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H I G H L I G H T S

• Depression symptoms related to severity of Internet gaming disorder (IGD) and problematic smartphone use (PSU).• Fear of missing our (FoMO) partially mediated the relationship between depression symptoms and PSU severity.• IGD severity partially mediated the association between depression symptoms and PSU severity.
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A B S T R A C T

Internet gaming disorder (IGD) and problematic smartphone use (PSU) symptoms are associated with increased
depression symptom severity across studies. The current study aimed to examine the fear of missing out (FoMO)
as a possible mediator in this relationship. We employed a three-wave longitudinal design among 341 Chinese
university students. Results indicated that depression severity was significantly related to increased symptoms of
PSU and IGD symptoms. FoMO significantly mediated the linkage between depression and PSU severity. IGD
symptoms also partially mediated the relation between FoMO and PSU severity. This longitudinal study de-
monstrates the key role of FoMO in the linkage between psychopathology symptoms and Internet-related
overuse.

1. Introduction

Video games are popular among youth worldwide (Gnambs,
Stasielowicz, Wolter, & Appel, 2020), and when used in moderation,
they are useful for stress relief, having fun, and to socialize with others.
Internet gaming when used excessively becomes pathological, and In-
ternet gaming disorder (IGD) may result (King & Delfabbro, 2019).
According to the fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5; American Psychiatric Association, 2013),
IGD is characterized as “persistent and recurrent use of the Internet to
engage in games, often with other players, leading to clinically sig-
nificant impairment or distress” (American Psychiatric Association,
2013; p. 795). Estimates suggest that around 2.0% of young adults may
experience IGD (e.g., Chiu, Pan, & Lin, 2018; Wartberg et al., 2017; Wu,
Chen, Tong, Yu, & Lau, 2018). Emerging evidence demonstrates that

IGD symptoms are related to psychological health, social functioning,
and behavioral problems, such as symptoms of depression (Choi et al.,
2017; Wang, Cho, & Kim, 2018; Yen, Lin, Chou, Liu, & Ko, 2019), an-
xiety (Bonnaire & Baptista, 2019; Stavropoulos & Adams, 2017; Wang
et al., 2017), low self-esteem (Beard & Wickham, 2016; Beard, Haas,
Wickham, & Stavropoulos, 2017; Lemmens & Valkenburg, 2015), ag-
gressive behaviors (Evren, Evren, Dalbudak, Topcu, & Kutlu, 2019;
Liang, Yu, Chen, Xie, Wu, Xing, & Dou, 2019; Zhai et al., 2020), and
poor sleep quality (Hawi, Samaha, & Griffiths, 2018; Lam, 2014;
Satghare et al., 2016). However, most of this research is based on cross-
sectional studies, with only a few longitudinal studies examining risk or
protective factors predicting IGD symptoms over time. Given the ne-
gative consequences of IGD, it is crucial to explore the possible psy-
chological mechanisms of IGD symptoms utilizing longitudinal designs.

Associations between mental health problems and IGD symptoms

https://doi.org/10.1016/j.addbeh.2020.106648
Received 15 June 2020; Received in revised form 5 August 2020; Accepted 3 September 2020

⁎ Corresponding author at: New York University Shanghai, 1555 Century Avenue, Pudong, Shanghai 200122, People’s Republic of China.
E-mail address: brianhall@nyu.edu (B.J. Hall).

Addictive Behaviors 112 (2021) 106648

Available online 06 September 2020
0306-4603/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03064603
https://www.elsevier.com/locate/addictbeh
https://doi.org/10.1016/j.addbeh.2020.106648
https://doi.org/10.1016/j.addbeh.2020.106648
mailto:brianhall@nyu.edu
https://doi.org/10.1016/j.addbeh.2020.106648
http://crossmark.crossref.org/dialog/?doi=10.1016/j.addbeh.2020.106648&domain=pdf


have been evaluated in non-clinical and clinical samples (i.e., IGD
treatment-seekers). For instance, in a sample of 263 patients with IGD
and 153 without IGD, Hyun et al. (2015) tested a hierarchical regres-
sion model and found that psychopathological symptom severity (de-
pression, anxiety, attention deficit hyperactivity disorder, and im-
pulsivity) were significantly linked to IGD symptoms. Beck (1976)
claimed that depressive individuals have thoughts about the self as
essentially unlovable or worthless, but online games provide a way of
compensating for these deficiencies, which enable them to develop a
sense of acceptance and belonging (King & Delfabbro, 2019). Therefore,
depression is considered one of the most influential risk factors for IGD
(Carli et al., 2013).

More importantly, the predominant conceptualization is that mental
health symptoms can drive excessive internet use, rather than the re-
verse (Brand, Young, Laier, Wölfling, & Potenza, 2016; Kardefelt-
Winther, 2014), which was supported by previous empirical research
findings (Gámez-Guadix, 2014; Liu, Liu, & Yuan, 2020; Strittmatter
et al., 2016; Wartberg, Zieglmeier, & Kammerl, 2020). The fear of
missing out (FoMO) is a mental health-related construct which may
drive excessive internet technology use.

In the literature, the term “FoMO” has been defined as the fear in-
volving worry and concern that other people are having more re-
warding experiences, or acquiring more useful information, than the
individual (Przybylski, Murayama, DeHaan, & Gladwell, 2013). Pre-
vious research suggested that FoMO might be a product of depression
symptoms. The social selection hypothesis posits that psychological
distress adversely affects people’s social position or factors related to
one’s social position, such as stressful life events (Hurst, 2007). A
longitudinal study found that people with elevated depressive symp-
toms were likely to report experiencing high levels of stressful life
events (Kim, Conger, Elder, & Lorenz, 2003). People with depressive
symptoms and stressful experiences tend to report that they are unable
to join social activities due to depressed mood, lack of energy and lack
of interest (de Wit et al., 2010; Holtfreter, Reisig, & Turanovic, 2017).
They may miss important or enjoyable activities due to depressive
symptom severity (Steger & Kashdan, 2009), and feel apprehensive
about worsening symptoms rendering them unable to join in pleasur-
able activities with others (Qian, Cao, & Huang, 2019), which might
make them afraid to miss some valuable events/activities and what
others have done, resulting in high levels of FoMO (Beyens, Frison, &
Eggermont, 2016).

Additionally, FoMO includes apprehension of missing rewarding
and pleasurable experiences, with the unmet social needs to connect
with others via social network (Przybylski et al., 2013), which is con-
ceptualized to be caused by depressive symptoms (Oberst, Wegmann,
Stodt, Brand, & Chamarro, 2017; Wegmann, Oberst, Stodt, & Brand,
2017). Unmet social needs play a major role in problematic Internet/
technology use (Dempsey, O'Brien, & Tiamiyu, 2019; King & Delfabbro,
2016; Wegmann et al., 2017), suggesting that FoMO may be a crucial
variable in the relationship between depression and excessive Internet/
technology usage. Moreover, vulnerable people with negative emotions
and FoMO are prone to view Internet games as an approach of gaining
positive social feedback and acceptance (King & Delfabbro, 2019), since
video games can provide a rewarding environment to escape from
reality and cope with apprehension of missing pleasurable experiences
(King & Delfabbro, 2019). Individuals who quit online cooperative
games before game partners leave may experience FoMO or feel guilty
(Przybylski et al., 2013). In order to deal with worrying about not
maintaining their online social status and character level progression in
line with the gaming group, gamers may feel the need to play regularly
to avoid FoMO and be likely to continue playing with partners, leading
to more IGD symptoms (King & Delfabbro, 2019; Przybylski et al.,
2013). Thus, FoMO might play a mediating role in the association be-
tween depression and excessive Internet use (e.g., IGD and problematic
smartphone use).

Three lines of research suggest that FoMO might be a potential

mediating mechanism underlying the relationship between depressive
symptoms and Internet overuse such as IGD symptoms. First, recent
studies have found that severity of depression is positively related to
FoMO (Elhai, Gallinari, Rozgonjuk, & Yang, 2020; Elhai, Yang, Fang,
Bai, & Hall, 2020; Sela, Zach, Amichay-Hamburger, Mishali, & Omer,
2020; Wolniewicz, Rozgonjuk, & Elhai, 2020). Second, several re-
searchers have pointed out a positive association between FoMO and
internet overuse such as IGD (Duman & Ozkara, 2019; Elhai, Yang, &
Montag, 2020; King & Delfabbro, 2019). Third, depressive symptoms
are positively associated with IGD symptoms (Burleigh, Stavropoulos,
Liew, Adams, & Griffiths, 2018; Griffiths, Kuss, Billieux, & Pontes, 2016;
Li, Liau, & Khoo, 2011; Ryu et al., 2018). Therefore, FoMO might play
an essential role in the relationship of depression and IGD symptoms. In
this study, we explored the possible mediating role of FoMO on the
association between depression and IGD severity, utilizing a long-
itudinal study design.

In order to understand IGD, knowledge of the potential factors and
mechanism for such internet technology overuse is necessary. Previous
research indicated that problematic smartphone use (PSU) severity
shares similar characteristics with other types of internet overuse (e.g.,
IGD), and the high accessibility and various smartphone applications
would contribute to such overuse (Lin, Lin, & Yang, 2017). Recently,
research on PSU has notably increased (Panova & Carbonell, 2018) and
found that PSU severity is associated with a wide variety of indicators
of psychosocial functioning including psychopathology symptoms
(Boumosleh & Jaalouk, 2017; Contractor, Weiss, & Elhai, 2019; Elhai,
Dvorak, Levine, & Hall, 2017), social relationship functioning (Elhai,
Levine et al., 2018; Hawi & Samaha, 2017; Kim & Koh, 2018), and
academic performance (Samaha & Hawi, 2016; Xu et al., 2019; Yang,
Asbury, & Griffiths, 2019). Similar to IGD, both depression severity and
FoMO are found related to PSU severity (Demirci, Akgönül, & Akpinar,
2015; Elhai, Levine, Alghraibeh, Alafnan, Aldraiweesh, & Hall, 2018;
Elhai, Levine, O’Brien, & Armour, 2018; Elhai, Tiamiyu, & Weeks, 2018;
Elhai, Yang, & Montag, 2019; Wolniewicz et al., 2020). Although a
recent study found no longitudinal cross-lagged associations between
FoMO and PSU among Italian adolescents (Lo Coco et al., 2020), many
studies have found that FoMO related to PSU severity in various sam-
ples of Chinese young adults (Elhai, Yang, Fang, Bai, & Hall, 2020;
Elhai, Yang, Rozgonjuk, & Montag, 2020; Han, Liu, & Xiao, 2019). A
recent review paper also pointed out that FoMO usually evidences large
associations with PSU (Elhai, Yang, & Montag, 2020). As previously
mentioned, there may be a close relationship between depressive
symptoms and FoMO, and thus FoMO might mediate the linkage be-
tween depression and PSU severity among Chinese young adults.

No study explored how PSU is related to IGD symptoms. As an ex-
ploratory aim of the study, we attempted to examine PSU as a potential
mediator in the association between PSU and IGD symptoms. Liu, Lin,
Pan, and Lin (2016) found that individuals who use smartphones for
playing games scored significantly higher on a measure of Internet
addiction than non-gamers, suggesting increased PSU might lead to
more susceptibility to IGD symptoms due to the frequent smartphone.
Moreover, people grow tolerance toward games on smartphones (King
& Delfabbro, 2019). It is possible that depressed individuals who need
more and bigger types of gaming and online socialization may gravitate
to the larger screens like computers that are more commonly associated
with IGD symptoms and have many more features in gaming than you
can find on a smartphone application, because of the small screen and
limited features on smartphones. Therefore, PSU might be a potential
mediator between depressive symptoms and IGD symptoms.

1.1. Theoretical links

The theoretical foundations for the proposed research are
Compensatory Internet Use Theory (CIUT; Kardefelt-Winther, 2014)
and the Interaction of Person-Affect-Cognition-Execution (I-PACE)
model (Brand et al., 2016), which could accommodate FoMO as a
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potential mediator of the association between depression and both PSU
and IGD severity.

According to CIUT (Kardefelt-Winther, 2014), excessive, or pro-
blematic Internet/technology use is a maladaptive coping strategy
utilized to alleviate negative emotions. CIUT posits that many in-
dividuals attempt to relieve psychological distress by engaging in ex-
cessive technology usage (such as PSU and IGD) after experiencing
stressful events. Thus, individuals experiencing affective psycho-
pathology symptoms, such as depression, are more likely to increase
technology use to reduce their stress and regulate negative emotions.
Several studies have used CIUT to conceptualize depressive symptoms
as driving problematic Internet/technology use (Elhai, Levine, O’Brien,
& Armour, 2018; Elhai, Yang, Fang, Bai, & Hall, 2020; Rozgonjuk,
Levine, Hall, & Elhai, 2018). Based on this model, we hypothesized
depression as a possible predictor of IGD and PSU severity.

The I-PACE model presents a comprehensive theoretical framework
that attempts to explain the mechanism of Internet-related overuse. It
highlights three components in the development of internet overuse,
including individual’s core characteristics, responses to individual’s
core characteristics related to resilience and risk variables, and con-
sequences of gaming or another Internet applications (Brand et al.,
2016). Core characteristics includes biopsychological constitution,
personality, psychopathology, social cognitions, and specific motives
for usage. The second component (affective and cognitive responses)
consists of four factors, which are: Internet-related cognitive and at-
tention bias, expectancies about Internet usage, coping style, and in-
hibitory control and craving, which are conceptualized to mediate or
moderate associations between the first component (core character-
istics) and the third component (consequences of gaming or another
Internet applications) (Brand et al., 2016, 2019). The I-PACE model
explicitly discusses affective and cognitive responses like internet-re-
lated cognitive biases to be products of psychopathology, influencing
excessive internet use, and mediate relations between psychopathology
and excessive internet use (Elhai, Yang, & Montag, 2019). This theory
has been empirically supported in studies of IGD and other internet
overuse behaviors (Dhir, Yossatorn, Kaur, & Chen, 2018; Duke &
Montag, 2017; Elhai, Yang, Fang, Bai, & Hall, 2020; Saunders et al.,
2017).

1.2. The current study

While it is theoretically plausible that FoMO could mediate the re-
lationship between depression severity and both PSU and IGD symp-
toms, no empirical research has examined this specific linkage. In this
study, we employed a 12-month longitudinal design (three waves with
assessments six months apart) to investigate the association between
depression severity and PSU/IGD via the possible mediating variable of
FoMO among Chinese youth. Since relatively few studies have explored
the relation between PSU and IGD symptoms, we compared four al-
ternative mediation models (Fig. 1) to identify which best fits the data.
Hypothesized Model 1 (Fig. 1a) proposes FoMO to fully mediate the
relations between depression and PSU/IGD severity. Hypothesized
Model 2 (Fig. 1b) proposes FoMO to partially mediate the relations
between depression and both PSU and IGD severity. Hypothesized
Model 3 (Fig. 1c) proposes FoMO and PSU severity to mediate the re-
lation between depression and IGD symptoms. Hypothesized Model 4
(Fig. 1d) proposes FoMO and IGD to mediate the relation between de-
pression and PSU severity.

2. Method

2.1. Participants and procedure

Data were drawn from a longitudinal research study on the psy-
chological adjustment and mental health among Chinese young adults.
Participants were recruited from University of Macau in Macao (SAR)

China with the support of the student affairs office. At the baseline of
the study there were 9782 Chinese students studying at the university
(Hall et al., 2019), of whom 1809 agreed to participate in the long-
itudinal study via the university email system through which students
received the research advertisement. In this study, data were collected
in 3 waves, 6-months apart: (wave 1) Autumn semester, 2017 (valid
N = 1809; 66.1% female; Mage = 19.90, SD = 2.57), (wave 2) Spring
semester, 2018 (valid N = 981; 70.4% female; Mage = 20.85,
SD = 2.80), (wave 3) Autumn semester, 2018 (valid N = 341; 75.7%
female; Mage = 21.24, SD = 2.72).The final sample included 341
participants who completed the measures at three waves.

This study was approved by the Research Ethics Committee of the
University of Macau. All participants were informed of the study pur-
pose and procedures and provided consent to participate. Self-report
questionnaires were distributed electronically to all students at the
University of Macau by email at three time periods (September 21,
2017 – December 6, 2017; April 3, 2018 – May 3, 2018; September 3,
2018 – October 3, 2018). A lottery with a cash prize of 100 Macau
Patacas (approximately USD $13.00) for 50 people was offered as an
incentive for study participation at every wave.

2.2. Measures

2.2.1. Internet gaming disorder
IGD symptoms were evaluated by the Chinese version of the Internet

Gaming Disorder Questionnaire (Petry et al., 2014). In this study, we
used this scale to measure participants’ IGD severity within the past
year at wave 3. The questionnaire includes nine items, each rated on a
dichotomous yes/no scale in which a “yes” response was scored as 1
and a “no” response was scored as 0. Examples of the items include, “Do
you feel the need to engage in Internet games with increasing amounts
of time in order to achieve satisfaction?”, “Have you deceived family
members, therapists, or others regarding the amount of Internet
gaming?”, and “Do you feel irritable, anxious, or sad when Internet
gaming is taken away?”. Higher total score of the scale represents
higher level of IGD symptoms. The Chinese version of the Internet
gaming disorder questionnaire has been validated in Chinese samples
(Petry et al., 2014; Sigerson, Li, Cheung, Luk, & Cheng, 2017). In this
study, the scale demonstrated adequate internal consistency (Cron-
bach’s α was 0.82).

2.2.2. Problematic smartphone use
We used the Chinese version of Smartphone Addiction Scale-Short

Version (SAS-SV; Kwon, Kim, Cho, & Yang, 2013) to assess current PSU
severity at wave 3. The SAS-SV asks participants to rate ten items on a
6-point scale from 1 (Strongly disagree) to 6 (Strongly agree). Sample
items include, “Missing planned work due to smartphone use”, “The
people around me tell me that I use my smartphone too much”, and
“Having my smartphone in my mind even when I am not using it”.
Higher total score of the scale represents greater level of PSU. In pre-
vious studies of Chinese samples, the SAS-SV showed good reliability
and construct validity (Luk et al., 2018; Xiang, Wang, & Ma, 2019). In
the present study, the scale demonstrated adequate internal consistency
(Cronbach’s α was 0.92).

2.2.3. Depression
The symptoms of depression at wave 1 were measured by the

Chinese version of the Depression Anxiety Stress Scale-21 (DASS-21;
Lovibond & Lovibond, 1995). The depression subscale consists of 7
items, each rated on a four-point scale from 0 (never) to 3 (almost al-
ways). Examples of the items include, “I felt that life was meaningless”,
“I was unable to become enthusiastic about anything”, and “I felt I was
not worth much as a person”. Higher total score of the scale represents
more severe depression. This subscale was applied to Chinese samples
with good validity and reliability (Wang et al., 2016; Yang et al., 2017).
In this study, the scale demonstrated adequate internal consistency
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(Cronbach’s α was 0.89).

2.2.4. FoMO
FoMO at wave 2 was measured by the Chinese version of the FoMO

scale (Przybylski et al., 2013) which is a 10-item questionnaire, with
response options ranging from 1 (Not at all true of me) to 5 (Extremely
true of me). Sample items include, “I get worried when I find out my
friends are having fun without me”, “Sometimes, I wonder if I spend too
much time keeping up with what is going on”, and “When I go on va-
cation, I continue to keep tabs on what my friends are doing”. Higher
total score of the scale represents higher level of FoMO. This scale has
shown good reliability and construct validity in Chinese samples (Xie,
Wang, Wang, Zhao, & Lei, 2018; Zhang, Jiang, Ding, & Hong, 2019). In
this sample, the scale demonstrated good internal consistency (Cron-
bach’s α was 0.93).

2.3. Data analysis

The analyses were conducted using SPSS 23.0 and Amos 21.0. No
missing data were evident since consenting participants were prompted
to complete all items. We summed each scale's items for a total score.
Our model's variables were normally distributed; the highest skewness
value (in absolute size) was 1.72 (IGD), and for kurtosis was 2.60
(FOMO).

Descriptive analysis and correlations were computed for the study
variables. A structural equation modelling (SEM) approach was used to
analyze the longitudinal mediation relationships between depression,
FoMO, PSU, and IGD symptoms. Furthermore, we added age and
gender into hypothesized models as covariates, as they may be asso-
ciated with PSU and IGD severity (Elhai, Yang, Fang, Bai, & Hall, 2020;
Müller et al., 2015). We compared four hypothesized models to identify
which best fits the data in the current study. To test the hypothesized
mediation effect for statistical significance using AMOS, bootstrapping
was applied using 5000 bootstrapped replications. Maximum likelihood
estimation was used to estimate the parameters. The indices that
measured the model’s goodness-of-fit included the ratio of χ2 to the
degree of freedom, Tucker-Lewis index (TLI), comparative fit index

(CFI), standard root mean square residual (SRMR), and root mean
square error of approximation (RMSEA). For an index to be acceptable,
the ratio of χ2 to the degree of freedom should not exceed 5.0, TLI and
CFI should exceed 0.90, SRMR should be smaller than 0.06, and RMSEA
should be smaller than 0.08 (West, Taylor, & Wu, 2012).

3. Results

Table 1 provides descriptive statistics including means, standard
deviations and intercorrelations of the study variables, which show
significant correlations between depression, FoMO, PSU, and IGD
symptoms.

According to Elhai, Yang, Fang et al.’s (2020) study, we modeled
four study variables as observed variables in SEM. We then tested four
alternative mediation models in which age and gender were inserted as
covariates. Table 2 shows the fit indices of all four hypothesized
models, and the result of the χ2 difference test that showed Model 3 & 4
are significantly better than Model 1 & 2. Based on Table 2, we chose
hypothesized model 4 as the final model since the model fit results of
Model 4 are better than Model 3. Fig. 2 illustrates the path coefficients
of the model, which indicates that depression severity had an indirect
effect on PSU severity through FoMO (the size of indirect ef-
fect = 0.144). IGD symptoms partially mediated the relation between
depression severity and PSU severity (the size of indirect ef-
fect = 0.011).

Fig. 1. Hypothesized models Note: DEP = depression, FoMO = fear of missing out, PSU = problematic smartphone use, IGD = Internet gaming disorder.

Table 1
Means, standard deviations, and correlations among study variables.

M ± SD 1 2 3 4

1. T1 Depression 7.64 ± 8.10 –
2. T2 FoMO 25.05 ± 9.30 0.315*** –
3. T3 PSU 35.23 ± 10.58 0.254*** 0.248*** –
4. T3 IGD 1.30 ± 1.98 0.256*** 0.114* 0.299*** –

Note: FoMO = fear of missing out, IGD = Internet gaming disorder,
PSU = Problematic smartphone use.
*** p < .001; *p < .05.
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4. Discussion

The present three-wave longitudinal research was designed to ex-
amine the possible mediating role of FoMO in the linkage between
depression and both PSU and IGD symptoms in a sample of Chinese
university students. The current study is the first longitudinal study to
highlight the significant mediating role of FoMO as a potential under-
lying mechanism that can explain the association between depressive
symptoms and both PSU and IGD symptoms.

Consistent with CIUT (Kardefelt-Winther, 2014) and previous stu-
dies (e.g., Demirci et al., 2015; Hyun et al., 2015), the results showed
that depression at baseline had a direct and positive relation to both
PSU and IGD symptoms over time. This finding indicates that in-
dividuals reporting more severe depressive symptoms, compared with
others with less depression severity, may be more likely to engage in
excessive smartphone use and Internet games.

The direct association between depression and PSU severity was still
significant when the mediator FoMO was inserted into the linkage,
revealing that FoMO partially mediated this relationship, which is
consistent with the I-PACE model (Brand et al., 2016) and prior re-
search (Elhai, Gallinari, Rozgonjuk, & Yang, 2020). This finding sug-
gests that depressive symptoms might exacerbate the level of FoMO
(Elhai, Yang, Fang, Bai, & Hall, 2020), and in turn increase PSU levels
(Elhai, Levine, Alghraibeh et al., 2018). One possible reason is that
individuals with depression may attempt to alleviate their mood by
focusing on others’ experiences and trying to fit in with them (Nunstedt,
Nilsson, Skärsäter, & Kylén, 2012), but in doing so FoMO could ex-
acerbate internet use and lead to functional impairments of such use
(Elhai, Yang, Rozgonjuk, & Montag, 2020). This finding supports the I-
PACE model (Brand et al., 2016) suggesting FoMO as a cognitive bias
variable that may mediate the association between psychopathology
and excessive Internet usage (Elhai, Yang, Fang, Bai, & Hall, 2020;
Wegmann et al., 2017; Wolniewicz et al., 2020; Wolniewicz, Tiamiyu,
Weeks, & Elhai, 2018). This partial mediation result also suggests that

there are some other possible mediators in this linkage, such as social
usage frequency (Elhai, Levine, Dvorak, & Hall, 2017), boredom pro-
neness (Elhai, Vasquez, Lustgarten, Levine, & Hall, 2018), and mind-
fulness (Elhai, Levine, O’Brien, & Armour, 2018).

However, inconsistent with our hypothesis and past research
(Duman & Ozkara, 2019), we discovered that FoMO did not predict IGD
symptoms in the model, showing that FoMO was not significant as a
mediator between depression and IGD symptoms. One possible ex-
planation is that people with high levels of depressive symptoms and
high levels of FoMO might tend to play games for relaxation or fun
rather than achievement or advancement to relieve depressive symp-
toms (King & Delfabbro, 2019). These people are at less risk of devel-
opment IGD symptoms (King & Delfabbro, 2019). In other words, dif-
ferent from smartphones that are most often utilized for necessary
social interactions (e.g., messaging, email, phone calls, video calls),
videogaming could just as easily be done without socializing intent
(King & Delfabbro, 2019). Therefore, FoMO may especially drive pro-
blematic smartphone use, but it may only drive IGD for some in-
dividuals (not as a strong relationship for FoMO with IGD).

It is interesting that we found PSU severity partially mediated re-
lations between depression and IGD symptoms. This finding indicates
that people with high levels of depressive symptoms may tend to spend
more time on Internet games, and then be overuse smartphones. It is
possible that individuals with a high levels of depressive symptoms
would play Internet games for relieving depression and escaping from
real-life problems (Stetina, Kothgassner, Lehenbauer, & Kryspin-Exner,
2011). This behavior, however, could hardly relieve their depressive
symptoms (King & Delfabbro, 2019), and in turn lead to more proble-
matic smartphone use to have fun (Liu et al., 2016).

In our mediation model, we should also note that gender was a
significant predictor of PSU severity, supporting previous findings
(Elhai, Levine, O’Brien, & Armour, 2018; Elhai, Yang, Fang, Bai, & Hall,
2020). However, we did not find age related to PSU severity. Age has
been found related to PSU severity (Elhai et al., 2020; Elhai, Yang,

Table 2
Fit indices for hypothesized model.

Hypothesized Model χ2 p df χ2/df CFI TLI SRMR RMSEA (90% CI) Δ

1 83.074 0.000 10 8.307 0.520 0.280 0.101 0.147 (0.118–0.177) –
2 35.391 0.000 8 4.424 0.820 0.663 0.059 0.100 (0.068–0.135) Δχ2(2) = 47.683, p < .001
3 13.323 0.065 7 1.903 0.958 0.911 0.039 0.052 (0.000–0.093) Δχ2(1) = 22.068, p < .001
4 11.255 0.128 7 1.608 0.972 0.940 0.039 0.042 (0.000–0.086) –

Fig. 2. Mediation model with standardized path coefficients, SEs (in parentheses) and significance levels added Note: Dashed lines represent insignificant paths.
DEP = depression, FoMO = fear of missing out, PSU = Problematic smartphone use, IGD = Internet gaming disorder. ***p < 0.001, **p < 0.01.
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Fang, Bai, & Hall, 2020), but not in others (Elhai, Levine, O’Brien, &
Armour, 2018; Wolniewicz et al., 2020).

Several study limitations need to be acknowledged. First, causal
inferences related to the temporal nature and directed influences of
associations between depression, FoMO, PSU, and IGD symptoms
cannot be drawn without experimental designs, although data from this
study are longitudinal with three waves (Fried & Cramer, 2017;
Lazarov, Suarez-Jimenez, Levi, Coppersmith, Lubin, Pine, Bar-Haim, &
Abend, 2019). Second, associations between the study variables might
be affected by systematic error as all variables were measured by self-
report scales (Richardson, Simmering, & Sturman, 2009), which might
lead to some potential bias in estimating relationships. Future studies
should consider objective measure of technology use that would be
more accurate (Elhai, Tiamiyu et al., 2018; Rozgonjuk et al., 2018).
Third, the mediation model did not control for the initial levels of the
dependent variables, which should be considered in the future research.

Despite the limitations, findings of this study have several important
implications for future research and clinical practice. The current study
highlights the important role of FoMO in the association between de-
pression with both PSU and IGD symptoms. Elhai et al.’ study (2018)
highlights the key role of mindfulness in the relationship to excessive
technology use. Therefore, Mindfulness-based therapy, a popular form
of cognitive treatment that could alleviate depressive symptoms
(Hofmann & Gómez, 2017; Hofmann, Sawyer, Witt, & Oh, 2010), which
was shown to be useful among Chinese students (Hall et al., 2018), and
may decrease FoMO (Baker, Krieger, & LeRoy, 2016), should be con-
sidered as an effective approach to treat smartphone addiction and IGD.

5. Financial support

This work was supported by a grant from the Macao (SAR)
Government and the University of Macau RSKTO (MYRG2015-00109).

CRediT authorship contribution statement

Guangzhe Yuan: Conceptualization, Data curation, Formal ana-
lysis, Investigation, Methodology, Visualization, Writing - original
draft. Jon D. Elhai: Conceptualization, Investigation, Methodology,
Writing - review & editing. Brian J. Hall: Conceptualization, Formal
analysis, Funding acquisition, Investigation, Methodology, Project ad-
ministration, Resources, Supervision, Validation, Writing - original
draft.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

American Psychiatric Association. (2013). Trauma- and Stressor-Related Disorders. In
Diagnostic and statistical manual of mental disorders (5th ed.). https://doi.org/10.
1176/appi.books.9780890425596.dsm07.

Baker, Z. G., Krieger, H., & LeRoy, A. S. (2016). Fear of missing out: Relationships with
depression, mindfulness, and physical symptoms. Translational Issues in Psychological
Science, 2(3), 275–282. https://doi.org/10.1037/tps0000075.

Beard, C. L., Haas, A. L., Wickham, R. E., & Stavropoulos, V. (2017). Age of initiation and
internet gaming disorder: The role of self-esteem. Cyberpsychology, Behavior, and
Social Networking, 20(6), 397–401. https://doi.org/10.1089/cyber.2017.0011.

Beard, C. L., & Wickham, R. E. (2016). Gaming-contingent self-worth, gaming motivation,
and Internet Gaming Disorder. Computers in Human Behavior, 61, 507–515. https://
doi.org/10.1016/j.chb.2016.03.046.

(pp. –). (1976). New York: International University Press.
Beyens, I., Frison, E., & Eggermont, S. (2016). “I don’t want to miss a thing”: Adolescents’

fear of missing out and its relationship to adolescents’ social needs, Facebook use, and
Facebook related stress. Computers in Human Behavior, 64, 1–8. https://doi.org/10.
1016/j.chb.2016.05.083.

Bonnaire, C., & Baptista, D. (2019). Internet gaming disorder in male and female young
adults: The role of alexithymia, depression, anxiety and gaming type. Psychiatry

research, 272, 521–530. https://doi.org/10.1016/j.psychres.2018.12.158.
Boumosleh and Jaalouk, D. (2017). Depression, anxiety, and smartphone addiction in

university students-A cross sectional study. PLoS one, 12(8), Article e0182239.
https://doi.org/10.1371/journal.pone.0182239.

Brand, M., Wegmann, E., Stark, R., Muller, A., Wolfling, K., Robbins, T. W., & Potenza, M.
N. (2019). The Interaction of Person-Affect-Cognition-Execution (I-PACE) model for
addictive behaviors: Update, generalization to addictive behaviors beyond internet-
use disorders, and specification of the process character of addictive behaviors.
Neuroscience and Biobehavioral Reviews, 104, 1–10. https://doi.org/10.1016/j.
neubiorev.2019.06.032.

Brand, M., Young, K. S., Laier, C., Wolfling, K., & Potenza, M. N. (2016). Integrating
psychological and neurobiological considerations regarding the development and
maintenance of specific internet-use disorders: An interaction of person-affect-cog-
nition-execution (I-PACE) model. Neuroscience and Biobehavioral Reviews, 71,
252–266. https://doi.org/10.1016/j.neubiorev.2016.08.033.

Burleigh, T. L., Stavropoulos, V., Liew, L. W., Adams, B. L., & Griffiths, M. D. (2018).
Depression, internet gaming disorder, and the moderating effect of the gamer-avatar
relationship: An exploratory longitudinal study. International Journal of Mental Health
and Addiction, 16(1), 102–124. https://doi.org/10.1007/s11469-017-9806-3.

Carli, V., Durkee, T., Wasserman, D., Hadlaczky, G., Despalins, R., Kramarz, E., & Kaess,
M. (2013). The association between pathological internet use and comorbid psy-
chopathology: A systematic review. Psychopathology, 46(1), 1–13. https://doi.org/10.
1159/000337971.

Chiu, Y. C., Pan, Y. C., & Lin, Y. H. (2018). Chinese adaptation of the Ten-Item Internet
Gaming Disorder Test and prevalence estimate of Internet gaming disorder among
adolescents in Taiwan. Journal of Behavioral Addictions, 7(3), 719–726. https://doi.
org/10.1556/2006.7.2018.92.

Choi, J., Cho, H., Kim, J. Y., Jung, D. J., Ahn, K. J., Kang, H. B., & Kim, D. J. (2017).
Structural alterations in the prefrontal cortex mediate the relationship between
Internet gaming disorder and depressed mood. Scientific reports, 7(1), 1–10. https://
doi.org/10.1038/s41598-017-01275-5.

Contractor, A. A., Weiss, N. H., & Elhai, J. D. (2019). Examination of the relation between
PTSD symptoms, smartphone feature uses, and problematic smartphone use. Social
Science Computer Review, 37(3), 385–403. https://doi.org/10.1177/
0894439318770745.

Demirci, K., Akgönül, M., & Akpinar, A. (2015). Relationship of smartphone use severity
with sleep quality, depression, and anxiety in university students. Journal of
Behavioral Addictions, 4(2), 85–92. https://doi.org/10.1556/2006.4.2015.010.

Dempsey, A. E., O'Brien, K. D., Tiamiyu, M. F., & Elhai, J. D. (2019). Fear of missing out
(FoMO) and rumination mediate relations between social anxiety and problematic
Facebook use. Addictive Behaviors Reports, 9. https://doi.org/10.1016/j.abrep.2018.
100150.

De Wit, L. M., Fokkema, M., van Straten, A., Lamers, F., Cuijpers, P., & Penninx, B. W.
(2010). Depressive and anxiety disorders and the association with obesity, physical,
and social activities. Depression and anxiety, 27(11), 1057–1065. https://doi.org/10.
1002/da.20738.

Dhir, A., Yossatorn, Y., Kaur, P., & Chen, S. (2018). Online social media fatigue and
psychological wellbeing—A study of compulsive use, fear of missing out, fatigue,
anxiety and depression. International Journal of Information Management, 40,
141–152. https://doi.org/10.1016/j.ijinfomgt.2018.01.012.

Duke, É., & Montag, C. (2017). Smartphone addiction, daily interruptions and self-re-
ported productivity. Addictive Behaviors Reports, 6, 90–95. https://doi.org/10.1016/j.
abrep.2017.07.002.

Duman, H., & Ozkara, B. Y. (2019). The impact of social identity on online game ad-
diction: the mediating role of the fear of missing out (FoMO) and the moderating role
of the need to belong. Current Psychology, 1–10. https://doi.org/10.1007/s12144-
019-00392-w.

Elhai, J. D., Dvorak, R. D., Levine, J. C., & Hall, B. J. (2017). Problematic smartphone use:
A conceptual overview and systematic review of relations with anxiety and depres-
sion psychopathology. Journal of affective disorders, 207, 251–259. https://doi.org/
10.1016/j.jad.2016.08.030.

Elhai, J. D., Gallinari, E. F., Rozgonjuk, D., & Yang, H. (2020). Depression, anxiety and
fear of missing out as correlates of social, non-social and problematic smartphone use.
Addictive Behaviors, 106335. https://doi.org/10.1016/j.addbeh.2020.106335.

Elhai, J. D., Levine, J. C., Alghraibeh, A. M., Alafnan, A. A., Aldraiweesh, A. A., & Hall, B.
J. (2018). Fear of missing out: Testing relationships with negative affectivity, online
social engagement, and problematic smartphone use. Computers in Human Behavior,
89, 289–298. https://doi.org/10.1016/j.chb.2018.08.020.

Elhai, J. D., Levine, J. C., Dvorak, R. D., & Hall, B. J. (2017). Non-social features of
smartphone use are most related to depression, anxiety and problematic smartphone
use. Computers in Human Behavior, 69, 75–82. https://doi.org/10.1016/j.chb.2016.
12.023.

Elhai, J. D., Levine, J. C., O’Brien, K. D., & Armour, C. (2018). Distress tolerance and
mindfulness mediate relations between depression and anxiety sensitivity with pro-
blematic smartphone use. Computers in Human Behavior, 84, 477–484. https://doi.
org/10.1016/j.chb.2018.03.026.

Elhai, J. D., Rozgonjuk, D., Alghraibeh, A. M., Levine, J. C., Alafnan, A. A., Aldraiweesh,
A. A., & Hall, B. J. (2020). Excessive reassurance seeking mediates relations between
rumination and problematic smartphone use. Bulletin of the Menninger Clinic, 1–19.
https://doi.org/10.1521/bumc_2020_84_07.

Elhai, J. D., Tiamiyu, M., & Weeks, J. (2018). Depression and social anxiety in relation to
problematic smartphone use. Internet Research, 28(2), 315–332. https://doi.org/10.
1108/IntR-01-2017-0019.

Elhai, J. D., Tiamiyu, M. F., Weeks, J. W., Levine, J. C., Picard, K. J., & Hall, B. J. (2018).
Depression and emotion regulation predict objective smartphone use measured over
one week. Personality and Individual Differences, 133, 21–28. https://doi.org/10.

G. Yuan, et al. Addictive Behaviors 112 (2021) 106648

6

https://doi.org/10.1037/tps0000075
https://doi.org/10.1089/cyber.2017.0011
https://doi.org/10.1016/j.chb.2016.03.046
https://doi.org/10.1016/j.chb.2016.03.046
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0025
https://doi.org/10.1016/j.chb.2016.05.083
https://doi.org/10.1016/j.chb.2016.05.083
https://doi.org/10.1016/j.psychres.2018.12.158
https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1016/j.neubiorev.2016.08.033
https://doi.org/10.1007/s11469-017-9806-3
https://doi.org/10.1159/000337971
https://doi.org/10.1159/000337971
https://doi.org/10.1556/2006.7.2018.92
https://doi.org/10.1556/2006.7.2018.92
https://doi.org/10.1038/s41598-017-01275-5
https://doi.org/10.1038/s41598-017-01275-5
https://doi.org/10.1177/0894439318770745
https://doi.org/10.1177/0894439318770745
https://doi.org/10.1556/2006.4.2015.010
https://doi.org/10.1016/j.abrep.2018.100150
https://doi.org/10.1016/j.abrep.2018.100150
https://doi.org/10.1002/da.20738
https://doi.org/10.1002/da.20738
https://doi.org/10.1016/j.ijinfomgt.2018.01.012
https://doi.org/10.1016/j.abrep.2017.07.002
https://doi.org/10.1016/j.abrep.2017.07.002
https://doi.org/10.1007/s12144-019-00392-w
https://doi.org/10.1007/s12144-019-00392-w
https://doi.org/10.1016/j.jad.2016.08.030
https://doi.org/10.1016/j.jad.2016.08.030
https://doi.org/10.1016/j.addbeh.2020.106335
https://doi.org/10.1016/j.chb.2018.08.020
https://doi.org/10.1016/j.chb.2016.12.023
https://doi.org/10.1016/j.chb.2016.12.023
https://doi.org/10.1016/j.chb.2018.03.026
https://doi.org/10.1016/j.chb.2018.03.026
https://doi.org/10.1521/bumc_2020_84_07
https://doi.org/10.1108/IntR-01-2017-0019
https://doi.org/10.1108/IntR-01-2017-0019
https://doi.org/10.1016/j.paid.2017.04.051


1016/j.paid.2017.04.051.
Elhai, J. D., Vasquez, J. K., Lustgarten, S. D., Levine, J. C., & Hall, B. J. (2018). Proneness

to boredom mediates relationships between problematic smartphone use with de-
pression and anxiety severity. Social Science Computer Review, 36(6), 707–720.
https://doi.org/10.1177/0894439317741087.

Elhai, J. D., Yang, H., Fang, J., Bai, X., & Hall, B. J. (2020). Depression and anxiety
symptoms are related to problematic smartphone use severity in Chinese young
adults: fear of missing out as a mediator. Addictive behaviors, 101. https://doi.org/10.
1016/j.addbeh.2019.04.020.

Elhai, J. D., Yang, H., & Montag, C. (2019). Cognitive-and emotion-related dysfunctional
coping processes: Transdiagnostic mechanisms explaining depression and anxiety’s
relations with problematic smartphone use. Current Addiction Reports, 6(4), 410–417.
https://doi.org/10.1007/s40429-019-00260-4.

Elhai, J. D., Yang, H., & Montag, C. (2020). Fear of missing out (FOMO): Overview,
theoretical underpinnings, and literature review on relations with severity of nega-
tive affectivity and problematic technology use. Brazilian Journal of Psychiatry.
https://doi.org/10.1590/1516-4446-2020-0870.

Elhai, J. D., Yang, H., Rozgonjuk, D., & Montag, C. (2020). Using machine learning to
model problematic smartphone use severity: the significant role of fear of missing
out. Addictive behaviors, 103. https://doi.org/10.1016/j.addbeh.2019.106261.

Evren, C., Evren, B., Dalbudak, E., Topcu, M., & Kutlu, N. (2019). Relationships of
Internet addiction and Internet gaming disorder symptom severities with probable
attention deficit/hyperactivity disorder, aggression and negative affect among uni-
versity students. ADHD Attention Deficit and Hyperactivity Disorders, 11(4), 413–421.
https://doi.org/10.1007/s12402-019-00305-8.

Fried, E. I., & Cramer, A. O. (2017). Moving forward: challenges and directions for psy-
chopathological network theory and methodology. Perspectives on Psychological
Science, 12(6), 999–1020. https://doi.org/10.1177/1745691617705892.

Gámez-Guadix, M. (2014). Depressive symptoms and problematic Internet use among
adolescents: Analysis of the longitudinal relationships from the cognitive–behavioral
model. Cyberpsychology, Behavior, and Social Networking, 17(11), 714–719. https://
doi.org/10.1089/cyber.2014.0226.

Gnambs, T., Stasielowicz, L., Wolter, I., & Appel, M. (2020). Do computer games jeo-
pardize educational outcomes? A prospective study on gaming times and academic
achievement. Psychology of Popular Media, 9(1), 69–82. https://doi.org/10.1037/
ppm0000204.

Griffiths, M. D., Kuss, D. J., Billieux, J., & Pontes, H. M. (2016). The evolution of Internet
addiction: A global perspective. Addictive behaviors, 53, 193–195. https://doi.org/10.
1016/j.addbeh.2015.11.001.

Hall, B. J., Xiong, P., Guo, X., Sou, E. K. L., Chou, U. I., & Shen, Z. Z. (2018). An evaluation
of a low intensity mHealth enhanced mindfulness intervention for Chinese university
students: A randomized controlled trial. Psychiatry Research, 270, 394–403. https://
doi.org/10.1016/j.psychres.2018.09.060.

Hall, B. J., Xiong, Y. X., Yip, P. S., Lao, C. K., Shi, W., Sou, E. K., & Lam, A. I. (2019). The
association between disaster exposure and media use on post-traumatic stress dis-
order following Typhoon Hato in Macao, China. European Journal of
Psychotraumatology, 10(1), 1558709. https://doi.org/10.1080/20008198.2018.
1558709.

Han, L., Liu, A., & Xiao, M. (2019). The influence of college students’ fear of missing out
on mobile phone addiction tendency: The mediating effect of learning style. Chinese
journal of special education, 12, 78–82.

Hawi, N. S., & Samaha, M. (2017). Relationships among smartphone addiction, anxiety,
and family relations. Behaviour & Information Technology, 36(10), 1046–1052.
https://doi.org/10.1080/0144929X.2017.1336254.

Hawi, N. S., Samaha, M., & Griffiths, M. D. (2018). Internet gaming disorder in Lebanon:
Relationships with age, sleep habits, and academic achievement. Journal of Behavioral
Addictions, 7(1), 70–78. https://doi.org/10.1556/2006.7.2018.16.

Hofmann, S. G., & Gómez, A. F. (2017). Mindfulness-based interventions for anxiety and
depression. Psychiatric Clinics, 40(4), 739–749. https://doi.org/10.1016/j.psc.2017.
08.008.

Hofmann, S. G., Sawyer, A. T., Witt, A. A., & Oh, D. (2010). The effect of mindfulness-
based therapy on anxiety and depression: A meta-analytic review. Journal of
Consulting and Clinical Psychology, 78(2), 169–183. https://doi.org/10.1037/
a0018555.

Holtfreter, K., Reisig, M. D., & Turanovic, J. J. (2017). Depression and infrequent parti-
cipation in social activities among older adults: the moderating role of high-quality
familial ties. Aging & Mental Health, 21(4), 379–388. https://doi.org/10.1080/
13607863.2015.1099036.

Hurst, C. E. (2007). Social Inequality: Forms, causes, and consequences. Boston: Pearson
Education.

Hyun, G. J., Han, D. H., Lee, Y. S., Kang, K. D., Yoo, S. K., Chung, U. S., & Renshaw, P. F.
(2015). Risk factors associated with online game addiction: a hierarchical model.
Computers in human behavior, 48, 706–713. https://doi.org/10.1016/j.chb.2015.02.
008.

Kardefelt-Winther, D. (2014). A conceptual and methodological critique of internet ad-
diction research: Towards a model of compensatory internet use. Computers in Human
Behavior, 31, 351–354. https://doi.org/10.1016/j.chb.2013.10.059.

Kim, E., & Koh, E. (2018). Avoidant attachment and smartphone addiction in college
students: The mediating effects of anxiety and self-esteem. Computers in Human
Behavior, 84, 264–271. https://doi.org/10.1016/j.chb.2018.02.037.

Kim, K. J., Conger, R. D., Elder, G. H., Jr, & Lorenz, F. O. (2003). Reciprocal influences
between stressful life events and adolescent internalizing and externalizing problems.
Child development, 74(1), 127–143. https://doi.org/10.1111/1467-8624.00525.

King, D. L., & Delfabbro, P. H. (2016). The cognitive psychopathology of Internet gaming
disorder in adolescence. Journal of Abnormal Child Psychology, 44(8), 1635–1645.
https://doi.org/10.1007/s10802-016-0135-y.

King, D. L., & Delfabbro, P. H. (2019). Internet gaming disorder: Theory, assessment, treat-
ment, and prevention. Cambridge, MA: Elsevier Academic Press.

Kwon, M., Kim, D. J., Cho, H., & Yang, S. (2013). The smartphone addiction scale:
Development and validation of a short version for adolescents. PloS One, 8(12),
https://doi.org/10.1371/journal.pone.0083558.

Lam, L. T. (2014). Internet gaming addiction, problematic use of the internet, and sleep
problems: A systematic review. Current Psychiatry Reports, 16(4), 444. https://doi.
org/10.1007/s11920-014-0444-1.

Lazarov, A., Suarez-Jimenez, B., Levy, O., Coppersmith, D. D., Lubin, G., Pine, D. S., &
Neria, Y. (2019). Symptom structure of PTSD and co-morbid depressive symptoms–a
network analysis of combat veteran patients. Psychological Medicine, 1–17. https://
doi.org/10.1017/S0033291719002034.

Lemmens, J. S., Valkenburg, P. M., & Gentile, D. A. (2015). The Internet gaming disorder
scale. Psychological Assessment, 27(2), 567–582. https://doi.org/10.1037/
pas0000062.

Li, D., Liau, A., & Khoo, A. (2011). Examining the influence of actual-ideal self-dis-
crepancies, depression, and escapism, on pathological gaming among massively
multiplayer online adolescent gamers. Cyberpsychology, Behavior, and Social
Networking, 14(9), 535–539. https://doi.org/10.1089/cyber.2010.0463.

Liang, Q., Yu, C., Chen, Q., Xie, X., Wu, H., Xing, J., & Dou, K. (2019). Exposure to
community violence, affiliations with risk-taking peer groups, and internet gaming
disorder among Chinese adolescents: the moderating role of parental monitoring.
Frontiers in psychology, 10, 2074. https://doi.org/10.3389/fpsyg.2019.02074.

Lin, Y., Lin, S., Yang, C. C. H., & Kuo, T. B. J. (2017). Psychopathology of Everyday Life in
the 21st Century: Smartphone Addiction. In C. Montag & M. Reuter (Eds.), Internet
Addiction: Neuroscientific Approaches and Therapeutical Implications Including
Smartphone Addiction (2nd) (pp. 339-358). Cham, Switzerland: Springer
International Publishing AG.

Liu, C., Liu, Z., & Yuan, G. (2020). Cyberbullying victimization and problematic Internet
use among Chinese adolescents: longitudinal mediation through mindfulness and
depression. Journal of Health Psychology, 1359105320934158. https://doi.org/10.
1177/1359105320934158.

Liu, C. H., Lin, S. H., Pan, Y. C., & Lin, Y. H. (2016). Smartphone gaming and frequent use
pattern associated with smartphone addiction. Medicine, 95(28), https://doi.org/10.
1097/MD.0000000000004068.

Lo Coco, G., Salerno, L., Franchina, V., La Tona, A., Di Blasi, M., & Giordano, C. (2020).
Examining bi-directionality between Fear of Missing Out and problematic smart-
phone use. A two-wave panel study among adolescents. Addictive Behaviors, 106.
https://doi.org/10.1016/j.addbeh.2020.106360.

Lovibond, P. F., & Lovibond, S. H. (1995). The structure of negative emotional states:
Comparison of the depression anxiety stress scales (DASS) with the Beck depression
and anxiety inventories. Behaviour Research and Therapy, 33(3), 335–343. https://doi.
org/10.1016/0005-7967(94)00075-U.

Luk, T. T., Wang, M. P., Shen, C., Wan, A., Chau, P. H., Oliffe, J., & Lam, T. H. (2018).
Short version of the Smartphone Addiction Scale in Chinese adults: Psychometric
properties, sociodemographic, and health behavioral correlates. Journal of Behavioral
Addictions, 7(4), 1157–1165. https://doi.org/10.1556/2006.7.2018.105.

Müller, K. W., Janikian, M., Dreier, M., Wölfling, K., Beutel, M. E., Tzavara, C., & Tsitsika,
A. (2015). Regular gaming behavior and internet gaming disorder in European
adolescents: results from a cross-national representative survey of prevalence, pre-
dictors, and psychopathological correlates. European Child & Adolescent Psychiatry,
24(5), 565–574. https://doi.org/10.1007/s00787-014-0611-2.

Nunstedt, H., Nilsson, K., Skärsäter, I., & Kylén, S. (2012). Experiences of major depres-
sion: individuals’ perspectives on the ability to understand and handle the illness.
Issues in Mental Health Nursing, 33(5), 272–279. https://doi.org/10.3109/01612840.
2011.653038.

Oberst, U., Wegmann, E., Stodt, B., Brand, M., & Chamarro, A. (2017). Negative con-
sequences from heavy social networking in adolescents: The mediating role of fear of
missing out. Journal of adolescence, 55, 51–60. https://doi.org/10.1016/j.
adolescence.2016.12.008.

Panova, T., & Carbonell, X. (2018). Is smartphone addiction really an addiction? Journal
of Behavioral Addictions, 7(2), 252–259. https://doi.org/10.1556/2006.7.2018.49.

Petry, N. M., Rehbein, F., Gentile, D. A., Lemmens, J. S., Rumpf, H. J., Mößle, T., &
Auriacombe, M. (2014). An international consensus for assessing internet gaming
disorder using the new DSM-5 approach. Addiction, 109(9), 1399–1406. https://doi.
org/10.1111/add.12457.

Przybylski, A. K., Murayama, K., DeHaan, C. R., & Gladwell, V. (2013). Motivational,
emotional, and behavioral correlates of fear of missing out. Computers in Human
Behavior, 29(4), 1841–1848. https://doi.org/10.1016/j.chb.2013.02.014.

Qian, S., Cao, Y., & Huang, S. (2019). Relationship among depressive symptoms, neuro-
ticism and network social activities in college students. Chinese Mental Health Journal,
33(12), 932–937.

Richardson, H. A., Simmering, M. J., & Sturman, M. C. (2009). A tale of three perspec-
tives: Examining post hoc statistical techniques for detection and correction of
common method variance. Organizational Research Methods, 12(4), 762–800. https://
doi.org/10.1177/1094428109332834.

Rozgonjuk, D., Levine, J. C., Hall, B. J., & Elhai, J. D. (2018). The association between
problematic smartphone use, depression and anxiety symptom severity, and objec-
tively measured smartphone use over one week. Computers in Human Behavior, 87,
10–17. https://doi.org/10.1016/j.chb.2018.05.019.

Ryu, H., Lee, J. Y., Choi, A., Park, S., Kim, D. J., & Choi, J. S. (2018). The relationship
between impulsivity and internet gaming disorder in young adults: Mediating effects
of interpersonal relationships and depression. International journal of environmental
research and public health, 15(3), 458. https://doi.org/10.3390/ijerph15030458.

Samaha, M., & Hawi, N. S. (2016). Relationships among smartphone addiction, stress,
academic performance, and satisfaction with life. Computers in Human Behavior, 57,

G. Yuan, et al. Addictive Behaviors 112 (2021) 106648

7

https://doi.org/10.1016/j.paid.2017.04.051
https://doi.org/10.1177/0894439317741087
https://doi.org/10.1016/j.addbeh.2019.04.020
https://doi.org/10.1016/j.addbeh.2019.04.020
https://doi.org/10.1007/s40429-019-00260-4
https://doi.org/10.1590/1516-4446-2020-0870
https://doi.org/10.1016/j.addbeh.2019.106261
https://doi.org/10.1007/s12402-019-00305-8
https://doi.org/10.1177/1745691617705892
https://doi.org/10.1089/cyber.2014.0226
https://doi.org/10.1089/cyber.2014.0226
https://doi.org/10.1037/ppm0000204
https://doi.org/10.1037/ppm0000204
https://doi.org/10.1016/j.addbeh.2015.11.001
https://doi.org/10.1016/j.addbeh.2015.11.001
https://doi.org/10.1016/j.psychres.2018.09.060
https://doi.org/10.1016/j.psychres.2018.09.060
https://doi.org/10.1080/20008198.2018.1558709
https://doi.org/10.1080/20008198.2018.1558709
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0220
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0220
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0220
https://doi.org/10.1080/0144929X.2017.1336254
https://doi.org/10.1556/2006.7.2018.16
https://doi.org/10.1016/j.psc.2017.08.008
https://doi.org/10.1016/j.psc.2017.08.008
https://doi.org/10.1037/a0018555
https://doi.org/10.1037/a0018555
https://doi.org/10.1080/13607863.2015.1099036
https://doi.org/10.1080/13607863.2015.1099036
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0250
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0250
https://doi.org/10.1016/j.chb.2015.02.008
https://doi.org/10.1016/j.chb.2015.02.008
https://doi.org/10.1016/j.chb.2013.10.059
https://doi.org/10.1016/j.chb.2018.02.037
https://doi.org/10.1111/1467-8624.00525
https://doi.org/10.1007/s10802-016-0135-y
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0285
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0285
https://doi.org/10.1371/journal.pone.0083558
https://doi.org/10.1007/s11920-014-0444-1
https://doi.org/10.1007/s11920-014-0444-1
https://doi.org/10.1017/S0033291719002034
https://doi.org/10.1017/S0033291719002034
https://doi.org/10.1037/pas0000062
https://doi.org/10.1037/pas0000062
https://doi.org/10.1089/cyber.2010.0463
https://doi.org/10.3389/fpsyg.2019.02074
https://doi.org/10.1177/1359105320934158
https://doi.org/10.1177/1359105320934158
https://doi.org/10.1097/MD.0000000000004068
https://doi.org/10.1097/MD.0000000000004068
https://doi.org/10.1016/j.addbeh.2020.106360
https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1556/2006.7.2018.105
https://doi.org/10.1007/s00787-014-0611-2
https://doi.org/10.3109/01612840.2011.653038
https://doi.org/10.3109/01612840.2011.653038
https://doi.org/10.1016/j.adolescence.2016.12.008
https://doi.org/10.1016/j.adolescence.2016.12.008
https://doi.org/10.1556/2006.7.2018.49
https://doi.org/10.1111/add.12457
https://doi.org/10.1111/add.12457
https://doi.org/10.1016/j.chb.2013.02.014
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0390
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0390
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0390
https://doi.org/10.1177/1094428109332834
https://doi.org/10.1177/1094428109332834
https://doi.org/10.1016/j.chb.2018.05.019
https://doi.org/10.3390/ijerph15030458


321–325. https://doi.org/10.1016/j.chb.2015.12.045.
Satghare, P., Abdin, E., Vaingankar, J. A., Chua, B. Y., Pang, S., Picco, L., & Subramaniam,

M. (2016). Prevalence of sleep problems among those with Internet gaming disorder
in Singapore. ASEAN Journal of Psychiatry, 17(1), 1–11.

Saunders, J. B., Hao, W., Long, J., King, D. L., Mann, K., Fauth-Bühler, M., & Chan, E.
(2017). Gaming disorder: Its delineation as an important condition for diagnosis,
management, and prevention. Journal of Behavioral Addictions, 6(3), 271–279.
https://doi.org/10.1556/2006.6.2017.039.

Sela, Y., Zach, M., Amichay-Hamburger, Y., Mishali, M., & Omer, H. (2020). Family en-
vironment and problematic internet use among adolescents: The mediating roles of
depression and Fear of Missing Out. Computers in Human Behavior, 106. https://doi.
org/10.1016/j.chb.2019.106226.

Sigerson, L., Li, A. Y. L., Cheung, M. W. L., Luk, J. W., & Cheng, C. (2017). Psychometric
properties of the Chinese internet gaming disorder scale. Addictive Behaviors, 74,
20–26. https://doi.org/10.1016/j.addbeh.2017.05.031.

Stavropoulos, V., & Adams, B. L. M. (2017). OP-108: Internet gaming disorder symptoms
in emergent adulthood: the interplay between anxiety and family cohesion. Journal of
Behavioral Addictions, 6(S1), 51–52.

Steger, M. F., & Kashdan, T. B. (2009). Depression and everyday social activity, be-
longing, and well-being. Journal of counseling psychology, 56(2), 289–300. https://doi.
org/10.1037/a0015416.

Stetina, B. U., Kothgassner, O. D., Lehenbauer, M., & Kryspin-Exner, I. (2011). Beyond the
fascination of online-games: Probing addictive behavior and depression in the world
of online-gaming. Computers in Human Behavior, 27(1), 473–479. https://doi.org/10.
1016/j.chb.2010.09.015.

Strittmatter, E., Parzer, P., Brunner, R., Fischer, G., Durkee, T., Carli, V., & Resch, F.
(2016). A 2-year longitudinal study of prospective predictors of pathological Internet
use in adolescents. European child & adolescent psychiatry, 25(7), 725–734. https://
doi.org/10.1007/s00787-015-0779-0.

Wang, C. Y., Wu, Y. C., Su, C. H., Lin, P. C., Ko, C. H., & Yen, J. Y. (2017). Association
between Internet gaming disorder and generalized anxiety disorder. Journal of
Behavioral Addictions, 6(4), 564–571. https://doi.org/10.1556/2006.6.2017.088.

Wang, H. R., Cho, H., & Kim, D. J. (2018). Prevalence and correlates of comorbid de-
pression in a nonclinical online sample with DSM-5 internet gaming disorder. Journal
of affective disorders, 226, 1–5. https://doi.org/10.1016/j.jad.2017.08.005.

Wang, K., Shi, H. S., Geng, F. L., Zou, L. Q., Tan, S. P., Wang, Y., & Chan, R. C. (2016).
Cross-cultural validation of the Depression Anxiety Stress Scale–21 in China.
Psychological Assessment, 28(5), e88–e100. https://doi.org/10.1037/pas0000207.

Wartberg, L., Kriston, L., & Thomasius, R. (2017). The prevalence and psychosocial
correlates of internet gaming disorder: analysis in a nationally representative sample
of 12-to 25-Year-Olds. Deutsches Ärzteblatt International, 114(25), 419–424. https://
doi.org/10.3238/arztebl.2017.0419.

Wartberg, L., Zieglmeier, M., & Kammerl, R. (2020). An empirical exploration of long-
itudinal predictors for problematic internet use and problematic gaming behavior.
Psychological Reports. https://doi.org/10.1177/0033294120913488
0033294120913488.

Wegmann, E., Oberst, U., Stodt, B., & Brand, M. (2017). Online-specific fear of missing out
and Internet-use expectancies contribute to symptoms of Internet-communication
disorder. Addictive Behaviors Reports, 5, 33–42. https://doi.org/10.1016/j.abrep.
2017.04.001.

West, S. G., Taylor, A. B., & Wu, W. (2012). Model fit and model selection in structural
equation modeling. In R. H. Hoyle (Ed.). Handbook of structural equation modeling (pp.
209–231). New York: Guilford.

Wolniewicz, C. A., Rozgonjuk, D., & Elhai, J. D. (2020). Boredom proneness and fear of
missing out mediate relations between depression and anxiety with problematic
smartphone use. Human Behavior and Emerging Technologies, 2(1), 61–70. https://doi.
org/10.1002/hbe2.159.

Wolniewicz, C. A., Tiamiyu, M. F., Weeks, J. W., & Elhai, J. D. (2018). Problematic
smartphone use and relations with negative affect, fear of missing out, and fear of
negative and positive evaluation. Psychiatry Research, 262, 618–623. https://doi.org/
10.1016/j.psychres.2017.09.058.

Wu, A. M., Chen, J. H., Tong, K. K., Yu, S., & Lau, J. T. (2018). Prevalence and associated
factors of Internet gaming disorder among community dwelling adults in Macao,
China. Journal of Behavioral Addictions, 7(1), 62–69. https://doi.org/10.1556/2006.7.
2018.92.

Xiang, M., Wang, Z., & Ma, B. (2019). Reliability and validity of chinese version of the
smartphone addiction scale in adolescents. Chinese journal of clinical psychology,
27(5), 959–964. https://doi.org/10.16128/j.cnki.1005-3611.2019.05.022.

Xie, X., Wang, Y., Wang, P., Zhao, F., & Lei, L. (2018). Basic psychological needs sa-
tisfaction and fear of missing out: Friend support moderated the mediating effect of
individual relative deprivation. Psychiatry Research, 268, 223–228. https://doi.org/
10.1016/j.psychres.2018.07.025.

Xu, T. T., Wang, H. Z., Fonseca, W., Zimmerman, M. A., Rost, D. H., Gaskin, J., & Wang, J.
L. (2019). The relationship between academic stress and adolescents’ problematic
smartphone usage. Addiction Research & Theory, 27(2), 162–169. https://doi.org/10.
1080/16066359.2018.1488967.

Yang, H., Wang, L., Cao, C., Cao, X., Fang, R., Zhang, J., & Elhai, J. D. (2017). The
underlying dimensions of DSM-5 PTSD symptoms and their relations with anxiety
and depression in a sample of adolescents exposed to an explosion accident. European
journal of psychotraumatology, 8(1), 1272789. https://doi.org/10.1080/20008198.
2016.1272789.

Yang, Z., Asbury, K., & Griffiths, M. D. (2019). An exploration of problematic smartphone
use among Chinese university students: Associations with academic anxiety, aca-
demic procrastination, self-regulation and subjective wellbeing. International Journal
of Mental Health and Addiction, 17(3), 596–614. https://doi.org/10.1007/s11469-
018-9961-1.

Yen, J. Y., Lin, H. C., Chou, W. P., Liu, T. L., & Ko, C. H. (2019). Associations among
resilience, stress, depression, and Internet gaming disorder in young adults.
International Journal of Environmental Research and Public Health, 16(17), 3181.
https://doi.org/10.3390/ijerph16173181.

Zhai, Z. W., Hoff, R. A., Howell, J. C., Wampler, J., Krishnan-Sarin, S., & Potenza, M. N.
(2020). Differences in associations between problematic video-gaming, video-gaming
duration, and weapon-related and physically violent behaviors in adolescents.
Journal of Psychiatric Research, 121, 47–55. https://doi.org/10.1016/j.jpsychires.
2019.11.005.

Zhang, Y., Jiang, W., Ding, Q., & Hong, M. (2019). Social comparison orientation and
social network sites addiction in college students: The mediating role of fear of
missing out. Chinese Journal of Clinical Psychology, 27(5), 928–936. https://doi.org/
10.16128/j.cnki.1005-3611.2019.05.015.

G. Yuan, et al. Addictive Behaviors 112 (2021) 106648

8

https://doi.org/10.1016/j.chb.2015.12.045
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0415
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0415
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0415
https://doi.org/10.1556/2006.6.2017.039
https://doi.org/10.1016/j.chb.2019.106226
https://doi.org/10.1016/j.chb.2019.106226
https://doi.org/10.1016/j.addbeh.2017.05.031
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0435
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0435
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0435
https://doi.org/10.1037/a0015416
https://doi.org/10.1037/a0015416
https://doi.org/10.1016/j.chb.2010.09.015
https://doi.org/10.1016/j.chb.2010.09.015
https://doi.org/10.1007/s00787-015-0779-0
https://doi.org/10.1007/s00787-015-0779-0
https://doi.org/10.1556/2006.6.2017.088
https://doi.org/10.1016/j.jad.2017.08.005
https://doi.org/10.1037/pas0000207
https://doi.org/10.3238/arztebl.2017.0419
https://doi.org/10.3238/arztebl.2017.0419
https://doi.org/10.1177/0033294120913488
https://doi.org/10.1016/j.abrep.2017.04.001
https://doi.org/10.1016/j.abrep.2017.04.001
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0490
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0490
http://refhub.elsevier.com/S0306-4603(20)30778-4/h0490
https://doi.org/10.1002/hbe2.159
https://doi.org/10.1002/hbe2.159
https://doi.org/10.1016/j.psychres.2017.09.058
https://doi.org/10.1016/j.psychres.2017.09.058
https://doi.org/10.1556/2006.7.2018.92
https://doi.org/10.1556/2006.7.2018.92
https://doi.org/10.16128/j.cnki.1005-3611.2019.05.022
https://doi.org/10.1016/j.psychres.2018.07.025
https://doi.org/10.1016/j.psychres.2018.07.025
https://doi.org/10.1080/16066359.2018.1488967
https://doi.org/10.1080/16066359.2018.1488967
https://doi.org/10.1080/20008198.2016.1272789
https://doi.org/10.1080/20008198.2016.1272789
https://doi.org/10.1007/s11469-018-9961-1
https://doi.org/10.1007/s11469-018-9961-1
https://doi.org/10.3390/ijerph16173181
https://doi.org/10.1016/j.jpsychires.2019.11.005
https://doi.org/10.1016/j.jpsychires.2019.11.005
https://doi.org/10.16128/j.cnki.1005-3611.2019.05.015
https://doi.org/10.16128/j.cnki.1005-3611.2019.05.015

	The influence of depressive symptoms and fear of missing out on severity of problematic smartphone use and Internet gaming disorder among Chinese young adults: A three-wave mediation model
	1 Introduction
	1.1 Theoretical links
	1.2 The current study

	2 Method
	2.1 Participants and procedure
	2.2 Measures
	2.2.1 Internet gaming disorder
	2.2.2 Problematic smartphone use
	2.2.3 Depression
	2.2.4 FoMO

	2.3 Data analysis

	3 Results
	4 Discussion
	5 Financial support
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References




