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ARTICLE INFO ABSTRACT

Introduction: Smartphones are ubiquitous in the digital society. Although this powerful device is useful because
it supports and simplifies many tasks in everyday life, a growing number of researchers is concerned that smart-
phones might have detrimental effects on the human brain and related psychological processes. Evidence indi-
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WhatsApp cates that social media platforms such as WhatsApp and Facebook are essential drivers of smartphone usage.
IEZCMeEOOk Thus, a critical, yet unexplored issue is how excessive use of those platforms is related to Smartphone Use Disor-

der (SUD). Furthermore, since the role of life satisfaction and fear of missing out (FoMo) has been demonstrated
to be of particular importance for Internet Use and Internet Communication Disorder, those constructs were ex-
amined in the context of SUD.

Methods: In total, n = 2299 participants filled in questionnaires assessing SUD, WhatsApp and Facebook Use Dis-
order, FOMO, life satisfaction, and reported owning a WhatsApp and Facebook account.

Results: The study revealed that SUD was linked to WhatsApp Use Disorder, and to a lesser extent, to Facebook
Use Disorder. Associations between SUD and WhatsApp Use Disorder were most strongly pronounced in females.
Additionally, FoMo predicted SUD, WhatsApp, Facebook Use Disorder, and (fully) mediated the relationship be-
tween life satisfaction and those variables.

Conclusion: The findings of the present study suggest that WhatsApp use plays an important role to understand
SUD. Regarding the mediating role of FoOMO, the present work might help disentangle inconsistent results on the
link between life satisfaction and (excessive) SNS use.

Life satisfaction

1. Introduction

Smartphones are ubiquitous in modern societies and have dramat-
ically changed how humans communicate and entertain themselves.
According to latest statistics, 2.50 billion humans use a smartphone
(Statista, 2018a). In other words, currently about a third of the world's
population uses this device. In works from the research field of Psy-
choinformatics it has been demonstrated that the average smartphone
user spends about 2.5h on the phone each day with
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more than half an hour of WhatsApp usage (Montag et al., 2015). There-
fore, more than one work day is spent on the phone each week, with
several hours using WhatsApp only. Considering a growing body of sci-
entific observations showing that humans spend time on their smart-
phones and the Internet mostly for leisure, rather than business pur-
poses (Montag et al., 2018; Sariyska et al., 2014), it becomes evident,
that much of this spent time could be invested in more meaningful ac-
tivities, such as direct interactions between parents and their children.
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Although the smartphone has many positive aspects (e.g., it facili-
tates access to information from nearly everywhere), a growing number
of scientists is concerned that excessive usage of the smartphone might
have detrimental effects on our brains and well-being. It has been ar-
gued that constant interruptions due to incoming messages might result
in loss of productivity (Duke & Montag, 2017b) and first longitudinal
studies demonstrated that smartphone usage characterized by frequent
interruptions might result in ADHD-like (Attention Deficit Hyperactivity
Disorder) behavioral tendencies (Hadar et al., 2017; Kushlev, Proulx, &
Dunn, 2016). In addition, a recent work suggests a link between Smart-
phone Use Disorder® (SUD*) and lower empathy and life satisfaction
(Lachmann et al., 2018), relationships which are likely mediated by
stress (Samaha & Hawi, 2016). However, potential causal pathways be-
tween these variables have not been established until now.

Mounting evidence further shows that overuse of smartphones in the
evening might result in lower sleep quality and in some cases also in
work depletion in the morning (Lanaj, Johnson, & Barnes, 2014). Re-
cent work shows that the smartphone lying on the desk, when we need
to concentrate on a task on the computer screen, can result in reduced
cognitive capacity (Ward, Duke, Gneezy, & Bos, 2017). Although, it is
currently not clear if SUD merits being recognized as a mental health
disorder (see the recent development to include the related term Inter-
net Gaming Disorder (IGD) in Section III of DSM-5 and Gaming Disor-
der, predominantly online in ICD-115), overuse of smartphones clearly
can cause severe problems. Moreover, Internet Use Disorder (IUD) and
SUD overlap to some extent (e.g. see Montag, Sindermann, Becker, &
Panksepp, 2016; Duke & Montag, 2017a) and therefore the scientific
community has to develop a framework explaining if and how mobile
Internet use devices differ from the non-mobile Internet use platforms
such as a desktop computer.

Moreover, the contribution of problematic use of different applica-
tions on the smartphone for the development of SUD has hardly been
investigated. Therefore, the aim of the present study is to examine the
overlap between SUD and tendencies towards problematic use of social
network applications. Additionally, to investigate further factors asso-
ciated with SUD, we also investigated the role of Fear of Missing Out
(FoMO) and life satisfaction in the context of SUD and different social
media applications.

2. Related work

Humans are not addicted to the smartphone per se; rather, addiction
typically refers to applications or functions provided by the smartphone
(Pontes, Szabo, & Griffiths, 2015). Again, for a discussion on the over-
lap between the terms IUD and SUD please see the work by Duke and
Montag (2017a).

3 This term will be used as a synonym to smartphone addiction or excessive smartphone
use, and in accordance with the inclusion of (Internet) Gaming Disorder to Section
III of DSM-5 (American Psychiatric Association, 2013) and to ICD-11 (World Health
Organization, Beta Draft, 2018), and to Brand, Young, Laier, Wolfling, and Potenza
(2016), where the term Internet Use Disorder was introduced for the first time. Please note
that many authors currently prefer the term problematic smartphone use (Elhai, Dvorak,
Levine, & Hall, 2017; Hussain, Griffiths, & Sheffield, 2017). So when referring to SUD in
our paper, we also take into account studies from other groups investigating smartphone
addiction, problematic smartphone use and so forth.

4 The following abbreviations will be used throughout the article: SUD = Smartphone
Use Disorder; IUD = Internet Use Disorder; IGD = Internet Gaming Disorder;
ICD = Internet Communication Disorder; FOMO = Fear of Missing Out.

5 ICD-11 (International Statistical Classification of Diseases and Related Health
Problems, a medical classification list by the World Health Organization) Beta Draft: https:
//icd.who.int/dev11/l-m/en.
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Theoretical frameworks to understand SUD are largely lacking, how-
ever, a few attempts have been made to better describe the phenome-
non and its antecedents and consequences. Soror, Hammer, Steelman,
Davis, and Limayem (2015) proposed a theoretical model to explain the
negative consequences of mobile phone use, based on dual system the-
ories. In this theoretical framework it is suggested that a conflict be-
tween the reflexive/automatic system (e.g. respond to a message when
we hear our phone rings) and the reflective/control system (e.g. mon-
itor if the situation is appropriate — phoning while driving) influence
mobile phone use and in turn, can explain potential negative conse-
quences due to the use of mobile phones. The authors demonstrated
this link by examining the relationship between habits, related to mo-
bile phone use, self-regulation and the negative consequences of mo-
bile phone use. Another theoretical model was proposed by Billieux,
Maurage, Lopez-Fernandez, Kuss, and Griffiths (2015) and describes
three pathways which are linked to mobile phone use. According to
the excessive reassurance pathway individuals with high anxiety and low
self-esteem will experience the need for reassurance which could lead to
excessive use of mobile phones. The impulsive pathway is characterized
by low self-control, which might lead to problematic mobile phone use
(accompanied by addiction symptoms), antisocial pattern of use (e.g. cy-
berbullying) or risky mobile phone use (e.g. using the smartphone while
driving). Finally, the extraversion pathway is suggested to lead to addic-
tive outcomes in extraverted individuals who have the constant need
to socialize with others. However, here also the traits of high sensation
seeking and high reward sensitivity are described as risk factors and
linked to risky or antisocial use of mobile phones.

Elhai et al. (2017) summarize existing theoretical models on SUD,
based on the role of positive and negative reinforcement. The authors
propose that positive reinforcement is often linked to mood enhance-
ment. Negative reinforcement, on the other hand, is described in theo-
retical models which highlight the role of habit formation (see model
by Duke & Montag, 2017a), seeking excessive reassurance (Billieux et
al., 2015) or the unwillingness to miss important information (known as
FoMO; Przybylski, Murayama, Dehaan, & Gladwell, 2013). Last but not
least, the pathways extraversion and impulsivity described by Billieux et
al. (2015) can be assigned to models depicting both positive and nega-
tive reinforcement.

The importance of social media applications to understand smart-
phone behavior is confirmed by statistics. Major drivers of smartphone
usage are social network applications such as Facebook, WhatsApp,
or WeChat in China. While Facebook (56%) and WhatsApp® (55%)
are the leading messengers worldwide, WeChat (a Chinese applica-
tion which serves as a messenger and a social platform, but also al-
lows payment services) is the most popular one in China based on
the number of memberships (Frobes, 2016). The use of social net-
working sites (SNS) is a particularly popular activity on smartphones
since nearly 80% of time with SNS is spent using mobile technolo-
gies (Marketing Land, 2016). A study by Montag, Zhao, et al. (2018)
demonstrated that WeChat might be used in a problematic/uncon-
trolled manner. In particular, tendencies towards problematic WeChat
use were linked to smaller gray matter volume of the subgenual an-
terior cingulate cortex, a region which was shown to be of relevance
in the context of other addictive behaviors. Additionally, the frequency
of paying with WeChat was associated with smaller gray matter vol-
umes of the nucleus accumbens, a region of particular

6 Please note that WhatsApp is not used with equal frequency in different parts of
the world. Large countries such as the United States and China, where a lot of research
on the topic of smartphone use, social networking use and addiction is conducted, use
alternative messengers/features, such as WeChat in China and the Facebook messenger in
North America (Statista, 2018b). Nevertheless, it is noteworthy that WhatsApp is owned
by Facebook Inc.
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importance as a part of the brain reward system. Structural changes
particularly in the anterior cingulate cortex (ACC) and the nucleus ac-
cumbens have been linked to IGD, substance addiction and pathologi-
cal gambling in earlier studies (for an overview see Lin & Lei, 2017). In
short, alterations in the ACC could be associated with dysfunctions con-
cerning conflict monitoring (drug intake is always a conflict — because
the consumer decides on getting the rewarding drug effects now, but in
the long-term problems due to usage appear), whereas the accumbens
region of the striatum is associated with motivational aspects of drug us-
age (and cue-related reactivity). For more information on ACC functions
see Bush, Luu, and Posner (2000), and for the top-down and bottom-up
interactions between those brain areas concerning IUD, see the model
by Montag, Duke, and Reuter (2017).

In this context, it has been argued, that Internet Communication Dis-
order (ICD, referred to as the problematic use of online communication
applications), could constitute a distinct form of Internet Use Disorder
(Montag, Zhao, et al., 2018; Wegmann & Brand, 2016). Probably, SUD,
if mainly driven by excessive social media/messenger use, might be in
large parts best described by ICD. As mentioned earlier it will be of rele-
vance to understand if access to social media via mobile platforms has a
stronger impact on the development of ICD than via non-mobile plat-
forms. But the latter aspect is beyond the scope of the present research
question.

Given the significance of the phenomenon of SUD, along with its
prominent drivers WhatsApp and Facebook, the present work aims to
compare the problematic use of the WhatsApp and Facebook applica-
tions in the context of SUD. As more and more research has linked
the overuse of the Internet and smartphones to lower life satisfac-
tion (Lachmann et al., 2018; Lachmann, Sariyska, Kannen, Cooper, &
Montag, 2016; Lachmann, Sariyska, Kannen, Stavrou, & Montag, 2017)
and higher tendencies of FOMO (Wegmann, Oberst, Stodt, & Brand,
2017), these two constructs have been assessed as well, and contrasted
over the different domains of problematic WhatsApp, Facebook, and
smartphone use.

FoMo is defined as the tendency towards having fear to miss out on
something rewarding that others are experiencing and the desire to con-
stantly stay connected with others (Przybylski et al., 2013). Wegmann
et al. (2017) distinguished between trait-FoMO and Internet specific
FoMO, where the first refers to a dispositional characteristic (e.g. fear-
ing that others are having fun without me) and the second is of more
direct relevance in the context of online use (e.g. not wanting to miss
out on anything online). Their study demonstrated that Internet spe-
cific FOMO mediated the effect of trait-FoMO and psychopathological
symptoms (here depression and interpersonal sensitivity) on ICD. Fur-
thermore, it was shown that the effects of trait-FoMO and Internet spe-
cific FOMO were specific to ICD since those variables could not predict
IGD, another facet of specific IUD. These results are supported by other
studies which reported a link between FoMO and SNS use and addic-
tion (e.g. Blackwell, Leaman, Tramposch, Osborne, & Liss, 2017; Pontes,
Taylor, & Stavropoulos, 2018). Chotpitayasunondh and Douglas (2016)
also demonstrated the role of FOMO in the context of SUD. Elhai et al.
(2018) reported that negative affect (among others, depression, anxi-
ety and stress) mediated the relationship between FoMO and SUD. The
same was true when FoMO was included as a mediator between neg-
ative affect and SUD (Elhai et al., 2018). Those results are supported
by another study where FoMO mediated the effect of psychopathol-
ogy (depression and anxiety) on the negative consequences of mobile
phone use (Oberst, Wegmann, Stodt, Brand, & Chamarro, 2017). More-
over, the effect of FOMO on the negative consequences of mobile phone
use was mediated by the intensity of SNS use. Summarizing the re-
sults from the above mentioned studies, it appears that FoMO is of im-
portance as a risk factor particularly in the context of (excessive) SNS
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use. However, the link between FoMO and specific social media chan-
nels accessed from a smartphone (here WhatsApp and Facebook) has
not been examined so far to the authors knowledge.

Life satisfaction is described as the cognitive evaluation of one's life
quality (Diener, Emmons, Larsen, & Griffin, 1985). Studies reported
a negative association between life satisfaction and IUD/SUD (e.g.
Lachmann et al., 2016; Lachmann et al., 2018). However, inconsistent
results were reported on the link between Facebook Use (Disorder), and
life satisfaction, where some studies report positive and others negative
link to Facebook Use (Disorder) (e.g. Btachnio & Przepidrka, 2018; Kross
et al., 2013; Valenzuela, Park, & Kee, 2009). Thus, the question arises
if the relationship between life satisfaction and Facebook Use (Disor-
der) is mediated by a third variable (e.g. Samaha & Hawi, 2016). The
link between satisfaction with life and FoMO has also been examined
throughout different studies. In fact, Przybylski et al. (2013) demon-
strated that high FoOMO was linked to lower psychological need satis-
faction, life satisfaction and mood, and mediated the relationship be-
tween those variables and higher engagement in social media. The neg-
ative link between FoMO and life satisfaction was also supported in a re-
cent study by Btachnio and Przepiérka (2018). The relationship between
WhatsApp Use (Disorder), FoOMO and life satisfaction has not been in-
vestigated so far, to the authors' knowledge.

In the context of differentiating between specific (e.g. ICD or IGD)
and unspecific IUD (Davis, 2001) it is of interest, if this distinction can
also be applied in the realm of SUD. However, this question goes beyond
the scope of the present study. Yet, comparing tendencies towards SUD
with the problematic use of platforms such as WhatsApp and Facebook,
which are often accessed via smartphones, might yield first insights if
these concepts overlap in many ways. Here it was hypothesized that in
particular tendencies towards WhatsApp Use Disorder would be more
strongly related to SUD than tendencies towards Facebook Use Disorder.
This hypothesis is based on findings in a study by Montag, Bey, Sha, et
al. (2015), where it was demonstrated that WhatsApp was used longer
on smartphones (minutes per day) than Facebook (the study was con-
ducted with a German sample and the duration of use was assessed with
an application that tracked participants' smartphone behavior over the
period of four weeks). It could also be argued that this use/behavior
mirrors the historical development of both platforms. Facebook started
as a desktop computer application and later also developed into a smart-
phone application, whereas WhatsApp directly started as smartphone
application.

Based on the findings from earlier studies, we developed the follow-
ing hypotheses for the current study:

Hypothesis 1. Both Facebook and WhatsApp Use Disorder are posi-
tively linked to SUD. It is further hypothesized that the correlation be-
tween WhatsApp Use Disorder and SUD is higher than the correlation
between Facebook Use Disorder and SUD.

Hypothesis 2. FoMO is positively linked to Facebook, WhatsApp Use
Disorder and SUD, and negatively linked to life satisfaction.

Hypothesis 3. Both WhatsApp and Facebook Use Disorder mediate the
relationship between FoMO and SUD.

Hypothesis 4. FoMO mediates the association between life satisfaction
and Facebook, WhatsApp Use Disorder, and SUD.

3. Methods
3.1. Participants

Participants for the present study were recruited via the self-test
platform (anonymized for a blind review). In total, N = 3510 persons
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took part in the present project. Since we aimed at comparing the prob-
lematic use of WhatsApp, Facebook and smartphones in general, only
participants who owned a WhatsApp and a Facebook account, and a
smartphone were included in the following analyses (n = 2299; 2212
from Germany, 66 from Austria and 21 from Switzerland). Follow-
ing this strategy, 1398 males and 901 females (mean age was 30.33,
SD = 9.80, with a range between 12 and 75years) were considered in
the analyses of the present work. In total 0.8% of participants reported
having no degree, 1.5% reported to have secondary modern school
qualification, 11.5% O-level, 6.4% vocational baccalaureate diploma,
26.6% A-level, 11.4% polytechnic degree, and 41.8% university degree.
The study was approved by the local ethics committee of university
(anonymized for a blind review).

3.2. Questionnaires

First, sociodemographic data (age, gender, education, country) and
smartphone use data (owning a smartphone, smartphone brand, time of
smartphone use for leisure/business activities, installed messengers in-
cluding WhatsApp and Facebook) was collected. Participants filled in
questionnaires assessing SUD, WhatsApp and Facebook Use Disorder,
FoMO and life satisfaction.

SUD was assessed with the German short version of the Smartphone
Addiction Scale (d-KV-SSS; Montag & Reuter, 2017), a 10-item mea-
sure translated from Kwon, Kim, Cho, and Yang (2013). Items were
answered on a 6-point Likert scale, ranging from “strongly disagree”
(1) to “strongly agree” (6). Higher scores indicate higher tendencies
towards SUD. The possible range lies between 10 and 60 points. For
the English version of the short Smartphone Addiction Scale, good re-
liability and validity were demonstrated (Kwon et al., 2013). Cron-
bach's « for the present study was o = 0.80. WhatsApp and Facebook
Use Disorder were assessed with slightly changed versions of this ques-
tionnaire (Cronbach's a = 0.88 for WhatsApp d-KV-SSS and Cronbach's
a = 0.90 for Facebook dv-KV-SSS); we changed the word “smartphone”
to “WhatsApp” or “Facebook” to assess the respective content. The
concept of FOMO was assessed with 10 items according to Przybylski
et al. (2013) on a 5-point Likert scale ranging from 1 = “not at all
true for me” to 5= “extremely true for me” (Cronbach's a of 0.76
in the present study). Here, a range of 10-50 points was possible.
The German translation as provided by Spitzer (2015) (see Table 1
in his work) was wused in the present work. Relia-

Table 1
Descriptive statistics on SUD, Facebook/WhatsApp Use Disorder, FoOMO and life satisfac-
tion (medians, means and standard deviations (SD) are presented).

Total sample Male group Female group
(N = 2299) (n =1398) (n =901)
SUD Mean = 27.36 Mean = 26.91 Mean = 28.06
(range: 10-60)
(SD = 8.10) (SD = 8.09) (SD = 8.08)
Median = 27 Median = 27 Median = 28
WhatsApp use disorder Mean = 21.57 Mean = 20.70 Mean = 22.91
(range: 10-60)
(SD = 8.75) SD = 8.45 (SD = 9.04)
Median = 20 Median = 19 Median = 22
Facebook use disorder Mean = 16.10 Mean = 15.52 Mean = 17.01
(range: 10-60)
(SD = 7.47) SD =7.27 (SD =7.67)
Median = 13 Median = 13 Median = 15
Fear of missing out Mean = 20.29 Mean = 20.37 Mean = 20.16
(range: 8-40)
(SD = 5.75) SD =5.72 (SD = 5.80)
Median = 20 Median = 20 Median = 20
Life satisfaction Mean = 24.42 Mean = 24.06 Mean = 24.97
(range: 5-35)
(SD = 6.34) SD = 6.45 (SD = 6.12)
Median 26 Median = 25 Median = 26
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bility and validity were confirmed in the original study by Przybylski
et al. (2013). Finally, life satisfaction was assessed with five items ac-
cording to Diener et al. (1985). We used the German translation accord-
ing to the following source (bildungswissenschaften.uni-saarland.de; see
detailed deep-link in the reference section), which did not deviate
in the context of its meaning from the English or German versions
provided on Ed Dieners homepage, who designed the original ques-
tionnaire (internal.psychology.illinois.edu; see deep-link in the refer-
ence section). Items of the Satisfaction with Life Scale (SWLS) are an-
swered on a 7-point Likert scale ranging from 1 = “strongly disagree” to
7 = “strongly agree”. Therefore, points on this scale can range between
5 and 35. Diener et al. (1985) reported good reliability and validity of
the original scale. Internal consistencies for the present study were high:
Cronbach's o = 0.88.

It is also important to note that there was no missing data in the cur-
rent study. The study was conducted online and participants were given
feedback on missing items and asked to fill them in to be able to pro-
ceed with the study.

3.3. Statistical analyses

First, the factor structure of every questionnaire was assessed by
means of a confirmatory factor analysis (CFA) using R and the package
Lavaan (Rosseel, 2012) (see Section 4.1). To assess the model fit we used
the root mean square error of approximation (RMSEA), the standard-
ized root mean square residual (SRMR), comparative fit index (CFI) and
Tucker-Lewis-Index (TLI). CFI and TLI values >0.90 represent a good
fit, >0.95 an excellent fit. RMSEA and SRMR values close to 0.06 rep-
resent an excellent model fit while values <0.08 indicate a good model
fit (Hu & Bentler, 1995, 1999). Second, the distribution of the investi-
gated variables was assessed by inspection of the skewness and kurto-
sis of the variables. Only the variable Facebook Use Disorder showed
marginal values (see Miles & Shevlin, 2001, p. 74). Given the non-nor-
mal distribution of the variable Facebook Use Disorder, where applica-
ble non-parametric test were used. In Section 4.2, descriptive statistics
of all investigated variables were presented, Mann-Whitney-U test was
used to assess the influence of gender on the aforementioned variables
and a correlation analysis was conducted to examine the link with age.
Finally, Hypotheses 1-4 were tested using correlation, regression and
mediation analyses (see Sections 4.3 and 4.4). The mediation analyses
were conducted using the PROCESS macro, developed by Hayes (2017).
For this purpose the variable Facebook Use Disorder was transformed,
using Blom rank-based transformation (Solomon & Sawilowsky, 2009).
For examining Hypothesis 3, a single mediation analysis with two medi-
ators was run. For Hypothesis 4, three separate mediation analyses were
run.

4. Results
4.1. Confirmatory factor analysis

For the Smartphone Addiction Scale, the model showed a good
fit with the data: CFI = 0.92; TLI = 0.89; RMSEA = 0.08, p < .01, CI
[0.070; 0.082]; SRMR = 0.05.7 Similar results were found for the ques-
tionnaires assessing WhatsApp and Facebook Use Disorder: CFI = 0.93;
TLI = 0.91; RMSEA = 0.09, p < .01, CI [0.087; 0.100]; SRMR = 0.04
for WhatsApp, and CFI = 0.94; TLI = 0.92; RMSEA = 0.10, p < .01, CI
[0.092; 0.104]; SRMR = 0.04 for Facebook Use

7 The initial models were slightly improved by allowing the correlation between some
residuals, as suggested by the modification indices. We took into account those indices
that made theoretical sense.
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Disorder, respectively. For the SWLS questionnaire the results were
as follows: CFI = 0.99; TLI = 0.98; RMSEA = 0.07, p < .01, CI [0.058;
0.089]; SRMR = 0.02. For those questionnaires all factor loadings were
>0.300. The initial model for the FOMO questionnaire did not show
a good fit with the data. Here, items 8 (“When I have a good time
it is important for me to share the details online (e.g. updating sta-
tus).”, Przybylski et al., 2013, p. 1847) and 9 (“When I miss out on a
planned get-together it bothers me.”, Przybylski et al., 2013, p. 1847)
demonstrated loadings smaller than 0.300. After exclusion of those
items an acceptable model fit was achieved (CFI = 0.95; TLI = 0.93;
RMSEA = 0.08, p < .01, CI [0.067; 0.083]; SRMR = 0.05). Cronbach's
Alpha after the exclusion of items 8 and 9 did not deviate from Cron-
bach's Alpha before the exclusion of those items (a = 0.76). The cor-
relation between the original questionnaire and the shorter form was
r=0.98, p <.001.

4.2. Descriptive statistics and analysis of age and gender in the context of
the relevant variables

In Table 1, we present descriptive statistics on the questionnaire
data. Given some influences of gender on the aforementioned vari-
ables, results are also depicted for gender subgroups. Mann-Whitney U
tests indicated significant differences between males and females for
SUD (Z = -3.20, p < .01), WhatsApp Use Disorder (Z = —5.89, p < .01),
Facebook Use Disorder (Z = -5.83, p<.01) and life satisfaction
(Z = -3.15, p < .01). In all mentioned domains females scored higher
than males. No significant differences between females and males could
be observed with respect to FOMO. Age correlated negatively with SUD
(rtho = -0.17, p < .01), WhatsApp Use Disorder (rho = —0.25, p <.01)
and FoMO (rho = —0.31, p <.01) and positively with life satisfaction
(rtho = 0.06, p < .01). Therefore, age and gender were considered as po-
tential confounding variables in the following analyses.

In total, the sample can be described as having rather high scores
in life satisfaction (according to Diener et al., 1985, 25-29 scores are
high scores), low scores in the domains of Facebook Use Disorder, low
to moderate scores in the domains of WhatsApp and SUD and moderate
scores in the domain of FOMO. Note that there is no recommendation in
the literature with respect to cut-off values of the latter scales and we
come to this conclusion by taking a look at the score in the context of
the possible range.

4.3. Correlation analyses on the link between SUD, WhatsApp and
Facebook use disorder in the context of life satisfaction and FoOMO

In Table 2, we provide all correlation analyses on total sample
level (with age as a covariate), whereas in Table 3 we provide this
information split for males and females. In the complete sample the

Table 2
Correlation analyses on the link between SUD, WhatsApp and Facebook Use Disorder, life
satisfaction and FoMO (total sample).

WhatsApp Facebook
Use Use Life
SUD Disorder Disorder satisfaction FoMO
SUD - 0.68:+ 0.47+ —0.12#= 0.40+=
WhatsApp Use - 0.48+ —0.08+= 0.39+
Disorder
Facebook Use - —0.06% 0.31+
Disorder
Life - —0.25#
satisfaction

Note: =p < .01, *p <.05. Spearman correlations are presented. The effect of age was
controlled for.
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Table 3

Correlation analyses on the link between SUD, WhatsApp and Facebook Use Disorder, life
satisfaction and FOMO (male sample above diagonal and female sample in bold-italics be-
low diagonal).

WhatsApp Facebook
Use Use Life
SUD Disorder Disorder satisfaction FoMO
SUD 0.65+ 0.45+ —0.13# 0.41+
WhatsApp 0.72+ 0.49++ —0.10# 0.41#
Use
Disorder
Facebook Use 0.49+ 0.44++ —-0.06+ 0.31#
Disorder
Life —0.13+ -0.07+ —0.08+ —0.25%
satisfaction
FoMO 0.40+ 0.38+ 0.32+ —0.24+

Note: *p < .01, *p <.05. Spearman correlations are presented. The effect of age was
controlled for.

largest overlap was found between SUD and WhatsApp Use Disorder
(rtho = 0.68, p <.01), followed by an overlap between Facebook and
WhatsApp Use Disorder (rho = 0.48, p <.01), and SUD and Facebook
Use Disorder (tho = 0.47, p <.01). The correlation between SUD and
WhatsApp Use Disorder was significantly higher than between SUD
and Facebook Use Disorder (z = 13.207, p < .01; Dunn & Clark, 1969).
Thus, Hypothesis 1 was confirmed. The relationships were a bit weaker
in males if compared to females (see Table 3). The correlation be-
tween WhatsApp Use Disorder and SUD was significantly higher in fe-
males than in males as demonstrated by the results of a Fisher's z-test
(z = 3.093, p < .01). Moreover, the data showed that FoMO was linked
to higher SUD, WhatsApp, and Facebook Use Disorder and lower life sat-
isfaction. These results confirmed Hypothesis 2. Finally, life satisfaction
was negatively associated with all addiction variables, however, those
associations were rather weak.

4.4. Regression and mediation analyses

In a first (stepwise) hierarchical regression analysis we added age to
the first block, the WhatsApp and Facebook variables to a second block
and FoMO and life satisfaction to a third block to predict SUD. All vari-
ables reached significance (F(5,2293) = 593.660, p <.001), with age
explaining 3.7% of the variance in SUD, WhatsApp Use Disorder 48.5%
additional variance, Facebook Use Disorder 2.8% additional variance,
FoMO 1.3% and life satisfaction 0.2% additional variance (see Table 4).

In a second (stepwise) hierarchical regression analyses the variables
age (first block), FoOMO and life satisfaction (second block) were en-
tered to predict Facebook Use Disorder. Here, only age (0.2% explained
variance) and FoMO (9.7% explained additional variance) reached sig-
nificance (F(2,2296) = 125.088, p <.001). A third (stepwise) hierar-
chical regression analyses was conducted with the same variables to
predict WhatsApp Use Disorder. Here, age (5.6% explained variance)
and FoMO (15.7% explained additional variance) reached significance
(F(2,2296) = 311.477, p < .001) (see Table 4).

The results from the mediation analyses using PROCESS demon-
strated that both WhatsApp Use Disorder (BootCI®[0.21;0.28]) and
Facebook Use Disorder (BootCI[0.05; 0.07]) partially mediated the as-
sociation between FoMO and SUD (see Fig. 1). Thus, Hypothesis 3
was confirmed. Additionally, FoMO fully mediated the link between
life satisfaction and WhatsApp Use Disorder (BootCI[—0.12;—0.08]),

8 BootCI = bootstrap confidence intervals for the completely standardized indirect
effect(s) of X on Y.
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Table 4
Results of the hierarchical regression analyses regarding SUD, WhatsApp and Facebook
Use Disorder as dependent variables.

WhatsApp Use Facebook Use

SUD Disorder Disorder
i p i p p p
Age —-0.01 0.70% -0.10 <0.01 0.06 <0.01
WhatsApp Use 0.58 <0.01
Disorder
Facebook Use 0.18 <0.01
Disorder
FoMO 0.12 <0.01 0.42 <0.01 0.33 <0.01
Life satisfaction —-0.04 0.01

Note: SUD: Smartphone Use Disorder; f: standardized regression coefficient. Displayed are
the models, which contributed with the highest explained variance.

a Age reached significance as a predictor in the first block of the analysis. However,
after including WhatsApp Use Disorder and FOMO as predictors, age was not a significant
predictor of SUD anymore.

Facebook Use Disorder (BootCI[-0.10; —0.06]), and SUD
(BootCI[-0.12; —0.08]), thus, confirming Hypothesis 4 (see Fig. 2).

When the same analyses were run separately for male and female
participants, results remained the same.

5. Discussion

The present work investigated SUD and related concepts, namely
WhatsApp and Facebook Use Disorder. First, a direct comparison of
tendencies towards SUD, and WhatsApp and Facebook Use Disorder
demonstrated that Use Disorder (addiction) scores are highest on the
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Smartphone Addiction Scale, closely followed by WhatsApp with a
larger gap to Facebook Use Disorder. The close overlap between SUD
and WhatsApp Use Disorder is mirrored in the significantly higher cor-
relation between those variables (rho = 0.68, hence 46% shared vari-
ance) as compared to the link with Facebook Use Disorder (Hypothesis
1). This means that large parts of individual differences in tendencies
towards SUD can be accounted for by problematic use of WhatsApp and
only much less by problematic use of Facebook. This seems in particu-
lar true for females, where the overlap even is in the area of rho = 0.72
(hence 52% shared variance). For males other factors such as gaming
could therefore explain as an additional factor, why persons are ad-
dicted to their smartphones. Earlier studies have demonstrated the role
of using mobile social networking applications in general for mobile
phone addiction (e.g. Salehan & Negahban, 2013). The present study
adds to this literature by examining specific channels such as WhatsApp
and Facebook and their contribution for the development of SUD.
Aside from the correlation analyses, the results from the regression
and mediation analyses demonstrated that FoOMO was a robust pre-
dictor of Facebook, WhatsApp Use Disorder and SUD (as proposed in
Hypothesis 2). These results support findings from the literature link-
ing FoMO with SNS use and addiction (e.g. Blackwell et al., 2017;
Pontes et al., 2018). Additionally, WhatsApp and Facebook Use Dis-
order mediated the association between FoMO and SUD. This result
supports findings from earlier studies, showing that FoMO is of par-
ticular importance specifically for ICD and not for other forms of spe-
cific or generalized IUD, although we could not test this for other spe-
cific facets such as IGD in our sample (see Wegmann et al., 2017).
This result further supports existing theoretical models describing

Smartphone

WhatsApp
Use Disorder
My)

Use Disorder

Fig. 1. Parallel multiple mediator model on the association between FOMO and SUD, with two mediators (WhatsApp/Facebook Use Disorder). X = independent variable, Y = dependent
variable, M, , = mediators, c = total effect, ¢’ = direct effect. The unstandardized coefficients/effects are presented. Age was entered as a covariate. *p < .05.

Life
satisfaction

(X)

Facebook Use
Disorder (Y,)

WhatsApp Use
Disorder (Y5)

Fig. 2. Mediation models on the associations between life satisfaction and Facebook, WhatsApp Use Disorder, and SUD, with FOMO as a mediator variable. X = independent variable,
Y, 5,3 = dependent variables, M = mediator, ¢ = total effect, ¢ = direct effect. The unstandardized coefficients/effects are presented. Age was entered as a covariate. *p < .05.
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risk factors important for the development of IUD/SUD and their spe-
cific facets (see I-PACE model by Brand et al., 2016). In particular per-
sonality characteristics are believed to be of importance as predisposing
factors for IUD/SUD. In the present study, trait-FoMO was assessed. Its
association with high neuroticism (e.g. Blackwell et al., 2017) on the
one hand, as well as the link between high neuroticism and different
forms of IUD and SUD (for an overview see Montag & Reuter, 2017) fur-
ther support the relevance of negative emotionality for those variables.
The interplay between neuroticism and FoMO, thus, needs to be exam-
ined in future studies to further shed light on predisposing factors for
IUD and SUD.

Regarding the results concerning life satisfaction, this construct was
only indirectly related to SUD, WhatsApp and Facebook Use Disorder
over FOMO. These results support earlier findings in the context of social
media engagement (e.g. Przybylski et al., 2013) and add to those, since
in the present study, the relationship between life satisfaction, FoOMO
and specific social networking channels used on a smartphone (What-
sApp, Facebook) and generalized SUD were investigated for the first
time. The results suggest that low satisfaction with life could strengthen
one's fear to miss out on friends' rewarding experiences and, in turn, in-
fluence one's attitudes and behavior towards online social media in par-
ticular. However, the causal relationship between life satisfaction and
the use of smartphones and social networking channels needs to be ex-
amined in a longitudinal design before further (firm) conclusions can be
drawn (e.g. see study by Kross et al., 2013). As already described in the
introductory section of this manuscript, studies have delivered inconsis-
tent results on the link between life satisfaction and the (problematic)
use of social media channels (e.g. Blachnio & Przepiérka, 2018; Kross et
al., 2013; Valenzuela et al., 2009). Through the investigation of FoMO
as a mediator between life satisfaction and Facebook, WhatsApp Use
Disorder and SUD, the present study helps to better understand the role
of life satisfaction for SUD in general. However, these associations need
to be replicated in future studies.

Last, but not least, to the authors' knowledge, this is the first study
to examine the link between the problematic use of different social net-
working channels used on a smartphone, and SUD in general. The high
and significant associations between WhatsApp, Facebook Use Disorder
and SUD, demonstrated in the present study, support existing findings
on the overlap between unspecific IUD and ICD as outlined by Montag et
al., 2015 and Miiller et al. (2017). However, the fact that SUD was more
strongly associated with WhatsApp Use Disorder than Facebook Use Dis-
order demonstrates the different role of those applications for SUD. It
is important that future studies examine specific social networking ap-
plications adding to measures assessing generalized ICD when it comes
to their link to SUD. Moreover, scientists need to work on a theoretical
framework linking the term SUD stronger to the already large literature
dealing with IUD (as the smartphone is a vehicle to access many appli-
cation to the Internet, although some of these applications have been
specifically designed for the smartphone and not for other technological
devices).

The results of the present study are of high importance for different
reasons. First, our findings shed light on the under investigated topic
of SUD by demonstrating the role of social networking applications and
their uncontrolled use for SUD. This might not only help to better under-
stand and characterize SUD, but also extend our knowledge concerning
the rapidly developing field of behavioral addictions in general. Addi-
tionally, the investigation of FOMO and life satisfaction, variables often
being examined in the context of (un)specific IUD, allows the compar-
ison with literature on IUD and, thus working out the similarities and
differences between the two phenomena (for such a research endeavor
see also the work by Lachmann et al., 2018).
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Future studies need to examine additional smartphone applications
including (excessive) usage of apps for games, gambling, video or mu-
sic streaming, shopping etc. next to social network applications to test
if those applications play similar role as described in the older literature
dealing with the term IUD. This research question needs to be further
explored by also examining country-specific applications (e.g. What-
sApp in Germany and WeChat in China), to see if results from a study
are app-dependent and/or function-dependent (see also a recent review
by Montag, Becker, & Gan, 2018, comparing functions of WeChat, Face-
book and WhatsApp).

Finally, the present findings on the link between FoMO and SUD
are also of interest with respect to clinical practice. It is suggested that
spending time in real-life with family, friends and concentrating on
real-life relationships might fulfill the need for connectedness, enhance
one's satisfaction with life, and in turn reduce FoMO and lower the prob-
ability of developing problematic use of smartphones or social network
applications (e.g. work by Tromholt, 2016, observed that quitting Face-
book elevates life satisfaction and emotional well-being). However, the
presented associations between those variables should be validated in
future studies using a longitudinal design.

The present work has some limitations, which need to be mentioned.
First of all, the sample is not representative for the overall population in
the geographic domain in which this study was conducted, namely the
German-speaking countries in Europe (Germany, Austria, Switzerland).
Additionally, the cross-sectional design of the study does not allow for
causal interpretation of the results. Moreover, although the engagement
of users in terms of the time spent on the smartphone for leisure/busi-
ness activities was assessed in the present study, the associations with
those variables are not presented in the current article since empirical
research demonstrated that the self-reported use of smartphones may
significantly deviate from objectively measured use (see Montag et al.,
2015; Lin et al., 2015). Moreover, due to missing data and responses
outside of the possible range, regarding those variables, we would have
excluded nearly 60 participants from the analyses of the study. How-
ever, for transparency reasons we report the results with the smaller
sample after re-running the correlation, regression and mediation analy-
ses with the variables “time spent on the smartphone for leisure/busi-
ness activities”. The results of the study did not change after the two
variables were considered. Solely, the two variables explained addi-
tional variance in the regression analyses (see Supplementary material).
Future studies need to address this question by assessing the engage-
ment of users through objective measures and taking it into account as
a confounding factor when investigating IUD or SUD. Another critical
point is that we assessed problematic use of Facebook and WhatsApp.
Whereas Facebook is a complex social network with manifold functions
and can be accessed via many channels, the messenger WhatsApp has
been originally developed for smartphones only to exchange text mes-
sages and pictures or videos between two or more persons. Note, that in
the meanwhile also a Facebook messenger exists, which is more compa-
rable to WhatsApp. Additionally, new WhatsApp features such as status
updates resemble some typical Facebook features. Of note, WhatsApp
has been bought by Facebook in 2014 and officially belongs to the Face-
book group. The different forms of the Facebook applications need to be
stronger considered in future works. Of note, 55.5% of the present inves-
tigated sample stated to have Facebook installed on the phone, thereby
clearly showing that it plays an important role also on their phones, and
not only on desktop computers.



P. Sha et al.

6. Conclusion

In sum, the present work shows that when talking about Smartphone
Use Disorder, indeed we deal in large parts with Internet Communica-
tion Disorder, a term coined earlier by Brand et al. (2016), but also by
Montag, Zhao, et al. (2018). The overlap between the concept of What-
sApp Use Disorder and SUD is robust, and in particular pronounced in
the female subsample, where a very high correlation of rho = 0.72 was
observed. WhatsApp plays an important role to understand SUD also in
males, yet additional factors such as Gaming Disorder might also be of
relevance. The present work underlines again that FOMO presents an im-
portant concept to understand why smartphone users develop tenden-
cies towards SUD, WhatsApp, and Facebook Use Disorder. Additionally,
FoMO mediated the association between life satisfaction and WhatsApp,
Facebook Use Disorder, and SUD. These last results might shed light on
inconsistent findings from previous studies on the link between life sat-
isfaction and SNS use and addiction.
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