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ABSTRACT

Background: Attention deficit hyperactivity disorder (ADHD) and behavioral addictions (BAs) are
Check for highly comorbid but little is known about the effect of anti-ADHD medications on behavioral addiction
updates symptoms. Thus, the aim of this naturalistic prospective study was to investigate the long-term
changes on BAs symptoms among methylphenidate-treated adults with a primary diagnosis of ADHD.
Methods: 37 consecutive adult ADHD outpatients completed a baseline and follow-up assessment of
ADHD, mood and BAs symptoms (internet, shopping, food, sex addictions and gambling disorder)
after one year of methylphenidate (flexible dose) treatment. Results: Internet addiction test scores
pre-treatment were significantly higher than post-treatment scores (p < 0.001). The same trend was
seen for the shopping addiction (p = 0.022), food addiction scores (p = 0.039) and sex addiction scores
(p = 0.047). Gambling disorder scores did not differ pre and post treatment since none of the included
patients reported significant gambling symptoms at baseline. The rate of ADHD patients with at least
one comorbid BA was reduced after methylphenidate treatment (51.4% vs 35.1%). The correlation
analyses showed a moderate positive correlation between the changes in sluggish cognitive tempo
symptoms, cognitive impulsivity, mood and anxiety symptoms and changes in internet addiction
symptoms. Conclusions: This is the first study showing that after one-year of treatment with
methylphenidate, adult ADHD patients show a significant reduction on internet, food, shopping and
sex addiction symptoms. Further controlled studies with larger samples should replicate these
preliminary results and elucidate the role of methylphenidate and other moderator factors (such as
concomitant psychological treatments or lifestyle habits changes) on BAs improvements.
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INTRODUCTION

Behavioral addictions (e.g. gambling disorder and internet, sex, shopping, food addiction) are
commonly comorbid with attention deficit hyperactivity disorder (ADHD) (Brandt &
Fischer, 2019; Grassi, Moradei, & Cecchelli, 2024; Jacob, Haro, & Koyanagi, 2018; Karaca
et al., 2017; Retz, Ringling, Retz-Junginger, Vogelgesang, & Rasler, 2016; Theule, Hurl,
Cheung, Ward, & Henrikson, 2019; Wang, Yao, Zhou, Liu, & Lv, 2017; Wang, Yin, Wang,
King, & Rost, 2024). Also, in a research domain criteria (RDoC) perspective, ADHD and
addictions (both substance and non-substance related) share several neurobiological features
(e.g. reward dysfunction, inhibitory control network dysfunction) (Cabelguen et al., 2021;
Gao et al., 2021; Ko et al., 2023; Koncz et al.,, 2023; Luijten, Schellekens, Kithn, Machielse, &

Sescousse, 2017; Plichta et al, 2014; Werling, Kuzhippallil, Emery, Walitza, & Drechsler,
’j Journals 2022). Several recent international guidelines and consensus studies highly recommend the
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recognition and treatment (both with stimulants medica-
tions and psychological interventions) of comorbid ADHD
in adults and adolescents with substance use disorders
(Brynte et al.,, 2022; Crunelle et al., 2018; Icick et al., 2020;
Ogen et al., 2020). However, little is known about the impact
of ADHD medications on behavioral addictions symptoms.
Moreover, up to date, pharmacological evidence-based
treatments for these conditions are largely lacking and no
medications have been approved for these disorders by the
principal regulatory organizations. In the current literature,
only a few studies on only children and adolescent
populations investigated the effectiveness of anti-ADHD
medications for behavioral addictions. A study on children
showed a beneficial effect of methylphenidate on internet
video game play that was correlated to attentional
improvement in a sample of ADHD children (Han et al.,
2009) and a subsequent study on adolescents with ADHD
showed an improvement of internet gaming disorder
symptoms with both methylphenidate and atomoxetine
(Park, Lee, Sohn, & Han, 2016). Finally, a two-day challenge
study on subjects with food addiction did not find a sig-
nificant effect of methylphenidate on craving and food
intake ratings (Davis, Levitan, Kaplan, Kennedy, & Carter,
2014). On the other hand, studies of ADHD patients showed
that stimulant medications do not increase the risk of sub-
stance use but rather they seem to have a protective effect
(Chang et al., 2014; Molina et al., 2023; Quinn et al., 2017).

Thus, the aim of the present naturalistic prospective
study is to investigate the long-term changes of behavioral
addictions symptoms, ADHD, mood and anxiety symptoms
after one-year of methylphenidate treatment in a sample of
adults with a primary diagnosis of ADHD.

METHODS

Participants

All the patients were recruited at the Brain Center Firenze, a
specialized clinic for adult ADHD. We enrolled 37 consec-
utive adult outpatients with a primary diagnosis of ADHD
that completed the baseline and one-year follow-up assess-
ment. All the included patients were newly diagnosed as
adult ADHD and start a pharmacological treatment with
methylphenidate after the first assessment. The ADHD
diagnosis was established by one of two psychiatrist expert
in the field (GG or CC) and confirmed through the struc-
tured clinical interview for adults ADHD, DIVA 5.0 (Hong
et al., 2020). All the patients were comprehensively assessed
trough a clinical interview and a series of psychometric test
(see below) at baseline and after one year of pharmacological
treatment with methylphenidate. Twenty seven out of
37 patients (73%) had a lifetime psychiatric comorbidity
(35% an anxiety disorder, 32.4% a substance use disorder
(cannabis, stimulants, opioids, alcohol), 24% a mood dis-
order (none of the patient had bipolar disorder), 5.4%
obsessive-compulsive disorder, 5.4% an eating disorder
(1 patient bulimia nervosa and 1 patient binge eating
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disorder) and 2.7% an OCD related disorder (excoriation
disorder)). All patients were treated with methylphenidate at
flexible dose according to clinical response for at least one
year. During the one-year period of treatment patients could
receive other medications and/or psychotherapy for co-
morbid conditions and/or behavioral coaching for ADHD
symptoms.

Assessment

Clinical assessment. All the patients underwent a clinical
interview assessing demographic and clinical characteristics
(see Table 1).

ADHD assessment. ADHD symptoms were assessed
through the Barkley Adult ADHD Rating Scale-IV
(BAARS-IV), a self-report scale, based on the DSM-IV-TR
criteria for the diagnosis of ADHD, meant to assess current
and childhood ADHD symptoms in adults (Barkley, 2011).
The self-report version of current symptoms scale includes
30 items (on a 4-point Likert scale) and 4 subscales (atten-
tion, impulsivity, hyperactivity, sluggish cognitive tempo).
Each scale of current symptom has three extra questions
(assessing functional impairment of ADHD symptoms). The
sluggish cognitive tempo (SCT) subscale includes symptoms
such as daydreaming, staring, mental fogginess, confusion,
hypoactivity, sluggishness, slow movement, lethargy, apathy,
and sleepiness (Barkley, 2012).

Impulsivity assessment. Impulsivity traits were assessed
using the Barratt Impulsiveness Scale, version 11
(BIS-11). This scale consists of 30 self-descriptive items,
with responses in a four-point Likert-type scale

Table 1. Baseline demographic and clinical characteristics of
ADHD patients

ADHD (n = 37)

Age (years) 28 (33; 24)
Gender (M:F) 9:28

Years of Education 16 (18; 13)
Lifetime Comorbidities 27 (73%)
Mood disorders 9 (24%)
Anxiety Disorders 13 (35%)
Substance Use disorders 12 (32.4%)
Obsessive-Compulsive Disorder 2 (5.4%)
Excoriation Disorder 1(2.7%)
Eating Disorder 2 (5.4%)
Baseline One-year
follow-up
Patients taking concurrent 11 11 (29.7%)
medications (29.7%)
SSRI 7 (18.9%) 0 (0%)
SNRI 2 (5.4%) 1 (2.7%)
Anti-Anxiety 2 (5.4%) 9 (24.3%)
Mood stabilizers 0 (0%) 1(2.7%)

Note: Data are expressed as percentage or median (interquartile
range) for all variables. ADHD = Attention-Deficit Hyperactivity
Disorder; SSRIs = Selective Serotonin Reuptake Inhibitor;

SNRI = Serotonin and Norepinephrine Reuptake Inhibitor.

N
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(Patton, Stanford, & Barratt, 1995). It measures the total
score (range: 30-120) of impulsivity and three factors:
Attentional Impulsiveness (AI), Motor Impulsiveness (MI),
and Non-planning Impulsiveness (NPI) with higher scores
indicating higher impulsivity. BIS-11 was used in its Italian
translation (Fossati, Di Ceglie, Acquarini, & Barratt, 2001).

Mood and anxiety symptoms assessment. Mood and anxi-
ety symptoms were assessed using the Symptoms of
Depression Questionnaire (SDQ). The SDQ is a 44-item,
self-report scale designed to measure the severity of symp-
toms across several subtypes of depression. The items are
rated on a 6-point scale. The SDQ encloses five subscales,
investigating the following dimensions: lassitude, mood,
cognitive/social functioning (in this study summarized as
“mood” subscale); anxiety, agitation, anger and irritability
(in this study summarized as “anxiety” subscale); desire to be
dead; disruptions in sleep quality; changes in appetite and
weight (Pedrelli et al., 2014). For this study, we used the
validated Italian version of this scale (Salerno, Burian, &
Pallanti, 2017).

Internet addiction. Internet addiction symptoms were
assessed using the Internet Addiction Test (IAT), a widely
used screening test consisting of 20 questions, all measured
on a 5- point Likert scale. The questions are scored from
1 to 5, with a score of 1 for the answer “rarely” and 5 for the
answer “always.” Summative scores ranging from 20 to 49
are considered “average” online users. Scores ranging from
50 to 79 are considered to be internet users with problematic
internet use. Scores ranging from 80 to 100 are considered to
be users suffering from severe problems due to their Internet
usage. In the results section of this study all subjects scoring
above 50 are considered as having internet addiction
(Young, 2009).

Gambling disorder. Gambling disorder (GD) symptoms
were assessed using The South Oaks Gambling Screen
(SOGS), a 20-item questionnaire originally based on DSM-
III criteria for pathological gambling and widely used across
clinical and epidemiological studies for the screening of
gambling behaviors (Lesieur & Blume, 1987). SOGS assess
gambling symptoms over the past 6 months and positive
responses to 5 or more items result in a designation of
“probable pathological gambler”. However, recent studies
assessing the sensitivity and specificity of the SOGS ac-
cording to gambling disorder’s DSM-5 criteria argued in
favor of increasing the cut-off score in order to reduce false
positive rates (Goodie et al., 2013). Thus, in this study, we
used the suggested cut-off of 8 to classify patients with
probable GD according to DMS-5 criteria (Goodie
et al., 2013).

Food addiction. Food addiction symptoms were assessed
using the Yale Food Addiction Scale (YFAS) version 2.0, a
self-report scale designed to reflect the assessment of
addictive-like eating behavior based upon the substance-
related and addictive disorders (SRADs) diagnostic criteria
in the DSM-5. In the YFAS each of the 11 DSM-5 diagnostic
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criteria for SRADs is considered to be met if one or more of
the relevant questions for each criterion meet the threshold.
Two different summary scores are reported: a symptom
count (0-11) and a diagnosis with severity level (mild,
moderate, severe). The symptom count scoring option for
the YFAS 2.0 is computed by summing the 11 diagnostic
criteria (scores ranging from 0 to 11). Based on the DSM-5
diagnosis for SRADs, mild food addiction is indicated by
meeting two to three criteria, moderate food addiction re-
flects presence of four to five criteria, and severe food
addiction is defined as meeting six or more criteria (Gear-
hardt, Corbin, & Brownell, 2016). In our study patients
scoring 3 or more on the YFAS 2.0 were classified as having
food addiction.

Sex addiction. Sex addiction symptoms were assessed using
the Sex Addiction Screening Test — revised (SAST-R), a 45-
itemself-report screener for distinguishing possible cases of
sexual addiction. The SAST-R is composed of a 20-item core
scale, measuring the general construct of sexual addiction. In
addition, the SAST-R contains 4 specific scales measuring
vital characteristics of sexual addiction: preoccupation
(4 items), loss of control (4 items), relationship disturbance
(4 items), affective disturbance (5 items), and an internet
scale (6 items) that comprises internet-related sexual activ-
ity. Finally, there are 3 scales (6 items) measuring behaviors
intended to be more relevant to specific groups—hetero-
sexual men, homosexual men, and women (both hetero- and
homosexual). The SAST-R’s total score range from 0 to 20
with scores equal or above 6 indicating the presence of
significant compulsive sexual behaviors (Carnes, Green, &
Carnes, 2010).

Shopping addiction. Shopping addiction symptoms were
assessed using the Bergen Shopping Addiction Scale (BSAS),
a self-report screening scale consisting of 28 questions
covering seven addiction criteria (salience, mood modifica-
tion, conflict, tolerance, withdrawal, relapse, and problems)
(Andreassen et al.,, 2015). The questions are scored from
1 to 5, from Strongly disagree (1) to Strongly agree (5). The
total score can range from 28 to 140. This scale is still
lacking of well-established cut-off score for the diagnosis of
shopping addiction. Therefore, according to what suggested
by the authors who developed the scale, score above the 50%
of the maximum score were considered as indicative of the
presence of a probable shopping addiction (according to our
ADHD sample we chose 70 as the cut-off score).

Statistical analysis

Normality of all variables was evaluated using the Shapiro-
Wilk test. Normally distributed variables were BAARS-IV
total and both hyperactivity and sluggish cognitive tempo
subscale scores, SDQ total and mood and anxiety subscales
scores, internet addiction test scores, BIS-11 total and BIS-11
subscales scores, pre-treatment and post-treatment differ-
ences on both IAT and BSAS scales. All the other variables
were non-normally distributed. Since most of the examined
variables were not normally distributed, non-parametric

)
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tests were used. Cronbach’s alpha was used to test the in-
ternal consistency for self-report measures (BAARS-IV, BIS-
11, SDQ, BSAS, SAST, YFAS). Cronbach’s alpha revealed
from questionable to good internal consistency for
self-report measures (BAARS-IV: a = 0.83 Good; BIS-11:
a = 0.65; SDQ: a = 0.76 Acceptable; BSAS: a = 0.80 Good;
SAST: a@ = 0.77 Acceptable; YFAS: a = 0.76 Acceptable).
Wilcoxon signed rank test was used to compare continuous
pre-treatment and post-treatment clinical scales scores (IAT,
SOGS, BSAS, SAST-R, YFAS, BAARS-IV and SDQ total
scores and subscales), while McNemar test was used for
categorical variables (percentage of subjects with a comorbid
behavioral addiction pre- and post-treatment). For McNe-
mar test uncorrected p-value was used since SPSS applies an
unnecessarily conservative correction to the McNemar test
(Newcombe et al., 1998). Spearman’s correlation coefficient
was calculated to evaluate the correlation between
the difference of pre-treatment and post-treatment on the
behavioral addiction scores with methylphenidate dose,
concurrent pharmacological or psychological treatment,
demographic characteristics and the difference of pre-
treatment and post-treatment on mood, ADHD and
impulsivity scales (BAARS-IV, SDQ and BIS-11 total and
subscales scores). Finally, we examined the contribution of
ADHD, mood and impulsivity symptoms to the change in
behavioral addiction symptoms after treatment (calculated
subtracting post-treatment score to pre-treatment score on
each BAs scale; therefore, positive values indicate a decrease
of symptoms, negative values an increase of symptoms and a
score of 0 no changes).

In the linear regression models 95% confidence in-
tervals (CI) and variance inflation factor (VIF) values to
inspect multicollinearity were used. Values were accept-
able, with VIF scores of less than 2.1 for all models.
In addition, scatter plot and quantile chart were used to
value homoscedasticity of residuals and normality of re-
siduals respectively. The stepwise method selection was
used to select predictors into the model. Level of signifi-
cance was set at p = 0.05. All analyses were carried out
using the Statistical Package for the Social Sciences v25
(SPSS, 2017).

Ethics

The study procedures were carried out in accordance with
the Declaration of Helsinki. The study was approved by the
Florence’s Institutional Review Board (protocol number
#18762). All subjects were informed about the study and all
provided informed consent.

RESULTS

At baseline no patients were under anti-ADHD medications,
11 out of 37 patients were under pharmacological treatments
(7 under SSRIs, 2 under SNRIs, 2 under anti-anxiety med-
ications). At one-year follow-up 11 patients were under
concomitant methylphenidate and other medications
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(9 patients were under pregabalin and 1 patient under
duloxetine for their anxiety symptoms, 1 patient were under
lithium for his affective instability) (see Table 1). During
the one-year treatment period 22 out of 37 patients under-
gone a psychological treatment (18 patients a cognitive
behavioral therapy and 4 patients a behavioral coaching
for ADHD).

The average methylphenidate final dose of completers
was relatively low ranging from 10 to 40 mg with a mean of
32.16 (+8.2) mg/day. Methylphenidate treatment was well
tolerated and none of the patients report clinically signifi-
cant side effects during the one-year period of treatment.
Only two patients showed increased anxiety when increasing
the dose up to 60 mg and therefore their dose was tapered
down to 40 mg.

The Wilcoxon signed ranked test showed that internet
addiction test scores pre-treatment were significantly higher
than post-treatment scores (median 44 (54; 32.5) and 34
(48; 25) respectively) (Z = 89.5; p < 0.001; d = 0.53 sug-
gesting a moderate effect size). The same trend was seen for
the shopping addiction scores (pre-treatment median
46 (60; 33.5) and post-treatment median 36 (52.5; 31.5),
Z = 175.5; p = 0.022; d = 0.32 suggesting a small-moderate
effect size). Despite the low baseline scores, a significant pre-
post treatment reduction was observed for both food
addiction scores (pre-treatment median 1 (2; 0) and
post-treatment median 1 (2; 0), Z = 71; p = 0.039) and sex
addiction scores (pre-treatment median 2 (3.75; 0) and post-
treatment median 1 (2; 0), Z = 52.5; p = 0.047). Gambling
disorder scores did not differ pre and post treatment since
none of the included patients reported significant gambling
symptoms at baseline (see Table 2 and Fig. 1).

The rate of ADHD patients with at least one comorbid
behavioral addiction decrease after methylphenidate
treatment (51.4% vs 35.1%, x> (1) = 3.00, p = 0.083).
Specifically, the rate of subjects with comorbid internet
addiction decreased from 29.7% to 18.9% (x> (1) = 2.66,
p = 0.102, OR = 0.55, the rate of food addiction decreased
from 18.9% to 13.5% (x° (1) = 0.50, p = 0.479, OR = 0.67),
the rate of sex addiction 5.4%-0% (y* (1) = 2.00, p = 0.157,
OR = 0, while the rate of shopping addiction remained
stable (13.5%, ¥ (1) = 0.00, p = 1.00, OR = 1) and that of
gambling disorder did not change since none of the patients
had GD at baseline (see Table 2).

The correlation analyses showed a moderate positive
correlation between the changes in sluggish cognitive tempo
subscale scores as well as in BIS-11 attentional subscales and
changes in internet addiction scale scores only (r(35) = 350,
p = 0.034 and r(35) = 0.339, p = 0.040 respectively). Also,
we found a moderate positive correlation between SDQ total
scores and SDQ mood and anxiety subscales scores changes
and internet addiction scale scores (r(35) = 0.337,
p = 0.041; r(35) = 0350, p = 0.034; r(35) = 0.361,
p = 0.028). Correlation analyses did not show a significant
correlation between demographic characteristics (age
and gender), methylphenidate doses, other medications and
psychological treatments and behavioral addiction scores
reductions (see Table Al in Appendix).
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Table 2. Behavioral addictions, ADHD, impulsivity and mood/anxiety symptoms changes pre and post methylphenidate treatment

Pre-treatment Post-treatment Zly d/OR p
Internet Addiction Test (IAT)
Symptoms scores 44 (32.5; 54) 34 (25; 48) 89.5 0.53 <0.001
Comorbidity prevalence 29.7% 18.9% 2.66 0.55 0.102
Bergen Shopping Addiction Scale (BSAS)
Symptoms scores 46 (33.5; 60) 36 (31.5; 52.5) 175.5 0.53 0.022
Comorbidity prevalence 13.5% 13.5% 0.00 1 1.00
Yale Food Addiction Scale 2.0 (YFAS)
Symptoms scores 1(0; 2) 1(0; 2) 71 0.52 0.039
Comorbidity prevalence 18.9% 13.5% 0.50 0.67 0.479
Sex Addiction Screening Test - Revised (SAST-R)
Symptoms scores 2 (05 3.75) 1(0; 2) 52.5 0.32 0.047
Comorbidity prevalence 5.4% 0% 2.0 1 0.157
The South Oaks Gambling Screen (SOGS) 0 (0; 0) 0 (0; 0) 0 - 0.157
ADHD symptoms (BAARS-IV Total) 50 (41.5; 56) 37 (28.5; 44) 48.5 1.1 <0.001
Inattention (BAARS-IV) 27 (23; 31) 19 (15; 23) 23 0.18 <0.001
Hyperactivity (BAARS-IV) 12 (9; 13) 9 (7; 11) 172 0.49 0.011
Impulsivity (BAARS-IV) 11 (8; 14) 9 (7; 12) 148 1.8 0.017
Sluggish Cognitive Time (BAARS-IV) 24 (20.5; 29) 20 (15.5; 24.5) 90.5 1.02 0.001
Impulsiveness (BIS-11 Total) 71 (65; 75.5) 67 (62; 71.5) 129.5 0.43 0.004
Attention (BIS-11) 22 (19; 24.5) 21 (18; 23) 1,654 0.50 0.037
Motor (BIS-11) 23 (20.5; 27.5) 22 (18; 26) 169 0.40 0.045
Non Planning (BIS-11) 24 (22; 26.5) 25 (22.5; 26.5) 239 0.02 0.893
SDQ Total 130 (117; 151) 112 (96; 129) 129.5 0.77 0.001
Mood (SDQ) 56 (49.5; 62) 44 (38; 51) 84.5 0.60 <0.001
Anxiety (SDQ) 40 (37; 49.5) 37 (30; 47) 216.5 0.44 0.067
Suicidal Ideation (SDQ) 16 (19.5; 14) 13 (125 16) 171 0.51 0.018
Sleep Quality (SDQ) 7 (6; 9.5) 7 (6; 8) 180.5 0.17 0.605
Appetite and Weight (SDQ) 10 (8; 11) 10 (8.5; 11) 218.5 0.19 0.721

Note. Data are expressed as median (interquartile range) for all variables. ADHD = Attention-Deficit Hyperactivity Disorder; BAARS-IV =
Barkley Adult ADHD Rating Scale-IV; BIS-11 = Barratt Impulsiveness Scale, version 11; SDQ = Symptoms of Depression Questionnaire.

60
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IAT BSAS YFAS SAST-R SOGS

M Pre-treatment W Post-treatment

Fig. 1. Pre-treatment and post-treatment behavioral addiction
scores changes
Note. Data are expressed as mean for all variables. IAT = Internet
Addiction Test; BSAS = Bergen Shopping Addiction Scale;
YFAS = Yale Food Addiction Scale; SAST-R = Sex Addiction
Screening Test — Revised; SOGS = South Oaks Gambling Screen.

Following these analyses, a linear regression analysis with

IAT score pre-post-treatment changes as outcome only and
ADHD symptoms pre-post-treatment changes (BAARS-IV

Brought to you by MTA Titkérsdg - Secreta:

sluggish cognitive tempo), impulsivity (BIS-11 attentional
subscale), depression and anxiety symptoms pre-post-treat-
ment changes (SDQ mood and anxiety subscales) as pre-
dictors were calculated. This analysis found only anxiety
(SDQ anxiety subscale) as significant predictor (R = 0.12;
B = 0316; t = 3.496; [95%CI: 2.745, 20.351]; p = 0.038).
In the present model, residual normality was met, instead,
homoscedasticity was not. Then a second linear regression
analyses with behavioral addiction score pre-post-treatment
changes as outcome, pre-treatment ADHD symptoms
(BAARS-IV sluggish cognitive tempo), impulsivity (BIS-11
attentional subscale), depression and anxiety symptoms
(SDQ mood and anxiety subscales) as predictors were
included. In this model, no variables were included.

DISCUSSION AND CONCLUSIONS

This is the first study showing the long-term changes on
behavioral addiction symptoms in a sample of adults with a
primary diagnosis of ADHD treated with a stimulant
medication (methylphenidate). Our study showed that after
one-year of treatment with methylphenidate ADHD patients
showed a significant reduction on internet, food, shopping

)
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and sex addiction symptoms. The number of patients
showing gambling symptoms were too low at baseline to
detect a possible effect of methylphenidate. The rate of
ADHD patients with comorbid behavioral addictions
dropped from 51.4% to 35.1% after-treatment. Finally, the
improvement in internet addiction symptoms was moder-
ately correlated with the improvement in attention (specif-
ically the sluggish cognitive tempo subscale), cognitive
impulsivity, mood and anxiety symptoms, while concomi-
tant treatments with psychotherapy, coaching or other
medications were not correlated with behavioral addictions
improvement.

The results of this study seem to be in line with the most
recent literature confirming the safety and even suggesting a
protective effect of anti-ADHD medications on substance
use disorder for both child/adolescents and adults with
ADHD. Indeed, a recent large longitudinal study showed
that stimulant treatment is not associated with increased or
decreased risk for later substances use for adolescents and
young adults with childhood ADHD and previous studies
from large samples and epidemiological registers showed a
long-term protective effect of stimulants on substance abuse
in ADHD subjects (Chang et al., 2014; Molina et al., 2023;
Quinn et al., 2017). All together these data seem to stress the
importance of considering firstly a proper pharmacological
treatment of ADHD even in front of patients with an
addiction comorbidity. In line with this perspective, our
study suggests a possible moderator effect of ADHD
symptoms improvement (especially inattention and cogni-
tive impulsivity), mood and anxiety symptoms improvement
on subsequent improvements in behavioral addiction
symptoms, suggesting again the importance of treating core
ADHD symptoms to observe an improvement in addiction
symptoms. These latest observations are further supported
by several studies and meta-analyses showing a strong as-
sociation between attentional problems and internet addic-
tion and high rates of comorbidity between behavioral
addictions and mood and anxiety disorders (Wang et al.,
2017). Also, several recent studies consistently reported an
association between core aspects of ADHD (such as
impulsivity and emotional dysregulation) and problematic
use of the internet (e.g. gaming disorder) (Cabelguen et al.,
2021; Ko et al,, 2023).

Several limitations are worth mentioning. First of all, the
naturalistic nature of our study did not allow us to
completely exclude the putative moderator effects of other
factors such psychological treatments and/or lifestyle habits
changes (even if the correlation analyses did not show a link
between psychological treatments and/or other medications
and BAs symptoms improvement). Therefore, the lack of a
control group did not allow any firm conclusions on the
direct effect of methylphenidate and its putative mechanism
of actions on behavioral addictions in ADHD patients.

The estimate of the prevalence of behavioral addictions
in the ADHD sample was not based on a clinical diagnosis
but was based on the IAT, BSAS, SAST-R, SOGS and YFAS
scale scores. Using a self-report tools such as those just
mentioned could potentially imply an over diagnosis

Brought to you by MTA Titkérsdg - Secretariat of the Hungarian Academy of Sciences | Unauthenticated | Downloaded 03/10/25 07:01 AM UTC

(excessive self-estimation of behavioral addictions) as well as
an under diagnosis (e.g. patients with low insight in their
addictive behaviors). However, our results showed an esti-
mated prevalence of behavioral addictions substantially in line
with current literature on lifetime substance use disorders in
ADHD populations. Finally, the BIS-11 scale has been criti-
cized as a reliable measure of subjective impulsivity and
alternative models has been suggested (Kapitany-Fovény
et al,, 2020). Another limitation is represented by the small
sample size. In fact, the small number of subjects potentially
limited the possibility of identifying clinical differences be-
tween ADHD subjects with and without behavioral addictions
across the follow-up and to detect any effect on gambling
disorder. Also, since the sample cover a specific ADHD
population (adults with high mean level of education), the
results are not generalizable to a broader ADHD population.

In conclusion, after one-year of treatment with methyl-
phenidate, adult ADHD patients show a significant reduc-
tion on internet, food, shopping and sex addiction
symptoms. Further prospective studies with controlled de-
signs and larger samples should replicate these preliminary
results and elucidate the role of moderator factors (such as
concomitant psychological treatments or lifestyle habits
changes) on the observed improvements on behavioral
addiction symptoms and the mechanisms of action of
methylphenidate on these symptoms.

Funding sources: No financial support was received for this
study.

Authors’ contribution: GG: study concept and design, anal-
ysis and interpretation of data, final manuscript drafting.
CM: statistical analysis, data collection and managing. CC:
study supervision and final manuscript drafting.

Conflict of interest: The authors report no financial or other
relationship relevant to the subject of this article.

REFERENCES

Andreassen, C. S., Griffiths, M. D., Pallesen, S., Bilder, R. M,,
Torsheim, T., & Aboujaoude, E. (2015). The Bergen shopping
addiction scale: Reliability and validity of a brief screening test.
Frontiers in Psychology, 6, 1374. https://doi.org/10.3389/fpsyg.
2015.01374.

Barkley, R. A. (2011). Barkley adult ADHD rating scale-IV (BAARS-
IV). Guilford Press.

Barkley, R. A. (2012). Distinguishing sluggish cognitive tempo from
attention-deficit/hyperactivity disorder in adults. Journal of
Abnormal Psychology, 121(4), 978-990. https://doi.org/10.1037/
a0023961.

Brandt, L., & Fischer, G. (2019). Adult ADHD is associated with
gambling severity and psychiatric comorbidity among treat-
ment-seeking problem gamblers. Journal of Attention Disorders,
23(12), 1383-1395. https://doi.org/10.1177/1087054717690232.

)


https://doi.org/10.3389/fpsyg.2015.01374
https://doi.org/10.3389/fpsyg.2015.01374
https://doi.org/10.1037/a0023961
https://doi.org/10.1037/a0023961
https://doi.org/10.1177/1087054717690232

910

Journal of Behavioral Addictions 13 (2024) 4, 904-912

Brynte, C, Aeschlimann, M., Barta, C., Begeman, A. H. A,
Bicker, A., Crunelle, C. L., ... Franck, J. (2022). The clinical
course of comorbid substance use disorder and attention
deficit/hyperactivity disorder: Protocol and clinical character-
istics of the INCAS study. BMC Psychiatry, 22(1), 625. https://
doi.org/10.1186/s12888-022-04259-6.

Cabelguen, C., Rocher, B., Leboucher, ], Schreck, B,
Challet-Bouju, G., Hardouin, J. B., & Grall-Bronnec, M. (2021).
Attention deficit hyperactivity disorder and gaming disorder:
Frequency and associated factors in a clinical sample of patients
with Gaming Disorder. Journal of Behavioral Addictions, 10(4),
1061-1067. Advance online publication. https://doi.org/10.
1556/2006.2021.00074.

Carnes, P., Green, B., & Carnes, S. (2010). The same yet different:
Refocusing the Sexual Addiction Screening Test (SAST) to
reflect orientation and gender. Sexual Addiction & Compul-
sivity, 17(1), 7-30.

Chang, Z., Lichtenstein, P., Halldner, L., D’Onofrio, B,
Serlachius, E., Fazel, S., ... Larsson, H. (2014). Stimulant ADHD
medication and risk for substance abuse. Journal of Child Psy-
chology and Psychiatry, and Allied Disciplines, 55(8), 878-885.
https://doi.org/10.1111/jcpp.12164.

Crunelle, C. L., van den Brink, W., Moggi, F., Konstenius, M.,
Franck, J., Levin, F. R, ... Matthys, F. (2018). International
consensus statement on screening, diagnosis and treatment of
substance use disorder patients with comorbid attention deficit/
hyperactivity disorder. European Addiction Research, 24(1),
43-51. https://doi.org/10.1159/000487767.

Davis, C., Levitan, R. D., Kaplan, A. S, Kennedy, J. L, &
Carter, J. C. (2014). Food cravings, appetite, and snack-food
consumption in response to a psychomotor stimulant drug: The
moderating effect of “food-addiction”. Frontiers in Psychology,
5, 403. https://doi.org/10.3389/fpsyg.2014.00403.

Fossati, A., Di Ceglie, A., Acquarini, E., & Barratt, E. S. (2001).
Psychometric properties of an Italian version of the Barratt
Impulsiveness Scale-11 (BIS-11) in nonclinical subjects. Journal
of Clinical Psychology, 57(6), 815-828. https://doi.org/10.1002/
jclp.1051.

Gao, X., Zhang, M., Yang, Z., Wen, M., Huang, H., Zheng, R, ...
Zhang, Y. (2021). Structural and functional Brain abnormalities
in internet gaming disorder and attention-deficit/hyperactivity
disorder: A comparative meta-analysis. Frontiers in Psychiatry,
12, 679437. https://doi.org/10.3389/fpsyt.2021.679437.

Gearhardt, A. N., Corbin, W. R, & Brownell, K. D. (2016).
Development of the Yale food addiction scale version 2.0.
Psychology of Addictive Behaviors: Journal of the Society of
Psychologists in Addictive Behaviors, 30(1), 113-121. https://doi.
org/10.1037/adb0000136.

Goodie, A. S., MacKillop, J., Miller, J. D., Fortune, E. E.,
Maples, J., Lance, C. E., & Campbell, W. K. (2013). Evalu-
ating The South Oaks gambling screen with DSM-IV and
DSM-5 criteria: Results from a diverse community sample of
gamblers. Assessment, 20(5), 523-531. https://doi.org/10.
1177/1073191113500522.

Grassi, G., Moradei, C., & Cecchelli, C. (2024). Prevalence and
clinical phenotypes of adult patients with attention deficit hy-
peractivity disorder and comorbid behavioral addictions.

Brought to you by MTA Titkérsdg - Secretariat of the Hungarian Academy of Sciences | Unauthenticated | Downloaded 03/10/25 07:01 AM UTC

Journal of Behavioral Addictions, 13(2), 473-481. https://doi.
0rg/10.1556/2006.2024.00020.

Han, D. H,, Lee, Y. S, Na, C, Ahn, J. Y, Chung, U. S,
Daniels, M. A., ... Renshaw, P. F. (2009). The effect of meth-
ylphenidate on Internet video game play in children with
attention-deficit/hyperactivity disorder. Comprehensive Psychi-
atry, 50(3), 251-256. https://doi.org/10.1016/j.comppsych.2008.
08.011.

Hong, M., Kooij, J. J. S., Kim, B,, Joung, Y. S., Yoo, H. K., Kim, E. J,,
... Bahn, G. H. (2020). Validity of the Korean version of DIVA-5:
A semi-structured diagnostic interview for adult ADHD.
Neuropsychiatric Disease and Treatment, 16, 2371-2376. https://
doi.org/10.2147/NDT.S262995.

Icick, R., Moggi, F., Slobodin, O. Dom, G., Mathys, F,
van den Brink, W., ... ICASA-group (2020). Attention deficit/
hyperactivity disorder and global severity profiles in treatment-
seeking patients with substance use disorders. European
Addiction Research, 26(4-5), 201-210. https://doi.org/10.1159/
000508546.

Jacob, L., Haro, J. M., & Koyanagi, A. (2018). Relationship between
attention-deficit hyperactivity disorder symptoms and problem
gambling: A mediation analysis of influential factors among
7,403 individuals from the UK. Journal of Behavioral Addic-
tions, 7(3), 781-791. https://doi.org/10.1556/2006.7.2018.72.

Kapitany-Fovény, M., Urban, R., Varga, G., Potenza, M. N,
Griffiths, M. D., Szekely, A., ... Demetrovics, Z. (2020). The
21-item Barratt impulsiveness scale revised (BIS-R-21): An
alternative three-factor model. Journal of Behavioral Addictions,
9(2), 225-246. https://doi.org/10.1556/2006.2020.00030.

Karaca, S., Saleh, A., Canan, F., & Potenza, M. N. (2017). Co-
morbidity between behavioral addictions and attention deficit/
hyperactivity disorder: A systematic review. International
Journal of Mental Health and Addiction, 15, 701-724.

Ko, C. H,, Kirdly, O., Demetrovics, Z., Griffiths, M. D., Kato, T. A.,,
Tateno, M., & Yen, J. Y. (2023). Heterogeneity of gaming dis-
order: A clinically-based typology for developing personalized
interventions. Journal of Behavioral Addictions, 12(4), 855-861.
https://doi.org/10.1556/2006.2023.00059.

Koncz, P., Demetrovics, Z., Takacs, Z. K., Griffiths, M. D., Nagy, T.,
& Kirdly, O. (2023). The emerging evidence on the association
between symptoms of ADHD and gaming disorder: A sys-
tematic review and meta-analysis. Clinical Psychology Review,
106, 102343. https://doi.org/10.1016/j.cpr.2023.102343.

Lesieur, H. R., & Blume, S. B. (1987). The South Oaks gambling
screen (SOGS): A new instrument for the identification of
pathological gamblers. The American Journal of Psychiatry,
144(9), 1184-1188. https://doi.org/10.1176/ajp.144.9.1184.

Luijten, M., Schellekens, A. F., Kithn, S., Machielse, M. W., &
Sescousse, G. (2017). Disruption of reward processing in
addiction: An
magnetic resonance imaging studies. JAMA Psychiatry, 74(4),
387-398. https://doi.org/10.1001/jamapsychiatry.2016.3084.

Molina, B. S. G., Kennedy, T. M., Howard, A. L., Swanson, J. M.,
Arnold, L. E., Mitchell, J. T, ... Vitiello, B. (2023). Association
between stimulant treatment and substance use through
adolescence into early adulthood. JAMA Psychiatry, 80(9),
933-941. https://doi.org/10.1001/jamapsychiatry.2023.2157.

image-based meta-analysis of functional


https://doi.org/10.1186/s12888-022-04259-6
https://doi.org/10.1186/s12888-022-04259-6
https://doi.org/10.1556/2006.2021.00074
https://doi.org/10.1556/2006.2021.00074
https://doi.org/10.1111/jcpp.12164
https://doi.org/10.1159/000487767
https://doi.org/10.3389/fpsyg.2014.00403
https://doi.org/10.1002/jclp.1051
https://doi.org/10.1002/jclp.1051
https://doi.org/10.3389/fpsyt.2021.679437
https://doi.org/10.1037/adb0000136
https://doi.org/10.1037/adb0000136
https://doi.org/10.1177/1073191113500522
https://doi.org/10.1177/1073191113500522
https://doi.org/10.1556/2006.2024.00020
https://doi.org/10.1556/2006.2024.00020
https://doi.org/10.1016/j.comppsych.2008.08.011
https://doi.org/10.1016/j.comppsych.2008.08.011
https://doi.org/10.2147/NDT.S262995
https://doi.org/10.2147/NDT.S262995
https://doi.org/10.1159/000508546
https://doi.org/10.1159/000508546
https://doi.org/10.1556/2006.7.2018.72
https://doi.org/10.1556/2006.2020.00030
https://doi.org/10.1556/2006.2023.00059
https://doi.org/10.1016/j.cpr.2023.102343
https://doi.org/10.1176/ajp.144.9.1184
https://doi.org/10.1001/jamapsychiatry.2016.3084
https://doi.org/10.1001/jamapsychiatry.2023.2157

Journal of Behavioral Addictions 13 (2024) 4, 904-912

911

Newcombe, R. G. (1998). Interval estimation for the difference
between independent proportions: Comparison of eleven
methods. Statistics in Medicine, 17(8), 873-890.

Ozgen, H., Spijkerman, R, Noack, M. Holtmann, M,
Schellekens, A. S. A., van de Glind, G,, ... Hendriks, V. (2020).
International consensus statement for the screening, diagnosis,
and treatment of adolescents with concurrent attention-deficit/
hyperactivity disorder and substance use disorder. European
Addiction Research, 26(4-5), 223-232. https://doi.org/10.1159/
000508385.

Park, J. H., Lee, Y. S., Sohn, J. H., & Han, D. H. (2016). Effectiveness
of atomoxetine and methylphenidate for problematic online
gaming in adolescents with attention deficit hyperactivity dis-
order. Human Psychopharmacology, 31(6), 427-432. https://doi.
org/10.1002/hup.2559.

Patton, J. H., Stanford, M. S., & Barratt, E. S. (1995). Factor
structure of the Barratt impulsiveness scale. Journal of Clinical
Psychology, 51(6), 768-774. https://doi.org/10.1002/1097-
4679(199511)51:6<768::aid-jclp2270510607>3.0.c0;2-1.

Pedrelli, P., Blais, M. A., Alpert, J. E,, Shelton, R. C., Walker, R. S., &
Fava, M. (2014). Reliability and validity of the symptoms of
depression questionnaire (SDQ). CNS Spectrums, 19(6), 535-546.
https://doi.org/10.1017/S1092852914000406.

Plichta, M. M., & Scheres, A. (2014). Ventral-striatal responsiveness
during reward anticipation in ADHD and its relation to trait
impulsivity in the healthy population: A meta-analytic review of
the fMRI literature. Neuroscience and Biobehavioral Reviews,
38, 125-134. https://doi.org/10.1016/j.neubiorev.2013.07.012.

Quinn, P. D., Chang, Z., Hur, K., Gibbons, R. D., Lahey, B. B,
Rickert, M. E., ... D’Onofrio, B. M. (2017). ADHD medication
and substance-related problems. The American Journal of Psy-
chiatry, 174(9), 877-885. https://doi.org/10.1176/appi.ajp.2017.
16060686.

Brought to you by MTA Titkérsdg - Secretariat of the Hungarian Academy of Sciences | Unauthenticated | Downloaded 03/10/25 07:01 AM UTC

Retz, W, Ringling, J., Retz-Junginger, P., Vogelgesang, M, &
Rosler, M. (2016). Association of attention-deficit/hyperactivity
disorder with gambling disorder. Journal of Neural Trans-
mission (Vienna, Austria: 1996), 123(8), 1013-1019. https://doi.
0rg/10.1007/s00702-016-1566-x.

Salerno, L., Burian, I, & Pallanti, S. (2017). A new generation rating
scale for depression: Reliability and validity of the Italian
version of symptoms of depression questionnaire (SDQ), an
RDoC-oriented depression comprehensive assessment. Journal
of Psychopathology, 23(4), 160-171.

SPSS, 1. (2017). IBM corp. Released, Statistics for windows, version
25.0. Armonk, NY: IBM Corp.

Theule, J., Hurl, K. E., Cheung, K., Ward, M., & Henrikson, B.
(2019). Exploring the relationships between problem gambling
and ADHD: A meta-analysis. Journal of Attention Disorders,
23(12), 1427-1437. https://doi.org/10.1177/1087054715626512.

Wang, B. Q,, Yao, N. Q,, Zhou, X, Liu, ], & Lv, Z. T. (2017). The
association between attention deficit/hyperactivity disorder and
internet addiction: A systematic review and meta-analysis. BMC
Psychiatry, 17(1), 260. https://doi.org/10.1186/s12888-017-1408-x.

Wang, J. L., Yin, X. Q,, Wang, H. Z, King, D. L., & Rost, D. H.
(2024). The longitudinal associations between internet addic-
tion and ADHD symptoms among adolescents. Journal of
Behavioral Addictions, 13(1), 191-204. Published 2024 Jan 9.
https://doi.org/10.1556/2006.2023.00080.

Werling, A. M., Kuzhippallil, S., Emery, S., Walitza, S, &
Drechsler, R. (2022). Problematic use of digital media in chil-
dren and adolescents with a diagnosis of attention-deficit/hy-
peractivity disorder compared to controls. A meta-analysis.
Journal of Behavioral Addictions, 11(2), 305-325. Advance
online publication. https://doi.org/10.1556/2006.2022.00007.

Young, K. S. (2009). Internet addiction: The emergence of a new
clinical disorder. Cyberpsychology & Behavior, 1(3). https://doi.
0rg/10.1089/cbp.1998.1.237.


https://doi.org/10.1159/000508385
https://doi.org/10.1159/000508385
https://doi.org/10.1002/hup.2559
https://doi.org/10.1002/hup.2559
https://doi.org/10.1002/1097-4679(199511)51:6%3c768::aid-jclp2270510607%3e3.0.co;2-1
https://doi.org/10.1002/1097-4679(199511)51:6%3c768::aid-jclp2270510607%3e3.0.co;2-1
https://doi.org/10.1017/S1092852914000406
https://doi.org/10.1016/j.neubiorev.2013.07.012
https://doi.org/10.1176/appi.ajp.2017.16060686
https://doi.org/10.1176/appi.ajp.2017.16060686
https://doi.org/10.1007/s00702-016-1566-x
https://doi.org/10.1007/s00702-016-1566-x
https://doi.org/10.1177/1087054715626512
https://doi.org/10.1186/s12888-017-1408-x
https://doi.org/10.1556/2006.2023.00080
https://doi.org/10.1556/2006.2022.00007
https://doi.org/10.1089/cbp.1998.1.237
https://doi.org/10.1089/cbp.1998.1.237

Appendix

8Z8L

Table Al. Spearman’s correlation analysis between IAT and BIS-11, BAARS-IV and SDQ score pre-post-treatment changes
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M SD 1 2 3 4 5 6 7 8 9 10 1 12 13 4 15 16 17 18 19
L IAT 786 1131 -
2.BIS-11 Total 316 621 013 -
3. BIS-11 181 550 034 070 -

Inattention A
4. BIS-11 Motor  1.08 339 0.15  0.36 0.14 -
5. BIS-11 Non 0.05 507 —-034 034 015 —0.27 -

= Planning _

= 6. BAARS-IV 1081 1133 027 042 039 039 —014 -

= Total .

5 7. BAARS-TV 686 620 026 013 026 032 —031 083 -

5 Inattention B i .

& 8. BAARS-IV 165 343 012 048 029 020 013 075 048 -

Hyperactivity L .

b 9. BAARS-IV 135 676 0.3 059 048 036 —0.03 057 026 051 -

é Impulsivity

g 10. BAARS-IV 408 668 035 029 052 —013 —009 045 042 042 043 -
SCT

11. SDQ Total ~ 18.21 30.39 0.35i —0.14 0.08 —0.08 —0.17 0.04 0.13 —0.08 —0.11 0.32 -
12. SDQ Mood 11.46 15.01 034 —0.18 0.04 —-0.09 —-0.22 —0.02 0.08 —-0.12 —0.17 0.22 0.88H - .
13.SDQ Anxiety 4.16 1224 036 —0.09, 0.12 —-0.11 -0.19 0.03 0.08 —0.01 —0.11 028 066 090 -
14. SDQ Suicidal 2.30 5.06 0.11 -036 —021 —0.13 —0.11 —0.07 006 —0.29 —0.27 0.05 0.66 079" 0.69 -
Ideation B B X i
15. SDQ Sleep 035 2.81 008 —0.07 0.06 —0.04 0.03 0.16 0.15 0.08 —0.13 0.04 0.44 0.50 0.40 0.35 -
16. SDQ App/ —0.32 2.80 —0.26 0.37 0.19 035 004 —0.07 —011 —0.11 0.02 —-0.22 -0.15 —0.09 -0.14 —0.12 017 -
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Weight

17. Age 30.16 8.53 —023 —0.01 —0.06 0.12 -0.13 0.04 0.05 0.10 014 -0.15 —-032 —-0.13 —-0.01 —0.13 0.08 0.20 -
18. Years 15,51 2.48 0.17 0.12 0.19 0.09 —-0.24 0.20 0.21 0.27 0.03 0.04 —023 —-0.10 -—-0.01 —-0.12 0.14 0.06 047 -
Education

19. MPX Dose  32.16 821 —0.11 —-0.10 -0.30 —0.01 0.03 —0.01 —0.23 009 -0.01 -030 -0.04 -0.12 -017 -0.17 -0.10 —0.19 —-0.12 —0.28 -

IS
o
<)
92
a
o)
@
%

Note. *p < 0.05. **p < 0.001. IAT = Internet Addiction Test; BAARS-IV = Barkley Adult ADHD Rating Scale-IV; BIS-11 = Barratt Impulsiveness Scale, version 11;
SDQ = Symptoms of Depression Questionnaire.
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