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Introduction:. NOMOPHOBIA is a term used to describe an anxiety disorder in which people fear being
disconnected from their mobile phones. Strong associations between nomophobia and insomnia have
previously been documented. However, there is no clear explanation for this relationship between the
two disorders. The present study was designed to first determine the diagnostic precision of the
Insomnia Severity Index (ISI) various components in detecting or classifying nomophobia; and second,

examine the diagnostic performance of the identified ISI components in classifying nomophobia.
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Methods: From a previous study 549 participants completed demographic information, the Nomophobia
Questionnaire (NMP-Q), and the ISI. The sample was divided into two parts so that each part represented
the original sample, using a 40% (n = 209) allocation for sample 1 and 60% (n = 340) for sample 2. To
determine common components between nomophobia and insomnia, an exploratory factor analysis was
performed using sample 1 to determine the diagnostic precision of the ISI's various components in
detecting or classifying nomophobia. A test of the ISI and a cut-off value (ISI-4 >2) was then conducted
on Sample 2 to determine whether they would accurately identify significant nomophobia.

Results: Sleep dissatisfaction was a common component of insomnia and nomophobia. Sleep dissatis-

faction had excellent diagnostic accuracy in detecting individuals with nomophobia (sensitivity 75.13%,
specificity 100%, Youden’ index 0.75, area under curve 0.88).

Conclusion: Questioning patients sleep dissatisfaction may serve as a marker for both nomophobia and
insomnia, both of which may demand more comprehensive evaluation.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

In 2008, the United Kingdom Post Office coined the term
“nomophobia” (no mobile phone phobia) regarding the fear of
being without a mobile phone device in a public environment [1]. It
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ordered the research firm YouGov to analyze whether phone users
in the UK were anxious without their mobile phones [2]. In a survey
in 2012, 13 million British people were considered to have nom-
ophobia, representing 53% of mobile phone users [2]. This term has
been construed using the DSM-5 definition, as a phobia of a
particular thing [3]; in this case separation from or lack of adequate
function from a mobile phone. A person's low self-esteem and
extrovert nature may play a role when they use the phone exces-
sively [4]. Globally, this problem is becoming more prevalent; a
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recent systematic review and meta-analysis of 20 publications,
encompassing 12,462 individuals from 10 countries, revealed that
the pooled prevalence of moderate-to-severe nomophobia is
approximately 71%, with severe nomophobia being around 21% [1].
University students are most commonly impacted, with a high
prevalence 25.5% [95%Cl 18.5%—34%] of severe nomophobia [1].
Nomophobia as a specific phobia is characterized as a distinct
clinical syndrome by symptoms in which a person feels anxiety or
fear regarding the loss of their smartphone or connectivity [1].
Nomophobia is more common in individuals with anxiety and
panic disorders [5]. For example, researchers in Brazil reported that
half of the participants with panic disorders felt secure with their
mobile phones [5].

A prior review found that the prevalence of moderate to severe
nomophobia was 71% (50% moderate and 21% severe); however,
clinical burden and associated impairment were not established
[1]. While most cases respond to behavioral treatments (mainly
cognitive behavioral therapy), an intense pharmacological inter-
vention was necessary in very severe cases [3,6,7].

Several mental disorders, including social anxiety/social phobia
[4,8], panic disorder [5], may contribute to nomophobia symptoms.
People with nomophobia often cannot distinguish between a mo-
bile phone addiction and an anxiety disorder manifesting through
nomophobia [5,8]. People suffering from nomophobia may exhibit
several symptoms and signs of anxiety including breathing diffi-
culties, trembling, sweating, agitation, and disorientation, which
are non-specific symptoms and can manifest in other mental dis-
orders [3,7]. Moreover, nomophobia can be comorbid with other
mental disorders; therefore, due diligence must be practiced to
ensure a correct diagnosis [3].

Several studies have been done to explore the strength of as-
sociation between nomophobia and insomnia [9—11]. Previous
studies involving multiple age groups from different countries and
using multiple designs (cross-sectional, case-control, and cohort)
have documented a robust, consistent association between nom-
ophobia and insomnia [9—13]. For example, based on the results of
an exploratory cross-sectional survey of young adults in Bahrain, it
was found that there was a significant association between nom-
ophobia and insomnia using the insomnia severity index (ISI)[1]. In
another study from Bahrain, nomophobia was shown to be strongly
related to ISI assessed insomnia but not to age, gender, BMI, or
screen size of the mobile device in adults [10]. Using the ISI, a
significant relationship between insomnia and nomophobia was
found in Iranian adolescents [9]. In a study among Japanese teen-
agers, insomnia scores measured using the Athens insomnia scale
(AIS) significantly correlated with the time spent on mobile phones
[12]. And most recently, a case-control study from Saudi Arabia
using the AIS showed that both eSport players and the general
population have a similar strength of association between nom-
ophobia and insomnia symptoms [13].

The above-mentioned studies support a clear positive associa-
tion between nomophobia and insomnia, which was previously
unknown. However, there is no conclusive explanation for why or
how this association exists. Ideally, both nomophobia and insomnia
should be assessed using a clinical evaluation supplemented with
self-report questionnaires. From a research context, we hypothe-
size that a symptom or a group of symptoms overlap between both
nomophobia and insomnia and are responsible for the strong as-
sociation between both disorders. Therefore, the present study was
designed to first determine the diagnostic precision of the ISI's
various components in detecting or classifying nomophobia; and
second, examine the diagnostic performance of the identified ISI
components in classifying nomophobia.
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2. Methods
2.1. Design and setting of the study

This study employs a secondary data analyses of a previously
reported group of young adults in Bahrain [10]. In some countries
(such as Bahrain), crowdsourcing platforms such as Amazon Me-
chanical Turk are not traditionally used for research purposes.
However, the concept of crowdsourcing, which is defined as the
process of soliciting volunteers from a heterogeneous group of in-
dividuals by means of an open call [14], is utilized heavily using
social media platforms, which is now being termed as ‘social media
crowdsourcing’. A recent systematic review and meta-analysis of
ninety-six studies showed that crowdsourcing approaches to data
collection are viable and effective ways to improve our knowledge
[15]. In our research, we mimicked a crowdsourcing platform by
soliciting responses to self-administered, structured questionnaires
from a large pool of participants via various instant messaging chat
groups (WhatsApp Messenger, Line, Viber, Blackberry Messenger
(BBM), Telegram Messenger, IMO, and Discord) and social media
(Facebook, Twitter, and Instagram) announcements.

Calls for participation were between August and September
2020 and included various common interest groups, e.g., study
(e.g., classroom groups), hobbies (e.g., fishing, photography), small
community groups (e.g., local neighborhood), and microblogging
groups. To ensure a heterogenous sample, the dedicated data
collection uniform resource locator (i.e., weblink) of each group
was closed upon reaching 25—30 participants.

Participants were encouraged to forward/crowdsource the sur-
vey link to colleagues, friends, and family members who might
meet the eligibility requirements. To eliminate missing data, we
used mandatory fields for all variables in our survey. The electronic
survey was created using the Checklist for Reporting Results of
Internet E-Surveys [16]. The study implemented the STROBE [17]
recommendations to improve the standard of research design and
documentation.

2.2. Considerations related to ethics

The Helsinki Declaration of 1964 and its amendments were
applied in all phases of the research process. This study was eval-
uated and approved by Bahrain's Secondary Healthcare Research
Ethics Committee (REC), approval code REC/EF/14/10/2020. Before
data collection, participants provided written informed electronic
consent.

2.3. Sample size and study participants, and resampling methods

We used a convenience, self-selecting, non-probability sample
of young adults with at least one mobile device who were coop-
erative to contribute in the study, aged 18 to 35, of both sexes. A
brief screening, direct questioning, skip logic algorithm was used to
exclude participants with an established diagnosis of mental
illness. Also excluded from the study were self-reports that indi-
cated having a physician's diagnosis or regular treatment for car-
diovascular disease, chronic respiratory problems, diabetes
mellitus, gastroesophageal reflux disease, neurological disorders,
renal disease, or thyroid disease.

The previously collected grab sample of 549 individuals [10] was
divided into two parts so that each part represents the original
sample, using a 40% (n = 209) allocation for sample 1 (testing
sample) and 60% (n = 340) for sample 2 (validation sample).
Sample characteristics for both samples were limited to age, sex,
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NMPQ scores, and ISI scores.
2.4. Research measures

The nomophobia questionnaire (NMP-Q) was used to quantify
the degree of phobia/anxiety participants experienced when they
were without their smartphone or mobile device [18]. The NMP-Q
consists of 20 questions rated on a seven-point Likert-like scale that
ranges from 1 (“strongly disagree”) to 7 (“strongly agree”) [18].
Sample NMP-Q items are: “I would feel anxious because I could not
instantly communicate with my family and/or friends” and “I would
be uncomfortable because I could not stay up-to-date with social
media and online networks”.

The absence of nomophobia is assigned a score of 20; mild
nomophobia is assigned a score of 21—59; moderate nomophobia is
assigned a score of 60—99, and severe nomophobia is assigned a
score of 100—140 [18]. A validated Arabic version of the NMP-Q was
used in this study. It is a psychometric instrument with good psy-
chometric properties, with a high reliability Cronbach's alpha co-
efficient of approximately 0.90 (90%) [19]. Moreover, in the Arabic
version, a four-factor structure predicted the factor structure found
in the original NMP-Q [19]. Results of factor analysis showed that
NMP-Q has strong discriminant and convergent validity according
to Tucker—Lewis's index (TLI); the Bentler's comparative fit index
(CFI); the Bollen's incremental fit index (IFI), Akaike information
criterion (AIC), and Joreskog's goodness-of-fit index (GFl/adjusted
GFI) values all are >0.90 [19]. At cut-off of >60 the NMP-Q had high
sensitivity (>0.90) and specificity (>0.93) [20].

The insomnia severity index (ISI) was used to evaluate the
severity of diurnal and nocturnal insomnia symptoms [21]. The ISI
measures various components of insomnia: “difficulty falling
asleep or staying asleep, waking up early, sleeping efficiency,
interfering with functioning, and anxiety caused by sleep disrup-
tion” [22]. Based on a five-point Likert scale (0 = no problem,
4 = severe problem), each component was rated for the prior two
weeks [22]. A total score of 0—7 represents no clinically relevant
insomnia, 8—14 represents subthreshold insomnia, 15—21 repre-
sents clinical insomnia (moderate severity), and 22—28 represents
clinical insomnia (severe) [22]. The ISI psychometric properties are
excellent, and an Arabic version of it has been validated [23]. The ISI
has a sensitivity of 86% and a specificity of 88% [22]. A score of 15 or
more on the ISI test is considered insomnia in clinical and epide-
miological groups [22]. The psychometric properties of the ISI were
recently evaluated using a systematic appraisal of the procedural
details of studies investigating its dimensions [24].

2.5. Statistical analyses

The descriptive statistics were used to describe the samples;
specifically, we used mean and standard deviation or frequency
count and proportion. The two samples were compared for differ-
ences; for categorical and continuous variables, we used Chi® (?)
analyses and t-tests, respectively. Regarding effect size calculations,
Cramer's V effect sizes were provided for categorical variables, and
for continuous variables, Cohen's d. The effect sizes of Cramer's V
were classified as follows: small 0.10, medium 0.30, and large 0.50
[25]. Cohen's d was classified as small 0.25, medium 0.50, and big
0.80 [26].

To determine common components between nomophobia and
insomnia, procedure exploratory factor analysis (EFA) was per-
formed using sample 1. EFA was performed using the minimum
residual solution, which provides a solution by adjusting the di-
agonal elements of the correlation matrix; the optimal function is
used to minimize the squared residual when the factor model is the
eigenvalue decomposition of the reduced matrix [27]. In addition,
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an oblique rotation in the form of oblique minimum was used to
read the factorial loading because it was hypothesized that the two
factors are correlated with each other [28]. Before commencing
EFA, sample 1 was evaluated using Kaiser-Meyer-Olkin (KMO)
sampling adequacy and the Bartlett test of sphericity [29]. A KMO
value greater than 0.5 and a significance level for Bartlett's test
below 0.05 suggest a significant correlation between the two var-
iables [29].

Sample 1 was analyzed to determine the diagnostic precision of
the ISI's various components in detecting or classifying nom-
ophobia. Diagnostic accuracy was gauged by calculating the area
under the receiver operating characteristic curve (AUC). AUC or
receiver operating characteristic curve (ROC) curves are graphical
illustrations of the diagnostic ability of binary classifier systems, as
their discrimination threshold is varied [30]. An AUC value of
0.5—0.7 was interpreted as poor, 0.7 to 0.8 as fair, 0.8 to 0.9 as good,
and >0.9 as excellent from the various ISI components [31]. We
defined the cutting-off score with the maximal Youden index
(sensitivity + specificity - 1) for detecting the 20-component NMPQ
and reported the positive predictive value (PPV), negative predic-
tive value (NPV), and Cohen's kappa for each ISI component in
isolation and combination with each other [32,33]. A test of the ISI
and cut-off was then conducted on Sample 2 to examine the
diagnostic performance of the identified ISI components in classi-
fying nomophobia. Data were analyzed using Stata version 17
software package of Stata for Windows 2021, StataCorp Inc [34].
The P-value < 0.05 was considered statistically significant.

3. Results

As was intended the two samples are similar. The mean age was
about 27.2 years for both groups. Male participants represented 49%
and 46%, for sample 1 and sample 2, respectively, p = 0.42, Cramer's
V = 0.05. Clinical insomnia (moderate-severe) was 17% and 16% for
sample 1 and sample 2, respectively, p = 0.54, Cramer's V = 0.04.
Severe level of nomophobia was 22% and 21% for sample 1 and
sample 2, respectively p = 0.64, Cramer's V = 0.02. In the two
samples, university students accounted for approximately 45%,
while approximately 35% were full-time employees, and the
remaining 20% were unemployed or homemakers.

Table 1 shows the results of the EFA procedure of the NMPQ and
ISI components from sample 1. Assumptions check included Bar-
tlett's test of sphericity was p < 0.001 and Kaiser-Meyer-Olkin
(KMO) test for sampling adequacy was 0.95 and indicate that fac-
tor analysis is highly robust. Results of EFA showed that ISI
component “four” (i.e., ISI-4) was the only component to load into
both factors; factor 1 (NMPQ) and factor 2 (ISI). ISI-4 asks “How
satisfied/dissatisfied are you with your current sleep pattern?” [22].
Individuals were defined as dissatisfied with sleep if they chose
dissatisfied or very dissatisfied.

High discriminant and convergent validity were observed in the
factorial solution as all NMPQ components loaded under factor 1
(loadings ranged between 0.52 and 0.81) and all ISI components
loaded under factor 2 (loadings ranged from 0.57 to 0.87).

Results of sensitivity (%), specificity (%), PPV (%), NPV (%), You-
den's index, AUC, and metric scores of various ISI components in
identifying individuals with >60-point cut-off for NMPQ (i.e.,
moderate-severe nomophobia) from sample 1 are presented in
Table 2. Only component ISI-4 showed very good diagnostic accu-
racy in identifying individuals with >60-point cut-off for NMPQ
(i.e., moderate-severe nomophobia) from sample 1 AUC = 0.88,
Youden's index 0.75. Fig. 1 presents the ROC curve for the ability of
ISI components to identify significant nomophobia (NMPQ score of
>60).

After determining the important components and cut-offs for
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Table 1
Exploratory factor analysis of ISI and NMP-Q using Sample 1 (N = 209).

Component Factor 1 Factor 2
NMPQ-1 0.67

NMPQ-2 0.67

NMPQ-3 0.67

NMPQ-4 0.72

NMPQ-5 0.81

NMPQ-6 0.75

NMPQ-7 0.71

NMPQ-8 0.63

NMPQ-9 0.66

NMPQ-10 0.52

NMPQ-11 0.66

NMPQ-12 0.62

NMPQ-13 0.62

NMPQ-14 0.63

NMPQ-15 0.64

NMPQ-16 0.68

NMPQ-17 0.57

NMPQ-18 0.64

NMPQ-19 0.68

NMPQ-20 0.63

ISI-1 0.75
ISI-2 0.71
ISI-3 0.81
ISI-4 0.41 0.57
ISI-5 0.82
ISI-6 0.70
ISI-7 0.87

Notes: Factor analysis was performed using the ‘minimum residual’ extraction
method was used in combination with ‘oblimin’ rotation. Results suppresses factor
loading <0.3. Assumptions check included Bartlett's test of sphericity was p < 0.001
and Kaiser-Meyer-Olkin (KMO) test for sampling adequacy was 0.95; ISI = insomnia
severity index components; NMP-Q = nomophobia questionnaire components.

the ISI components in sample 1, ISI-4 was tested its ability to
accurately identify individuals with significant nomophobia in
sample 2 (Table 3). The results for sample 2 for component ISI-4
were comparable with those obtained with sample 1, AUC = 0.86,
Youden's index 0.72. Adding any other ISI component to ISI-4 did
not improve diagnostic accuracy.

4. Discussion

The results of our study reveal that sleep dissatisfaction is a
common component of both insomnia and nomophobia. Sleep
dissatisfaction demonstrated high diagnostic accuracy in identi-
fying cases with significant nomophobia. Our findings indicate that
a query about sleep dissatisfaction might be used to quickly and
effectively classify people with mild-severe nomophobia for
research purposes or further clinical evaluation of nomophobia
and/or insomnia.

Research has shown that sleep dissatisfaction is an important
factor in measuring the severity of insomnia in the general popu-
lation; sleep dissatisfaction has also been found to be a successful

Table 2

Sleep Medicine 98 (2022) 152—157

3
u
I‘-—_ -
o
Fy
= 3
g o
Pl
]
T
f\ll -
=]
o
o 4]
= T T T T
0.00 D.25 0.50 0.75 1.00
1-spacificity
—p— |51 —— |G]-2
—a— |51-3 |S1-4
—b— |5|-§ —&— |SI-6
IS1-7 Reference

Fig. 1. ROC curve for the ability of ISI components to identify significant nomophobia
(NMPQ score of >60).

indicator of psychiatric disorders, such as depression, anxiety [35].
Ohayon and Paiva reported a severity gradient in insomnia symp-
toms ability to identify psychiatric disorders among participants
from just one insomnia symptom through those with two or three
insomnia symptoms but no sleep dissatisfaction to those with at
least one insomnia symptom and sleep dissatisfaction [35]. The
majority of sleep dissatisfaction individuals (86%) had specific sleep
or mental problems; this percentage was reduced to 50.6% when
only one insomnia symptom without sleep dissatisfaction was
recorded [35]. Several recent studies supported this predictive
power of sleep dissatisfaction in highlighting underlying psychi-
atric disorders [36], including depressive symptoms [37—40], stress
[38,41], and anxiety [39,42].

Another study showed that sleep dissatisfaction might be more
indicative of underlying pathology (e.g., upper airway disease,
mental disorders, or environmental factors) than classic insomnia
symptoms, such as difficulty initiating or maintaining sleep [43,44].
The prevalence of sleep or mental disorders (including anxiety
disorders) is eight times higher in sleep-dissatisfied individuals
[43]. There is also a significant link between sleep dissatisfaction

Operating characteristics for the ISI components in Sample 1 (n = 209) as a classifier for moderate-severe nomophobia.

Component Cut point Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden's index AUC Metric Score
ISI-1 >3 18.78% 91.67% 97.37% 6.43% 0.10 043 1.10
ISI-2 >3 18.27% 100.00% 100.00% 6.94% 0.18 0.44 1.18
ISI-3 >3 18.78% 100.00% 100.00% 6.98% 0.19 0.46 1.19
ISI-4 >2 75.13% 100.00% 100.00% 19.67% 0.75 0.88 1.75
ISI-5 >3 18.78% 100.00% 100.00% 6.98% 0.19 0.46 1.19
ISI-6 >3 18.78% 100.00% 100.00% 6.98% 0.19 0.50 1.19
ISI-7 >3 18.78% 100.00% 100.00% 6.98% 0.19 0.47 1.19

Notes: Moderate-severe nomophobia was measured using the NMP-Q; ISI = insomnia severity index; NMP-Q = nomophobia questionnaire; PPV = positive predictive values;

NPV = negative predictive values; AUC = area under curve.
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Table 3
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Operating characteristics for the ISI components in Sample 2 (n = 340) as a classifier for moderate-severe nomophobia using cut-off scores derived from Sample 1.

Component Cut point Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden's index AUC Metric Score
ISI-4 >2 72.05% 100.00% 100.00% 16.67% 0.72 0.86 1.72
ISI-4 + ISI-1 >3 52.17% 100.00% 100.00% 10.47% 0.52 0.70 1.52
ISI-4 + ISI-2 >3 52.17% 100.00% 100.00% 10.47% 0.52 0.71 1.52
ISI-4 + ISI-3 >3 54.04% 100.00% 100.00% 10.84% 0.54 0.74 154
ISI-4 + ISI-5 >3 53.73% 100.00% 100.00% 10.78% 0.54 0.76 1.54
ISI-4 + ISI-6 >3 52.48% 100.00% 100.00% 10.53% 0.52 0.75 1.52
ISI-4 + ISI-7 >3 55.90% 100.00% 100.00% 11.25% 0.56 0.73 1.56

Notes: Moderate-severe nomophobia was measured using the NMP-Q; ISI = insomnia severity index; NMP-Q = nomophobia questionnaire; PPV = positive predictive values;

NPV = negative predictive values; AUC = area under curve.

and other issues; for instance, road traffic accidents were twice as
likely to occur with drivers who were sleep dissatisfied compared
to insomniacs without sleep dissatisfaction [36,43]. Subjects with
sleep dissatisfaction sought help for their sleep problems more
than ten times as often and used sleep medications five times as
often as insomnia subjects without sleep dissatisfaction
[36,43,45,46].

A study published in 2021, using data collected during the
COVID-19 era, documented that component ISI-4 from the ISI (sleep
dissatisfaction) was also linked to both of the two main clusters of
insomnia symptoms (i.e, nocturnal symptoms and daytime
symptoms), providing further evidence that dissatisfaction with
sleep leads to other sleep pathology [47]. Thakral and colleagues in
a study that developed a very brief insomnia severity scale found
that ISI-4 was the component that best predicted insomnia severity
[48]. This was confirmed by a similar brief scale development study
that also reported that ISI-4 best predicted insomnia severity in a
clinical population [49]. These studies all indicate that questioning
an individual's sleep dissatisfaction may serve as an important
marker for clinically significant insomnia. The implication of this
finding (i.e., ISI-4's ability to be a marker for nomophobia) is very
important for clinicians. Individuals seeking treatment for
insomnia could be screened first for nomophobia so that in-
terventions can be tailored to tackle the root cause. Thus, a clinician
might address both nomophobia and insomnia. However, the
bidirectional relationship is very important, and therefore, severe
cases seeking treatment for nomophobia need to be screened for
insomnia before pharmacological treatments are offered, particu-
larly if it involves sleep aids such as benzodiazepines, which might
cause dependence.

Blue light emitted from screens might be a contributing factor to
sleep dissatisfaction. In a previous study, living in an area with
excessive outdoor nighttime lights increased the likelihood of
having a delayed phase circadian rhythm disorder and dissatisfac-
tion with sleep quantity and quality [50].

This study has some limitations. We studied only healthy young
adults, which may limit the generalizability of our conclusions to
other age groups. The use of a convenience sample also limits the
generalizability of the results to the entire population. The potential
confounding effect of the COVID-19 pandemic on anxiety [51] and
insomnia [52,53] is also one limitation of our study. Methods of
variance may overestimate the association between studied vari-
ables. Our analyses and interpretations are based on self-reported
sleep dissatisfaction measurement, which is part of the ISL
Finally, the study was cross-sectional and future longitudinal
studies are essential to rule out if partially treated or residual
insomnia was responsible for the results obtained. Despite these
limitations, the study's main merit is its contribution to the field by
suggesting and establishing that sleep dissatisfaction can be a po-
tential marker of nomophobia.

5. Conclusions

The present study provides novel data demonstrating that sleep
dissatisfaction can effectively classify nomophobia severity. Using
sleep dissatisfaction as a potential marker for nomophobia can also
aid in detecting nomophobia-related insomnia, which may neces-
sitate a more in-depth evaluation. The validity of sleep dissatis-
faction as a predictor of nomophobia needs to be confirmed in
other populations, including those in other communities, different
age groups, and health care settings.
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