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Abstract
Background: Although substance use disorders (SUD) and 
attention-deficit/hyperactivity disorder (ADHD) show signif-
icant symptomatic overlap, ADHD is often overlooked in 
SUD patients. Objective: The aim of the present study was to 
characterize aspects of attention and inhibition (as assessed 
by a continuous performance test [CPT]) in SUD patients 
with and without a comorbid diagnosis of ADHD and in 
healthy controls, expecting the most severe deficits in pa-
tients with a combined diagnosis. Methods: The MOXO-CPT 
version, which incorporates visual and auditory environ-

mental distractors, was administered to 486 adults, includ-
ing healthy controls (n = 172), ADHD (n = 56), SUD (n = 150), 
and combined SUD and ADHD (n = 108). Results: CPT perfor-
mance of healthy controls was better than that of individuals 
in each of the 3 clinical groups. The only exception was that 
the healthy control group did not differ from the ADHD 
group on the Timing index. The 3 clinical groups differed 
from each other in 2 indices: (a) patients with ADHD (with or 
without SUD) showed increased hyperactivity compared to 
patients with SUD only and (b) patients with ADHD showed 
more responses on correct timing as compared with the SUD 
groups (with or without ADHD). Conclusion: The CPT is sen-
sitive to ADHD-related deficits, such as disinhibition, poor 
timing, and inattention, and is able to consistently differenti-
ate healthy controls from patients with ADHD, SUD, or both. 
Our results are in line with previous research associating 
both ADHD and SUD with multiple disruptions across a 
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broad set of cognitive domains such as planning, working 
memory, decision-making, inhibition control, and attention. 
The lack of consistent differences in cognitive performance 
between the 3 diagnostic groups might be attributed to var-
ious methodological aspects (e.g., heterogeneity in severity, 
type, and duration of substances use). Our results support 
the view that motor activity should be considered a signifi-
cant marker of ADHD. © 2020 S. Karger AG, Basel

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder with onset in childhood. 
The disorder has been associated with increased risk for 
the development and persistence of substance use disor-
ders (SUD) [1, 2], especially if ADHD symptoms are left 
untreated [3, 4]. Studies have shown a high prevalence of 
ADHD among both adolescents and adult SUD patients. 
For instance, a large-scale international study found that 
> 40% of treatment-seeking SUD patients screened posi-
tive for ADHD [5]. Similarly, retrospective [6] and pro-
spective studies (for meta-analyses, see [1, 7]) suggested 
that children with ADHD were significantly more likely 
to develop nicotine, alcohol, cannabis, cocaine, and other 
SUDs than children without ADHD. 

Several candidates for the causal link between ADHD 
and SUD have been proposed. Overall, studies suggest that 
ADHD and SUD share genetic vulnerabilities, structural 
abnormalities, and functional deficits [8, 9]. According to 
some developmental models, the associations between 
disinhibition in childhood and adolescence, early-onset 
drug use, and subsequent addiction represent different 
phases or specific manifestations of a general form of im-
paired inhibitory control [10, 11]. Others, however, have 
questioned the predictive value of “cold” cognitive deficits 
typical to childhood ADHD that are associated with ratio-
nal decision-making (e.g., problems in working memory, 
motor functioning, and inhibition control) and empha-
sized the need to address “hot” executive functions that are 
associated with emotional, affective, and visceral respons-
es as potential risk factors for SUD [12]. In addition, a re-
cent systematic review of neuroimaging studies suggested 
that imbalance between the inhibitory control network 
and the motivation-reward processing network is more 
likely to be the causal link between ADHD and SUD than 
the presence or severity of deficits in inhibitory control per 
se [8]. Another hypothesis is that SUD, which occurs in the 
context of disinhibitory control, may constitute a separate 

variant of SUD, which is specifically associated with early-
onset behavioral problems [13]. 

Various studies have been performed on cognitive im-
pairments in adult ADHD patients. However, we know 
very little about the cognitive profile of ADHD patients 
with comorbid SUD and whether they are a distinctly 
more impaired subpopulation compared to ADHD or 
SUD patients. There is evidence that the presence of 
ADHD in cocaine dependence patients is associated with 
higher impulsivity compared to individuals with either 
SUD [14, 15] or ADHD [6, 17]. For example, Crunelle et 
al. [16] found that ADHD patients with comorbid co-
caine dependence showed significantly higher levels of 
motor and cognitive impulsivity compared to ADHD pa-
tients without cocaine dependence and controls. No 
group differences were found in other cognitive tasks, 
such as divided attention (trail making test), interference 
(Stroop task), working memory (n-back task), and time 
reproduction (time reproduction task). In contrast, Ste-
vens et al. [14] failed to find differences between patients 
with cocaine dependence and ADHD and patients with 
cocaine dependence without ADHD in the levels of trait 
and behavioral impulsivity. Nevertheless, ADHD pa-
tients with cocaine dependence showed steeper discount-
ing of delayed rewards than patients with cocaine depen-
dence without ADHD. Likewise, Crunelle et al. [16] 
found that only ADHD patients with and not those with-
out cocaine dependence were characterized by elevated 
levels of delay discounting, suggesting that steeper dis-
counting of delayed rewards is a hallmark characteristic 
of the comorbidity between cocaine dependence and 
ADHD. These inconsistent results across studies may be 
attributed to methodological aspects, including limited 
sample sizes, different clinical samples, heterogeneity in 
task requirements, and limited validity of self-report 
measures [14]. Therefore, a question remains as to wheth-
er worse cognitive performance is specifically associated 
with the presence of a comorbid ADHD diagnosis or, 
rather, whether ADHD and SUD have an additive effect 
on the cognitive performance of these patients [18]. 

The Current Study
The diagnosis of ADHD in SUD patients has been hin-

dered by conceptual and methodological constraints. 
Some forms of substance abuse can present with symp-
toms similar to ADHD (e.g., deficits in attention and 
working memory, slowed mental processing, impulsivi-
ty), increasing the risk of ADHD misdiagnoses in SUD 
patients. As a consequence, it can be extremely difficult 
to achieve diagnostic clarity before the start of treatment 
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[19]. To date, no self-report ADHD scale has been suffi-
ciently validated in a population with ADHD and SUD, 
and up to 20–40% of patients with ADHD are missed 
when using a single screener [20–22]. Recently, Luderer 
et al. [22] showed that the sensitivity of the Adult ADHD 
Rating Scale (ASRS) and the Conners’ ASRS Screening 
Self-Rating were low at the established cutoffs (57.1 and 
70.6%, respectively), indicating high rate of false-negative 
screening results in self-report scales. Underreporting 
ADHD symptoms in self-report measures may reflect the 
cognitive and reflective deficits associated with ADHD, 
such as limited insight, low self-awareness, underestima-
tion of ADHD-related impairments, and difficulties in 
linking actual impairment with ADHD [23, 24]. 

To overcome some of the shortcomings involved in 
self-report measures of ADHD in SUD patients, the aim 
of the present study was to investigate a variety of neuro-
cognitive functions in adult ADHD patients with and 
without SUD, in SUD patients without ADHD, and in 
healthy controls, using a continuous performance test 
(CPT). The CPT is currently the most frequently used tool 
to assess ADHD-related cognitive impairments [25], in-
cluding measures of reaction time, accuracy, consistency, 
vigilance, inhibition control, and motor activity. Typical-
ly, individuals with ADHD show more errors of omission 
and commission and a more variable reaction time com-
pared to individuals without ADHD [26]. However, data 
on CPT performance of ADHD patients with comorbid 
SUD are currently very limited. In one of the few studies 
involving patients with comorbid SUD and ADHD, Gins-
berg et al. [27] found that inmates with ADHD and SUD 
showed poorer CPT performance compared to patients 
with ADHD without SUD and patients with other psychi-
atric disorder. These findings suggested that SUD may 
further complicate ADHD-related cognitive deficits. 

In the current study, we examined whether CPT per-
formance of individuals with SUD-only can be differenti-
ated from the performance of individuals with a diagnosis 
of ADHD, individuals with a combined diagnosis of SUD 
and ADHD, and healthy controls, expecting to find the 
most severe deficits in the group with a combined diag-
nosis of SUD and ADHD. 

Materials and Methods 

Participants and Procedure
The current study included 486 adults (aged 18–65) from 4 

countries: Australia (n = 106), Hungary (n = 146), Israel (n = 56), 
and the United States (n = 178). Participants were divided into 4 
mutually exclusive groups, according to their diagnostic status: 

healthy controls (HC: n = 172), patients with ADHD only (ADHD: 
n = 56), patients with SUD only (SUD: n = 150), and patients with 
a combination of SUD and ADHD (SUD + ADHD: n = 108). 

Participants in the control group were recruited via advertising 
and word of mouth. 

Exclusion criteria were (1) substance intoxication; (2) acute 
psychiatric condition (e.g., an acute psychotic or manic episode); 
(3) severe somatic problems; and (4) inability/refusal to sign in-
formed consent. Patients who were intoxicated or currently suffer-
ing from severe physical or psychological problems were invited to 
join the study after their clinical condition had improved. 

Data collection consisted of 2 stages: a screening stage and a 
full assessment stage. During the screening stage, all partici-
pants with SUD referred to an addiction treatment service were 
screened for the possible presence of adult ADHD. In the full as-
sessment stage, participants were assessed with structured inter-
views to establish the presence of SUD and ADHD diagnoses, as 
described below. This phase also included the administration of 
the MOXO-CPT. 

The study was approved by the Research Ethics Committees at 
each site and was carried out according to the ethical standards for 
human research. All participants gave signed informed consent 
after receiving verbal and written information about the study. 
With the exception of Australia, where participants received AUD 
USD 20 reimbursement for associated costs, there was no financial 
compensation for participation. 

Instruments
Screening Stage
Background variables included personal and sociodemograph-

ic information (age, gender, marital status, country of origin). In 
the SUD and the SUD + ADHD groups, background information 
was collected during the screening phase using a short question-
naire that also addressed substance use variables (age of onset, 
years of use, current use).

ADHD symptoms were assessed by the ASRS V 1.1 [28], which 
includes questions for each of the 18 DSM-IV symptoms. In the 
current study, we used the first 6 items that are decisive for the 
presence of adult ADHD. If 4 or more of the 6 items are scored 
positive, further diagnostic assessment is indicated. To calculate an 
ADHD score based on the ASRS, we have counted how many items 
were scored positive so that the score could range from 0 to 6. In 
the general population, the ASRS V 1.1 was estimated to have a 
sensitivity of 68.7% and specificity of 99.5% [28]. In clinical sam-
ples of SUD treatment-seeking patients, the sensitivity and speci-
ficity of the ASRS were more controversial [15, 29, 30]. A large-
scale international study of ADHD in SUD patients found that the 
overall rate of screen-positive cases was 40.9%, with significant 
heterogeneity between countries [31].

SUD symptoms were assessed by the CAGE Adapting the 
questions to Include other Drugs questionnaire [32]. This is a 
brief and popular screening instrument that consists of 4 ques-
tions: “Have you ever tried to Cut down your drinking; have 
people Annoyed you about your drinking; have you ever felt 
Guilty about your drinking; have you ever had a drink first thing 
in the morning to steady your nerves or to get rid of a hang-
over?” The CAGE has demonstrated high test-retest reliability 
and adequate correlations with other screening instruments and 
is considered a valid tool for detecting substance abuse and de-
pendence [29]. 
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Full Assessment Stage
ADHD diagnosis: During the full assessment stage, ADHD di-

agnosis was established with 2 instruments: the ADHD module of 
the 5th version of the Mini International Neuropsychiatric Inter-
view for DSM-IV (MINI-plus 5.0) [33, 34] and the Conners’ Adult 
ADHD Diagnostic Interview for DSM-IV (CAADID) [35]. The 
CAADID [35] is a semi-structured diagnostic interview for the as-
sessment of DSM-IV adult ADHD [36, 37]. Translation of the 
CAADID followed the World Health Organization standards for 
translation of research instruments [38], including forward transla-
tion, expert panel, back-translation, pretesting and cognitive inter-
viewing, and the construction of a final version based on the previ-
ous steps. To meet this threshold for diagnostic status according to 
DSM-IV criteria, 6 or more current symptoms were required in 
either the inattention and/or hyperactive/impulsive symptom do-
main (Criterion A). Symptoms had to be present prior to age 7 (Cri-
terion B) and to be present in at least 2 environments (Criterion C). 

SUD diagnosis was confirmed using the Alcohol Module and 
the Non-alcohol Substance Modules of the MINI-plus 5.0 [33, 34]. 
With this interview DSM-IV diagnoses were obtained for current 
(last 12 months) and lifetime abuse and dependence.

Groups Affiliation 
ADHD group: Participants in the ADHD group were recruited 

from adults referred to the outpatient clinics of a Neuro-Cognitive 
Centre based in a tertiary care university hospital in Israel. Exclu-
sion criteria for this group were (1) intellectual disability; (2) 
chronic use of medications; and (3) acute psychiatric conditions. 
This group included patients with a diagnosis of ADHD, based on 
the DSM-IV-TR criteria as assessed by a certified neurologist.

SUD with and without ADHD groups: Participants in the SUD 
and the SUD + ADHD group were recruited from a wide range of 
treatment settings including use disorders, only patients with (cer-
tain) drug use disorders, and settings dedicated to the treatment of 
a mixed population of patients with alcohol and/or drug use dis-
orders in Australia, Hungary outpatient and inpatient settings 
dedicated to the treatment of only patients with alcohol, and the 
United States. All subjects referred to drug and alcohol treatment 
centers during the study period were asked to participate in the 
study. Those interested in participating were screened for study 
eligibility. The SUD group included patients with SUD who were 
screened negative for ADHD. The SUD + ADHD group included 
patients with SUD diagnosis who also met the ADHD criteria dur-
ing the full assessment stage.

Control group: Inclusion criteria for this group were (1) the pa-
tient scored below the clinical cutoff point (< 4) for ADHD symp-
toms on the ASRS V 1.1 [28] and (2) the patient scored below the 
clinical cutoff point for substance dependence on the CAGE 
Adapted to Include Drugs questionnaire (< 2) [32].

The MOXO CPT
All study groups were administered with the MOXO1-CPT, 

adolescent, and adult version [39]. The MOXO-CPT is a standard-
ized computerized test designed to assist clinicians in the diagno-

sis and treatment of ADHD in children, adolescents, and adults. 
Like other typical CPTs, the MOXO-CPT task requires a partici-
pant to sustain attention over a continuous stream of stimuli and 
to respond to a specific target stimulus. However, the task also 
includes visual and auditory stimuli serving as measurable distrac-
tors [40].

Test stimuli: Target and nontarget stimuli are cartoon pictures, 
free of letters, and numbers.

Distracting stimuli: MOXO-CPT includes visual and auditory 
distracting stimuli, which are not part of the nontarget stimuli. 
Distractors are short animated video clips containing visual and 
auditory features, which can appear separately or together. All 
distractors are typical elements of everyday life, a unique feature 
to the MOXO-CPT. A total of 8 different distractors are present-
ed. Each of them could appear as pure visual (e.g., an image of a 
crying baby), pure auditory (e.g., a sound of a crying baby), or a 
visual-auditory combination (e.g., simultaneous presentation of 
an image and a sound of a crying baby). All distractors were pre-
sented for 8 s, with a fixed interval of 0.5 s between 2 distractors. 
Visual distractors include 8 different stimuli: burning cigarettes, 
arguing people, crying baby, barking dog, police car, car brakes, 
pouring wine, and a bag full of coins. Auditory distractors include 
the 8 corresponding sounds of all visual distractors (e.g., the 
sound of a crying baby, a sound of human argument). Distractors’ 
onset is not synchronized with target or nontarget onset and 
could be generated during target or nontarget stimulus or the void 
period.

Test levels: The total duration of the test is 136.5 s (18.2 min). 
It includes 8 levels, with 59 trials in each level (34 targets and 25 
nontargets). In each trial, the stimulus (target or nontarget) is pre-
sented for 0.5, 1, or 4 s, followed by a “void” period of the same 
duration (Fig. 1). The stimuli and their presentation time are iden-
tical across all levels; however, different levels are characterized by 
a different set of distractors: Levels 1 and 8 do not include any dis-
tractors, but only target and nontarget stimuli; Levels 2 and 3 con-
tain pure visual stimuli; Levels 4 and 5 include pure auditory stim-
uli; and Levels 6 and 7 include a combination of visual and audi-
tory stimuli. The sequence of distractors and their exact position 
on the display are constant for each level. The load of the distract-
ing stimuli increases in the odd number levels. During the second, 
fourth, and sixth levels, only one distractor is presented at a time. 
During the third, fifth, and seventh levels, 2 distractors are pre-
sented simultaneously.

Performance indices: The MOXO-CPT includes 4 performance 
indices (for a more detailed description of performance indices, 
see Appendix 1).

Attention: The number of correct responses (pressing the key 
in response to a target stimulus) that are given either during the 
stimulus presentation on the screen or during the following void 
period. The difference between the total number of the target stim-
uli and the number of correct responses produces the number of 
omission errors.

Timing: The number of correct responses that are given while 
the target stimulus is still presented on the screen.

Impulsivity: The number of commission errors performed only 
during the time in which a nontarget stimulus is present on the 
screen. 

Hyperactivity: The number of all types of commission respons-
es that are not coded as impulsive responses (e.g., multiple re-
sponses, random key pressing).

1 The term “MOXO” derives from the world of Japanese martial arts and 
means a “moment of lucidity”. It refers to the moments preceding the fight, 
when the warrior clears his mind from distracting, unwanted thoughts, and 
feelings.
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Data Analyses
Demographic variables were compared between study groups 

using analysis of variance (ANOVA) for continuous variables and 
chi-square tests for categorical variables.

To test group differences in CPT performance, we performed 
multivariate analysis of covariance, with group as the independent 
variable, age and gender as covariates and the 4 indices of the 
MOXO-CPT as dependent variables. Finally, we wished to exam-
ine whether the 4 study groups were differently affected by time on 
the task. 

To this end, we conducted 2-way repeated-measures mixed-
method ANOVA. Test level (first and last) and CPT index were the 
within-subject factors. Group affiliation was the between-subject 
factor. Of interest was the 2-way interaction between test level and 
group affiliation that would provide evidence for differential pat-
terns of time effects on various diagnostic groups. All multivariate 
analyses were followed by post-hoc analyses with Tukey’s correc-
tion for multiple comparisons. Cohen’s effect size (d) was com-
puted for all significant group differences with the following sug-
gested norms for effect size: small = 0.20; medium = 0.50; large = 
0.80. Significance was defined as 2-sided α < 0.05. All analyses were 
conducted with SPSS software for Windows version 25.

Results

Table 1 shows the demographic variables for the dif-
ferent study groups. It can be seen that gender, country, 
and age were not balanced between groups. There were 
more females in the HC group than in the clinical groups. 
In addition, Tukey post hoc analyses revealed that the 
SUD group was significantly older than the other 3 

groups, whereas the ADHD group was significantly 
younger than the other 3 groups. Due to the unbalanced 
distribution of country over the groups, we have assessed 
the intraclass correlation of MOXO indices within the 
countries by calculating intraclass correlation coeffi-
cients. Intraclass correlation coefficient values for all 
MOXO indices were very low (for the Attention index = 
0.02; for the Timing index = 0.053; for the Hyperactivity 
index = 0.006; and for the Impulsivity index = 0.004), in-
dicating that it was not necessary to account for this clus-
tering in our analyses to detect group effects with a suf-
ficient power [41]. Given the fact that one of the countries 
(Israel) was only present in one of the groups, we were not 
able to control for the remaining covariance of country 
with group and MOXO indices in the MANOVA model.

Table 2 presents MOXO-CPT performance stratified 
by clinical diagnosis. MANOVA showed a statistically 
significant difference between the groups in all 4 MOXO 
indices: Attention index F(3, 482) = 9.19, p < 0.001; Tim-
ing index F(3, 482) = 11.33, p = 0.002; Hyperactivity index 
F(3, 482) = 5.04, p = 0.002; and Impulsivity index F(3, 
482) = 4.98, p < 0.001. A Tukey corrected post hoc test 
showed that across all 4 MOXO-CPT performance indi-
ces, CPT performance of individuals in HC group was 
better than that of individuals in each of the 3 clinical 
groups. The only exception was that the HC group did not 
differ significantly from the ADHD group on the Timing 
index. The 3 clinical groups differed from each other in 2 
indices. First, we found that patients with ADHD (with 

Target element
Varying duration:

500/1,000/4,000 ms

Void
Duration:

same as previous
target

Void
Duration:

same as previous
non-target

Non-target
element

Varying duration:
500/1,000/4,000 ms

Correct attention
and

correct timing

Impulsive
commission

Hyperactive
commission

1st press

2nd press
and more

Correct
attention 

Any excessive pressing in
this duration 

(more than once)-
hyperactive commission

Fig. 1. Definition of the time line. Target and nontarget stimuli 
were presented for 500, 1,000, or 4,000 ms. Each stimulus was fol-
lowed by a void period of the same duration. The stimulus re-
mained on the screen for the full duration regardless the response. 

Distracting stimuli were not synchronized with target/nontarget’s 
onset and could be generated during target/nontarget stimulus or 
the void period.
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or without SUD) showed increased hyperactivity com-
pared to patients with SUD only. Second, we found that 
patients with ADHD showed more responses on correct 
timing as compared with the SUD groups (with or with-
out ADHD). The magnitudes of the effects were deter-

mined through Cohen’s d size calculations (Table 3). As 
can be seen, Cohen’s d indicated modest-large effect sizes 
(0.35–0.74) for all significant effects. The largest signifi-
cant group differences were between the HC and the 
ADHD group on the Hyperactivity and Impulsivity indi-

Table 1. Demographic variables of participants

Control (0)
(n = 172), n (%)

ADHD (1)
(n = 56), n (%)

SUD (2)
(n = 150), n (%)

SUD + ADHD (3)
(n = 108), n (%)

Group differences

Gender
Male 79 (45.9) 34 (60.7) 100 (66.7) 61 (56.5) χ2 (3) = 14.53**
Female 93 (54.1) 22 (39.3) 50 (33.3) 47 (43.5)

Country
Australia 50 (29.1) 0 (0) 33 (22) 23 (21.10) χ2 (9) = 502.75***
Hungary 63 (36.63) 0 (0) 58 (38.67) 25 (22.9)
Israel 0 (0) 56 (100) 0 (0) 0 (0)
USA 59 (34.3) 0 (0) 59 (39.3) 60 (55.04)

Age, years, mean (SD) 32.79 (12.04) 27.86 (9.27) 39.41 (10.42) 33.42 (9.82) F(3, 482) = 18.69***
1 < 0, 3 < 2

* p < 0.05.
** p < 0.01.
*** p < 0.001.
ADHD, attention-deficit/hyperactivity disorder; SUD, substance use disorder.

Table 2. Group differences in MOXO-CPT performance

MOXO-CPT parameter Control (0)
(n = 172),
mean (SD)

ADHD (1)
(n = 56),
mean (SD)

SUD (2)
(n = 150),
mean (SD)

SUD + ADHD (3)
(n = 108),  
mean (SD)

F(3, 482) Significant group 
differences
(Tukey post hoc 
analyses)

Attention 268.27 (10.20) 261.75 (21.15) 259.34 (17.73) 259.80 (17.78) 9.19*** 0 > 1, 2, 3
Timing 223.32 (34.18) 217.93 (37.88) 203.44 (40.26) 209.84 (40.00) 11.33*** 0, 1 > 2, 3
Hyperactivity 5.80 (10.31) 20.68 (26.51) 18.42 (43.33) 22.17 (64.76) 5.04** 0 < 2 < 1, 3
Impulsivity 9.81 (9.20) 17.38 (13.46) 15.97 (13.86) 18.65 (18.04) 4.98*** 0 < 1, 2, 3
Time on task-Attention –0.26 (1.63) 0.25 (2.39) 0.17 (3.92) 0.07 (2.55) 0.82
Time on task-Timing –2.22 (3.67) –0.15 (4.47) –0.91 (4.68) –0.78 (4.72) 5.37** 0 < 1
Time on task-Hyperactivity 0.74 (1.54) 1.00 (3.57) 0.19 (3.33) 0.68 (6.28) 0.59
Time on task-Impulsivity 0.53 (1.53) 1.36 (2.54) 0.87 (2.06) 1.00 (2.53) 3.02* 0 < 1

* p < 0.05.
** p < 0.01.
*** p < 0.001.
Higher scores in the Attention and Timing indices mean better performance. Higher scores in the Hyperactivity and Impulsivity 

indices mean greater pathology.
Time on task was calculated as the difference between the first level of the test and the last level of the test in each CPT index. High-

er scores in the Attention and Timing indices mean the CPT performance in these indices deteriorated over time. Higher scores in the 
Hyperactivity and Impulsivity indices mean that CPT performance improved over time (fewer hyperactive and impulsive performance 
in the last level of the test that in the first level of the test). 

CPT, continuous performance test; ADHD, attention-deficit/hyperactivity disorder; SUD, substance use disorder.
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ces (d = 0.74 and d = 0.66, respectively), followed by group 
differences on the Attention index between the HC and 
the SUD group (d = 0.62) and between the HC and the 
ADHD + SUD group (d = 0.58).

In order to examine whether the 4 study groups were 
differently affected by time on the task, we conducted 
2-way repeated-measures mixed-method ANOVA. Re-
sults indicated that the effect of time-on-task was signifi-
cant, Wilks’ Lambda = 0.238, F(1, 480) = 1,532.63, p < 
0.0001. The main effect of CPT index was not significant, 
Wilks’ Lambda = 0.998, F(13, 478) = 0.50, p = 0.76. 
 Importantly, the interaction effect between group and 
time-on-task was significant, Wilks’ Lambda = 0.928, F(3, 
480) = 12.43, p < 0.001, and so was the interaction be-
tween time-on-task and CPT index, Wilks’ Lambda = 
0.977, F(3, 478) = 3.70, p = 0.012. The 3-way interaction 
between time-on-task, CPT index, and group affilia-
tion  was not significant, Wilks’ Lambda = 0.980, F(9, 
1,163.48) = 1.09, p = 0.37. Between-subject analysis did 
not reveal a main effect for group, F(3, 480) = 0.77, p = 
0.51. To better understand the interaction between time-
on-task and group affiliation, we compared the 4 study 
groups on the difference between the first and the last 
level of every CPT index using multivariate analysis of 
covariance. Results showed a statistically significant dif-
ference between groups in the Timing index, F(3, 486) = 
5.37, p = 0.001, and in the Impulsivity index, F(3, 486) = 
3.02, p = 0.03. No group differences were observed in the 
Attention index, F(3, 486) = 0.82, p = 0.48, and in the Hy-
peractivity index, F(3, 486) = 0.59, p = 0.62. A Tukey cor-
rected post hoc test showed that patients with ADHD 
showed fewer responses on correct timing and more im-
pulsive responses as the task progressed, as compared to 
the HC group. No differences in the effects of time-on-
task were observed between healthy controls and patients 

with SUD (with or without ADHD; Table 3). As can be 
seen in Table 3, Cohen’s d indicated modest-large effect 
sizes (0.34–0.51) for all significant effects.

Discussion

The present study used a CPT task to investigate dif-
ferences in cognitive performance between ADHD pa-
tients with and without SUD, patients with SUD only, and 
healthy controls. Overall, our results showed that the 
MOXO-CPT distinguished healthy controls from indi-
viduals with ADHD, individuals with SUD, and individu-
als with comorbid ADHD and SUD on all CPT indices. 
The 3 clinical groups were less attended to the stimuli and 
showed fewer reactions on correct timing than HCs. Pa-
tients also demonstrated significantly more impulsive 
and hyperactive responses than HCs. However, no con-
sistent differences in CPT performance were found be-
tween the 3 diagnostic groups. These findings suggest 
that while the MOXO-CPT may be sensitive to ADHD-
related deficits, such as disinhibition, poor timing, and 
inattention, it seems to lack specificity for the diagnosis 
of adult ADHD, SUD, or both. Our results are in line with 
previous research associating both ADHD and SUD with 
multiple disruptions across a broad set of cognitive do-
mains such as planning, working memory, decision-mak-
ing, inhibition control, and attention [42–44]. However, 
in contrast to previous research that identified greater 
cognitive impairments, especially impulsivity, among pa-
tients with ADHD + SUD compared to patients with 
ADHD or SUD alone [14, 16, 17], we did not observe dif-
ferences in cognitive performance between the 3 diagnos-
tic groups. The discrepancy from previous studies could 
be attributed to the heterogeneity in sample sizes, aspects 

Table 3. Effect size (Cohen d) measurements for all groups

ADHD vs.
control

SUD vs.
control

ADHD + SUD vs. 
control

SUD vs. 
ADHD + SUD

Attention 0.40 0.62 0.58 0.02
Timing 0.15 0.53 0.36 0.16
Hyperactivity 0.74 0.40 0.35 0.07
Impulsivity 0.66 0.52 0.62 0.17
Time on task-Attention 0.25 0.14 0.15 0.03
Time on task-Timing 0.51 0.31 0.34 0.03
Time on task-Hyperactivity 0.10 0.21 0.01 0.10
Time on task-Impulsivity 0.40 0.19 0.22 0.06

ADHD, attention-deficit/hyperactivity disorder; SUD, substance use disorder.
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of substance use (the current study included patients with 
different substances use and was not limited to cocaine 
use), and different durations of abstinence. Alternatively, 
it is possible that because all clinical groups involved pop-
ulations characterized by impaired attention and inhibi-
tory control, the absence of significant differences be-
tween these groups reflects ceiling and floor effects in 
CPT performance.

Interestingly, the clinical groups differed on the Hy-
peractivity index. That is, the number of hyperactive re-
sponses was significantly higher in individuals with 
ADHD (with or without comorbid SUD) than in indi-
viduals with SUD only. This finding is consistent with 
previous studies that identified motor activity as the most 
predictive marker of ADHD [45, 46]. For example, Lis et 
al. [45], who used Quantified Behavior Test Plus that 
combines CPT with a motion-tracking system, found that 
motor activity in the ADHD group was up to 3.5-fold 
higher than that of healthy controls. These group differ-
ences became more accentuated as the task prolonged. 
Using the same cognitive task, Edebol et al. [47] found 
that objective motor activity was the most distinct behav-
ior of ADHD versus clinical controls with bipolar II 
 disorder or borderline personality disorder, indicating 
that objective measures of hyperactivity may be more ef-
fective in discriminating between ADHD and commu-
nity  controls than performance testing of attention and 
impulsivity.

In addition to the average performance in each of the 
4 CPT indices, the current study examined whether the 
time on the task differentially affected the 4 study groups. 
Previous studies with CPT and non-CPT tasks showed 
that the cognitive performance of patients with ADHD 
tends to deteriorate as the task progressed, probably due 
to a depletion of executive resources and motivation [44, 
48, 49]. Our results suggested that the effect of time-on-
task on CPT performance interacted with group affilia-
tion and CPT index. Specifically, we found that compared 
to healthy controls, patients with ADHD showed fewer 
responses on correct timing and more impulsive respons-
es as the task progressed. No differences in the effects of 
time-on-task were observed between healthy controls 
and patients with SUD (with or without ADHD). Our 
failure to identify a consistent time-on-task effect across 
CPT indices and diagnostic groups may reflect the cogni-
tive complexity of the MOXO-CPT. Previous studies 
have shown that sustained attention among children and 
adolescents with ADHD tends to decrease over time with 
the complexity of task demands [50, 51]. For example, 
Huang-Pollock et al. [52] argued that degraded perfor-

mance over time in ADHD patients is more evident in 
tasks that use sensory stimuli (i.e., discriminations of 
physical characteristics that differ in degree) than in tasks 
that use cognitive stimuli (i.e., stimuli that differ in type, 
such as alphanumeric symbols) due to the increased level 
of effort required in the sensory type. The current CPT 
task relied mainly on sensory stimuli (e.g., discrimination 
between 2 playing cards) and required multiple attention-
al resources (various interstimuli intervals, high burden 
of distractors, the presence of ecologically valid distrac-
tors, and using multiple locations and types of stimuli). 
However, the effect of time on CPT performance was cal-
culated as the mean difference between the first and the 
last level of the test that were always free of distractors. 
The fact that the 2 levels required fewer cognitive de-
mands compared to the other test levels may explain why 
healthy controls and the 3 diagnostic groups did not con-
sistently differ in their response to time progression. 
More research using a fully counterbalanced task presen-
tation is required to resolve this issue. The question of 
why patients with ADHD were more affected by time-on-
task compared with the other clinical groups remains elu-
sive. A previous study found that compared to patients 
with ADHD + SUD, patients with ADHD-only were 
slower in time-dependent tasks. The authors suggested 
that patients with ADHD tend to slow their psychomotor 
speed as a strategy to reduce errors due to distractibility 
[17]. While this suggestion may explain why patients with 
ADHD tend to show poorer performance in the Timing 
index as the task progressed, it is still unclear why patients 
with ADHD conducted more impulsive responses with 
time or why patients with ADHD + SUD did not show 
similar deficits.

Several limitations of the current study should be con-
sidered. The first limitation is the limited information 
about participants’ personal and clinical characteristics 
such as SUD severity, primary substance of abuse, and 
ADHD presentation. It has been shown that ADHD pre-
sentation may be associated with both CPT performance 
[51] and substance abuse [53]. Specifically, SUD was 
more strongly and consistently associated with the hyper-
active-impulsive [54] or combined [55] presentations of 
ADHD than with the inattentive presentation of ADHD. 
The second limitation is that the ADHD group included 
Israeli patients only. Israel is characterized by a dramatic 
rise in the rate of ADHD diagnoses, mainly due to in-
creased knowledge of physicians and parents regarding 
ADHD symptomatology and the benefits of treatment 
[56]. Thus, it is possible that the ADHD group in this 
study included relatively mild cases of ADHD. It is there-
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fore essential to replicate this study with a representative 
and larger sample of patients with adult ADHD. The third 
limitation is the reliance on self-report measures for clin-
ical diagnoses. While the ASRS is currently the most 
widely used and investigated screening tool in individuals 
with ADHD and comorbid SUD [57], it is also susceptible 
to reporter’s and social desirability biases that may be af-
fected by substance abuse [20–22]. Further, certain envi-
ronmental distractors included in the MOXO-CPT (e.g., 
images and sounds of pouring wine and a burning ciga-
rette) may impose various levels of emotional load in dif-
ferent study groups. Given that reinforcing, appealing, or 
emotionally loaded stimuli are more distracting than 
neutral ones [58], substance-related distractors may in-
duce greater CPT interference for patients with SUD than 
for other study groups. Although the 3 diagnostic groups 
in this study did not differ on their MOXO-CPT perfor-
mance, the potential effects of emotionally loaded stimu-
li on CPT performance in adults should be further exam-
ined. Finally, the fact that the sample consisted of pre-
dominantly male, Caucasian individuals limits the ability 
to generalize our findings to populations with greater 
gender and ethnic diversity.

The complexity of diagnosing ADHD in patients with 
active SUD and the risk for false-positive ADHD diagno-
ses led several authors to suggest that the assessment of 
ADHD should follow a period of abstinence [59, 60]. 
However, there is currently no specific evidence on when 
the diagnostic process in individuals with an addiction 
problem should be started [2, 60]. A recent prospective 
test-retest study of adults with ADHD and SUD [60] 
showed that the majority of them (95.3%) still fulfilled 
DSM-IV adult ADHD criteria at reevaluation 2–3 months 
later, indicating that active substance use might not ne-
gate a diagnostic evaluation.

To summarize, our findings suggest that the MOXO-
CPT provides sufficient cognitive demands to reliably 
distinguish patients from healthy controls and to over-
come ceiling effects that were previously evident in other 
CPT tasks in adolescent and adult samples [25]. Never-
theless, while most adult patients will not demonstrate 
normal MOXO-CPT performance, diagnostic status 
could not be determined by CPT profile. Given the lim-
ited research on the psychometric properties of CPT for 
ADHD in adults, further research is needed. Further re-
search is also required to investigate whether and how 
different aspects of CPT performance (e.g., disinhibition, 
impulsivity, hyperactivity) are associated with different 
ADHD presentations among SUD patients as well as with 
various types of substance abuse. 
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Appendix 1

The MOXO CPT Performance Indices 
The MOXO-CPT Includes 4 Performance Indices
Attention: The number of correct responses (pressing the key 

in response to a target stimulus), which were conducted either dur-
ing the stimulus presentation or during the void period that fol-
lowed. This method allows the test to evaluate whether the par-
ticipant responded correctly to the target (was attentive to the tar-
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get) independently of his/her response time. The number of 
omission errors was also calculated (i.e., the number of times that 
the patient did not respond to a target stimulus). The score in the 
Attention index was calculated as the average of correct responses 
throughout the 8 test levels. 

Timing: The number of correct responses (pressing the key in 
response to a target stimulus) that were given while the target stim-
ulus was still presented on the screen. This index excluded re-
sponses that were performed during the void period (after the 
stimulus has disappeared). This method allowed the test to differ-
entiate between the overall rate of correct responses (measured by 
the Attention index) and the rate of correct responses that were 
given only on good timing (measured by the Timing index). These 
2 aspects of response time correspond to 2 different deficits typical 
to ADHD: a difficulty to provide an accurate response and diffi-
culty to respond on time (National Institute of Mental Health, 
2012). The score in this index was calculated as the average of cor-

rect responses, while the target stimulus was still presented on the 
screen throughout the 8 test levels. 

Impulsivity: The number of commission errors performed 
only when a nontarget stimulus was present on the screen. Other 
types of noninhibited responses (e.g., pressing the keyboard more 
than once) were not considered as impulsive responses (as will be 
described in the next paragraph). Score in this index was calcu-
lated as the average of impulsive responses throughout the 8 test 
levels.

Hyperactivity: The total number of commission responses that 
were not coded as impulsive responses (e.g., multiple responses, 
random key pressing). Differentiating between commission errors 
that were conducted due to impulsive behavior and commission 
errors that were conducted due to motor hyperresponsivity al-
lowed the identification of multiple sources of response disinhibi-
tion. Score in this index was calculated as the average of hyperac-
tive responses in the 8 test levels.
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