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Abstract

Attention-deficit-hyperactivity disorder (ADHD) is the most commonly diagnosed childhood disorder characterised by inatten-
tion, hyperactivity/impulsivity, or both. Some of the key traits of ADHD have previously been linked to addictive and problem-
atic behaviours. The aim of the present study was to examine the relationship between problematic mobile phone use, smartphone
addiction risk and ADHD symptoms in an adult population. A sample of 273 healthy adult volunteers completed the Adult
ADHD Self-Report Scale (ASRS), the Mobile Phone Problem Usage Scale (MPPUS), and the Smartphone Addiction Scale
(SAS). A significant positive correlation was found between the ASRS and both scales. More specifically, inattention symptoms
and age predicted smartphone addiction risk and problematic mobile phone use. Our results suggest that there is a positive
relationship between ADHD traits and problematic mobile phone use. In particular, younger adults with higher level of inatten-
tion symptoms could be at higher risk of developing smartphone addiction. The implication of our findings for theoretical

frameworks of problematic mobile phone use and clinical practice are discussed.

Keywords Smartphone addiction - Problematic mobile phone use - ADHD - Inattention

Introduction

Smartphones have become an integral part of our lives.
According to recent statistical reports, the number of
smartphone users estimated for 2017 exceeded 2.3 billion
and users were expected to exceed 5 billion by 2019
(Carvalho et al. 2018). Previous studies found that 15% of
young American adults between 18 and 29 years of age heavi-
ly depend on their smartphones for online access and that 46%
consider their smartphone essential (Smith 2015). Smartphone
use has been affecting our daily routines, habits, social behav-
iours and interactions. However, research investigating
smartphone use and how it is changing people’s lives is still
at a very early stage. Existing evidence suggests that both
positive and negative outcomes have been associated with
mobile phone use. For example, smartphones provide many
benefits to healthcare professionals, such as better clinical
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decision-making and clinical outcomes for the patients
(Ventola 2014). Smartphones also can increase the user’s
sense of confidence, provide amusement, socialisation, and
improve daily life productivity (Jung 2014).

Despite the benefits, excessive mobile phone use has been
linked to a number of negative effects such as sleep distur-
bances, stress, anxiety, withdrawal, and deterioration in well-
being, decreased academic performance and decreased phys-
ical activity (Thomée et al. 2011; Lastella et al. 2020;
Tangmunkongvorakul et al. 2019). Studies suggest that mo-
bile phone overuse can also lead to a number of psychological
disorders (Thomée et al. 2011; Beranuy et al. 2009; Dhir et al.
2018; Hawi and Rupert 2015; Lee et al. 2014b) and it can have
anegative impact on daily life by affecting life satisfaction and
academic performance (Samaha and Hawi 2016). Previous
studies have found positive associations between scores in
smartphone addiction scales and social phobia, depression,
anxiety, and daytime dysfunction scores in young adult pop-
ulations (Demirci et al. 2015; Elhai et al. 2017; Dhir et al.
2018; Panova et al. 2019; Enez Darcin et al. 2016).

The increasing number of individuals affected by non-
chemical addictions has resulted in the inclusion of “Internet
Gaming Disorder” in the latest version of the Diagnostic and
Statistical Manual of Mental Disorders, DSM-V (American
Psychiatric Association 2013). In addition, substance abuse
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use and internet addiction might share similar family factors
(Yen et al. 2007). Since most users access the internet and can
even play online games using their phones, smartphones can
lead to problematic use and disrupt an individual’s function-
ing in various settings (e.g. social, academic) (Smith et al.
2015). Terms such as ‘smartphone addiction’, ‘problematic
mobile phone use’, ‘compulsive mobile phone use’, and ‘mo-
bile phone overuse’ have been used to describe excessive
mobile phone use (Al-Barashdi et al. 2015). In this study
problematic mobile phone use and smartphone addiction is
used to refer to individuals engrossed in their mobile phone/
smartphone to the extent that they neglect other areas of life.

A number of factors have been associated with smartphone
addiction and problematic mobile phone use including impul-
sivity (Zhang et al. 2015; Cao et al. 2007), personality traits
(Beranuy et al. 2009; Aboujaoude 2010), and mental health
problems (Enez Darcin et al. 2016). In particular, Attention
Deficit Hyperactivity Disorder (ADHD) has been repeatedly
linked to addiction (Harstad and Levy 2014; Biederman et al.
1999). ADHD is a behavioural disorder defined by either an
attentional dysfunction, hyperactive/impulsive behaviour or
both (DSM-V; American Psychiatric Association 2013).
Symptoms of ADHD persist into adulthood in half of the
children diagnosed (Spencer et al. 2002).

Some of the key traits of ADHD have previously been
linked to addictive behaviours. In particular, individuals with
ADHD have higher levels of impulsivity and are more prone
to boredom (Kass et al. 2003). These behaviours have been
associated with addiction (Zhang et al. 2015; Elhai et al.
2018). Several studies have investigated the relationship be-
tween ADHD and addiction and suggest that the condition
seems to be linked to substance use dependence (Crunelle
et al. 2013; Young et al. 2015) as well as behavioural addic-
tions (Yen et al. 2009). Individuals with ADHD demonstrate
problematic behaviours with many forms of interactive media
(Zhang et al. 2015).

One of the main symptoms of ADHD, impulsivity, has
been linked to smartphone addiction (Kim et al. 2016;
Wilmer and Chein 2016). Several studies investigating prob-
lematic use of different types of media have found a positive
relationship between ADHD and problematic use (Cho et al.
2008; Ko et al. 2009; Yoo et al. 2004; Panagiotidi 2017).
More specifically, Ko et al. (2008) found that students with
internet addiction are more likely to have adult ADHD. In
addition to this, problematic use of technology has been ob-
served in individuals with high level of ADHD traits but with-
out a diagnosis (Panagiotidi 2017; Panagiotidi and Overton
2018). Smartphones combine various media features in one
device (e.g. games, internet). This could result in a positive
association between ADHD and problematic smartphone use.

Even though a number of studies have been conducted on
problematic mobile phone use, there is a lack of clear theoret-
ical frameworks that allows understanding its cause.

@ Springer

Problematic mobile phone use is mostly considered as a form
of behavioural addiction and most attempts to explain its
cause draw from models of internet addiction. Billieux
(2012) proposed a theoretical framework for problematic mo-
bile phone use, which takes account of both personality and
individual factors as well as behavioural addiction. According
to the integrative model, there are four pathways that can lead
to problematic mobile phone use; an impulsive pathway, a
relationship maintenance pathway, an extraversion pathway
and a cyber-addiction pathway (Billieux 2012). According
to this model, ADHD symptoms are included in the impulsiv-
ity pathway. This further suggests that there is a positive rela-
tionship between ADHD and problematic mobile phone use.

ADHD symptomatology can be viewed dimensionally,
with inattentive and hyperactive-impulsive symptoms distrib-
uted continuously in the general population (Panagiotidi
2017; Hudziak et al. 1998; Panagiotidi et al. 2017a;
Panagiotidi et al. 2017b). Consequently, higher levels of
ADHD symptoms could potentially predict smartphone ad-
diction risk and problematic mobile phone use. To our knowl-
edge, no study has investigated the relationship between
smartphone addiction and ADHD traits in an adult population.
The main aim of this study was to examine the contribution of
inattention and hyperactivity, as well as overall ADHD traits,
to smartphone addiction and problematic mobile phone use.
We hypothesized that there would be a positive correlation
between level of ADHD traits and problematic mobile phone
use and smartphone addiction risk.

Method
Participants

273 participants took part in the study (59.9% female, 2%
non-binary/other). The mean age was 31.37 (SD=12.17,
Range = 18-70). Most of the participants were British
(84.3%) and all were native or excellent English speakers.
39.2% of the participants had an undergraduate degree,
17.9% had a postgraduate degree, and the rest of the partici-
pants did not have a degree. Participants were recruited via the
University of Sheffield list of volunteers after receiving a per-
sonal email or social media (e.g. Twitter). Only individuals
who owned a smartphone were invited to take part in the
study. Participants completed the study online on Qualtrics.

Materials and Procedure

The study took place online. Participants were recruited via
the University of Sheffield list of volunteers, which has max-
imum exposure of 8306 individuals from a range of back-
grounds. A link to the study was provided in the email sent
to the list. After providing consent, participants completed a
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number of questionnaires listed below and demographic ques-
tions (e.g., age, gender, education). The completion of the
study took 20-30 min.

Smartphone Addiction Scale

The smartphone addiction scale (SAS; Kwon et al. 2013)
measures the level of risk for smartphone addiction. It consists
of 6 factors and 33 items with a six-point Likert scale (1:
“strongly disagree” and 6: “strongly agree”). Some example
items from the SAS are the following: “missed planned work
due to smartphone use”, “using my smartphone longer than I
intended”). The six factors measured by SAS are: daily-life
disturbance, positive anticipation, withdrawal, cyberspace-
oriented relationship, overuse, and tolerance. The score in
the SAS can range between 33 and 198. The internal consis-
tency of the scale in our study was good (a =.96). This was
consistent with previous research (Kwon et al. 2013).

Problematic Mobile Phone Use

The Mobile Phone Problem Usage Scale (MPPUS; Bianchi and
Phillips, 2005) was administered to measure problematic mobile
phone use. It consists of 27 items exploring aspects of behaviour-
al and technological addiction with a focus on problematic mo-
bile phone use (e.g., “I feel uneasy when my mobile phone is out
of battery”, “I am finding myself permanently checking my mo-
bile phone™). The items are scored on a 10-point Likert-type scale
with 1 (not at all true) and 10 (very true). Scores on the MMPUS
can range between 27 and 270. The internal consistency reliabil-
ity of the scale was excellent (.94), consistent with previous
studies (Bianchi and Phillips 2005).

ADHD Traits

ADHD traits were measured with the Adult ADHD Self-
Report scale (ASRS, Kessler et al. 2005). The ASRS consists
of 18 items based on the DSM-IV criteria. The scores obtained
through the ASRS have been found to be predictive of symp-
toms consistent with ADHD (Kessler et al. 2005; Reuter et al.
2006). Subjects are asked to report how often they experience
each symptom in a period of 6 months on a five-point Likert
scale, which ranges from 0 for never, 1 for rarely, 2 for some-
times, 3 for often, and 4 for very often (Kessler et al. 2005;
Reuter et al. 2006). The ASRS has a two-factor structure
which includes an Inattention scale and a Hyperactivity/
impulsivity scale. Each subscale contains nine items (e.g.,
“How often do you have problems remembering appoint-
ments or obligations?”, “How often do you interrupt others
when they are busy?”). Scores on the ASRS can range be-
tween 0 and 72. The reliabilities (Cronbach’s alpha) for the
two subscales of inattention (.75) and impulsivity (.77) as well
as for the total ASRS (.85) were satisfactory.

Other Measures

Participants were asked to list the type of online and gaming
activities they engage in most often using their phones (e.g.
surfing the net, online shopping, social networking).
Participants were also asked what type of device the own
and how many years they owned a mobile phone.

Statistical Analysis

Data were analysed using SPSS 25. Gender differences be-
tween ASRS scores, Inattention and Hyperactivity ASRS sub-
scales, MPPUS, SAS scores were analysed with independent
samples t-tests. Correlations amongst the variables of interest
were examined by Pearson correlation analysis. Finally, mul-
tiple linear regression analysis was conducted to examine the
contribution of ADHD symptoms in problematic phone use
and smartphone addiction risk.

Results
Descriptive Analyses

The mean score on the SAS was 78.8 (SD=30.4, Min =33,
Max = 175). Scores on the MPPUS varied from 27 to 210 and
the mean was 95.39 (SD =38.4). Scores in both scales were
normally distributed as revealed by the Lilliefors test statistic
(p>.05). There was a strong positive correlation between the
SAS and the MPPUS scores (r=.87, p <.001).

Age was negatively correlated with SAS scores (r=-.32)
and MPPUS (r=-.36), suggesting that younger participants
had more signs of problematic mobile phone use. There was a
significant difference between males and females in both SAS
and MPPUS scores, t=-2.4, p<.05 and t=-2.3, p<.05,
respectively. Females reported higher levels of smartphone
addiction risk (M =82.3, SD=29.25) compared to males
(M=172.02, SD =30). Females also reported more problemat-
ic mobile phone usage (M =99.7, SD = 37.8) than males (M =
86.3, SD=37.5). No relationship was found between level of
education and SAS or MPPUS scores.

The average score on the ASRS was 32.8 (SD=9.44,
range = 57). Participants reported more inattentive than hyper-
active symptoms; the mean on the ASRS Inattentive subscale
was 18 (SD=15.5) compared to 14.8 (SD=5.6) on the
Hyperactive/impulsive subscale. The two subscales were pos-
itively correlated, » = .45. No gender differences were found in
the ASRS scores and in any subscales. A weak negative cor-
relation was found between age and ADHD traits (r=—.17,
p <.05), with older participants reporting fewer ADHD

symptoms.
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Relationship Between ADHD Traits, Problematic
Mobile Phone Use, and Smartphone Addiction Risk

The relationship between ASRS, SAS, and MPPUS was ex-
amined. Moderate correlations were found between overall
ADHD traits and both the SAS and MPPUS. In particular,
there was a positive relationship between ASRS and total
SAS scores, = .43 p <.001. A similar relationship was found
between the ASRS and the MPPUS, »= .43, p <.001).

The relationship between ASRS subscales and mobile
phone use was also investigated. Inattention scores positively
correlated with both the SAS and the MPPUS, r= .44 and
r=.44, p<.001 respectively. A positive association was also
found between the hyperactivity subscale of the ASRS and
SAS and MPPUS scores, »=.29 and r=.3, p<.001,
respectively.

The relationship between ADHD traits and smartphone
addiction risk was investigated further by examining the cor-
relations between ASRS and its subscales and the six sub-
scales of the SAS; Daily Life Disturbance, Positive
Anticipation, Withdrawal, Cyberspace Oriented
Relationships, Overuse, and Tolerance. All six subscales sig-
nificantly correlated with overall ASRS scores, as well as
Inattention and Hyperactivity scores. The results are presented
in detail on Table 1.

To determine the relative contribution of these variables to
the MPPUS score, a simultaneous multiple linear regression
(Enter method) was conducted with MPPUS score as the de-
pendent variable and the following independent variables;
ASRS Inattention subscale, ASRS Hyperactivity subscale,
and age (Table 2). The regression equation was statistically
significant, F' (3, 272)=38.18, p <.001. The results indicated
that Inattention scores (b = .4, t=6.53, p<.001) and age (b=
-3, t=-6.4, p<.001) remained significant predictors of
MPPUS. Overall ASRS score and Hyperactivity were not
significant predictor of MPPUS scores (p >.05), when

Table 2 Summary of simultaneous linear regression analysis for
variables predicting MPPUS score

Model
Variable B SE(B) I3
ASRS inattention 2.6 A7 Ak
ASRS hyperactivity .53 46 .08
Age —-.96 .19 =3k
R 35
F for change in R? .01
*p<.05
*¥p<.01

controlling for the above variables. The model could predict
35% of the variance in self-reported problematic mobile use.
Multiple linear regression (Enter method) was performed
utilising the SAS total scores as the criterion and ASRS sub-
scale scores (Inattention and Hyperactivity), and age as pre-
dictors to determine if ADHD traits and age could predict SAS
scores (Table 3). A significant regression equation was found
F (3, 272)=28.23, p<.001. Only Inattention (b=.38, t=
6.67, p<.001) and age (b =—.26, t=—6.3, p <.001) were sig-
nificant predictors of smartphone addiction risk. Overall
ASRS score and Hyperactivity were not significant predictor
of SAS scores (p>.05). This multiple regression accounted
for 35.2% of the variability, as indexed by the R2 statistic.

Discussion

In this study, we examined the relationship between ADHD
traits, problematic mobile phone use, and smartphone addic-
tion risk in the general population. Our findings indicate that
higher levels of ADHD symptoms are associated with

Table 1 Correlations among and descriptive statistics for ASRS and SAS subscales

M (SD) 1 2 3 4 5 6 7 8 9 10
1. ASRS 32.8(9.44) — 85w BSR4k B AlFE 38k 30%k 30k 43k
2. ASRS inattention 18 (5.5) - ASEE ADHE 33k gk 39%E 46k 39wk 44
3. ASRS hyperactivity 14.8 (5.6) - Rico A9k 3k D7 Dk Dk 3wk
4. SAS daily life disturbance 11.2 (5.5) - 627k J5kE QT .69 g#*
5. SAS positive anticipation 14.74 (5.24) - 68%F 6% 63%F 5D THE
6. SAS withdrawal 20.54 (9.21) - J9EE - 72EE - 66% 78
7. SAS cyberspace oriented relationship ~ 14.8 (6.7) - JTEE 6 T
8. SAS overuse 13.18 (5.23) - o5k 8**
9. SAS tolerance 6.8 (3.52) - 79k
10. MPPUS 95.39 (38.4) -

Notes. N =202 for all reported data, ** p <.001
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Table 3 Summary of simultaneous linear regression analysis for
variables predicting SAS score

Model
Variable B SE(B) 1]
ASRS inattention 2.1 .38 38k
ASRS hyperactivity 42 .37 .08
Age —.66 .15 —26%*
R 35
F for change in R? .01
*p<.05
**p<.01

increased smartphone addiction risk and level of problematic
mobile phone use. This is consistent with previous research on
children and adolescents (Byun et al. 2013). Inattention symp-
toms and age were the best predictors of problematic use and
addiction risk; younger individuals with more self-reported
inattention symptoms had higher levels of smartphone addic-
tion symptoms and general problematic phone use. These
findings suggest that subclinical ADHD symptoms, especially
inattention symptoms, could contribute to problematic tech-
nology usage in adults.

There are a few possible explanations for the positive relation-
ship between ADHD traits, especially inattention, and problem-
atic mobile phone use. A link has been found between symptoms
in ADHD, such as distractibility and ability to supress irrelevant
information, and multitasking (Ophir et al. 2009). In particular,
mobile phones encourage multicommunicating, a form of multi-
tasking, which involves engaging in two or more overlapping
synchronous conversations (Reinsch et al. 2008). Previous stud-
ies have shown a positive relationship between
multicommunicating and ADHD symptoms (Seo et al. 2015).
Another feature related to ADHD and problematic mobile phone
use is sensation-seeking personality (Parker et al. 2004; Leung
2008; Pironti et al. 2016). Sensation seeking refers to a person-
ality trait defined as need for novel, varied, and complex experi-
ences and sensations, and willingness to take risks in order to
achieve this (Pironti et al. 2016). Adults with ADHD compared
with controls and relatives have higher levels of sensation seek-
ing traits, especially boredom susceptibility (Parker et al. 2004;
Pironti et al. 2016). This could potentially lead to problematic
mobile phone use through engaging in multiple activities (e.g.
social media, instant messaging).

The mean scores on the SAS in our study was 78.8, which
is slightly lower than scores reported by other researchers
(Kwon et al. 2013; De-Sola Gutiérrez et al. 2016). This dif-
ference could be the result of the more diverse group recruited
in our study. Previous research has been focussed on younger
samples (mainly college students), while in our study partici-
pants were recruited from the general population and the mean

age was 31.37. Age has been shown to negatively correlate
with problematic mobile phone use and behavioural addic-
tions in general (Shaw and Black 2008). Another potential
explanation for this finding could be potential geographical
and cultural differences. Previous research suggests that pop-
ulations in East Asian countries report higher levels of prob-
lematic mobile phone use and mobile internet dependence
than western populations (Ching et al. 2015; Shin 2014). In
South-East Asian countries, however, the adverse impact of
smartphone addiction has been taken seriously and has led to a
series of studies and social work by the government and health
care givers to curb and alleviate the problem (Mok et al.
2014).

Individuals with more ADHD symptoms, particularly inatten-
tion symptoms, reported a higher level of problematic phone use
and smartphone addiction risk. Examining the relationship be-
tween ADHD scores and different aspects of smartphone addic-
tion did not reveal any differences. Higher levels of ADHD
symptoms were associated with problematic use in all the sub-
scales of SAS. This suggests that individuals with more self-
reported ADHD symptoms show higher levels of daily life dis-
turbance by their smartphone use and exhibit more withdrawal
and overuse symptoms. Billieux (2012) proposed an integrative
pathway model of problematic mobile phone use, suggesting
four pathways of problematic mobile phone use. ADHD symp-
toms would be part of the impulsive pathway, which would lead
to antisocial patterns of use. In our study, ADHD traits appear to
be associated with different types of problematic use, including
an addictive pattern of use. Future studies should examine poten-
tial relationships between ADHD symptoms and antisocial pat-
terns of smartphone use.

The findings of this study have important implications for
researchers investigating problematic mobile phone use as
they provide further evidence for a role of ADHD symptom-
atology as a risk factor in behavioural addictions.
Furthermore, our results should be taken into account when
developing potential interventions for ADHD. In particular,
future research should examine whether mobile phone restric-
tions or monitoring can be beneficial in individuals with
ADHD symptoms. In addition to this, the relationship be-
tween inattention symptoms and smartphone addiction risk
should be considered when developing interventions, which
require smartphone use, such as mobile health applications
(e.g., Schoenfelder et al. 2017).

This study has the following limitations. First, the method-
ology of our study does not allow us to examine whether the
relationship between ADHD symptoms and mobile phone use
is causal, since it is cross-sectional. Future research should
establish whether inattention traits lead to increased risk of
addictive mobile phone use or whether high levels of mobile
phone use can affect inattention levels. Another limitation of
our study is that it relied solely on self-reports. In particular,
problematic smartphone use was measured using
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questionnaires and not an empirical measurement. It is worth
noting, however, that studies have found strong correlations
between self-reports of mobile phone use and empirical mea-
surements (e.g. using specifically designed applications) (Lee
etal. 2014a). Finally, our study used a non-clinical population.
However, our findings are similar to those obtained in studies
with clinical populations (Zhang et al. 2015). This further
supports the dimensional theory of ADHD and shows that
using subclinical populations could provide us with informa-
tion of clinical relevance.

To our knowledge, this is the first study to investigate the
relationship between ADHD traits, smartphone addiction risk,
and problematic mobile phone use. A significant positive cor-
relation was found between ADHD symptoms, smartphone
addiction risk, and problematic mobile phone use. In particu-
lar, younger adults with higher level of inattention symptoms
could be at higher risk of developing smartphone addiction.
The present results are expected to contribute to expanding the
behavioural addiction field and to facilitate further research
into its clinical implications.
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