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A B S T R A C T

Background: Problematic smartphone use (PSU) is associated with depression and anxiety symptom severity
throughout the literature. However, many important psychopathology constructs have not been examined for
associations with PSU severity. Worry and anger are two psychopathology constructs receiving little empirical
scrutiny in relation to PSU, but theoretically should demonstrate significant relationships. Furthermore, few
studies have used person-centered analyses, such as mixture modeling, to analyze possible latent subgroups of
individuals based on PSU symptom ratings.
Method: We conducted a web survey of 300 American college students, using the Smartphone Addiction Scale-
Short Version, Penn State Worry Questionnaire-Abbreviated Version, and Dimensions of Anger Reactions-5
Scale.
Results: Conducting mixture modeling using latent profile analysis, we found most support for a three-class
model of latent groups of individuals based on their PSU item ratings. Adjusting for age and sex, worry and anger
scores were significantly higher in the more severe PSU classes.
Discussion: Results are discussed in the context of uses and gratifications theory, as well as compensatory in-
ternet use theory, in terms of individual differences explaining excessive technology use.
Limitations: Limitations include the non-clinical nature of the sample.
Conclusions: Worry and anger may be helpful constructs in understanding the phenomenology of PSU, and
psychological interventions for worry and anger may offset PSU.

1. Introduction

1.1. Background

Excessive use of a smartphone has revealed harmful physical effects
in the scientific literature, including musculoskeletal pain in the hands
and neck (İnal et al., 2015; Xie et al., 2016), and traffic and pedestrian
accidents (Thompson et al., 2013; Cazzulino et al., 2014). Excessive
smartphone use is also associated with psychopathology constructs,
most notably depression and anxiety symptoms (reviewed in De-Sola
Gutierrez et al., 2016; Elhai et al., 2017a). However, little is known
about the typology, or group subtypes, of how smartphones are ex-
cessively used, or relations with other psychopathology constructs be-
yond depression and anxiety.

Smartphone ownership is ubiquitous in modern times, especially in
industrialized nations. Recent data from the Pew Research Center find
that smartphone ownership prevalence in adults is 77% in the United
States, and 59% globally (Poushter et al., 2018). Smartphones offer
numerous advantages to individuals, such as facilitating increased work
performance and productivity (Lee et al., 2017; Li and Lin, 2018), and
enhancing learning (George and DeCristofaro, 2016; Remón et al.,
2017). However, when people engage in excessive smartphone use,
adverse life consequences can result.

Problematic smartphone use (PSU) is conceptualized as excessive
use with associated functional impairment and resulting symptoms
found in substance use disorders such as withdrawal and tolerance
(Billieux et al., 2015a). PSU is similar to problematic internet use (PIU;
reviewed in Kuss et al., 2014), and problematic internet gaming
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(reviewed in Petry et al., 2014). PSU focuses specifically on smart-
phones as the medium, which is important because of smartphones
being highly portable and constantly accessible. Furthermore, con-
structs involving excessive technology use are distinct from each other
in terms of phenomenology, and are associated with different outcomes
(Kiraly et al., 2014; Baggio et al., 2018).

Several reviews of the literature demonstrate that across studies,
PSU severity is associated with psychopathology (De-Sola Gutierrez
et al., 2016; Elhai et al., 2017a; Vahedi and Saiphoo, 2018). Specifi-
cally, PSU severity demonstrates moderate associations with depression
severity (Elhai et al., 2017a), and small to moderate associations with
anxiety and stress (Elhai et al., 2017a; Vahedi and Saiphoo, 2018).

More recent studies on PSU have examined additional psycho-
pathology constructs, beyond the widely-studied depression and an-
xiety variables. PSU severity has revealed robust relationships with the
fear of missing out (Elhai et al., 2016, 2018a; Oberst et al., 2017;
Wolniewicz et al., 2018), rumination (Elhai et al., 2018c), proneness to
boredom (Elhai et al., 2018e), emotion dysregulation (Elhai et al.,
2016, 2018b), self-dysregulation (Gökçearslan et al., 2016), low self-
control (Cho et al., 2017), and behavioral inhibition and activation
systems (Kim et al., 2016b).

To summarize, PSU severity is related to depression, anxiety and
stress severity across many studies, and more recently, other psycho-
pathology-related variables have demonstrated associations with PSU
severity. In the present paper, rather than replicating prior studies using
well-established psychopathology-related constructs known to correlate
with PSU severity, we examined two variables that have received only
limited empirical scrutiny in relation to PSU severity: worry and anger.

Despite the numerous studies supporting PSU's relationship with
anxiety severity (reviewed in De-Sola Gutierrez et al., 2016; Elhai et al.,
2017a; Vahedi and Saiphoo, 2018), an important construct of anxiety
psychopathology has not been studied - that is, worry. Worry is defined
as persistent, unwanted, negative verbal thought (Borkovec et al.,
1998). Worry is similar to rumination, which specifically involves
persistent, negative self-referencing thought (Mennin and
Fresco, 2013). Both worry and rumination can be subsumed under the
larger category of repetitive negative thinking (McEvoy et al., 2013).
These constructs are often conceptualized as maladaptive, cognitive-
oriented coping mechanisms used by individuals to avoid experiencing
negative emotion (Mennin and Fresco, 2013; Newman et al., 2013).
PSU severity has revealed relationships with rumination (Elhai et al.,
2018c), but has not been studied in relation to worry.

Anxiety's arousal-based symptoms are related to anger expression.
In response to fear, individuals often respond with the fight-or-flight
response, whereby “flight” takes the form of anxiety, while “fight” takes
the form of anger and aggression (Cassiello-Robbins and Barlow, 2016).
Thus anger and anxiety share a common motivating emotion (i.e., fear),
and may share common genetic or risk factors (Bubier and
Drabick, 2009). Furthermore, anxiety psychopathology often co-occurs
with anger (Hawkins and Cougle, 2011; Cassiello-Robbins and Barlow,
2016). The most common definition of anger involves the emotional
component of aggression, probably midway on the severity continuum
between irritability and physical aggression (Cassiello-Robbins and
Barlow, 2016). An important risk factor for expressive anger and ag-
gressive behavior is impulsivity (Vigil-Colet and Codorniu-Raga, 2004;
Johnson and Carver, 2016), a purported pathway toward developing
PSU (Billieux et al., 2015a). Studies find impulsivity related to PSU
(reviewed in De-Sola Gutierrez et al., 2016). And one study revealed
higher PSU related to anger (Lee et al., 2018).

The studies reviewed above have examined psychopathology in
relation to PSU using a variable-centered approach, studying statistical
relationships between variables. An alternative, innovative metho-
dology is a person-centered approach, by examining relations among
individuals. Latent class analysis (LCA; for categorical variables) and
latent profile analysis (LPA; for continuous variables) are person-cen-
tered analyses, subsumed under the category of “mixture modeling”

(McLachlan and Peel, 2000; Masyn, 2013). LCA and LPA are often used
to evaluate participants’ survey item responses within particular con-
structs and empirically determine heterogeneity among participants by
uncovering latent subgroups (or classes) based on their responses
(Muthén, 2008; Lanza and Rhoades, 2013).

Three studies used mixture modeling (LPA, specifically) to examine
scale scores on problematic internet and smartphone use. Mok et al.
(2014) studied Korean university students and found three latent
classes based on these variables. Additionally, Kim et al. (2016a), and
Lee et al. (2018), studied Korean school-aged adolescents and found six
latent classes, and four latent classes, respectively. However, these
studies were conducted only in Korea, used total scores rather than
survey items, and simultaneously studied problematic internet and
smartphone use.

1.2. Aims

Our aim was to use mixture modeling (LPA) to empirically examine
latent subgroups of individuals based on their PSU symptom ratings.
We used worry and anger as covariates of latent group membership, as
these psychopathology variables should conceptually be related to le-
vels of PSU. This study is important in understanding the symptom
profiles of more severe problematic smartphone users and associated
psychopathology.

1.3. Theory

Uses and gratifications theory (UGT) is a mass communications
theory which assumes that individual differences drive the use and
excessive use of particular types of media (Blumler, 1979), such as
computer technology (Ruggiero, 2000). UGT has been used to support
demographic characteristics such as age and sex, as well as psycholo-
gical variables driving PSU (Park et al., 2013; Dhir et al., 2015; Elhai
et al., 2017b; Wolniewicz et al., 2018). However, UGT was developed
decades ago, prior to modern technology currently used (e.g., smart-
phones and social media), and does not specifically address psycho-
pathology or emotional distress.

A more contemporary and relevant theory is compensatory internet
use theory (CIUT; Kardefelt-Winther, 2014). CIUT posits that people
engage in internet use as a means of alleviating their negative emotion
and distress, and satisfying their social needs. This process of alleviating
negative emotion through internet use can be adaptive and helpful in
smaller doses, according to CIUT, but if relied upon too much/often,
negative functional consequences and feeling dependent on internet use
can be the consequence. Several studies have found support for CIUT in
conceptualizing psychopathology as driving PSU (Wang et al., 2015;
Long et al., 2016; Elhai et al., 2018c; Wolniewicz et al., 2018).

Finally, the gratification felt from receiving smartphone notifica-
tions and pop-up alerts is believed to increase the frequency of smart-
phone use, and habit formation of smartphone checking behavior
(Oulasvirta et al., 2012). Wilmer et al. (2017) recently reviewed the few
available studies on whether such increased smartphone checking be-
havior can result in impaired reward processing or delayed gratifica-
tions, but concluded that it is too early to draw conclusions. None-
theless, such smartphone checking behavior can turn into excessive,
PSU for some individuals (Oulasvirta et al., 2012), especially those with
low frustration tolerance or distress tolerance (Elhai et al., 2018b).

1.4. Research model

Our research model is depicted in Fig. 1. PSU is modeled using LPA
as a categorical latent variable. Anger and worry are modeled as psy-
chopathology covariates correlated with the LPA variable, with age and
sex as demographic covariates.

Our model is similar to prior models in conceptualizing psycho-
pathology variables predicting levels of PSU, albeit with different
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(variable-centered) methods (Kim et al., 2015; van Deursen et al., 2015;
Elhai et al., 2018b, c; Kim, 2018). We included age and sex in our
model, as female sex (Wang et al., 2015; Jeong et al., 2016; Rozgonjuk
et al., 2016) and younger age (Lu et al., 2011; van Deursen et al., 2015)
are related to PSU.

1.5. Hypotheses

H1. Between three to six latent classes of participants should emerge
from PSU item endorsements. Three prior Korean studies conducted LPA
of PSU and PIU scale scores, finding three (Mok et al., 2014), four
(Lee et al., 2018), and six (Kim et al., 2016a) classes, respectively.
However, it is possible that our results may differ, as we used a Western
sample, examined only PSU, and used item responses rather than scale
scores.

H2. Worry severity should be highest among the most severe PSU class.
UGT assumes that individual differences such as psychopathology
constructs can explain overuse of media, such as PSU (Ruggiero, 2000).
CIUT more specifically assumes that people attempt to cope with psy-
chopathology by engaging in internet and PSU (Kardefelt-
Winther, 2014). Elhai et al. (2018c) discovered that rumination was
related to PSU severity. And worry is a type of psychopathology similar
to rumination (both involving repetitive negative thinking)
(McEvoy et al., 2013).

H3. Anger severity should be highest among the most severe PSU class.
Anger is an individual difference variable that, according to UGT, can
lead to overuse of certain types of media, such as PSU (Ruggiero, 2000).
CIUT would predict that internet and PSU represent an attempt to al-
leviate psychopathology such as anger (Kardefelt-Winther, 2014). An-
xiety is related to PSU severity (reviewed in De-Sola Gutierrez et al.,
2016; Elhai et al., 2017a; Vahedi and Saiphoo, 2018), and anger is si-
milar to anxiety (Bubier and Drabick, 2009), and common in (and
correlated with) anxiety disorders (Hawkins and Cougle, 2011;
Cassiello-Robbins and Barlow, 2016). Also impulsivity is related to PSU
(reviewed in De-Sola Gutierrez et al., 2016), and impulsivity is a risk
factor for anger (Vigil-Colet and Codorniu-Raga, 2004; Johnson and
Carver, 2016). Finally, one study found anger related to PSU severity
(Lee et al., 2018).

2. Method

2.1. Participants and procedure

In spring and fall of 2017, we recruited undergraduate participants
from the psychology research pool of a large Midwestern U.S. uni-
versity. Our study was listed on the department's SONA Systems web
portal for participants to enroll, in exchange for course research points
(required for students, but with non-research alternatives offered). The

study was approved by the university's institutional review board, ad-
vertised as a 30-min web survey inquiring about “use of electronic
devices, and your emotions.” Individuals who enrolled were presented
an online consent statement, and if consenting, routed to the web
survey discussed below.

302 unique individuals participated in the survey. We removed two
individuals from analyses, as they did not indicate their age or sex
(required for analyses), resulting in an effective sample of 300 parti-
cipants. Average age was 19.87 years (SD = 3.79). A majority of par-
ticipants were women (n = 227, 75.7%). Most were freshmen (n = 170,
56.7%) or sophomores (n = 82, 27.3%). Most participants identified as
Caucasian (n = 241, 80.3%), with minority representation from African
American (n = 41, 13.7%), Hispanic (n = 16, 5.4%), and Asian
(n = 15, 5.0%) backgrounds. A slight majority reported working part-
time (n = 162, 54.0%), with 26 (8.7%) working full-time, and 112
(37.3%) not employed.

2.2. Instruments

We administered our instruments using an anonymous web survey
(completed at the participant's location of choice), in order to en-
courage truthful reporting of symptoms. We provided the following
instructions at the beginning of the protocol: “Please answer the fol-
lowing questions honestly. If possible, try your best not to leave ques-
tions blank.” Participants were assured that at the end of the anon-
ymous survey, they would be asked for their names in order to award
course research points, but using a separate web survey page with data
stored in a separate server database (without the possibility of matching
with survey responses). In the web survey, we first queried demo-
graphic characteristics, such as age, sex, and racial background.
Subsequently, the following measures were administered online.

2.1.1. Smartphone Addiction Scale-Short Version (SAS-SV)
We used the SAS-SV developed by Kwon et al. (2013a) to measure

PSU severity via self-report, including health and social impairment,
withdrawal, and tolerance components. Initially, Kwon and colleagues
selected established measures of PIU (Young, 1998; Kim et al., 2008),
adapted them to inquire about PSU, refined through psychometric
analysis and resulting in the 36-item SAS (Kwon et al., 2013b). The SAS
was then shortened, based on content validity and psychometric ana-
lysis, resulting in the SAS-SV, converging well with and providing
adequate coverage of the original SAS (Kwon et al., 2013a). We asked
participants “How much do you agree with these statements about your
use of your smartphone?” The SAS-SV contains 10 items with response
options ranging from “1 = strongly disagree” to “6 = strongly agree.”
We reworded several items for a consistent first-person voice for better
accessibility, such as rewording “Missing planned work due to smart-
phone use” to “I missed planned work due to smartphone use”
(Duke and Montag, 2017). Studies demonstrate that the SAS-SV is re-
liable (Kwon et al., 2013a), and scores converge with other measures of
PSU and PIU (Kwon et al., 2013a), smartphone use frequency measured
by self-report (Lopez-Fernandez, 2017) and measured objectively
(Elhai et al., 2018d). Cronbach's alpha in our sample was 0.86. SAS-SV
items can be summed for a total score (Kwon et al., 2013b).

2.1.2. Penn State Worry Questionnaire-Abbreviated Version (PSWQ-A)
The PSWQ-A is a shorter version (Hopko et al., 2003) of the original

PSWQ (Meyer et al., 1990), a self-report measure of worry and per-
ceived ability to control worry, central to generalized anxiety disorder.
The PSWQ-A includes eight items, with the following instruction:
“Enter the response that best describes how typical or characteristic
each item is of you.” Response options range from “1 = not at all ty-
pical” to “5 = very typical.” The PSWQ-A is reliable, and scores are
strongly related to other measures of generalized anxiety and worry
(Kertz et al., 2014). Cronbach's alpha in our sample was 0.96. Items are
summed for a total score (Hopko et al., 2003).

Fig. 1. Hypothesized model of covariates and latent class variable.
The circle represents a latent variable. Rectangles represent observed variables.
PSU LPA = latent profile analysis of the Smartphone Addiction Scale-Short
Version Items.
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2.1.3. Dimensions of Anger Reactions-5 (DAR-5) Scale
The DAR-5 (Forbes et al., 2004) is an abbreviated and revised ver-

sion of the original DAR scale (Novaco, 1975), a self-report measure of
anger reactions. The DAR-5 includes five items, with the following in-
struction: “Thinking over the past four weeks, indicate the option that
best describes the amount of time you felt that way.” The response scale
options range from 1 = “none or almost none of the time” to 5 = “all or
almost all of the time”. The DAR-5 is reliable, and scores converge with
other self-report measures of anger (Forbes et al., 2014a, b). Cronbach's
alpha in our sample was 0.85. Items are summed for a total score
(Forbes et al., 2004).

2.3. Analysis

Small amounts of missing item-level data were evident from re-
spondents – about 5–10% of participants missed 1–2 items on each
scale. We used the expectation maximization algorithm to estimate
missing item-level data (Graham, 2009), and subsequently summed
responses to obtain scale scores. Scale scores for the PSWQ-A and DAR-
5, as well as item responses on the SAS-SV, were normally distributed.
We conducted a correlation analysis of our primary variables prior to
conducting LPA.

We used Mplus Version 8 for LPA based on the SAS-SV items. We
conducted LPA with maximum likelihood estimation and robust stan-
dard errors (Yuan and Bentler, 2000). To assess H1, we sequentially
tested models starting with one class, progressively increasing the
number of classes until no significant increase in model fit was
achieved. To determine the best fitting LPA model, we examined the
adjusted Lo–Mendell–Rubin likelihood ratio chi-square test (aLMR),
where a model with k classes is statistically compared to a model with
k-1 classes (Nylund et al., 2007). Statistical significance using aLMR
indicates that the model with one additional class is better fitting. We
also considered the Bayesian Information Criterion (BIC) and its sample
size-adjusted alternative (aBIC), whereby lower BIC and aBIC values
indicate better fit. We also considered entropy, an indicator of correct
classification (Nylund et al., 2007).

After determining the best-fitting LPA model, we added age, sex,
worry, and anger scores as proximal covariates of latent class mem-
bership. These proximal covariates also served to assist in correctly
classifying participants into latent class membership (Muthén, 2008;
Vermunt, 2010). In fact, covariates with moderately large effect sizes
enhance model estimation and reduce model non-convergence
(Wurpts and Geiser, 2014). We integrated these covariates into the LPA
model, retaining PSU as a truly latent categorical variable, rather than
treating PSU as an observed variable approximating likely class mem-
bership using an analysis of variance approach. This latent approach to
estimating the dependent (PSU) variable improves accuracy and mini-
mizes measurement error (Skrondal and Laake, 2001; Muthén, 2008;
Lanza and Rhoades, 2013). To assess H2 and H3, multinomial logistic
regression was used to determine the statistical association of these
covariates with latent class membership. To improve classification
based on the covariates, we used the three-step method (Vermunt,
2010; Asparouhov and Muthén, 2014) which estimates the latent class
variable based on posterior probabilities, regressing the latent variable
on the covariates while taking into account misclassification from
posterior probability estimation.

3. Results

3.1. Descriptive statistics

PSU severity averaged 26.98 (SD = 8.96). Worry scores averaged
23.00 (SD = 9.80). Anger scores averaged 9.79 (SD = 4.27). We pre-
sent a correlation matrix based on these variables, along with age and
sex in Table 1.

3.2. LPA results

Table 2 displays LPA results without covariates for models ranging
from 1 to 5 latent classes. The most objective index in this table for
determining the best-fitting solution is aLMR (Nylund et al., 2007).
Based on aLMR (Nylund et al., 2007), the model with 3 latent classes fit
best, whereby no further statistically significant increment in fit was
after 3 classes (see p value column). Furthermore, examining additional
fit indices, entropy, BIC and aBIC leveled off fairly precipitously after 3
classes.

Fig. 2 displays the 3 classes with PSU item severity ratings, where
classes are ordered in ascending level of severity. Class #1 (n = 92) was
the least Severe Class based on PSU items (“Mild Class”), while Class #2
(n = 155) was of moderate severity (“Moderate Class” ), and Class #3
(n = 53) was of highest severity (“Severe Class”). Table 3 displays the
SAS-SV (PSU) items, to facilitate interpretation of Fig. 2. According to
Fig. 2 (and Table 3), some items demonstrate a smaller range of dif-
ferences across classes (vertically along the y axis), such as missing
planned work and musculoskeletal pain, while other items demonstrate
a wider range of differences across classes such as feeling impatient
without one's smartphone and always having one's smartphone in mind.

3.3. Covariate results

Table 4 displays results for covariates in relation to latent class
membership, using the Mild Class as the reference class. Compared to
the Mild Class, worry scores were significantly higher in the Moderate
Class, and both worry and anger were higher in the Severe Class. Based
on odds ratios, each added point for worry was associated with a 6%
increased likelihood of being in the Moderate Class than the Mild Class,
and also a 6% increased likelihood of being in the Severe Class than the
Mild Class. Each added point for anger was associated with an 18%
increased likelihood of being in the Severe Class than the Mild Class.
Age and sex did not increase the likelihood of being in a more Severe
Class than the Mild Class.

3.4. Demographic results

Finally, we assessed differences between the three classes based on
other sociodemographic characteristics that we did not model as

Table 1
Correlation matrix of study variables.

Variable 1 2 3 4 5

1. Age –
2. Sex −0.06 –
3. PSU −0.12* 0.09 –
4. Worry −0.10 0.29⁎⁎⁎ 0.31⁎⁎⁎ –
5. Anger 0.00 0.08 0.33⁎⁎⁎ 0.44⁎⁎⁎ –

Note: PSU = Problematic smartphone use severity. *p < 0.05.**p < 0.01.
***p < 0.001.

Table 2
Latent profile analysis model comparisons.

# of Classes BIC aBIC Entropy aLMR p

1 10407.55 10344.12 N/A N/A N/A
2 9831.50 9733.18 0.82 628.77 0.02
3 9633.17 9499.97 0.86 256.98 <0.001
4 9578.55 9410.46 0.87 115.52 0.32
5 9532.72 9329.75 0.90 106.86 0.12

Note: BIC = Bayesian Information Criterion; aBIC = Adjusted Bayesian
Information Criterion; aLMR = Adjusted Lo–Mendell–Rubin Likelihood Ratio
Test Value; p = aLMR's p value; N/A = Not Applicable (not possible to estimate
for a one-class model).
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covariates in the LPA. Classes did not differ from each other on (a)
Caucasian only (n = 227) vs. some racial/ethnic minority status
(n = 73), χ2(2, N = 300) = 5.06, p = 0.08, Phi = 0.13, b) freshman
(n = 170) vs. higher college class level (n = 130), χ2(2,
N = 300) = 0.98, p = 0.61, Phi = 0.06, or c) currently employed
(n = 188) vs. unemployed (n = 112), χ2(2, N = 300) = 1.75, p = 0.42,
Phi = 0.08. However, compared to participants not currently in a ro-
mantic relationship (n = 136), those in a relationship (n = 164) were
marginally more likely to be in the less severe PSU classes, χ2(2,
N = 300) = 6.19, p = 0.05, Phi = 0.14.

4. Discussion

Our aim was to explore possible latent subgroups, or classes of in-
dividuals, based on PSU item responses. We were also interested in
examining previously unexplored psychopathology constructs for as-
sociations with PSU latent class membership. We studied worry, an
important anxiety psychopathology construct, and anger which cov-
aries with anxiety (Bubier and Drabick, 2009; Hawkins and Cougle,
2011; Cassiello-Robbins and Barlow, 2016).

Hypothesis 1 stated that between three to six latent classes of in-
dividuals should emerge based on PSU item responses. We found three
classes, supporting H1. Our results support those from Mok et al.
(2014), who also found three classes, despite sampling adults in Korea,
studying scale scores (rather than item-level data), and simultaneously
examining PSU and PIU. The three-class results from both Mok et al.
(2014) and the present study differ from those of Lee et al. (2018)

finding four classes and Kim et al. (2016a) finding six classes, but those
authors sampled middle and high school students (in Korea). UGT
(Blumler, 1979) and CIUT (Kardefelt-Winther, 2014) assume that in-
dividual differences can drive technology use (including excessive use).
However, this phenomenon is more complex in children and adoles-
cents. After all, not only the child but also the parent, caregiver, and
teacher influence the amount of screen time used by the child
(Lauricella et al., 2015). Thus, in children and adolescents, a greater
variation in number of latent classes may be expected.

We found support for Hypothesis 2. After covariate adjustment,

Fig. 2. Latent profiles from the three-class solution.
Note. Classes 1, 2, and 3 are ordered in ascending level of item severity on the Smartphone Addiction Scale-Short Version (SAS-SV). Class 1 (Mild Class; n = 92) is
denoted by the line series with squares, Class 2 (Moderate Class; n = 155) with triangles, and Class 3 (Severe Class; n = 53) with diamonds. Severity of SAS-SV item
endorsement is along the y-axis. Short labels of SAS-SV items are along the x-axis.

Table 3
Smartphone Addiction Scale-Short Version Item content.

Item number Item content

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

Table 4
Unstandardized multinomial logistic regression coefficients, standard errors,
and odds ratios for covariates in predicting latent class membership, using the
least Severe Class (Class #1) as the reference class.

Probability of higher covariate
scores for Class #2 (“Moderate”)
compared to Class #1 (“Mild”)

Probability of higher covariate
scores for Class #3 (“Severe”)
compared to Class #1 (“Mild”)

Covariate B SE OR B SE OR

Worry 0.06⁎⁎ 0.02 1.06 0.06* 0.03 1.06
Anger 0.01 0.06 1.01 0.17⁎⁎ 0.06 1.18
Sex 0.27 0.38 1.31 0.50 0.47 1.65
Age −0.11 0.11 0.90 −0.06 0.06 0.94

⁎ p < 0.05.
⁎⁎ p < 0.01.
⁎⁎⁎ p < 0.001.
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worry was higher in both the Moderate and Severe Classes, when
compared to the Mild Class. This finding fits with UGT based on in-
dividual differences, and CIUT based on psychopathology, as variables
accounting for more excessive technology use such as PSU. Although
not previously tested, this worry-PSU severity relationship supports
relevant work on rumination's relationship with PSU severity
(Elhai et al., 2018c). Based on Elhai et al. (2018c) and the present
study, we suggest that PSU severity is related more generally to re-
petitive negative thinking, which subsumes both worry and rumination
(McEvoy et al., 2013). One possible mechanism for worry and rumi-
nation driving PSU is that such repetitive negative thinking may invoke
excessive reassurance seeking behavior through repeatedly checking
one's smartphone for interpersonal-related notifications in an attempt
to relieve stress (Billieux et al., 2015b). Furthermore, the gratification
felt from receiving smartphone notifications may be negatively re-
inforcing in relieving such worry, and thus can result in more checking
for such notifications (Oulasvirta et al., 2012).

We found some support for Hypothesis 3. After covariate adjust-
ment, the Severe Class was higher in anger scores than the Mild Class.
However, the Severe Class was not higher than the Moderate Class on
anger. These findings lend some support to UGT and CIUT in proposing
individual differences – specifically, psychopathology – accounting for
PSU severity. Anger is related to anxiety, and anxiety is consistently
related to PSU severity (reviewed in De-Sola Gutierrez et al., 2016;
Elhai et al., 2017a; Vahedi and Saiphoo, 2018). Moreover, anger is
related to impulsivity (Vigil-Colet and Codorniu-Raga, 2004; Johnson
and Carver, 2016), and contemporary models conceptualize impulsivity
as an important pathway to PSU (Billieux et al., 2015a). In fact, im-
pulsivity is related to PSU severity across studies (reviewed in De-
Sola Gutierrez et al., 2016). And in a recent study, anger demonstrated
relations with PSU severity (Lee et al., 2018).

Although we found in bivariate correlations that younger age was
related to higher PSU severity, age was not related to latent class
membership in the present LPA. Additionally, sex was not related to
PSU severity, based on bivariate correlations and LPA. Age and sex
demonstrate mixed findings in the PSU literature. Some studies have
found that female sex is related to PSU severity (Wang et al., 2015;
Jeong et al., 2016), while others have not (van Deursen et al., 2015;
Lopez-Fernandez, 2017; Elhai et al., 2018b). And some studies dis-
covered that age is related to PSU severity (Lu et al., 2011; van Deursen
et al., 2015), while others have not (Wang et al., 2015; Elhai et al.,
2018b). It is worth noting that the present study sampled college stu-
dents, with a restricted age range. Additionally, we found that being in
a romantic relationship was associated (though marginally) with less
severe latent class membership. Perhaps social support gained from
being in a relationship helped offset negative emotion that may have
otherwise triggered PSU. In fact, social support is an important resi-
lience factor in buffering mental health problems (reviewed in
Santini et al., 2015). Alternatively, perhaps pursuit of online, smart-
phone-based relationships may occur among people dissatisfied or
lacking efficacy in offline/real-world relationships (Chiu, 2014).

The present study has implications for the scientific study of PSU.
First, it may be worthwhile to model variation in PSU severity across
individuals using mixture models, as done in the present study and
previously (Mok et al., 2014; Kim et al., 2016a; Lee et al., 2018). In fact,
other studies have also modeled variation in smartphone feature use
(but not PSU) using mixture modeling (Hamka et al., 2014; Elhai and
Contractor, 2018). Additionally, studying psychopathology constructs
that appear across numerous mental disorders – so-called “transdiag-
nostic constructs” (Mansell et al., 2008) such as worry and anger – may
be helpful in understanding the nature of phenomenology of PSU.
Treatments for worry and generalized anxiety (Newman et al., 2013), as
well as treatments for anger (DiGiuseppe and Tafrate, 2006), may have
the potential to offset some severity of PSU expressed by smartphone
users, which would be consistent with CIUT.

Limitations of this study include that we sampled young adult

college students, restricting age-related variability and statistical
power, and thus limiting representation of the general population of
adults. Additionally, roughly three-quarters of participants were
women, and a majority were Caucasian, limiting demographic varia-
bility and generalizability. We also used self-report measures rather
than diagnostic or behavioral measures of worry and anger.
Furthermore, we measured PSU with a self-report scale, which may
limit the validity of responses, as objective measures of smartphone use
are more valid (Elhai et al., 2018d; Rozgonjuk et al., 2018). Im-
portantly, our study design was cross-sectional, and therefore we
cannot infer causality between the psychopathology variables (i.e.,
anger and worry) and PSU severity. Additionally, we did not examine
the type of content used on one's smartphone (e.g., social vs. non-so-
cial), nor did we collect data on use or excessive use of other electronic
devices (e.g., computers or tablets) or internet services (such as Wi-Fi
availability). Finally, we selected the best-fitting model primarily using
aLMR values which would be considered the most objective; however,
this result was not corroborated by BIC values.

Nonetheless, the present study offers insights into subgroups of
symptom presentations from PSU ratings. Also the study demonstrates
relations between PSU severity with both worry and anger, mostly
neglected in prior literature. Future studies may benefit from additional
use of person-centered analyses such as LPA to study PSU, as well as
further exploration of transdiagnostic psychopathology constructs in
connection with PSU. Future research should also use longitudinal re-
search designs to follow participants over time in studying associations
between psychopathology and PSU severity.

Conflict of interest

All authors report no competing financial conflicts of interest with
this paper.

Funding

The authors extend their appreciation to the International Scientific
Partnership Program (ISPP) at King Saud University for funding this
research work through ISPP# 114. ISPP had no influence on the study
described here, nor on the writing of this manuscript. The authors thank
the Deanship of Scientific Research and RSSU at King Saud University
for their technical support.

Acknowledgment

N/A.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jad.2018.12.047.

References

Asparouhov, T., Muthén, B., 2014. Auxiliary variables in mixture modeling: three-step
approaches using Mplus. Struct. Equ. Model. Multidiscip. J. 21, 329–341.

Baggio, S., Starcevic, V., Studer, J., Simon, O., Gainsbury, S.M., Gmel, G., Billieux, J.,
2018. Technology-mediated addictive behaviors constitute a spectrum of related yet
distinct conditions: a network perspective. Psychol. Addict. Behav. 32, 564–572.

Billieux, J., Maurage, P., Lopez-Fernandez, O., Kuss, D.J., Griffiths, M.D., 2015a. Can
disordered mobile phone use be considered a behavioral addiction? An update on
current evidence and a comprehensive model for future research. Curr. Addict. Rep.
2, 156–162.

Billieux, J., Philippot, P., Schmid, C., Maurage, P., De Mol, J., Van der Linden, M., 2015b.
Is dysfunctional use of the mobile phone a behavioural addiction? Confronting
symptom-based versus process-based approaches. Clin. Psychol. Psychother. 22,
460–468.

Blumler, J.G., 1979. The role of theory in uses and gratifications studies. Commun. Res. 6,
9–36.

Borkovec, T.D., Ray, W.D., Stöber, J., 1998. Worry: a cognitive phenomenon intimately

J.D. Elhai et al. Journal of Affective Disorders 246 (2019) 209–216

214

https://doi.org/10.1016/j.jad.2018.12.047
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0001
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0001
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0002
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0002
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0002
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0003
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0003
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0003
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0003
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0004
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0004
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0004
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0004
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0005
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0005
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0006


linked to affective, physiological, and interpersonal behavioral processes. Cognit.
Ther. Res. 22, 561–576.

Bubier, J.L., Drabick, D.A., 2009. Co-occurring anxiety and disruptive behavior disorders:
the roles of anxious symptoms, reactive aggression, and shared risk processes. Clin.
Psychol. Rev. 29, 658–669.

Cassiello-Robbins, C., Barlow, D.H., 2016. Anger: the unrecognized emotion in emotional
disorders. Clin. Psychol. Sci. Pract. 23, 66–85.

Cazzulino, F., Burke, R.V., Muller, V., Arbogast, H., Upperman, J.S., 2014. Cell phones
and young drivers: a systematic review regarding the association between psycho-
logical factors and prevention. Traffic Inj. Prev. 15, 234–242.

Chiu, S.-I., 2014. The relationship between life stress and smartphone addiction on
Taiwanese university student: a mediation model of learning self-efficacy and social
self-efficacy. Comput. Hum. Behav. 34, 49–57.

Cho, H.Y., Kim, D.J., Park, J.W., 2017. Stress and adult smartphone addiction: mediation
by self-control, neuroticism, and extraversion. Stress Health 33, 624–630.

De-Sola Gutierrez, J., Rodriguez de Fonseca, F., Rubio, G., 2016. Cell-phone addiction: a
review. Front. Psychol. 7, 175.

Dhir, A., Chen, S., Nieminen, M., 2015. Predicting adolescent internet addiction: the roles
of demographics, technology accessibility, unwillingness to communicate and sought
Internet gratifications. Comput. Hum. Behav. 51, 24–33.

DiGiuseppe, R., Tafrate, R.C., 2006. Anger treatment for adults: a meta-analytic review.
Clin. Psychol. Sci. Pract. 10, 70–84.

Duke, E., Montag, C., 2017. Smartphone addiction, daily interruptions and self-reported
productivity. Addict. Behav. Rep. 6, 90–95.

Elhai, J.D., Contractor, A.A., 2018. Examining latent classes of smartphone users: rela-
tions with psychopathology and problematic smartphone use. Comput. Hum. Behav.
82, 159–166.

Elhai, J.D., Dvorak, R.D., Levine, J.C., Hall, B.J., 2017a. Problematic smartphone use: a
conceptual overview and systematic review of relations with anxiety and depression
psychopathology. J. Affect. Disord. 207, 251–259.

Elhai, J.D., Levine, J.C., Alghraibeh, A.M., Alafnan, A., Aldraiweesh, A., Hall, B.J., 2018a.
Fear of missing out: testing relationships with negative affectivity, online social en-
gagement, and problematic smartphone use. Comput. Hum. Behav. 89, 289–298.

Elhai, J.D., Levine, J.C., Dvorak, R.D., Hall, B.J., 2016. Fear of missing out, need for
touch, anxiety and depression are related to problematic smartphone use. Comput.
Hum. Behav. 63, 509–516.

Elhai, J.D., Levine, J.C., Dvorak, R.D., Hall, B.J., 2017b. Non-social features of smart-
phone use are most related to depression, anxiety and problematic smartphone use.
Comput. Hum. Behav. 69, 75–82.

Elhai, J.D., Levine, J.C., O'Brien, K.D., Armour, C., 2018b. Distress tolerance and mind-
fulness mediate relations between depression and anxiety sensitivity with proble-
matic smartphone use. Comput. Hum. Behav. 84, 477–484.

Elhai, J.D., Tiamiyu, M.F., Weeks, J.W., 2018c. Depression and social anxiety in relation
to problematic smartphone use: the prominent role of rumination. Internet Res. 28,
315–332.

Elhai, J.D., Tiamiyu, M.F., Weeks, J.W., Levine, J.C., Picard, K.J., Hall, B.J., 2018d.
Depression and emotion regulation predict objective smartphone use measured over
one week. Personal. Individ. Differ. 133, 21–28.

Elhai, J.D., Vasquez, J.K., Lustgarten, S.D., Levine, J.C., Hall, B.J., 2018e. Proneness to
boredom mediates relationships between problematic smartphone use with depres-
sion and anxiety severity. Soc. Sci. Comput. Rev. 36, 707–720.

Forbes, D., Alkemade, N., Hopcraft, D., Hawthorne, G., O'Halloran, P., Elhai, J.D.,
McHugh, A.F., Novaco, R.W., Bryant, R.A., Lewis, V., 2014a. Evaluation of the di-
mensions of anger reactions-5 (DAR-5) scale in combat veterans with posttraumatic
stress disorder. J. Anxiety Disord. 28, 830–835.

Forbes, D., Alkemade, N., Mitchell, D., Elhai, J.D., McHugh, T., Bates, G., Novaco, R.W.,
Bryant, R.B., Lewis, V., 2014b. Utility of the Dimensions of anger reactions-5 (DAR-5)
scale as a brief anger measure. Depress. Anxiety 31, 166–173.

Forbes, D., Hawthorne, G., Elliott, P., McHugh, T., Biddle, D., Creamer, M., 2004. A
concise measure of anger in combat-related posttraumatic stress disorder. J. Trauma.
Stress 17, 249–256.

George, T.P., DeCristofaro, C., 2016. Use of smartphones with undergraduate nursing
students. J. Nurs. Educ. 55, 411–415.

Gökçearslan, Ş., Mumcu, F.K., Haşlaman, T., Çevik, Y.D., 2016. Modelling smartphone
addiction: the role of smartphone usage, self-regulation, general self-efficacy and
cyberloafing in university students. Comput. Hum. Behav. 63, 639–649.

Graham, J.W., 2009. Missing data analysis: making it work in the real world. Annu. Rev.
Psychol. 60, 549–576.

Hamka, F., Bouwman, H., de Reuver, M., Kroesen, M., 2014. Mobile customer segmen-
tation based on smartphone measurement. Telemat. Inform. 31, 220–227.

Hawkins, K.A., Cougle, J.R., 2011. Anger problems across the anxiety disorders: findings
from a population-based study. Depress. Anxiety 28, 145–152.

Hopko, D.R., Reas, D.L., Beck, J.G., Stanley, M.A., Wetherell, J.L., Novy, D.M., Averill,
P.M., 2003. Assessing worry in older adults: Confirmatory factor analysis of the Penn
State Worry questionnaire and psychometric properties of an abbreviated model.
Psychol. Assess. 15, 173–183.

İnal, E.E., Demİrcİ, K., Çetİntürk, A., Akgönül, M., Savaş, S., 2015. Effects of smartphone
overuse on hand function, pinch strength, and the median nerve. Muscle Nerve 52,
183–188.

Jeong, S.-H., Kim, H., Yum, J.-Y., Hwang, Y., 2016. What type of content are smartphone
users addicted to?: SNS vs. games. Comput. Hum. Behav. 54, 10–17.

Johnson, S.L., Carver, C.S., 2016. Emotion-relevant impulsivity predicts sustained anger
and aggression after remission in bipolar I disorder. J. Affect. Disord. 189, 169–175.

Kardefelt-Winther, D., 2014. A conceptual and methodological critique of internet ad-
diction research: towards a model of compensatory internet use. Comput. Hum.
Behav. 31, 351–354.

Kertz, S.J., Lee, J., Bjorgvinsson, T., 2014. Psychometric properties of abbreviated and
ultra-brief versions of the Penn State Worry Questionnaire. Psychol. Assess. 26,
1146–1154.

Kim, D., Nam, J.K., Oh, J., Kang, M.C., 2016a. A latent profile analysis of the interplay
between PC and smartphone in problematic internet use. Comput. Hum. Behav. 56,
360–368.

Kim, D.I., Chung, Y.J., Lee, E.A., Kim, D.M., Cho, Y.M., 2008. Development of internet
addiction proneness scale-short form (KS scale). Korea J. Couns. 9, 1703–1722.

Kim, J., Seo, M., David, P., 2015. Alleviating depression only to become problematic
mobile phone users: can face-to-face communication be the antidote? Comput. Hum.
Behav. 51, 440–447.

Kim, J.-H., 2018. Psychological issues and problematic use of smartphone: ADHD's
moderating role in the associations among loneliness, need for social assurance, need
for immediate connection, and problematic use of smartphone. Comput. Hum. Behav.
80, 390–398.

Kim, Y., Jeong, J.E., Cho, H., Jung, D.J., Kwak, M., Rho, M.J., Yu, H., Kim, D.J., Choi, I.Y.,
2016b. Personality factors predicting smartphone addiction predisposition: beha-
vioral inhibition and activation systems, impulsivity, and self-control. PLoS One 11,
e0159788.

Kiraly, O., Griffiths, M.D., Urban, R., Farkas, J., Kokonyei, G., Elekes, Z., Tamas, D.,
Demetrovics, Z., 2014. Problematic internet use and problematic online gaming are
not the same: findings from a large nationally representative adolescent sample.
Cyberpsychol. Behav. Soc. Netw. 17, 749–754.

Kuss, D., Griffiths, M., Karila, L., Billieux, J., 2014. Internet addiction: a systematic review
of epidemiological research for the last decade. Curr. Pharm. Des. 20, 4026–4052.

Kwon, M., Kim, D.J., Cho, H., Yang, S., 2013a. The smartphone addiction scale: devel-
opment and validation of a short version for adolescents. PLoS One 8, e83558.

Kwon, M., Lee, J.Y., Won, W.Y., Park, J.W., Min, J.A., Hahn, C., Gu, X., Choi, J.H., Kim,
D.J., 2013b. Development and validation of a smartphone addiction scale (SAS). PLoS
One 8, e56936.

Lanza, S.T., Rhoades, B.L., 2013. Latent class analysis: an alternative perspective on
subgroup analysis in prevention and treatment. Prev. Sci. 14, 157–168.

Lauricella, A.R., Wartella, E., Rideout, V.J., 2015. Young children's screen time: the
complex role of parent and child factors. J. Appl. Dev. Psychol. 36, 11–17.

Lee, K.Y., Lee, M., Kim, K., 2017. Are smartphones helpful? An empirical investigation of
the role of smartphones in users' role performance. Int. J. Mobile Commun. 15,
119–143.

Lee, S.Y., Lee, D., Nam, C.R., Kim, D.Y., Park, S., Kwon, J.G., Kweon, Y.S., Lee, Y., Kim,
D.J., Choi, J.S., 2018. Distinct patterns of Internet and smartphone-related problems
among adolescents by gender: latent class analysis. J. Behav. Addict. 7, 454–465.

Li, L., Lin, T.T.C., 2018Li and Lin. Examining how dependence on smartphones at work
relates to Chinese employees’ workplace social capital, job performance, and
smartphone addiction. Inf. Dev. 34, 489–503.

Long, J., Liu, T.Q., Liao, Y.H., Qi, C., He, H.Y., Chen, S.B., Billieux, J., 2016. Prevalence
and correlates of problematic smartphone use in a large random sample of Chinese
undergraduates. BMC Psychiatry 16, 408.

Lopez-Fernandez, O., 2017. Short version of the smartphone addiction scale adapted to
Spanish and French: towards a cross-cultural research in problematic mobile phone
use. Addict. Behav. 64, 275–280.

Lu, X., Watanabe, J., Liu, Q., Uji, M., Shono, M., Kitamura, T., 2011. Internet and mobile
phone text-messaging dependency: factor structure and correlation with dysphoric
mood among Japanese adults. Comput. Hum. Behav. 27, 1702–1709.

Mansell, W., Harvey, A.G., Watkins, E.R., Shafran, R., 2008. Cognitive behavioral pro-
cesses across psychological disorders: a review of the utility and validity of the
transdiagnostic approach. Int. J. Cogn. Ther. 1, 181–191.

Masyn, K.E., 2013. Latent class analysis and finite mixture modeling. In: Little, T.D. (Ed.),
The Oxford Handbook of Quantitative Methods in Psychology. Oxford University
Press, Oxford, England, pp. 551–611.

McEvoy, P.M., Watson, H., Watkins, E.R., Nathan, P., 2013. The relationship between
worry, rumination, and comorbidity: evidence for repetitive negative thinking as a
transdiagnostic construct. J. Affect. Disord. 151, 313–320.

McLachlan, G.J., Peel, D., 2000. Finite Mixture Models. Wiley & Sons, New York.
Mennin, D.S., Fresco, D.M., 2013. What, me worry and ruminate about DSM-5 and RDoC?

The importance of targeting negative self-referential processing. Clin. Psychol. Sci.
Pract. 20, 258–267.

Meyer, T.J., Miller, M.L., Metzger, R.L., Borkovec, T.D., 1990. Development and valida-
tion of the Penn State Worry Questionnaire. Behav. Res. Ther. 28, 487–495.

Mok, J.Y., Choi, S.W., Kim, D.J., Choi, J.S., Lee, J., Ahn, H., Choi, E.J., Song, W.Y., 2014.
Latent class analysis on internet and smartphone addiction in college students.
Neuropsychiatr. Dis. Treat. 10, 817–828.

Muthén, B.O., 2008. Latent variable hybrids: overview of old and new models. In:
Hancock, G.R., Samuelsen, K.M. (Eds.), Advances in Latent Variable Mixture Models.
Information Age Publishing, Inc., Charlotte, North Carolina, pp. 1–24.

Newman, M.G., Llera, S.J., Erickson, T.M., Przeworski, A., Castonguay, L.G., 2013. Worry
and generalized anxiety disorder: a review and theoretical synthesis of evidence on
nature, etiology, mechanisms, and treatment. Annu. Rev. Clin. Psychol. 9, 275–297.

Novaco, R., 1975. Dimensions of Anger Reactions. University of California, Irvine,
California.

Nylund, K.L., Asparouhov, T., Muthén, B.O., 2007. Deciding on the number of classes in
latent class analysis and growth mixture modeling: a Monte Carlo simulation study.
Struct. Equ. Model. 14, 535–569.

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. J. Adolesc. 55, 51–60.

Oulasvirta, A., Rattenbury, T., Ma, L., Raita, E., 2012. Habits make smartphone use more
pervasive. Pers. Ubiquitous Comput. 16, 105–114.

J.D. Elhai et al. Journal of Affective Disorders 246 (2019) 209–216

215

http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0006
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0006
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0007
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0007
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0007
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0008
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0008
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0009
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0009
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0009
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0010
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0010
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0010
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0011
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0011
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0012
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0012
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0013
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0013
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0013
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0014
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0014
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0015
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0015
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0016
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0016
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0016
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0017
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0017
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0017
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0018
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0018
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0018
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0019
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0019
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0019
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0021
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0021
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0021
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0022
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0022
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0022
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0023
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0023
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0023
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0024
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0024
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0024
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0027
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0027
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0027
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0028
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0028
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0029
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0029
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0029
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0030
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0030
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0031
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0031
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0032
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0032
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0034
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0034
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0034
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0035
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0035
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0036
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0036
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0037
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0037
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0037
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0038
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0038
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0038
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0042
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0042
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0042
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0042
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0044
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0044
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0044
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0044
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0045
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0045
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0047
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0047
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0047
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0048
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0048
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0049
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0049
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0050
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0050
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0050
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0051
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0051
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0051
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0052
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0052
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0052
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0054
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0054
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0054
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0056
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0056
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0056
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0057
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0057
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0057
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0059
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0060
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0060
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0060
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0061
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0061
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0062
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0062
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0062
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0063
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0063
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0063
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0064
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0064
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0065
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0065
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0065
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0066
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0066
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0066
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0067
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0067


Park, N., Kim, Y.-C., Shon, H.Y., Shim, H., 2013. Factors influencing smartphone use and
dependency in South Korea. Comput. Hum. Behav. 29, 1763–1770.

Petry, N.M., Rehbein, F., Gentile, D.A., Lemmens, J.S., Rumpf, H.J., Mossle, T., Bischof,
G., Tao, R., Fung, D.S., Borges, G., Auriacombe, M., Gonzalez Ibanez, A., Tam, P.,
O'Brien, C.P., 2014. An international consensus for assessing internet gaming disorder
using the new DSM-5 approach. Addiction 109, 1399–1406.

Poushter, J., Bishop, C., Chwe, H., 2018. Social Media Use Continues to Rise in
Developing Countries but Plateaus Across Developed Ones. Pew Research Center.
http://www.pewglobal.org/2018/06/19/social-media-use-continues-to-rise-in-
developing-countries-but-plateaus-across-developed-ones/.

Remón, J., Sebastián, V., Romero, E., Arauzo, J., 2017. Effect of using smartphones as
clickers and tablets as digital whiteboards on students’ engagement and learning. Act.
Learn. High. Educ. 18, 173–187.

Rozgonjuk, D., Levine, J.C., Hall, B.J., Elhai, J.D., 2018. The association between pro-
blematic smartphone use, depression and anxiety symptom severity, and objectively
measured smartphone use over one week. Comput. Hum. Behav. 87, 10–17.

Rozgonjuk, D., Rosenvald, V., Janno, S., Täht, K., 2016. Developing a shorter version of
the Estonian smartphone addiction proneness scale (E-SAPS18). Cyberpsychol. J.
Psychosoc. Res. Cyberspace 10 article 4.

Ruggiero, T.E., 2000. Uses and gratifications theory in the 21st century. Mass Commun.
Soc. 3, 3–37.

Santini, Z.I., Koyanagi, A., Tyrovolas, S., Mason, C., Haro, J.M., 2015. The association
between social relationships and depression: a systematic review. J. Affect. Disord.
175, 53–65.

Skrondal, A., Laake, P., 2001. Regression among factor scores. Psychometrika 66,
563–575.

Thompson, L.L., Rivara, F.P., Ayyagari, R.C., Ebel, B.E., 2013. Impact of social and
technological distraction on pedestrian crossing behaviour: an observational study.
Inj. Prev. 19, 232–237.

Vahedi, Z., Saiphoo, A., 2018. The association between smartphone use, stress, and an-
xiety: a meta-analytic review. Stress Health.

van Deursen, A.J.A.M., Bolle, C.L., Hegner, S.M., Kommers, P.A.M., 2015. Modeling ha-
bitual and addictive smartphone behavior: the role of smartphone usage types,
emotional intelligence, social stress, self-regulation, age, and gender. Comput. Hum.
Behav. 45, 411–420.

Vermunt, J.K., 2010. Latent class modeling with covariates: Two improved three-step
approaches. Political Anal. 18, 450–469.

Vigil-Colet, A., Codorniu-Raga, M.J., 2004. Aggression and inhibition deficits, the role of
functional and dysfunctional impulsivity. Personal. Individ. Differ. 37, 1431–1440.

Wang, J.-L., Wang, H.-Z., Gaskin, J., Wang, L.-H., 2015. The role of stress and motivation
in problematic smartphone use among college students. Comput. Hum. Behav. 53,
181–188.

Wilmer, H.H., Sherman, L.E., Chein, J.M., 2017. Smartphones and cognition: a review of
research exploring the links between mobile technology habits and cognitive func-
tioning. Front. Psychol. 8, 605.

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 Res. 262, 618–623.

Wurpts, I.C., Geiser, C., 2014. Is adding more indicators to a latent class analysis bene-
ficial or detrimental? Results of a Monte-Carlo study. Front. Psychol. 5, 920.

Xie, Y., Szeto, G.P., Dai, J., Madeleine, P., 2016. A comparison of muscle activity in using
touchscreen smartphone among young people with and without chronic neck-
shoulder pain. Ergonomics 59, 61–72.

Young, K.S., 1998. Internet addiction: the emergence of a new clinical disorder.
Cyberpsychol. Behav. 1, 237–244.

Yuan, K.H., Bentler, P.M., 2000. Three likelihood-based methods for mean and covariance
structure analysis with nonnormal missing data. In: Sobel, M.E., Becker, M.P. (Eds.),
Sociological Methodology 2000. Wiley-Blackwell, Washington, D.C., pp. 165–200.

J.D. Elhai et al. Journal of Affective Disorders 246 (2019) 209–216

216

http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0068
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0068
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0069
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0069
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0069
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0069
http://www.pewglobal.org/2018/06/19/social-media-use-continues-to-rise-in-developing-countries-but-plateaus-across-developed-ones/
http://www.pewglobal.org/2018/06/19/social-media-use-continues-to-rise-in-developing-countries-but-plateaus-across-developed-ones/
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0071
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0071
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0071
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0072
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0072
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0072
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0073
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0073
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0073
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0074
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0074
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0075
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0075
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0075
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0076
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0076
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0077
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0077
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0077
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0078
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0078
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0079
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0079
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0079
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0079
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0080
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0080
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0081
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0081
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0082
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0082
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0082
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0083
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0083
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0083
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0084
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0084
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0084
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0085
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0085
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0086
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0086
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0086
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0087
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0087
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0088
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0088
http://refhub.elsevier.com/S0165-0327(18)31217-5/sbref0088

	Worry and anger are associated with latent classes of problematic smartphone use severity among college students
	Introduction
	Background
	Aims
	Theory
	Research model
	Hypotheses

	Method
	Participants and procedure
	Instruments
	Smartphone Addiction Scale-Short Version (SAS-SV)
	Penn State Worry Questionnaire-Abbreviated Version (PSWQ-A)
	Dimensions of Anger Reactions-5 (DAR-5) Scale

	Analysis

	Results
	Descriptive statistics
	LPA results
	Covariate results
	Demographic results

	Discussion
	Conflict of interest
	Funding
	Acknowledgment
	Supplementary materials
	References




