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ABSTRACT

The Coronavirus Disease 2019 (COVID-19) pandemic is regarded as the biggest global health crisis
in recent decades. The changes in major life domains due to infection control strategies resemble the func-
tional impairment consequential to emotional distress and place many people at greater risk of psychiatric
conditions. Meanwhile, the COVID-19 pandemic and associated social distancing have widely increased the
usage of smartphone to receive COVID-19-related information in the past year. However, the excessive use
of smartphones has deleterious consequences. The current study investigated general anxiety symptoms and
COVID-19-induced anxiety, and their impact on problematic smartphone use (PSPU) severity.

[VIETELE Adults aged 18—75 years were recruited by stratified, probability sampling from a database repre-
sentative of the population. Among 1080 Hong Kong Chinese (age 18—75 years), a cross-sectional web-based
survey was conducted between July 23 and August 25, 2020 (the period of the third wave outbreak of CO-
VID-19 in Hong Kong). Participants were assessed with the measures, including the Depression Anxiety Stress
Scale-21, Generalized Anxiety Disorder Scale-7, and Smartphone Addiction Scale-Short Version. Structural
equation modeling (SEM) was used to evaluate the associations among general anxiety symptoms, COVID-
19-induced anxiety, and severity of PSPU by the Amos 22.0 software.

[EETE Using established cut-off scores, our results found that prevalence of at least moderate anxiety level in
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Key words: around 22% of participants. Using SEM, both general anxiety symptoms and COVID-19-induced anxiety were
COVID-19, Anxiety, : associated with PSPU severity. Moreover, COVID-19 anxiety partially mediated relations between predispos-
problematic smart- ing general anxiety with PSPU severity.
phone use, mental © [ZNTITERS This study provides initial data on the mental health status of people affected by COVID-19. It also
health : investigated the relations between COVID-19-induced anxiety and PSPU severity as a coping mechanism.
Extended Abstract already caused an enormous psychological [1] and eco-
nomic [2] impact on over half of the world’s countries
1. Introduction and regions. Different forms of lockdown, quarantine,
and social distancing have been implemented across most
Background on COVID-19 pandemic countries affected by the COVID-19 pandemic. These in-

) ) fection control strategies have changed key life domains,
he Coronavirus Disease 2019 (COVID-19) affecting personal mobility, interpersonal relationships,
pandemic is regarded as the biggest global and occupational activities [3].
health crisis in recent decades, which has
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These changes in major life domains resemble the func-
tional impairment consequential to emotional distress
and place many people at greater risk of psychiatric con-
ditions. For example, among a large sample of Chinese
(n=5033), 35% had experienced significant psychologi-
cal distress and the prevalence of anxiety or depression
or both was 20.4% during the COVID-19 pandemic [4].
Another sample (n=3480) collected at the initial stage of
COVID-19 in Spain showed 21.6% reported probable
anxiety, and 18.7% probable depression [5]. Prevalence
of probable anxiety and depression was associated with
absence of new preventive routines, such as using a face
mask when they go out and disruption to regular daily
routines, such as healthy eating, sleep, and leisure activi-
ties in large population-representative samples of a region
[6]. Meanwhile, perceived effective social distancing and
lower the negative impact of COVID-19 were associated
with more positive and less negative feelings amongst
Italians (n=9) [7]. Therefore COVID-19 not only repre-
sents a major priority and challenge for the public health
and healthcare systems, but also from the mental health
perspective.

Problematic smartphone use and mental health

Smartphone use can improve substantial productiv-
ity and increase social capital advantages [8]. The CO-
VID-19 pandemic and associated social distancing have
widely increased the usage of the smartphone to receive
COVID-19-related information in society in the past year
[9]. However, the relationship between smartphone use
and adaptive functioning represents an inverted U-curve,
which implied that excessive use has deleterious conse-
quences [8]. The interaction of Person-Affect-Cogni-
tion-Execution (I-PACE) model is one of the prominent
theoretical frameworks explaining excessive internet
and smartphone use [10]. More specifically, I-PACE
conceptualizes major categories of variables influencing
excessive internet use, including background predispos-
ing variables and affective and cognitive responses. Con-
sequences from predisposing variables involve affective
and cognitive response variables, including coping, atten-
tion bias, mood dysregulation, and responses to environ-
mental stressors. I-PACE model conceptualizes response
variables as mechanisms, by which predisposing vari-
ables influence excessive internet use [10].

Problematic smartphone use (PSPU) is defined as ex-
treme levels of use resulting in functional problems, such
as social, work, or academic impairment, with symptoms
resembling those in substance use disorders [11]. Many
previous studies have shown that PSPU was associated
with poorer physical and mental health and higher lev-
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els of depression and anxiety [12]. Negative affectivity
has been investigated in relation to PSPU since exces-
sive smartphone and internet use are conceptualized as
maladaptive emotional coping processes for relieving
negative affect [13, 14]. Recent studies support additional
negative affectivity correlates of PSPU severity, includ-
ing negative rumination [12], worry [14], and fear of
missing out on rewarding social experiences [13]. It has
been shown that in the current outbreak of the COVID-19
pandemic, PSPU is an important clinical concern, even
though it is not an official mental disorder.

The present study

COVID-19 is a potentially fatal disease, and its conse-
quential social isolation from quarantine and distancing
increase anxiety [1]. Moreover, home quarantine and so-
cial distancing have widely increased the usage of smart-
phone to receive the COVID-19-related information [9].
Given that social isolation drives emotional distress and
negative affect [6], general anxiety, as well as anxiety
specific to COVID-19, should, in turn, exacerbate PSPU
[12]. The current study investigated the impact of gen-
eral anxiety symptoms and COVID-19-induced anxiety
on the severity of PSPU as a maladaptive emotion cop-
ing method. In particular, general anxiety symptom was
hypothesized as a predisposing predictor variable from
I-PACE. COVID-19-induced anxiety was modeled as an
ongoing response to an environmental stressor, and me-
diator within the affective/cognitive response category.
Our dependent variable was PSPU severity.

2. Methods
Participants and procedure

Following approval from the university’s ethics com-
mittee, a cross-sectional web-based survey was conduct-
ed between July 23 and August 25, 2020 (the period of
the third wave outbreak of COVID-19 in Hong Kong).
Adults aged 18-75 years were recruited by stratified,
probability sampling from a database representative of
the population [15]. Inclusion criteria were Chinese eth-
nicity, Cantonese fluency (the most commonly spoken
Chinese language and the mother tongue of 90% of the
Hong Kong population), and elementary education level
or above. Individuals with histories of psychiatric condi-
tions and the presence of cognitive impairments were ex-
cluded from the study.

Upon obtaining potential participants’ initial verbal

consent, researchers confirmed their eligibility, ex-
plained the nature of the study and obtained their writ-
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ten informed consent. This study consisted of 1080
participants (MeantSD age 44.06+ 16.74 years), and
around half of them (n=575, 53.24%) were female. Fif-
ty-five cases (5.09%) received primary education, 486
cases (45%) received secondary education, and 539
cases (49.91%) received tertiary education or above.
Reported average monthly household income ranged
from <HK $10,000 (10.09%), $10,001-$20,000
(18.89%), $20,001-$30,000 (19.07%), $30,001—
$40,000 (22.13%), to >$40,000 (29.81%), with US $1
approximately equivalent to HK $7.80. Of the 1080
participants, 591 cases (54.72%) reported being full-
time employed, 295 cases (27.31%) reported being
part-time employed, 28 cases (2.59%) reported being
unemployed, 56 cases (5.19%) reported that they were
housewives, and 110 cases (10.19%) reported that they
were retired. The results are summarized in Table 1.

Table 1. Demographics of the participants (n=1080).
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2. Measures
Sociodemographic characteristics

A standardized proforma was used to obtain demo-
graphic information, including age in years, sex, marital
status, education level, employment status, and monthly
household income. It was also used to obtain comorbidity
status about whether participants reported the 13 common
medically chronic conditions: arthritis, bladder disease,
chronic lung disease, diabetes, hearing problems, heart
attack, hemorrhoids, hypertension, nephrolith, stroke, vi-
sual problems, cognitive problems, and any type of psy-
chiatric disorders.

General anxiety symptoms

The Depression Anxiety Stress Scale-21 (DASS-21)
assessed psychological symptoms over the past week. It

Variable Frequency (%)/MeantSD
Age 44.06+16.74
Range 18-75
Sex (female) 575(53.24)
Married 584(54.07)
Marital status
Single/divorced/widowed 496(45.93)
Primary education or below 55 (5.09%)
Education level Secondary education 486(45.00)
Tertiary education or above 539 (49.91%)

Full-time employed 591(54.72)
Part-time employed 295(27.31)

Employment status Unemployed 28(2.59)

Housewives 56(5.19)
Retired 110(10.19)
<HKD10000 109(10.09)
HKD10001-20000 204(18.89)
Monthly household income HKD20001-30000 206(19.07)
HKD30001-40000 239(22.13)
>HKD40001 322(29.81)
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is a 21-item self-report instrument that uses a Likert-type
scale from “0=Did not apply to me at all”” to “3=Applied
to me very much, or most of the time.” Only the anxiety
subscale (7 items) was used in the current study. The Chi-
nese instrument version was also found to have high reli-
ability and validity previously [16]. Alpha for the anxiety
subscale was 0.79 for our sample.

COVID-19-induced anxiety

The Generalized Anxiety Disorder Scale-7 (GAD-7)
assessed anxiety and worry symptoms over the past two
weeks [17]. It is a 7-item self-report measure that uses
a Likert-type frequency scale from “0=Not at all” to
“3=Nearly every day.” The Chinese version was used,
which was found to be reliable and valid [18]. We tai-
lored instructions to query COVID-19-induced anxiety,
specifying “Over the last two weeks, how often have you
been bothered by the following problems because of the
coronavirus outbreak?” The alpha for this scale was 0.90
for our sample.

Problematic smartphone use

The Smartphone Addiction Scale-Short Version (SAS-
SV) assessed smartphone-related problematic use and
functional impairment [19]. It is a 10-item self-report
measure, which was developed in Korean and English.
The measure uses a Likert-type scale from “1=Strongly
disagree” to “6=Strongly agree.” The Chinese SAS-SV
was used, which was validated by Luk et al. [20]. The
alpha for this scale was 0.89 for our sample.

Analytic plan

Descriptive statistics and Pearson correlation coeffi-
cients were computed for major variables using SPSS
26.0. The web survey prompted participants to complete
skipped items; thus, no missing item-level data were
present. Structural equation modeling (SEM) was used to
evaluate the fitness of the hypothesized model in explain-
ing the associations between general anxiety symptoms,
COVID-19-induced anxiety, and the severity of PSPU. A
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two-step approach to SEM was used to examine the hy-
pothesized relationships among the latent variables [21].
A measurement model was examined with confirmatory
factor analysis (CFA) to determine whether the factor
structure of the variables fits the data. The latent vari-
ables of general anxiety symptoms, COVID-19-induced
anxiety, and severity of PSPU were indicated by their cor-
responding items. It was then followed by the mediation
model through analyzing the direct and indirect effects
among the independent and dependent variables. The
goodness-of-fit of the models was evaluated using Chi-
square (i) statistics, comparative fit index (CFT), Tucker
Lewis Index (TLI), and the root mean square error of ap-
proximation (RMSEA). CFI and TLI values above 0.90
indicate acceptable model fit [22]. RMSEA values of 0.06
or less are considered a close model fit [22]. Amos 22.0
was used to analyze the data.

3. Results

Descriptive statistics and correlations among major
variables

The skewness and kurtosis statistics did not indicate
problems of non-normality among the major variables.
As hypothesized, general anxiety was associated with
higher COVID-19-induced anxiety (r=0.44) and higher
PSPU severity (r=0.36). COVID-19-induced anxiety was
positively associated with PSPU severity (r=0.30). The
results are summarized in Table 2. We also examined the
association between background demographics variables
and the major variables of interest (general anxiety, CO-
VID-19-induced anxiety, and PSPU severity). We found
that all background variables did not correlate significant-
ly with the major variables of interest.

The validated cut-off scores for each instrument were ad-
opted to identify possible mental health cases. Also, 242
participants (22.41%) were identified with moderate anxi-
ety using a DASS-21 anxiety score >5, with 69 participants
(6.38%) with severe anxiety with a score >7. Moreover, 78
participants (7.22%) were identified with moderate COV-

Table 2. Descriptive statistics and correlations among major variables

Variable 1 2 MeanzSD Skewness Kurtosis o
General Anxiety - 4.01+3.32 0.56 -0.18 0.79
COVID-19 Anxiety 0.44** - 4.51+4.12 0.13 -0.39 0.90
PSPU Severity 0.36** 0.30** 31.90+£10.32 -0.27 -0.25 0.89

*P<0.05, **P<0.01
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ID-19-induced anxiety using a GAD-7 score >9, with 25
cases (2.31%) of severe COVID-19-induced anxiety using
a score >14. Finally, 516 participants (47.78%) were iden-
tified with PSPU using a SAS-SV score >31.

Latent variable measurement models

Three measurement models for latent variables were in-
dividually constructed and evaluated by CFA. The results
are summarized in Figure 1. The latent variables for gen-

Winter 2022, Volume 27, Number 4

eral anxiety symptoms, COVID-19-induced anxiety, and
PSPU severity were respectively constructed by seven
items, seven items, and ten items from the measurement
scales. For independent variables, the measurement mod-
el for the DASS-21 anxiety subscale had a satisfactory
fit (¢ (14)=34.05, P<0.001, CF1=0.98, TLI=0.97, RM-
SEA=0.05). Additionally, the measurement model for the
GAD-7 also had a satisfactory fit (y*(14)=24.90, P<0.001,
CFI=0.99, TLI=0.98, RMSEA=0.06). For dependent
variables, the measurement model for SAS-SV had a sat-
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Figure 1. Latent variable measurement models for general anxiety, COVID-19-induced anxiety, and PSPU Severity.

Note 1: ANX=Anxiety; C-ANX=COVID-19-related anxiety; PSPU=Problematic smartphone use

Note 2: All factor loadings are significant at P< 0.001.
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Figure 2. A mediation model for the relationships among general anxiety, COVID-19-induced anxiety, and PSPU Severity.

Note 1: ANX=Anxiety; C-ANX=COVID-19-related anxiety; PSPU=Problematic smartphone use

Note 2: Standardized path coefficients were presented.

Note 3: All structural path coefficients were statistically significant at **P<0.001.

Note 4: The coefficients in the parentheses represented the direct path coefficients from general anxiety to PSPU Severity without

considering the indirect effects

isfactory fit (¥%(33)=92.89, P<.001, CFI=0.95, TLI=0.93,
RMSEA=0.08). The CFA results supported that those
measurement models were appropriate for further testing
the structural model.

Testing the mediation model

The SEM results supported fitness of the hypothesized
model in predicting PSPU (y*(100)=246.44, CFI=0.97,
TLI=0.96, RMSEA=0.05), with satisfactory model fit indi-
ces. The standardized path coefficients were significant be-
tween general anxiety symptoms and COVID-19-induced
anxiety ($=0.43, P<0.001) and between COVID-19-induced
anxiety and PSPU severity ($=0.29, P<0.001). At the same
time, the direct effect from general anxiety and PSPU sever-
ity was also significant (=0.23, P<0.001). The results sug-
gested that individuals with higher general anxiety symptoms
tended to report more COVID-19 anxiety and have higher
PSPU severity. Those having higher levels of COVID-19-in-
duced anxiety were more likely to report higher PSPU sever-
ity. Results from bootstrapping supported the presence of a
significant mediation effect. Both the indirect effects from
anxiety to PSPU via COVID-19-induced anxiety (B=.12;
95% CI=0.03, 0.21) and the direct effects from anxiety to
PSPU were significant (3=0.36; 95% CI=0.24, 0.47). These
results indicated a partial mediation effect of COVID-19-in-
duced anxiety between anxiety and PSPU (Figure 2).

4. Discussion

Our primary findings demonstrated that both general
anxiety symptoms and COVID-19-induced anxiety were
associated with PSPU severity and COVID-19-induced
anxiety mediated relations between predisposing gen-
eral anxiety with PSPU severity. We found the possible
prevalence of at least moderate anxiety in around 22%
of participants. These findings roughly correspond to
other COVID-19 community estimates, ranging around
20% for moderate anxiety [4, 5]. Consistent with the
prior literature [12], the current study found that COVID-
19-induced anxiety was associated with PSPU severity in
bivariate analyses and the SEM model. The relationship
between COVID-19-induced anxiety with PSPU sever-
ity fits with the I-PACE conceptualization of responses
to environmental stressors driving excessive Internet use
to alleviate negative emotion [10]. Previous studies have
shown that social isolation particularly influences nega-
tive affectivity [23]. Thus, to manage anxiety from CO-
VID-19 and associated social isolation, especially consid-
ering home quarantine and the absence of numerous other
activities, many people may engage in PSPU.

In our SEM model, when adding and controlling for
general anxiety as predictors of PSU severity, COVID-
19-induced anxiety still is related to PSU. Thus, while
COVID-19-induced anxiety on its own (in SEM) was
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significantly related to PSU severity, controlling for gen-
eral anxiety rendered this significant relationship. Despite
significant concerns about COVID-19, people have other
everyday life worries and anxiety (captured by our gener-
al anxiety assessment) that have not ceased but probably
increased with COVID-19-induced anxiety. For example,
everyday anxiety involving social and intimate relation-
ship formation and maintenance would naturally exacer-
bate with home quarantine [3], and increase the fear of
missing out on rewarding experiences [13]. Similarly,
existing anxiety regarding finances, employment, and
economic stability has risen because of the economic toll
of the COVID-19 pandemic [2]. Such everyday anxieties,
exacerbated because of the outbreak, may supersede CO-
VID-19-induced anxiety, resulting in adverse outcomes,
such as PSPU. But, specifically fearing death from CO-
VID-19 (from medical vulnerability, or excessive worry)
may especially result in greater PSU severity to alleviate
negative emotion, consistent with our findings from bi-
variate and SEM models.

Our study also found that COVID-19-induced anxi-
ety mediated relations between general anxiety and
PSPU severity in our mediation model. The interaction
of Person-Affect-Cognition-Execution (I-PACE) model
is one of the prominent theoretical frameworks explain-
ing excessive internet and smartphone use. This model
conceptualizes major categories of variables influencing
excessive internet use, including background predis-
posing variables and affective and cognitive responses.
Therefore, the findings in the current study implied that
how individuals response to environment stressors is cru-
cial on explaining the excessive smartphone use, which
is consistent with [-PACE model. [10, 11]. Anxiety and
worry are known to cause greater COVID-19-induced
anxiety from a viral outbreak, especially among those
with health anxiety misinterpreting physical sensations as
viral symptoms [24]. Therefore, people with pre-existing
anxiety may excessively worry about COVID-19, driving
overwhelming demand for medical services [25]. It is im-
plied that achieving the right balance between promoting
social distancing, and not excessive worry, is important.
Meanwhile, it is plausible that there is a feedback loop,
by which people manage their COVID-19-induced anxi-
ety by excessively using their smartphones, but by doing
this, they inadvertently learn more about COVID-19 from
news, further fueling their anxiety and increased smart-
phone use. More frequent social media exposure to CO-
VID-19 has been shown to be positively associated with
anxiety symptoms [26].

Despite significant concerns about COVID-19, people
have other everyday-life worries and general anxiety

Winter 2022, Volume 27, Number 4

symptoms that have not ceased but probably increased
with COVID-19 anxiety. For example, everyday anxiety
involving social and intimate relationship formation and
maintenance would naturally exacerbate with home quar-
antine [3], and increase the fear of missing out on reward-
ing experiences [13]. Similarly, existing anxiety regarding
finances, employment, and economic stability has risen
because of the economic toll of the COVID-19 pandemic
[2]. Such everyday anxieties, exacerbated because of the
outbreak, may supersede COVID-19-induced anxiety, re-
sulting in adverse outcomes, such as PSPU.

Limitations and Conclusion

The research reported in our paper has several limita-
tions. First, the data in this study were collected cross-
sectionally, and hence, causal interpretations cannot be
made. It is plausible that there is a feedback loop, by
which people manage their COVID-19-induced anxiety
by excessively using their smartphones, but by doing this,
they inadvertently learn more about COVID-19 from the
news, further fueling their anxiety and increased smart-
phone use. More frequent social media exposure to CO-
VID-19 has been shown to be positively associated with
anxiety symptoms [27]. Second, online self-report scales
were used instead of the in-person interview due to the
COVID-19 and the quarantine policy from the govern-
ment. Relatively, structured in-person interviews would
be more accurate. Additionally, we used self-reported
problematic smartphone use, while future studies could
consider adopting the objective measurement, such as
experience sampling of the momentary mental health
status and smartphone use, which is more accurate [28].
Future directions may also include other psychological
outcomes, such as depressive symptoms. Nonetheless,
our results provide initial data on the mental health status
of people affected by COVID-19, and the relations be-
tween COVID-19-induced anxiety and PSPU severity as
a coping mechanism. These results provide a foundation
from, which we and other researchers can pursue further
investigation of the impact of the COVID-19 pandemic
on smartphone use generally and in the context of devel-
oping strategies to reduce COVID-19-related PSPU.
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1. Coronavirus Disease 2019 (COVID-19)
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2. Interaction of Person-Affect-Cognition-Execution (I-PACE)
3. Problematic Smart Phone Use (PSPU)
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6.Smartphone Addiction Scale-Short Version (SAS-SV)_
7. Structural Equation Modeling (SEM)

8. Confirmatory Factor Analysis (CFA)

9. Chi-square

10. Comparative Fit Index (CFl)

11. Tucker Lewis Index (TLI)

12. Root Mean Square Error of Approximation(RMSEA)
13. Amos
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4, Depression Anxiety Stress Scale-21 (DASS-21)
5. Generalized Anxiety Disorder Scale-7 (GAD-7)
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14. Bootstrapping
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