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Introduction

The Attention-Deϐicit/Hyperactivity Disorder (ADHD) is deϐined as a disorder of the 
neuropsychological development characterized by the following nuclear symptoms: 
attention deϐicit, increased impulsiveness, hyperactivity, disorganization and 
emotional instability [1]. ADHD in adulthood is considered a hidden disorder where 
common diagnostic criteria are lacking, therefore adult patients who often arrive for 
consultation are more frequently diagnosed with ADHD in comorbidity than with 
ADHD itself [2,3]. This makes it difϐicult to detect the disorder and, in most cases, it has 
been noticed that it was associated with other psychiatric conditions, such as Bipolar 
Disorder, Depressive Syndrome, Antisocial and Narcisistic Personality Disorder, 
Borderline Personality Disorder, General Anxiety Disorder and Panic Disorder [4,5]. 
However, previous studies have identiϐied signiϐicant variability in ADHD prevalence 
estimates worldwide [4]. In addition, in spite of it being historically considered a 

Abstract

Background: This study aims to retrospectively investigate the comorbidity of ADHD multiple 
symptoms (behavioral) with alcohol addiction in a sample of adult alcohol-dependent patients and 
to test their current attentional skills (behavioral and cognitive).

Methods: Thirty-two adult alcohol-dependent patients were examined for ADHD using a semi-
structured interview and the Mini Mental State Examination to evaluate attention and inhibition 
functions. Brown ADD Scales were used to specifi cally examine ADHD syndrome. Patients were 
compared with thirty matched control participants selected from healthy population in few 
measures of attentional control and working memory.

Results: 50% of patients showed evidence of primary ADHD symptoms: specifi cally, 28.12% 
showed criteria for ADHD highly probable, 12.50% for ADHD probable but not certain and 9.38% 
for ADHD possible but not likely. Patients also revealed several defi cits in the selective visual 
attention, interference control and verbal working memory compared to the control group. 

Conclusions: These results revealed that adult alcohol-dependent patients had retrospectively 
high comorbidity with ADHD and signifi cant current defi cits of the executive functions. These 
fi ndings suggest the importance of early diagnosis and treatment of ADHD in order to prevent the 
development of alcohol dependence.
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distinctive childhood disorder, till today it has been certiϐied that ADHD persists in 
adulthood in 50-80% of the individuals that satisfy the criteria for the disorder during 
childhood [4,6]. For example, a prevailing disorder between 2-6% has been estimated 
in adult population, whereas in a research study carried out in 2006 by Kessler et al., a 
widespread 4.4% has been certiϐied amongst adults in the United States [7].

It is worth to notice that children with ADHD are signiϐicantly more likely to develop 
substance use disorders than children without ADHD [8-10]. Indeed, previous studies 
have already shown that ADHD is a risk factor for the onset and the development of 
addiction to substances, like alcohol and drugs [11-13]. For example, the study of 
Jacob et al. (2007), showed a level of comorbidity of ADHD and abuse of substances 
in approximately 71% of the participants. It was discovered that there is 45% of 
prevalence in the entire life of adults with ADHD for the disorder of substances abuse: 
the participants with the disorder and addiction to substances had a more precocious 
start and a tendency to experiment them more freely than addicted participants without 
ADHD [13]. On their side, Wilens et al. [12], conϐirmed the comorbidity between ADHD 
and alcoholism or substance abuse in 35-70% of the cases. 

A high incidence of alcohol abuse in patients with ADHD was found in other studies. 
On the other hand, Ramussen and Gilberg (2000), have noticed an increased incidence 
of alcohol abuse in a controlled longitudinal study on 55 patients aged 22 years old 
with ADHD diagnosed in their childhood and not treated with a pharmacological 
therapy. Krause et al. (2002), carried out a research on 153 adult patients dependent 
on alcohol and they found an evident ADHD in 65 of them during their childhood, 28 of 
whom maintained these symptoms in adulthood.

Previous studies showed that a dysfunction of the executive functions (EF), settled 
in the prefrontal region, has been detected both in children as well as in adults with 
ADHD [14-16]. The executive functions include a series of cognitive abilities of a higher 
level that enable us to use appropriate behaviours in the context and to achieve a goal. 
The main cognitive processes include: planning, mental ϐlexibility, decision making, 
inhibition of irrelevant stimuli, controlling the interference and working memory (see 
for example, Barkley 1998). These cognitive processes have been mainly studied in 
patients with ADHD during their childhood, while very few studies have been carried 
out in adults with the disorder and contrasting results were found. For example, 
previous studies [14,17] demonstrated that adult participants with ADHD have a 
poorer performance in the verbal working memory and attentive abilities (such as 
interference control, selective and divided visual attention), if compared to healthy 
control population. At the same time, other studies [16,18] have shown no signiϐicant 
differences between adults with ADHD and a control group.

Scientiϐic research on comorbidity of ADHD with alcohol abuse from both a 
clinical and cognitive prospective is therefore seriously limited [13] and needs to be 
further explored. The aim of the present study was to retrospectively investigate the 
comorbidity of ADHD nuclear symptoms (behavior) in alcohol-dependent adults and 
to examine their current cognitive performance in executive functions (i.e., visual 
selective attention, shifting abilities and inhibition). 

Methods 
Participants

A total of 32 adult patients with a diagnosis of Alcohol Dependence according to 
the the Diagnostic and Statistical Manual of Mental Disorders Revised – DSM-IV-TR 
Fourth Edition (APA, 2000) gave their consent to participate in this study. They were 
consecutively recruited at the Alcohol Rehabilitation Unit in a Rehabilitation Institution 
in Northern Italy. The examination was performed after a 10-day detoxiϐication therapy 
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in order to ensure that patients had any withdrawal symptoms. The exclusion criteria 
were: acute psychosis and other pathologies which may inϐluence the subject’s ability 
to undergo the exams; cognitive impairment (deϐined as a score lower than the cut off 
(=23) for the Mini Mental State Examination); the presence of other serious problems 
associated to attention disorders, as for instance permanent auditory and visual 
deϐicits. In this study, the sample of patients with a diagnosis of Alcohol Dependence 
(n=32) were compared to a control group, composed of 30 healthy participants 
selected at random from the general population but matched to the clinical sample for 
gender, age, education, marital status and employment status.

Procedure and measures

The version for adult participants Brown ADD Scales [19] was used to explore a 
retrospective history of ADHD and the possible persistence of the symptoms in adulthood. 
The instrument comprised a Self-scoring Module and a Diagnostic schedule, including 
seven sections designed to conduct a comprehensive diagnostic assessment of ADHD. The 
evaluation procedure lasted about an hour. The Self-scoring Module was composed of 
40 items which referred to DSM-IV criteria, allowed to highlight if the sum of the scores 
associated with the symptoms falled within the range necessary to formulate a diagnosis 
of Attention Deϐicit Hyperactivity Disorder. The cumulative rates (T points for the Italian 
version) [19] indicated the severity of the deϐicit for each of the ϐive clusters in which 
the symptoms were grouped together, since they allowed us to compare the values   
obtained from the subject with those of a regulatory non-clinical population of the same 
age. T points represented a practical way to determine the speciϐic groups of symptoms 
related to the syndrome that were particularly problematic for an individual. A T 
points total score of 55 was equal to the cut off reference. T points equal to or greater 
than 65 usually indicated the presence of relevant problems. A total T-score greater 
than or equal to 55 indicated that the subject had a signiϐicant probability of fulϐill the 
diagnostic criteria of ADHD. If the participant got a T-score less than 55, it was possible 
but unlikely that they met the diagnostic criteria di ADHD. If the participant got a score 
that approximated or was greater than the threshold level clinical, a more detailed 
assessment was required, because there was the possibility of a sospicious ADHD-
ADD. Participants who scored below the threshold level and not showing obvious signs 
of ADHD-ADD may not be needed further study aimed to investigate the diagnosis. 

Additionally, in this study the Self-scoring Module was also used to divide patients 
into sub-groups with ADHD (inattentive type, impulsive type, combined type) and 
without ADHD. Since the problems of executive functions underlying the syndrome 
were complicated and involved several sub-functions, a proper assessment had 
required an integration of different types of information. Visual Selective attention and 
shifting ability were assessed using the Trail Making Test (Retain, 1958) and Attentive 
Matrixes (Spinnler & Tognoni, 1987). Selective attention and interference control were 
assessed by using an adaptation of a Working Memory Task [20,21]. It was composed 
of a Working Memory Span Test with Categorization (WMC), which consisted of a dual 
task of Primary Recall Task and Detection Task of targets (animal nouns), and a Lexical 
Decision inhibition-priming Task. 

Working Memory Span Test with Categorization: Sets of three series containing 
a growing number of strings of words (from two to four) were presented to the 
participants via a computer screen (SUPERLAB software). Each string contained four 
high- to medium-frequency words. Strings contained 0, 1 or 2 animal nouns, which 
could have been presented in various locations, including the ϐinal positions. The 
participant had to tap when she or he heard an animal noun (“bee”, for example) and 
had to remember the last words in each string at different levels of difϐiculty (the level 
of difϐiculty consists of the numbers of words to be remembered for each list, from 2 to 
5 words). For example, at level 3 the words the participant had to remember are 3, and 
so on to the level of difϐiculty 5. 
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The animal noun Detection Task would induce a difference in activation between 
animal nouns (more activated) and nonanimal nouns (less activated). The participant’s 
task was to read each word out loud and to press the space bar when an animal noun 
was presented. After each series the request “RICORDA” (REMEMBER) appeared on 
the screen, and the participant had to recall the last word of each string in serial order. 
For about half of the series, in a ϐixed random order, the Recall Task was immediately 
followed by a lexical decision task.

Lexical Decision Task: This task consisted of a computer presentation of the same 
number of words and nonwords, immediately after a ϐinal recall of the last word of 
each set, for each level of difϐiculty. Of these items, half were a representative sample 
of the words included in the just-presented series as nonϐinal words (2 were non 
animal nouns, and 2 were animal nouns), and the other half were words that were 
not part of the material of the working memory span but had similar characteristics. 
The equal proportion of animal versus nonanimal nouns was presented in order to 
examine the potential difference due to the activation gained during the memory task. 
The participant’s task was to decide as soon as possible whether the presented item 
was a word, pressing YES if the item was a word (for example “ϐiglio”) and NO if it was 
a nonword (for example “copsi”). Accuracy and time were recorded. 

Statistical analysis

Descriptive statistics were used to present the characteristics of participants. In 
order to compare the groups of patients (with ADHD and without ADHD) and the 
control group, Pearson’s χ2 test for categorical variables and Repeated Measure Analysis 
of Variance (RM ANOVA) for continuous variables were used. Post-hoc comparisons 
were carried out using the estimates marginal means method or t test (Bonferroni 
correction for multiple comparisons). Data were analyzed using SPSS 13.0 (Statistical 
Package for Social Science, Windows version, Chicago, Illinois).

Results 
The sample of patients with a diagnosis of Alcohol Dependence (AD) included a 

majority of males (68.8%) with an average age of 45.53 (±9.10) years. Most of patients 
were unmarried (53.1%), employed (53.1%) and with an average education of 11.41 
(±3.14) years. The control group was matched for gender with the clinical group in 
order to have a majority of males (60.0%) with an average age of 38.60 (±11.20) years 
not far from that of the AD group. The majority of the control group was engaged 
(53.3%), employed (63.3%) with an average education of 13.47 (±2.19) years. 

The socio-demographic characteristics of the three samples are represented in 
table 1 and showed that the control group has a signiϐicant lower age (p=0.01) and 
higher education (p<0.05) than alcohol-dependent patients. Speciϐically, post hoc tests 
revealed that age signiϐicantly differ between control group and alcohol dependence 
patients without ADHD (p<0.05) and that education signiϐicantly differ between 
control group and alcohol dependence patients with ADHD (p<0.05).

On the basis of the results of the Self-Scoring Module of the Brown ADD Scales, 
alcohol-dependent patients were divided in two groups: 1) participants with a diagnosis 
of alcohol dependence without ADHD and 2) participants with a diagnosis of alcohol 
dependence with ADHD. Results of Brown ADD Scales are shown in ϐigure 1. It reveals 
that 16 (50%) alcohol-dependent patients fulϐilled the criteria for ADHD symptoms, 
according to DSM-IV, in the Self-Scoring Module (T points totals ≥55=highly likely 
ADHD). Among these 16 patients, 9 (28.13%) obtained T points totals ≥70, indicating 
a presence of an evidently atypical symptomatology which is to be considered very 
meaningful of a possible ADHD diagnosis; 4 participants (12.50%) obtained T points 
totals between 60-69, indicating a moderately atypical problem which is to be 
considered meaningful; 3 participants (9.38%) obtained T points totals between 55-
59, indicating a partially atypical symptomatology which is likely to be meaningful.
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Additionally, a diagnostic division of the ADHD subtypes was carried out according to 
the criteria of DSM-IV. It emerged that 6 patients (18.75%) were diagnosed as Predominant 
Inattention Type, 3 patients (9.38%) as Predominant Impulsive-Hyperactivity Type, 1 
patient as Combined ADHD Type. Finally, 6 participants are in the Non-speciϐied ADHD 
Type for those inattention or impulsive-hyperactivity disorders which do not fully 
satisfy the foreseen diagnostic criteria. Results obtained from the assessment of the 
global cognitive functioning (Trail Making Test and Attentive Matrixes) are shown 
in table 2. No signiϐicant differences amongst the three groups were found in the 
Trail Making Test (F (2.59)=2.89; p>0.05; η²=0.089), while a signiϐicant difference 
was found in the Attentive Matrixes test (F (2.59)=4.98; p=0.01; η²=0.144). Post hoc 
comparisons (Bonferroni correction: p<0.01) revealed that the group with ADHD 
reported worse performance in the selective attention and in the visual-spatial 
research (Attentive Matrixes) than the control group (mean difference=0.62; p=0.02). 
The two groups of patients with and without ADHD were compared to the control 
group in the examination of executive functions. Before illustrating the results of the 
participants examined at the working memory task [20,21], it must specify that the 
group of participants without ADHD and the group of participants with ADHD did not 
perform the primary recall task. In fact it has emerged, since the beginning of the test, a 
deϐicit in retaining in mind the target words that had to be stored and reported during 
the task for each level of difϐiculty. For this reason, it was analyzed the performance 

Table 1: Socio-demographic characteristics of the three groups of samples.

Variablesa

Alcohol dependence with ADHD 
(DSM-IV)

(n=16)

Alcohol dependence without ADHD 
(DSM-IV)

(n=16)

Control 
Group
(n=30)

P-value

Gender
   Males 13 (81.3) 9 (56.3) 18 60.0) 0.26

   Females 3 (18.8) 7 (43.8) 12 (40.0)
Age (years), 
Mean±SD

44.13 (±7.58) 46.94 (±10.47)
38.60 

(±11.20)
0.03

Education, Mean±SD 11.06 2.95 11.75 3.37
13.47 

(±2.19)
0.01

Marital status
   Married, n (%) 4 (25.0) 4 (25.0) 16 (53.3) 0.15

   Unmarried, n (%) 9 (56.3) 8 (50.0) 12 (40.0)
   Widower/Divorced, 

n (%)
3 (18.8) 4 (25.0) 2 (6.7)

Employment status
   Employed, n (%) 10 (62.5) 7 (43.8) 19 (63.3) 0.40

   Unemployed 6 (37.5) 8 (50.0) 8 (26.7)
   Retired 0 (0) 1 (6.3) 3 (10.0)

a Categoric data are shown as number (%) and continuous data as mean (SD).

T Points Interpretation of the threshold level of the T-score at the Self-Scoring Module. 
≥70 Markedly atypical, very significant problem. 
60-69 Moderately atypical, significant problem. 
55-59 Partially atypical, probably significant concern. 
≤54 Average range, which can be a significant concern. 
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Figure 1: Summary of diagnostic conversion of T points total scores obtained at the Self-scoring Module 
(pathological sample n=32).
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of the participants with exclusively regards to the Detection Task in which they had to 
press the space bar each time at the ϐlow of the words on the monitor they recognized 
a target stimulus (animal noun).

Furthermore, a patient of the experimental group has not completed the task of 
working memory in full, so the sample examined for this test is equal to 61. With 
regard to the results obtained from the Detection Task of animal nouns, Table 3 
showed means and standard deviations of accuracy (number of correct answers) of 
the three groups of participants examined in the detection task of target for each level 
of difϐiculty (numbers of words to be remembered for each list, from 2 to 5 words). 
The Test of Between-Participants Effects has shown a signiϐicant difference (p<.05) 
amongst the three groups of participants (F(6.174)=2.38, p<0.05, η²=0.076). 

Particularly, control group differs from the other groups examined because it has 
issued a greater number of correct answers, committing fewer errors (nor intrusion 
nor inventions) compared to the experimental group of participants with and without 
the syndrome, in all levels of difϐiculty. The comparison of the averages with the Post 
Hoc, by using the critical value 1.34, showed an Effect of interaction between variables 
and Difϐiculty Level Group of subjects examined. This reveals that the passage from 
one level of difϐiculty to the next affects the number of correct responses from the 
sample, however, this occurs in a manner proportional to all three groups. In analyzing 
the working memory task, starting from the level of difϐiculty 3, emerged a signiϐicant 
Familiarity Effect (F (1.58) = 47.32 p<0.05 η²=0.449), called the Priming Effect. 

The factor familiarity represents the critical comparison between items processed 
whilst performing the working memory task (old items) and items never listened to 
during the task (new items). Figure 2 examined the cost of inhibition of irrelevant items 
to the Lexical Decision inhibition-priming Task, given by the difference in response 
times recorded for the task of recognition of old items (i.e., previously presented in the 
task of primary recall) and new items (that never appeared in the test) for the category 
“animal nouns” and the category “nonanimal nouns”. You got the effect of activation/
inhibition also called Priming Effect. 

Therefore, control group signiϐicantly differed from the other two group of 
participants examined; the group with ADHD instead only signiϐicantly differed from 
the control group with regard to the “nonanimal nouns” category, and the group 
without ADHD only signiϐicantly differed from the control group for “animal nouns” 
category. For these two groups of participants may show a negative priming effect 

Table 2: Means (and Standard Errors) of Trail Making Test (TMT_A, TMT_B) and Attentive Matrixes.

Variables
Alcohol 

dependence with 
ADHD

Alcohol dependence 
without ADHD

Control 
Group

F P-value

M (SE) M (SE) M (SE)
Trail Making Test 3.19 (1.05) 3.44 (0.89) 3.77 (0.57) 2.88 0.06
Attentive Matrixes 3.37 (1.15) 3.50 (0.81) 4.00 (0.00) 4.98 0.01

  M=Mean; SE=Standard Error.

Table 3: Means (and Standard Errors) of correct detections for each level of diffi culty in the Detection Task of animal 
nouns.

Variables
Alcohol 

dependence with 
ADHD

Alcohol dependence 
without ADHD

Control Group

Level of diffi culty M (SE) M (SE) M (SE)
L2 4.60 (2.80) 5.19 (1.72) 6.70 (0.99)
L3 5.87 (2.85) 6.06 (2.29) 8.30 (0.99)
L4 8.80 (3.65) 8.88 (2.12) 12.00 (1.20)
L5 10.93 (4.52) 11.06 (2.62) 14.33 (2.15)

M=Mean; SE=Standard Error.
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indicative of a higher cost of inhibition of items belonging to the “nonanimal” category 
for participants with ADHD and the category “animal” for participants without ADHD. 
This fact suggested that the response to the stimulus appeared delayed or affected by 
the activation attributed to the stimulus in the previous task, not relevant to the task 
but still activated and not fully controlled probably just due to a deϐicit of the executive 
functions and inhibitory control. This lack of control may have affected the efϐiciency 
in the working memory task [20-22].

Discussion

The aim of this study was to retrospectively investigate the comorbidity of ADHD 
primary symptoms and alcohol addiction in a sample of adult alcohol-dependent. From 
the administration of the Brown Scales, it emerged that the percentage of participants 
affected by dependence of alcohol comorbidity with a disorder of Hyperactivity 
and Inattention deϐicit ADHD was meaningful (50% of the total alcohol-dependent 
patients). Among these participants, 28.12% showed criteria for ADHD highly 
probable, 12.50% for ADHD probable but not certain and 9.38% for ADHD possible 
but not likely. Furthermore, a diagnostic division of ADHD subtypes was carried out 
according to the criteria of DSM-IV. From the alcohol-dependent group, 37.5% fulϐilled 
the diagnostic criteria for the “hyperactivity-impulsive type”, 18.7% the “inattentive 
type” and 6.2% the “combined type”. These ϐindings conϐirmed previous studies which 
showed high comorbidity of ADHD with addictive illnesses [13,23,24]. For example, 
Ohlmeier and colleagues [13,25] explored the different ADHD subtypes in adults with 
alcohol and substance addiction and found signiϐicantly higher values among these 
patients for the “inattentive type” and the “combined type”.

Furthermore, our study proposed to investigate deϐicits in executive functions (i.e., 
visual selective attention, shifting ability and interference control) among participants 
with ADHD and Alcohol Dependence. Results showed several deϐicits in the visual 
selective attention and in the interference control among alcohol patients with ADHD 
compared to the control group. In particular, alcohol-dependent patients with ADHD 
performed worse on the Trail Making Test, which is a task that requires advanced 
planning and metal ϐlexibility, compared to both alcohol-dependent patients without 
ADHD and the control group. These ϐindings conϐirmed previous studies conducted 
with adults with ADHD [17,26].

The examination of inhibitory control showed a poor performance for ADHD adults 
who had failed the activation control of irrelevant information in a lexical decision task. 
Speciϐically, the items that should be suppressed, and consequently interfering, were 
still largely accessible in the adult participants with alcohol dependence both with 
and without ADHD. A possible explanation of these results seems to be an inefϐicient 
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Figure 2: Priming Effect: cost in response time of irrelevant items as a function of previous activation in Lexical 
Decision Task at the Level of diffi culty 3.
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mechanism underlying the inhibitory control which inϐluences cognitive functions. 
These results concur with the hypothesis according to which the working memory task 
requires the control of irrelevant information both the more and the less activated, 
animal and non-animal nouns respectively. 

These ϐindings have important clinical implications since offer direct information 
about the activation control problem affecting working memory and the evidence is 
not limited, as in previous studies, to indirect measurements [27,28]. These group 
differences may also be explained by an inefϐicient use of strategies of verbal stimuli. 
The inadequate use of efϐicient strategies has been previously found in patients with 
frontal lobe lesions [26,29]. Further research on the underlying verbal learning 
strategies and on the general learning processes in adult participants with ADHD are 
necessary to conϐirm these ϐindings. 

When interpreting our results, it is necessary to highlight some limitations. First of 
all, the sample size was small but this was an exploratory study and the results cannot 
be considered as representative of the general population. Further studies with larger 
samples are required in order to conϐirm the comorbidity of alcohol dependence with 
ADHD. Secondly, we examined ADHD and executive functions deϐicits among adult 
populations using a cross-sectional design, as previous studies did [13,25]. Future 
studies should investigate patients since their childhood using a life span point of view: 
a longitudinal approach could clarify the nature and direction of the relationships, the 
stability of the impairments in alcohol adults. A third limitation is that we examined 
only some executive functions because of our sample size: we recommend that future 
studies explore a larger test battery which includes a wider range of both executive and 
non-executive functions in order to obtain a complete cognitive assessment [30,31]. 
Lastly, it is necessary to point out that, due to the high levels of comorbid disorder in 
participants with ADHD, it is well known that many of these associated conditions act 
directly modifying the person’s cognitive capacity [14,32,33]. It is therefore difϐicult 
to determine whether these cognitive deϐicits are attributed to the ADHD or to the 
presence of a comorbidity disorder, or to both.

Conclusion

This study revealed that adult alcohol-dependent patients had retrospectively high 
comorbidity with ADHD and signiϐicant current deϐicits of the executive functions. 

The advantage of this study was to collect evidence of both current and past ADHD 
symptoms onset, and combining it with present cognitive performance of patients 
with alcohol dependence. Results would originally contribute to shed some light on the 
nature of the observed comorbidity between alcohol dependence and ADHD extending 
the analysis to potential cognitive deϐicit crucial for several psychiatric disorders.

These ϐindings suggest the great importance of timely and adequate diagnostics 
and therapy of ADHD in order to prevent the onset of addictive illnesses.
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