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a b s t r a c t

Excessive, problematic smartphone use (PSU) has demonstrated relationships with depression and
anxiety severity across studies. However, less is known about psychopathology-related variables that
may mediate relations between depression/anxiety with PSU e especially variables involving emotional
regulation processes. We recruited 261 college students for a repeated-measures web survey, adminis-
tered self-report measures of depression, anxiety sensitivity, distress tolerance, mindfulness, smartphone
use frequency, and PSU; one month later, participants completed these measures again. We tested a
model where depression severity and anxiety sensitivity predicted distress tolerance and mindfulness, in
turn predicting smartphone use frequency, and one-month PSU severity, adjusting for age and sex.
Distress tolerance and mindfulness were inversely associated with levels of PSU. Distress tolerance
mediated relations between anxiety sensitivity and levels of PSU. Mindfulness mediated relations be-
tween both depression and anxiety sensitivity with PSU severity. Results are discussed in the context of
emotion regulation theory and compensatory internet use theory, with clinical implications for emotion
regulation skills training and mindfulness in offsetting PSU.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Excessive, problematic smartphone use (PSU) has deleterious
consequences in society. PSU is associated with traffic and pedes-
trian accidents (Cazzulino, Burke, Muller, Arbogast, & Upperman,
2014; Thompson, Rivara, Ayyagari, & Ebel, 2013), and unfavorable
health consequences to the user (Demirci, Akgonul, & Akpinar,
2015; Shan et al., 2013; Xie, Szeto, Dai, & Madeleine, 2016). Addi-
tionally, PSU is associated with psychopathology - most notably,
depression and anxiety severity (reviewed in Elhai, Dvorak, Levine,
& Hall, 2017). However, few PSU studies have examined psycho-
pathology constructs beyond depression and anxiety, and most
studies on PSU have relied on cross-sectional data.

PSU is a construct involving the excessive use of a smartphone,
with symptoms observed in substance use disorders (e.g.,
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tolerance, withdrawal when separated from one’s phone), and
corresponding functional impairment from overuse (Billieux,
Maurage, Lopez-Fernandez, Kuss, & Griffiths, 2015). Numerous
studies have examined PSU severity in relation to psychopathology
constructs. Across the literature, the most widely studied
psychopathology-related constructs in association with PSU
severity include depression, anxiety, stress, and low self-esteem
symptoms (reviewed in Elhai, Dvorak, et al., 2017). PSU severity is
most consistently related to severity of depression, with moderate
effects (e.g., Demirci et al., 2015; Lu et al., 2011; Smetaniuk, 2014),
and anxiety, with mild effects (e.g., Demirci et al., 2015; Elhai,
Dvorak, et al., 2017; R. Kim, Lee, & Choi, 2015; Lee, Chang, Lin, &
Cheng, 2014).

Only in recent years have studies broadened their focus from
depression and anxiety to explore other psychopathology-related
constructs connected with PSU. This line of inquiry is important,
because despite the relatively consistent effects for depression and
anxiety severity with PSU, numerous studies have instead found
small or inverse relationships (reviewed in Elhai, Dvorak, et al.,
2017). Therefore, other psychopathology-related constructs may
help to explain relationships between depression/anxiety with PSU.
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Recently, several psychopathology-related constructs have been
supported as mediators between levels of depression and/or anx-
iety severitywith PSU. Thesemediating variables include decreased
behavioral activation (Elhai, Levine, Dvorak, & Hall, 2016), rumi-
nation (Elhai, Tiamiyu, & Weeks, in press), emotion dysregulation
(Elhai et al., 2016; Elhai, Tiamiyu, Weeks, et al., in press), low self-
control (Cho, Kim, & Park, 2017), fear of missing out (Wolniewicz,
Tiamiyu, Weeks, & Elhai, in press), and proneness to boredom
(Elhai, Vasquez, Lustgarten, Levine, & Hall, in press).

In the present paper, we tested additional psychopathology-
related constructs that have not been examined for relations with
PSU. First, instead of measuring anxiety symptoms, we assessed
anxiety sensitivity. Anxiety sensitivity is the fear of arousal-based
sensations, and that these sensations will cause social or physical
consequences (Reiss &McNally, 1985). Anxiety sensitivity serves to
amplify and intensify anxiety symptoms (reviewed in Taylor, 2014),
and is associated with anxiety disorders (Olatunji & Wolitzky-
Taylor, 2009). Anxiety sensitivity correlates with addictive disor-
ders - alcohol use disorder in particular (DeMartini & Carey, 2011) -
but has not been investigated in relation to PSU or other prob-
lematic technology use (PTU).

We also assessed two constructs related to regulation of nega-
tive emotion that have not been previously tested for relations with
PSU: distress tolerance and mindfulness. We assessed these two
variables as mediators between both depression and anxiety
sensitivity with PSU.

Distress tolerance is commonly defined as the perceived ability
to endure negative emotion (Leyro, Zvolensky, & Bernstein, 2010).
This construct consists of several appraisals of experiencing nega-
tive emotion, including tolerability, perception of acceptability,
attentional interference, and regulation of the emotion (Simons &
Gaher, 2005). Distress tolerance can also influence specific regula-
tion strategies used to manage negative emotion (Simons & Gaher,
2005). Distress tolerance inversely correlates with negative affec-
tivity and depressive symptoms (Leyro et al., 2010), as well as
anxiety and anxiety sensitivity (Keough, Riccardi, Timpano,
Mitchell, & Schmidt, 2010). It is inversely related to addictive be-
haviors - primarily substance-related disorders (reviewed in Leyro
et al., 2010). Skues, Williams, Oldmeadow, and Wise (2016) found
distress tolerance inversely related to problematic internet use
(PIU). While PSU has not been explored in relation to distress
tolerance, of relevance, emotion regulation has been explored.
Specifically, two studies found adaptive emotion regulation
inversely related to PSU (Elhai et al., 2016; Elhai, Tiamiyu, Weeks,
et al., in press).

Also relevant to emotion regulation is mindfulness. Mindfulness
involves being open, attentive to and aware of the present moment
(Bishop et al., 2004). Mindfulness can offset negative emotion and
psychopathology because being aware and attentive lets one focus
on his/her basic emotional needs (Brown & Ryan, 2003). Mindful-
ness has also been conceptualized as a way to regulate emotion,
specifically through engagement rather than suppression
(Chambers, Gullone, & Allen, 2009). Meta-analyses of clinical trials
demonstrate that mindfulness interventions reduce depression and
anxiety disorder symptoms (Hedman-Lagerlof, Hedman-Lagerlof,
& Ost, in press; Spijkerman, Pots, & Bohlmeijer, 2016). Some evi-
dence suggests that mindfulness is inversely associated with
addictive disorders, including substance use (Bowen & Enkema,
2014; Fernandez, Wood, Stein, & Rossi, 2010). Because emotional
avoidance strategies such as rumination and emotional dysregu-
lation are related to PSU (Elhai et al., 2016; Elhai, Tiamiyu,&Weeks,
in press; Elhai, Tiamiyu, Weeks, et al., in press), on the contrary,
increased mindful awareness should be related to decreased PSU.
Also mindfulness is reduced when an individual engages in auto-
matic or habitual behavior (Deci & Ryan, 1980), such as is the case
with habitual engagement in automatic, phone-checking behavior
(Oulasvirta, Rattenbury, Ma, & Raita, 2012; van Deursen, Bolle,
Hegner, & Kommers, 2015). In fact, Arslan (2017) found mindful-
ness inversely related to PIU; but mindfulness has not been studied
in relation to PSU.

1.1. Purpose

Our purpose was to a) test both distress tolerance and mind-
fulness in relation to levels of PSU, and b) test distress tolerance and
mindfulness as mediators in the relationship between both
depression and anxiety sensitivity with PSU. We tested our
research questions in a sample of college students measured at two
time-points, separated by a one-month interval, with PSU severity
as the dependent variable measured at the second time-point. Most
studies on PSU have used strictly cross-sectional correlational de-
signs, collecting data measured at only one time-point (reviewed in
Elhai, Dvorak, et al., 2017). Thus, the advantage of our design was
the ability to test psychopathology-related variables and smart-
phone use frequency predicting later, short-term (after one month)
PSU severity. This issue is significant, because numerous (albeit
cross-sectional) studies on PSU include smartphone use frequency
as an intervening variable between psychopathology and PSU
(Elhai, Levine, Dvorak, & Hall, 2017; Elhai, Tiamiyu, & Weeks, in
press; J. Kim, Seo, & David, 2015; van Deursen et al., 2015). Yet,
increased and habitual smartphone use can grow into PSU
(Oulasvirta et al., 2012; van Deursen et al., 2015), and thus assessing
PSU severity at a subsequent time-point to smartphone use fre-
quency appears warranted.

1.2. Theory

Compensatory internet use theory (CIUT) (Kardefelt-Winther,
2014) is relevant in conceptualizing our research questions. CIUT
attempts to understand PIU based on psychological variables. CIUT
theorizes that adverse life events and stressors motivate some
people to excessively use internet media as a means to cope with
their negative emotion. Thus, PIU is conceptualized in CIUT as a
compensatory, regulation strategy for managing negative emotion
and psychopathology. Several studies have discovered empirical
support for CIUT in explaining PSU (Elhai & Contractor, 2018; Elhai,
Tiamiyu, & Weeks, in press; Long et al., 2016; Wang, Wang, Gaskin,
& Wang, 2015; Zhitomirsky-Geffet & Blau, 2016). CIUT would
conceptualize depression and anxiety sensitivity, in our research
model, as driving PSU. CIUT would also conceptualize people with
increased distress tolerance and mindfulness as having less moti-
vation to engage in PSU.

Theory on emotion regulation is relevant to this paper. Gross
(1998) conceptualized emotion regulation as a regulatory process
people use to adapt to their environment. Gross (1998) discussed
how people can use adaptive or maladaptive emotion regulation
strategies. Adaptive emotion regulation includes focusing on and
processing negative emotion, while maladaptive regulation in-
volves suppressing emotion. Gross (1998) discussed behavioral
addictions such as substance use as one (albeit maladaptive)
method of regulating emotion. In fact, adaptive emotion regulation
strategies can buffer psychopathology, including behavioral ad-
dictions (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Weiss, Sul-
livan, & Tull, 2015). In our study, distress tolerance and
mindfulness, both of which are relevant to emotion regulation,
should buffer the impact of depressive and anxious psychopa-
thology on PSU. Prior work has found that more adaptive emotion
regulation is associated with decreased PSU (Elhai, Tiamiyu, Weeks,
et al., in press), andmediates relations between depression severity
and PSU (Elhai et al., 2016).
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1.3. Research model

Fig. 1 shows our research model. All variables were assessed at a
baseline time of measurement, and approximately onemonth later.
In Fig. 1, we analyzed baseline measured variables, but analyzed
PSU severity from the subsequent one-month time-point. Depres-
sion and anxiety sensitivity were predicted to correlate (inversely)
with both distress tolerance and mindfulness. Distress tolerance
and mindfulness were predicted to correlate (inversely) with
smartphone use frequency, and with PSU severity one month later.
Finally, age and sex served as covariates of PSU in the model, as PSU
is associated with younger age (Lu et al., 2011; van Deursen et al.,
2015) and female sex (Jeong, Kim, Yum, & Hwang, 2016; Wang
et al., 2015).
1.4. Hypotheses

Distress tolerance involves adaptive tolerance of negative
emotion (Leyro et al., 2010). According to CIUT (Kardefelt-Winther,
2014), PIU and PSU are methods of coping with negative emotion.
Therefore, people higher in distress tolerance should express a
decreased need for managing negative emotion that would drive
PSU. Distress tolerance is inversely associated with addictive dis-
orders (Leyro et al., 2010), andwas found to inversely correlate with
PIU (Skues et al., 2016).

H1. Distress tolerance should inversely predict levels of PSU after
one month.

Mindfulness buffers and regulates negative emotion (Brown &
Ryan, 2003; Chambers et al., 2009). So as with distress tolerance,
CIUT would predict that people engaging in more mindfulness
strategies should have less need for PSU as a means of regulating
negative emotion. Also, mindfulness involves thoughtful awareness
and less automatized behavior, whereas the automatized and
habitual behavior of checking one’s smartphone is more charac-
teristic of individuals engaging in PSU (Oulasvirta et al., 2012).
Additionally, Arslan (2017) discovered mindfulness was inversely
associated with PIU.

H2. Mindfulness should inversely predict PSU severity after one
month.

Distress tolerance involves enduring and regulating negative
emotion (Leyro et al., 2010). Consistent with emotion regulation
theory (Gross, 1998), because distress tolerance buffers the impact
of anxious/depressive psychopathology, and itself is inversely
associated with behavioral addictions (Leyro et al., 2010), it should
mediate relations between depression and anxiety sensitivity with
PSU. In fact, prior studies have demonstrated that adaptive emotion
Fig. 1. Hypothesized model. Notes: PSU¼Problematic smartphone use. Circles repre-
sent latent variables; squares represent observed variables. For visual clarity, the latent
PSU variable’s observed items are not pictured.
regulation mediates relations between severity of depression and
PSU (Elhai et al., 2016).

H3. Distress tolerance should mediate relations between both
depression (H3a) and anxiety sensitivity (H3b) with PSU severity.

Mindfulness buffers and regulates negative emotion (Brown &
Ryan, 2003; Chambers et al., 2009). Consistent with emotion
regulation theory (Gross, 1998), because mindfulness buffers the
impact of depressive/anxious symptoms (Brown & Ryan, 2003;
Chambers et al., 2009), and with evidence that mindfulness is
inversely associated with behavioral addictions (Bowen & Enkema,
2014; Fernandez et al., 2010), it should mediate relations between
depression and anxiety sensitivity with PSU. In fact, Arslan (2017)
found that mindfulness inversely correlated with PIU, and mind-
fulness mediated relations between adverse stressors and PIU.

H4. Mindfulness should mediate relations between both depres-
sion (H4a) and anxiety sensitivity (H4b) with PSU severity.
2. Method

2.1. Participants and procedure

In 2017, we recruited participants from the research pool of the
psychology department at a large, Midwestern University. The
study was listed on the department’s Sona Systems web portal of
available studies for enrollment in exchange for required course
research points. We obtained institutional review board approval,
and advertised the study as a two-part study involving a 30-min
web survey inquiring about “use of electronic devices, and your
emotions,” and a follow-up survey about one month later. In-
dividuals enrolling were routed to an online consent statement,
(and for those consenting) subsequently routed to the web survey
(Time 1 data).

A total of 302 participants enrolled in the study. Each participant
was contacted by email approximately one month after web survey
completion, instructed to complete the entire web survey again
(Time 2 data). The interval of one month was used so that we had
two full months after the semester started to recruit participants
for the Time 1 assessment, while allowing them to complete the
Time 2 assessment one month later, in that same 3.5-month se-
mester. We used a set of non-meaningful questions to match a
participant’s Time 1 and Time 2 data, such as shoe size and first four
letters of the student’s mother’s maiden name. Of 302 participants,
35 individuals did not participate in Time 2’s survey. Another 6
individuals’ Time 2 data could not be matched with their Time 1
data because we could not locate common responses to these
questions between the datasets. The remaining 261 participants
served as the effective sample.

Among the effective sample, the average time delay between
Time 1 and Time 2 survey dates was 34.08 days (SD¼ 6.74).1

Average age was 19.73 years (SD¼ 3.52). Roughly three-quarters
of participants were women (n¼ 200, 76.9%). A majority were
freshman (n¼ 150, 57.7%) or sophomores (n¼ 73, 28.1%). Most
participants identified as Caucasian (n¼ 214, 82.0%), with repre-
sentation from African American (n¼ 31, 11.9%), Asian (n¼ 14,
5.4%), and Hispanic (n¼ 14, 5.4%) backgrounds (these designations
1 Because of scheduling errors and contact difficulties for the one-month (Time
2) follow-up assessment with participants, the time-lag between Time 1 and Time 2
assessments ranged from 13 to 54 days. For premature Time 2 data, aside from one
participant completing Time 2’s assessment 17 days early, 17 other participants (7%
of the sample) completed Time 2 between 5 and 7 days early. For overdue Time 2
data, 45 participants (17%) completed Time 2’s assessment between 10 and 20 days
late, with 2 participants (<1%) completing it between 21 and 24 days late.



2 We tested variations of this model, such as separately removing distress
tolerance, mindfulness, depression and anxiety sensitivity. However, model varia-
tions resulted in non-convergence, likely because our sample size was not large
enough to converge with model variations that resulted in decreased fit.
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were not mutually exclusive). Employment status was reported as
part-time for a slight majority (n¼ 140, 53.6%), full-time (n¼ 24,
9.2%), or unemployed (n¼ 97, 37.2%).

2.2. Instruments

We first queried demographics, including age, sex, college class,
race, ethnicity, and employment status. The following surveys were
administered online at both Time 1 and Time 2. However, as stated
above, in order to model the first time-point’s variables in pre-
dicting later, short-term PSU severity, we analyzed PSU only using
the second time-point’s data. Item responses on each scale were
summed to form total scores (reverse scoring items when
appropriate).

2.2.1. Smartphone use frequency
We administered the scale by Elhai et al. (2016), querying fre-

quency of using 11 smartphone features. Response options range
from “1¼Never” to “6¼Very often.” The features queried included
“Voice/video calls (making and receiving),” “Texting/instant
messaging (sending and receiving),” “Email (sending and
receiving),” “Social networking sites,” “Internet/websites,” “Music/
podcasts/radio,” “Games,” “Taking pictures or videos,” “Watching
video/TV/movies,” “Reading books/magazines,” and “Maps/navi-
gation.” Elhai et al. (2016) found adequate internal consistency for
the scale. The present sample’s Cronbach alpha was 0.78.

2.2.2. Smartphone addiction scale-short version (SAS-SV)
We used the Kwon, Kim, Cho, and Yang (2013) SAS-SV to mea-

sure current PSU. The SAS-SV is a 10-item scale, with response
options ranging from “1¼ Strongly disagree” to “6¼ Strongly
agree.” We reworded several items into a first-person voice for
greater accessibility and consistency for participants, such as
rewording “Missing planned work due to smartphone use” to “I
missed planned work due to smartphone use,” as done previously
with this scale (Duke & Montag, 2017). Items measure smartphone
use-related health and social impairment, withdrawal and toler-
ance. Coefficient alpha is adequate (Kwon et al., 2013). Scores
demonstrate relations with other measures of PIU and PSU (Kwon
et al., 2013), and with smartphone use frequency measured by self-
report (Lopez-Fernandez, 2017) and objectively (Elhai, Tiamiyu,
Weeks, et al., in press). Cronbach’s alpha was 0.91 in our sample.

2.2.3. Patient health questionnairee9 (PHQe9)
We administered the PHQe9 (Spitzer, Kroenke, Williams, & the

Patient Health Questionnaire Primary Care Study Group, 1999), a
nine-item scale of depression symptoms experienced over the past
two weeks. Response options range from “0¼Not at all” to
“3¼Nearly every day.” Internal consistency is adequate (Manea,
Gilbody, & McMillan, 2015), with convergent validity, and diag-
nostic validity for detecting depression (Manea et al., 2015). Cron-
bach’s alpha was 0.89 in our sample.

2.2.4. Anxiety sensitivity index-3 (ASIe3)
The ASI-3 (Taylor et al., 2007) is a shorter (18-item) version of

the original ASI (Peterson & Reiss, 1992). The ASI-3 has response
options ranging from “0¼Very little” to “4¼Very much.” Internal
consistency is good (Taylor et al., 2007), scores converge with other
anxiety measures (Osman et al., 2010; Wheaton, Deacon, McGrath,
Berman, & Abramowitz, 2012), and discriminate between anxious
and non-anxious participants (Taylor et al., 2007). Cronbach’s alpha
was 0.93 in our sample.

2.2.5. Distress tolerance scale (DTS)
The DTS (Simons & Gaher, 2005) is a 15-item scale of perceived
distress tolerance, with response options ranging from
“1¼ Strongly agree” to “5¼ Strongly disagree.” Internal consistency
is good (Simons& Gaher, 2005), and scores inversely correlate with
measures of negative affect and substance use (reviewed in Leyro
et al., 2010). Cronbach’s alpha was 0.93 in our sample.

2.2.6. Mindful attention awareness scale (MAAS)
The MAAS (Brown & Ryan, 2003) is a 15-item scale of mind-

fulness, with response options ranging from “1¼ Almost always” to
“6¼ Almost never.” Internal consistency is adequate (Brown &
Ryan, 2003), with convergent validity against scales measuring
attentional awareness, self-control, and positive focus (Black,
Sussman, Johnson, & Milam, 2012; Brown & Ryan, 2003; Osman,
Lamis, Bagge, Freedenthal, & Barnes, 2016). Cronbach’s alpha was
0.93 in our sample.

2.3. Analysis

Among the effective sample, there were nominal amounts of
missing item-level data - typically about 5e10% of participants
missed 1e2 items on each scale. We used maximum likelihood
estimation with the expectation maximization algorithm (Graham,
2009) to estimate missing item-level data, separately for each scale,
before summing scale items to produce scale scores.

We first conducted descriptive statistics for the primary scale
scores. No non-normality was evidenced, with the largest value (in
absolute size) of 1.3 for skewness, and 1.5 for kurtosis. We also
created a correlation matrix for our scale scores and covariates.

We computed a measurement model for the SAS-SV - as the
primary dependent variable - using confirmatory factor analysis
(CFA), adjusting for age and sex. We specified a one-factor model
based on themeasure’s 10 items, with support for a unidimensional
model found previously (Elhai, Tiamiyu, & Weeks, in press; Lopez-
Fernandez, 2017). We treated items as ordinal, and consequently
estimated a polychoric covariance matrix, using weighted least
squares estimationwith a mean- and variance-adjusted chi-square,
and estimated factor loadings using probit regression (DiStefano &
Morgan, 2014). We scaled the latent factor by fixing its factor
variance to 1, freely estimating all factor loadings. We fixed all re-
sidual error covariances to zero. Fit indices reported are the
comparative fit index (CFI), Tucker-Lewis Index (TLI), and root
mean square error of approximation (RMSEA), with CFI and
TLI> 0.89 and RMSEA< 0.09 typically indicating adequate fit (Hu &
Bentler, 1999).

We tested themodel in Fig.1 using structural equationmodeling
(SEM).2 As we only had 261 participants, we only modeled the SAS-
SV as a latent variable (from Time 2 data); all other psychological
constructs were treated as observed scale scores (from Time 1), to
preserve statistical power. We used the same estimation approach
for SEM as for CFA. We report standardized path estimates. The
path from distress tolerance to PSU severity tests Hypothesis 1. The
path from mindfulness to PSU tests Hypothesis 2.

We assessed mediation using indirect effect testing by
computing cross-products of direct path coefficients. We used the
Delta method for estimating the standard error of a given indirect
effect. Dividing the indirect effect’s path coefficient by its Delta-
estimated standard error produces a z-test for assessing statistical
significance of the mediation effect. Because indirect effect esti-
mates obtained this way are not normally distributed on a sampling



Table 1
Correlations among primary variables, and descriptive statistics.

Variable M SD 1 2 3 4 5 6 7 8

1. Sex N/A N/A e

2. Age 19.73 3.52 �0.06 e

3. Depression 6.05 5.58 0.11 �0.07 e

4. ASI-3 17.09 14.52 0.10 0.05 0.59*** e

5. DTS 48.92 12.74 �0.23*** �0.01 �0.51*** �0.53*** e

6. MAAS 57.47 16.08 �0.16** 0.09 �0.57*** �0.55*** 0.49*** e

7. SUF 49.63 7.50 0.21** �0.07 0.09 0.07 �0.15* �0.07 e

8. SAS-SV 26.31 10.35 0.10 �0.13* 0.46*** 0.34*** �0.37*** �0.42*** 0.19** e

Note: ASI-3¼Anxiety Sensitivity Index-3; DTS¼Distress Tolerance Scale; MAAS¼Mindful Awareness Attention Scale; SUF¼Smartphone Use Frequency; SAS-
SV¼Smartphone Addiction Scale-Short Version at Time 2.
*p < 0.05, **p < 0.01, ***p < 0.001.

3 Table 3’s indirect effect coefficients (b) are positive, whereas the relevant direct
effect coefficients from Fig. 2 are negative. This is because an indirect effect coef-
ficient is based on the cross-product of two direct coefficients, and multiplying two
negative values results in a positive value.
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distribution, we implemented 1000 bootstrapped replications for
more accurate estimates. Such indirect testing procedures are dis-
cussed elsewhere (MacKinnon, 2008). We tested distress tolerance
as a mediator between depression and PSU severity (H3a); we re-
computed this mediation test, substituting anxiety sensitivity as
the predictor (H3b). We assessed mindfulness as a mediator be-
tween depression and PSU severity (H4a); we re-conducted this
analysis by substituting anxiety sensitivity as the predictor (H4b).

3. Results

Descriptive statistics for scale scores appear in Table 1. Bivariate
correlations among primary variables are also displayed in Table 1,
demonstrating that PSU severity (using the SAS-SV) was moder-
ately, inversely correlated with both distress tolerance (r¼�0.37,
p< 0.001; supporting H1) and mindfulness (r¼�0.42, p< 0.001;
supporting H2). Table 1 also indicates that all psychological scales
correlated significantly with PSU severity. Additionally, while PSU
severity was not correlated with sex (r¼ .10, p> 0.05), it inversely
correlated with age (r¼�0.13, p< 0.05). Table 1 also shows that
depression, anxiety sensitivity, distress tolerance and mindfulness
evidenced large intercorrelations with each other, in the expected
direction.

The SAS-SV measurement model demonstrated some evidence
for adequate fit, robust c2 (53, N¼ 261)¼ 211.12, CFI¼ 0.96,
TLI¼ 0.95, RMSEA¼ 0.11 (90% CI: 0.09 to 0.12). Fit index values for
CFI, TLI, and RMSEA were mostly consistent with benchmarks for
adequate fit (Hu & Bentler, 1999). Table 2 displays standardized
factor loadings. Loadings were uniformly high, with the smallest
loading of 0.68 for the SAS-SV’s item 9.

The SEM model from Fig. 1 fit well based on established
benchmarks (Hu & Bentler, 1999), robust c2 (113,
N¼ 261)¼ 290.09, CFI¼ 0.96, TLI¼ 0.95, RMSEA¼ 0.08 (90% CI:
0.07 to 0.09). Fig. 2 displays standardized parameter estimates from
the model. Fig. 2’s path coefficients demonstrate that (after
adjusting for smartphone use frequency, age and sex) distress
tolerance (b¼�0.20, SE¼ .10, p< 0.05) and mindfulness
(b¼�0.39, SE¼ .10, p< 0.001) (both measured at Time 1) inversely
predicted PSU severity (Time 2), supporting H1 and H2, respec-
tively. Although not hypothesized, distress tolerance (b¼�0.11,
SE¼ .09, p> 0.05) andmindfulness (b¼ .01, SE¼ .09, p> 0.05) were
not significantly associated with smartphone use frequency (Fig. 2).
Fig. 2 also shows that smartphone use frequency at Time 1 pre-
dicted PSU severity at Time 2 (b¼ .14, SE¼ .06, p< 0.05), after
adjusting for age and sex. Finally, severity of depression and anxiety
sensitivity were inversely associated with both distress tolerance
and mindfulness (Fig. 2).

Mediation results are displayed in Table 3, with p values dis-
played for statistical significance of indirect effects. Distress toler-
ance did not significantly mediate relations between severity of
depression and PSU (b¼ .09, SE¼ .07, p> 0.05), thus failing to
support H3a. However, distress tolerance mediated relations be-
tween anxiety sensitivity and PSU severity (b¼ .06, SE¼ .03,
p< 0.05), supporting H3b. Mindfulness mediated relations be-
tween depression and PSU severity (b¼ .22, SE¼ .09, p< 0.05),
supporting H4a. Mindfulness also mediated relations between
anxiety sensitivity and PSU severity (b¼ .10, SE¼ .05, p< 0.05),
supporting H4b.3
4. Discussion

In the present study, we aimed to test two psychopathology-
related variables involving emotion regulation, previously unex-
plored for relations with PSU e distress tolerance and mindfulness.
We also assessed the extent to which distress tolerance and
mindfulness mediated relations between both depression and
anxiety sensitivity with PSU severity measured one month later.
Our measurement of PSU about one month after assessing psy-
chopathology and smartphone use frequency is notable, as most
prior PSU research has been cross-sectional (reviewed in Elhai,
Dvorak, et al., 2017), thus failing to conceptualize increased
smartphone use frequency as progressing to PSU (Oulasvirta et al.,
2012; van Deursen et al., 2015).

We found support for Hypothesis 1 - distress tolerance inversely
predicted levels of PSU one month later. Additionally, we found
support for Hypothesis 2 - mindfulness inversely predicted PSU
levels one month later. These findings fit with CIUT (Kardefelt-
Winther, 2014), which posits that negative emotion and psycho-
pathology drive excessive internet use. Distress tolerance and
mindfulness, however, involve adaptive strategies for regulating
negative emotion (Chambers et al., 2009; Leyro et al., 2010). Thus,
those individuals with more adaptive methods of regulating
emotion should have less motivation for engaging in PIU/PSU
(Kardefelt-Winther, 2014). In fact, better emotion regulation is
associated with decreased PSU severity (Elhai et al., 2016; Elhai,
Tiamiyu, Weeks, et al., in press). And relatedly, better distress
tolerance relates to decreased PIU (Arslan, 2017).

Our aims also included exploring distress tolerance and mind-
fulness as mediators between both severity of depression and
anxiety sensitivity with PSU. Distress tolerance and mindfulness
are relevant to emotion regulation, and prior work has revealed
that emotion regulation mediates relations between depression
and PSU severity (Elhai et al., 2016). We found that distress toler-
ance mediated relations between anxiety sensitivity (H3b) with



Table 2
Standardized factor loadings for the problematic smartphone use measurement model.

SAS-SV item Standardized loading

1. I miss planned work due to smartphone use 0.72
2. I have a hard time concentrating in class, while doing assignments, or while working due to smartphone use 0.72
3. I feel pain in the wrists or at the back of the neck while using a smartphone 0.73
4. I won’t be able to stand not having a smartphone 0.81
5. I feel impatient and fretful when I am not holding my smartphone 0.89
6. I have my smartphone in my mind even when I am not using it 0.86
7. I will never give up using my smartphone even when my daily life is already greatly affected by it 0.85
8. I constantly check my smartphone so as not to miss conversations between other people on Twitter or Facebook 0.73
9. I use my smartphone longer than I had intended 0.68
10. The people around me tell me that I use my smartphone too much 0.72

Fig. 2. Hypothesized model with standardized path coefficients. Notes: PSU¼Pro-
blematic smartphone use. Circles represent latent variables; squares represent
observed variables. For visual clarity, the latent PSU variable’s observed items are not
pictured. Factor loadings for the PSU factor are displayed in Table 2.

Table 3
Mediation results, with standardized estimates displayed.

Indirect effect b SE z p

H3a: Depression->Distress Tolerance- > PSU 0.09 0.07 1.33 0.19
H3b: Anxiety Sensitivity->Distress Tolerance-> PSU 0.06 0.03 2.07 0.04
H4a: Depression->Mindfulness-> PSU 0.22 0.09 2.49 0.01
H4b: Anxiety Sensitivity->Mindfulness- > PSU 0.10 0.05 2.02 0.04
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levels of PSU measured after one month. This finding is consistent
with emotion regulation theory (Gross, 1998) whereby emotion
regulation is conceptualized and found to buffer the impact of
depression and anxiety on behavioral addictions (Leyro et al., 2010).
However, distress tolerance did not mediate relations between
severity of depression and PSU. Thus, anxiety sensitivity may not
solely account for PSU, but distress tolerance may serve as an
intermediary variable in this relationship.

We also discovered that mindfulness mediated relations be-
tween both severity of depression and anxiety sensitivity with PSU
measured after one month. These findings also fit with emotion
regulation theory (Gross, 1998) in that mindfulness can buffer the
impact of anxious and depressive psychopathology on behavioral
addictions. Mindfulness is also inversely related to other behavioral
addictions (Bowen & Enkema, 2014; Fernandez et al., 2010). With
mindfulness being an emotion regulation strategy, and emotion
regulation mediating relations between depression and PSU
severity (Elhai et al., 2016), the significant mediating effect of
mindfulness here is not surprising. Findings also fit with CIUT e

specifically, because of the psychopathology-buffering impact of
emotion regulation, people using such regulation strategies should
have less need for PIU.

We should also note that PSU severity was correlated inversely
with age in bivariate analyses, supporting prior findings (Lu et al.,
2011; van Deursen et al., 2015). However, in our SEM model, age
no longer remained a significant predictor of PSU. We did not find
female sex related to PSU severity in bivariate or SEM models. Sex
has been found related to PSU severity in some studies (Jeong et al.,
2016; Wang et al., 2015), but not in others (Elhai et al., 2016; Elhai,
Levine, et al., 2017; Lopez-Fernandez, 2017; van Deursen et al.,
2015).

Results have clinical implications in managing excessive tech-
nology use. Intervention strategies aimed at decreasing excessive
technology use could include techniques to improve emotion
regulation strategies, such as mindfulness-based cognitive behav-
ioral therapies (Gu, Strauss, Bond, & Cavanagh, 2015; Hofmann,
Sawyer, Witt, & Oh, 2010) and emotion regulation interventions
(Mennin & Farach, 2007). The aims of intervention could include
increasing attentional awareness, and thus decreasing automatic
phone-checking behaviors associated with PSU (Oulasvirta et al.,
2012), as well as the processing rather than avoidance of emotion
(Gross, 1998).

Limitations of this study include that smartphone use and PSU
were measured via self-report methods, and validity of self-
reported amount of smartphone use has limitations (Andrews,
Ellis, Shaw, & Piwek, 2015; Elhai, Tiamiyu, Weeks, et al., in press).
Additionally, our use of college students has challenges to gener-
alizability. In fact, our sample lackswide diversity, as themajority of
participants were white women. Our sample had only 261 partic-
ipants, though this sample size is within the ballpark for numerous
other studies on PSU (reviewed in Elhai, Dvorak, et al., 2017).
Furthermore, we used self-administered assessments of depression
and anxiety symptoms, rather than structured diagnostic in-
terviews for diagnosing mood and anxiety disorders. In fact, mean
depression and anxiety sensitivity scores were at relatively sub-
clinical levels in this sample. Finally, the use of self-reported
mindfulness measures, such as the MAAS, has been criticized
(Van Dam et al., 2018).

Notwithstanding these limitations, this study presents several
advantages and innovations over prior studies examining psycho-
pathology in relation to PSU. These advantages involve use of pre-
viously unexplored variables for relations with PSU, including
anxiety sensitivity, distress tolerance and mindfulness. Also, the
two-wave, repeated measures design is innovative in studying ef-
fects of psychopathology from one time-point to levels of PSU at a
subsequent time-point, rarely done in this research area.

5. Conclusions

Variables involving emotion regulation may be important in
understanding how some people with depression or anxiety
symptoms engage in excessive use of a smartphone. Such emotion
regulation variables analyzed in the present study were distress
tolerance and mindfulness, previously unexplored for associations
with PSU. Interventions aimed at improving emotion regulation
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skills, such as enhancing distress tolerance and mindful awareness,
may offset the risk of excessively engaging in smartphone use to
alleviate negative emotion. Future research should explore addi-
tional mediating variables between psychopathology and PSU that
may serve as risk or resilience factors for excessive technology use.
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