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Abstract
Increasing attention has been given to the role of anxiety symptoms in influencing problematic smartphone use (PSU). However,
less is known about potential moderation mechanisms underlying this relationship. In the present study, we examined the
relationship between anxiety symptoms and PSU severity, and whether this relationship was moderated by perceived social
support. College students (N = 723) from China were recruited to complete questionnaires assessing anxiety symptoms, per-
ceived social support, and PSU severity. The results showed that anxiety symptomswere positively associatedwith PSU severity,
while perceived social support was negatively associated with PSU severity. Moreover, perceived social support positively
moderated the relationship between anxiety symptoms and PSU severity; this relationship was significant at higher but not lower
levels of perceived social support. These findings highlight the important role of perceived social support as a potential buffering
factor for anxiety on PSU.

Keywords Anxiety symptoms .Problematic smartphoneuse . Perceivedsocial support .Collegestudents .Cross-sectionaldesign

Introduction

In recent years, smartphones have become an essential part of
daily life for people across the lifespan. According to data from
the PewResearchCenter (2019), there are 2.5 billion smartphone
users globally, and ownership prevalence in adults is 95% in
South Korea, 81% in the USA, and 76% in the UK, with large
majority of younger adults adopt a smartphone. Similarly, the
number of smartphone users in China reached 817 million by
December 2018, accounting for 99% of all internet users (China
Internet Network Information Center, 2019). Undeniably,
smartphones are highly portable devices offering many benefits
for users, however, when users’ smartphone usage becomes

excessive, adverse effects can result. Problematic smartphone
use (PSU) is conceptualized as overuse of a smartphone with
functional impairments in daily life and symptoms similar to
those in substance use disorders such as tolerance andwithdrawal
when one’s smartphone phone is unavailable (Billieux et al.,
2015). It should be noted that PSU is not officially recognized
as a disorder and is not included in the latest edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-
5); nonetheless it is an important construct to study. Although
some researchers have instead used terms such as “smartphone
addiction” (Alhassan et al., 2018; Noë et al., 2019) to describe
this construct, Panova and Carbonell (2018) argued that there is
inadequate evidence to confirm the addictive nature of a
smartphone despite its potential adverse effects. Therefore, we
use the term PSU instead, focusing onmental health correlates of
PSU severity.

Evidence suggests that PSU is a substantial problem for many
smartphone users. For example, among Chinese undergraduate
smartphone users, studies found that the prevalence of PSU was
estimated to be 21% (n= 1062; Long et al., 2016) and 30% (n=
1441; Chen et al., 2017). In cross-cultural research using the
same instrument (Smartphone Addiction Scale – Short Version
[SAS-SV]; Kwon et al., 2013), studies demonstrated that
Chinese undergraduates reported significantly higher levels of
PSU than participants from Germany (Lachmann et al., 2018)
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and Britain (Yang et al., 2019). Furthermore, empirical research
across a range of countries has identified that PSU can lead to a
variety of negative consequences for college students such as
lower subjective well-being including more negative affect and
less positive affect and life satisfaction (Horwood & Anglim,
2019) and quality of life (Gao et al., 2017), greater alcohol con-
sumption and poorer academic performance (Grant et al., 2019),
and worse sleep quality (Demirci et al., 2015). Consequently,
exploring correlates of PSU severity is of critical importance in
developing intervention and prevention strategies.

As an important psychopathological construct, the role of
anxiety symptoms in predicting PSU severity has received
considerable scholarly attention (e.g., Elhai et al., 2017;
Elhai et al., 2019). However, most prior work has examined
the relationship between anxiety symptoms and PSU severity,
while research is warranted to investigate potential moderat-
ing variables in such relationship (Coyne et al., 2019; Elhai
et al., 2019). Therefore, we aimed to examine the relationship
between anxiety symptoms and PSU severity, as well as the
moderating role of perceived social support in this link.

Anxiety Symptoms and PSU Severity

Researchers have used various theories to account for the rela-
tionship between anxiety symptoms and PSU severity, including
the Uses andGratifications Theory (UGT; Blumler, 1979), social
enhancement model (Kraut et al., 2002), negative reinforcement
models (Baker et al., 2004), and Compensatory Internet Use
Theory (CIUT; Kardefelt-Winther, 2014). More recently, a com-
prehensive theoretical framework was proposed to discuss the
development and maintenance of excessive Internet use: the
Interaction of Person-Affect-Cognition-Execution (I-PACE)
model (Brand et al., 2016; Brand et al., 2019). I-PACE argues
that excessive Internet use (e.g., PSU) results from the interaction
of predisposing variables (e.g., anxiety, depression, stress vulner-
ability), affective and cognitive responses (e.g., perceived social
support, cognitive bias, expectancies, coping style, urge formood
regulation), and executive functions (e.g., inhibitory control, de-
cision-making). Specifically, predisposing variables are risks fac-
tors that may lead users to excessively use particular Internet
applications. And affective and cognitive response variables
may mediate or moderate this link between predisposing vari-
ables and excessive internet use. In I-PACE, anxiety could be
viewed as a predisposing variable, and social support involves a
coping response in the affective/cognitive responses category,
both potentially impacting severity of PSU.

Based on empirical evidence, a large number of studies
found that anxiety symptoms were positively associated with
PSU severity among young adults through cross-sectional
(e.g., Elhai et al., 2020; Richardson et al., 2018; Shen et al.,
2019), repeated measures (e.g., Elhai et al., 2018; Rozgonjuk
et al., 2018), and experimental designs (e.g., Cheever et al.,

2014; Clayton et al., 2015). Yet some contrary findings have
been reported (e.g., Coyne et al., 2019), so the relationship
between anxiety symptoms and PSU severity may differ ac-
cording to moderating variables (Elhai et al., 2019). On the
basis of I-PACE, perceived social support may be an impor-
tant variable that can buffer the impact of anxiety symptoms
on PSU (Brand et al., 2016, 2019). Thus, in the present paper,
we focus on perceived social support as a moderator.

Perceived Social Support

Perceived social support refers to an individual’s subjective
feelings and evaluations about being supported by others (e.g.,
family members, friends, and significant other) in time of need
(Zimet et al., 1988), which includes two important dimen-
sions: accessibility of supporting individuals, and satisfaction
obtained from a social support (Kitamura et al., 1999). Cohen
and Wills (1985) proposed two models (i.e., the main effects
model, and buffering model) to explain the functions of social
support. The main effects model holds that an individual’s
positive perceptions of their social networks may have a direct
positive effect on their mental health regardless of the level of
risk factors. From this perspective, perceived social support
may help individuals combat PSU severity. Numerous cross-
sectional studies (Aker et al., 2017; Celik & Konan, 2019;
Gökçearslan et al., 2018) identified that college students with
lower levels of perceived social support report higher levels of
PSU. Longitudinal studies (Herrero et al., 2019, b) also found
that social support predicts reduction in PSU over time.

The buffering model implies that social support protects
individuals from the negative effects of particular risk factors.
In line with the view, Putnam (2001) stated that if individuals
perceive more social support from their social networks, their
feelings of anxiety in offline social interactions may decrease.
In contrast, individuals with low social support often rely
more on a smartphone for communication than on face-to-
face communication to reduce their negative feelings (Kim,
2017). Accordingly, perceived social support may alleviate
negative effects of anxiety symptoms on PSU severity.
Several relevant studies have lent support to this assumption.
For example, Ruppel andMckinley (2015) found that students
who reported less social support were more likely to use
websites to alleviate negative emotion. In a sample of
Facebook users, Brailovskaia et al. (2019) found that individ-
uals who perceived higher levels of offline social support were
less likely to increase Facebook use when facing daily stress.

The Present Study

The primary goals of this study were to investigate relations
between anxiety symptoms and PSU severity among Chinese
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college students, and whether this relationship was moderated
by perceived social support. Based on the above review, we
proposed the following hypotheses: anxiety symptoms should
be positively associated with PSU severity (Hypothesis 1),
perceived social support should be negatively associated with
PSU severity (Hypothesis 2), and perceived social support
should moderate the relationship between anxiety symptoms
and PSU severity (Hypothesis 3). Specifically, the negative
impact of anxiety symptoms on PSU severity should be weak-
er in students with high levels of perceived social support.

Method

Participants and Procedure

A total of 723 Chinese college students with an average age of
19.96 (SD = 1.39, range = 17–25) participated in the present
study. Among them, 71.9% were females. This sample size is
consistent with the literature on mental health relations with
problematic smartphone use – Elhai et al. (2017) in their sys-
tematic review found that the average sample size in this area
was 623 participants. Demographic information of the current
sample is reported in Table 1. The study was approved by the
university’s ethics committee. The paper-and-pencil survey
was conducted in classrooms in the absence of faculty.
Participants were informed about the research purpose, possi-
ble time needed, anonymity and confidentiality of their re-
sponses, and that participation was voluntary without

compensation. The research assistants were trained psycho-
logical postgraduates. We reviewed completed surveys with
participants and when missing data were found, we asked
participants to complete missing items, resulting in nomissing
item-level data for analysis. After informed consent was ob-
tained from interested participants, they were administered
questionnaires, including basic information (i.e., age, gender,
major) in the classroom setting.

Measures

Anxiety Symptoms The State Anxiety scale from the State-
Trait Anxiety Inventory (Dambi et al., 2018; Spielberger
et al., 1970) was used to assess anxiety symptoms. This scale
comprises 20 items such as “I am tense” and “I am worried.”
Each item is rated on a 4-point Likert scale ranging from 1 (not
at all) to 4 (very much). Shek (1988) discovered that the
Chinese scale version comprised three factors: anxiety pres-
ent, calmness, and happiness. A composite score is calculated
by summing the 20 items, with higher scores indicating great-
er anxiety. We used the Chinese scale version demonstrating
satisfactory internal consistency in Chinese college students
(e.g., α = .90; Shen et al., 2019). In the present study, internal
consistency was .89.

Perceived Social Support The Multidimensional Scale of
Perceived Social Support (MSPSS; Gros et al., 2007; Zimet
et al., 1988) was used to measure perceived social support.
The MSPSS includes 12 items evaluating perceived social
support from family, friends, and significant others (three fac-
tors). An example item is: “There is a special person in my life
who cares about my feelings”. Each item is rated on a 7-point
Likert scale from 1 (very strongly disagree) and 7 (very
strongly agree). An overall score is created by summing the
12 items with higher scores reflecting stronger perceive social
support. We used the Chinese scale version, which is widely
used in Chinese college student samples (e.g., α = .83; Wang
et al., 2018). In the present study, internal consistency was .90.

Problematic Smartphone Use Severity The Mobile Phone
Addiction Index (MPAI; Huang et al., 2014; Leung, 2008)
was used to assess PSU severity. TheMPAI includes 17 items
evaluating inability to control cravings, feeling anxious and
lost, withdrawal or escape, and productivity loss (four factors).
An example item is: “Your productivity has decreased as a
direct result of the time you spend on the smartphone”. Each
item is rated on 5-point Likert scale from 1 (never) to 5 (al-
ways). A total score is summed across items with higher
scores indicating greater PSU. We used the Chinese MPAI,
demonstrating good internal consistency among Chinese col-
lege students (α = .89; Lian et al., 2016). In the present study,
internal consistency was .92.

Table 1 Demographic characteristics (N = 723)

Variable N %

Gender

Male 203 28.1

Female 520 71.9

Major

Liberal arts 293 40.5

Science 430 59.5

Grade

Freshman 146 20.2

Sophomore 272 37.6

Junior 208 28.8

Senior 97 13.4

Family type

Only child 277 38.3

Non-only child 446 61.7

Family address

Rural areas 466 64.5

Urban areas 257 35.5
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Statistical Analysis

The data were analyzed with SPSS 19.0 and Mplus 8.3
(Muthén & Muthén, 1998–2019). First, skewness, kurto-
sis, means, standard deviations, and correlations were cal-
culated using SPSS. According to Curran et al. (1996),
kurtosis <7 (abs) and skewness <2 (abs), indicate normal
distributions. Next, measurement models were conducted
to examine model fit for the State Anxiety scale, MPSS,
and MPAI. Latent variables were measured by subscales,
rather than using item-level data – to preserve statistical
power. As mentioned before, three factors for State
Anxiety scale and MSPSS respectively, and four factors
for MPAI were modeled. Because gender is associated
with anxiety (Demirci et al., 2015), social support
(Tinajero et al., 2015), and PSU (Elhai et al., 2020), we
controlled for gender in each of these models. There was a
high correlation between inability to control cravings and
productivity loss factors of PSU due to very similar con-
tent, thus we set a correlated residual error between these
two factors. Also, anxiety symptoms are highly negatively
correlated with perceived social support (Mahmoud et al.,
2015), thus we set a correlated residual error between
them.

After ensuring measurement model fit, the structural model
was performed to test the moderating effect via latent moder-
ated structural equations (LMS; Maslowsky et al., 2015). The
LMSmethod uses the XWITH command and full information
maximum likelihood estimation with robust standard errors
(MLR), and consists of two steps. The first step was to esti-
mate the main effect model (i.e.,Model 0), providingmodel fit
indices. The second step was to estimate the latent interaction
(i.e., Model 1). Model fit improvement between Model 0 and
Model 1 was assessed by the log-likelihood ratio test (also
denoted as D). A significant D value indicates a meaningful
improvement in model fit after adding the interaction term,
and thus a moderating effect. In the present study, model fit
indexes include the Comparative Fit Index (CFI), Tucker-
Lewis Index (TLI) , Root-Mean-Square Error of
Approximation (RMSEA). Acceptable fit for CFI and TLI is
indicated with values > .94, for RMSEA < .06, and SRMR <
.08 (Hu & Bentler, 1999).

Results

Preliminary Analysis

As indicated in Table 2, study variables were normally dis-
tributed. Anxiety symptoms were significantly positively re-
lated to PSU severity, while significantly negatively related to
perceived social support. Perceived social support was signif-
icantly negatively related to PSU severity.

Measurement Model

The CFA for anxiety symptoms showed adequate fit, χ2(2,
N = 723 ) = 5 . 2 6 , p = . 0 7 , CF I = . 9 9 , TL I = . 9 9 ,
RMSEA = .05, SRMR = .01. The CFA for perceived social
support yielded adequate fit, χ2(2, N = 723) = 8.31, p < .05,
CFI = .99, TLI = .97, RMSEA = .07, SRMR= 02. The CFA
for PSU showed adequate fit, χ2(4, N = 723) = 9.08, p = .06,
CFI = .99, TLI = .99, RMSEA = .04, SRMR= .02.

Structural Model

The results of the main effect model and latent interaction
model are presented in Table 3. The main effect model
showed good model fit, χ2(38, N = 723) = 121.68, p < .001,
CFI = .97, TLI = .96, RMSEA = .06, SRMR = .04. Anxiety
symptoms were significantly associated with PSU severity
(β = .34, p < .001), whereas perceived social support was not
associated with PSU severity (β = .01, p > .05). The main ef-
fect model explained 12% of variance in PSU severity
(p < .001).

In the latent interactionmodel, the interaction term between
anxiety symptoms and perceived social support was signifi-
cantly associated with PSU severity (β = .06, p < .01). The
latent interaction model explained 13% of variance in PSU
(p < .001). An additional 1% of variance in PSU severity
was explained by the interaction term between anxiety symp-
toms and perceived social support. Based on log-likelihood
values of the main effect model and latent interaction model,
the log-likelihood difference value was D (1) = 7.98, p < .01;
thus, the latent interaction model significantly improved mod-
el fit.

To interpret the significant interaction, a simple slope test
(Aiken & West, 1991) was performed by inspecting anxiety
symptoms on PSU severity at low (one standard deviation
below the mean) and high (one standard deviation above the
mean) levels of perceived social support. The simple slope test
showed that the relationship between anxiety symptoms and
PSU severity was significant when perceived social support
was high (β = .41, p < .001), while their relationship was not
significant when perceived social support was low (β = −.01,
p > .05). The plot of the interaction effect was illustrated in
Fig. 1.

Discussion

The present study explored the relationship between anxiety
symptoms, perceived social support, and PSU severity in a
sample of Chinese college students. Findings indicate that
anxiety symptoms were positively associated with PSU sever-
ity, whereas perceived social support was negatively associat-
ed with PSU severity. The relationship between anxiety
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symptoms and PSU severity was moderated by perceived so-
cial support. Concretely, this positive relationship was signif-
icant for students at high levels of perceived social support,
while non-significant for those at low levels.

As expected from our hypothesis 1, we found that anxiety
symptoms were positively associated with PSU severity. This
finding is consistent with past research (Elhai et al., 2020;
Richardson et al., 2018; Rozgonjuk et al., 2018). This finding
also supports the I-PACE model (Brand et al., 2016, 2019)
that predisposing factors such as anxiety are risk factors for the
development of a specific Internet disorder (e.g., PSU).
According to the I-PACE model, after experiencing abnormal
mood such as anxiety symptoms, individuals may have dif-
ferent affective responses, for example, an urge to regulate
anxiety symptoms, and therefore, they may engage in using
a smartphone to cope. The decision to use a smartphone may
have positive functions such as gratification as a short-term
remedy in the very beginning of the addiction process. But
when experiencing gratification builds a positive relationship
with a smartphone use, especially when this relationship is
reinforced and strengthened, individuals subsequently rely
on using a smartphone to manage anxiety symptoms in daily
life. This perspective is consistent with CIUT (Kardefelt-
Winther, 2014) stating that PSU can be viewed as a

compensatory behavior to alleviate anxiety symptom and sup-
ported by empirical studies (e.g., Elhai et al., 2018).

We found that perceived social support was negatively re-
lated to PSU severity in bivariate analyses, supporting our
hypothesis 2 and the main effects model of social support
(Cohen & Wills, 1985). However, their relationship was not
significant in the structural model, suggesting that anxiety
symptoms might interact with perceived social support.
Indeed, we found that perceived social support plays an im-
portant moderating role in the relationship between anxiety
symptoms and PSU severity. Contrary to our expectation, this
partly supported our hypothesis 3 because the relationship
between anxiety symptoms and PSU severity was significant
only when perceived social support was high. Although in-
consistent with the buffering model of social support (Cohen
& Wills, 1985) arguing that social support can improve out-
comes in a variety of settings by buffering the negative impact
of risk factors, this finding is in line with prior empirical stud-
ies (Fu et al., 2020; Park et al., 2020; Wang et al., 2018). For
instance, Fu et al. (2020) found that perceived social support
moderated the relationship between depression and PSU se-
verity such that this relationship was stronger for adolescents
with higher perceived social support. Also, this finding sup-
ports the I-PACE model (Brand et al., 2016, 2019) that

Table 2 Means, standard
deviations, and correlations of
study variables (N = 723)

M SD Min Max Skewness Kurtosis 1 2 3

1. AS 39.64 8.84 20 65 −.006 −.52 –

2. PSS 62.82 9.55 37 84 −.10 −.68 −.44** –

3. PSU severity 45.09 12.12 17 75 −.06 −.52 .28** −.15** –

* p < .05, ** p < .01, AS Anxiety symptoms, PSS Perceived social support, PSU Problematic smartphone use

Table 3 The results of moderation analysis (N = 723)

Main effect model (M0) Latent interaction model (M1)

Model fit index

χ 2 (df) 121.68 (38)

CFI .97

TLI .96

RMSEA .06

SRMR .04

Log-likelihood −17,715.79 −17,711.80
D (df) 7.98** (1)

Standardized path coefficients β SE β SE

Gender .02a, .05b, .03c .04a, .04b, .04c .02a, .05b, .02c .04a, .04b, .04c

Anxiety symptoms .34*** .05 .40** .07

Perceived social support .01 .05 −.01 .08

Anxiety × Social support .06** .02

R2 .12*** .03 .13*** .03

** p < .01, *** p < .001, a gender on anxiety symptoms, b gender on social support, c gender on PSU severity
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perceived social support is a variable that may moderate the
relation between personal psychopathology with PSU. As pre-
dicted by the social enhancement perspective (Kraut et al.,
2002), one possibility is that individuals who have social re-
sources and support would benefit more from using a
smartphone to maintain and create social connections, espe-
cially for those with mental or emotional problems (Ruppel &
Mckinley, 2015). A study found that one’s perception of so-
cial support has a positive relation with the size of online
social network (Eastin & Larose, 2005). Meanwhile, as
smartphones deeply immerse into people’s daily lives and
online environment is safer, more comfortable, and less threat
(Caplan, 2005), those with high anxiety symptoms and high
social support perceived websites and online support groups
as more useful (Ruppel & Mckinley, 2015), thus they may
prefer to use the smartphone for communication thereby ren-
dering them more vulnerable to develop PSU.

Implications and Limitations

Despite mounting evidence on the adverse impact of anxiety
symptoms in predicting PSU severity, little is known regard-
ing the underlying boundary condition whereby anxiety
symptoms have different effects on PSU severity. Therefore,
the current study broadens previous studies by focusing on the
moderating role of perceived social support in the relationship
between anxiety symptoms and PSU severity, which can pro-
vide further understanding of this relationship. We found that
both anxiety symptoms and perceived social support had sig-
nificant relations with PSU severity, however, only anxiety
symptoms significantly predicted PSU severity when simulta-
neously tested in the moderation model. Moreover, perceived
social support moderated the relation between anxiety symp-
toms and PSU severity. Specifically, the negative impact of
anxiety symptoms on PSU severity were exacerbated by high
levels of perceived social support. Although the preliminary

findings should be replicated more widely before developing
prevention programs, these findings challenge the point that
perceived social support invariably plays a protective role
against the adverse impact of risk factors on individual’s
well-being, inspiring future researchers to identify the buffer-
ing effect of social support in diverse situations. From another
angle, using a smartphone appropriately to communicate with
parents, friends, and significant others might be beneficial for
some specific populations (e.g., people experiencing anxiety
symptoms), when high anxiety symptoms and high perceived
social support simultaneously appear as smartphones become
an important tool for them to obtain social support. This study
also supported and enriched the I-PACE model (Brand et al.,
2016, 2019) by examining the moderating role of perceived
social support and investigating in the context of PSU beyond
other addictive behaviors such as gambling, gaming, buying-
shopping, and compulsive sexual behavior.

This study also has some limitations that should be noted.
First, the investigation nature of the present study was a cross-
sectional design, failing to infer causal relations between anxiety
and PSU severity. Thus, future studies could adopt longitudinal
and experimental analyses to investigate these associations.
Second, this study administrated self-report questionnaires
among college students and might lead to the social desirability
bias and an upward shift in the distribution of responses as par-
ticipants respond positively to questionnaire items (Podsakoff &
Organ, 1986). Although we controlled for the potential social
desirability in the data collection process (e.g., explaining details
about the study and absence of faculty), future studies could also
use different forms of investigation (e.g., online and written sur-
vey, reports from parents and teachers) to better avoid potential
response bias. Third, we regarded perceived social support as a
unitary construct, however, some studies indicated that the buff-
ering role of perceived social support may vary across different
sources such as parents, teacher, and friends (Shin & Lee, 2019;
see also Naseri et al., 2015; Tan, 2019). Future research would
benefit from explore the specific sources of perceived social

Fig. 1 Interaction of anxiety
symptoms and social support in
predicting PSU severity
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support to examine the buffering effects of perceived social sup-
port in the link between anxiety symptoms and PSU severity.

In conclusion, anxiety symptoms are related to college stu-
dents’ PSU severity, and their positive link was moderated by
perceived social support. Specifically, students who perceived
high levels of social support had a greater link between in-
creased smartphone use and anxiety symptoms.
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