from the UK adult
ADHD network and criminal justice agencies. BMC Psychiatry,
11(32), 1–19.

© 2018 The Australian Psychological Society

245Prisoners’ EFs and comorbidities


	 Adult attention deficit/hyperactivity disorder among the prison inmates: An investigation of the executive function differ...
	METHOD
	Participants
	Diagnostic procedure for ADHD
	Assessment of psychiatric comorbidity
	EFs test battery
	Wechsler digit span subtest
	Corsi Block-Tapping Task
	The Stroop test
	Go/No Go task
	Stop-signal task


	Procedure
	Data analysis


	RESULTS
	DISCUSSION
	REFERENCES




