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Abstract

The extant literature has suggested relationships between an individual's chronotype
(in relation to morningness/eveningness) and several outcomes, including addictive
disorders, psychological distress and daytime sleepiness. Moreover, sleep quality has
been proposed to be a mediator in the aforementioned relationships. Consequently,
the aim of the present study was to investigate the complex relationship between
morningness/eveningness, problematic social media use, psychological distress and
daytime sleepiness, with the potential mediators of sleep quality and insomnia. All
participants (N = 1,791 [30.1% males]; mean age = 27.2 years, SD = 10.1) completed
a battery of psychometric scales, including a reduced version of the Morningness-
Eveningness Questionnaire (at baseline), the Pittsburgh Sleep Quality Index and
Insomnia Severity Index (1 month after baseline assessment), the Bergen Social
Media Addiction Scale, the Hospital Anxiety and Depression Scale, and the Epworth
Sleepiness Scale (2 months after baseline assessment). The impacts of morning-
ness-eveningness on problematic social media use, anxiety, depression and daytime
sleepiness were found in the mediation models. Furthermore, the mediated effects
of insomnia and sleep quality were observed. The present study's results emphasize
the importance of promoting healthy sleep habits and sleep hygiene behaviours, and
that of early detection of sleep problems among individuals who have the evening-

ness chronotype, because this would significantly improve their health outcomes.
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1 | INTRODUCTION

An individual's chronotype is used to define an individual's pro-
pensity to sleep at specific times of the day via the regulation
of their 24-hr circadian clock (Wittmann, Dinich, Merrow, &
Roenneberg, 2006). In general, there are three chronotype dimen-
sions according to the sleep and wake-up cycles of an individual:
morningness (or “early birds”) refers to those individuals who pre-
fer to go to bed early in the evening and perform activities bet-
ter in the morning hours; eveningness (or “night owls”) refers to
those who prefer to rise later in the morning and go to bed later
and perform activities better in the late afternoon or evening; and
neither morningness nor eveningness refers to those whose sleep
and activity patterns are between morningness and eveningness.
Moreover, different chronotypes have been found to display dif-
ferent characteristics in relation to physical and mental health be-
cause the phase lag between the two extremes of the chronotype
dimension (i.e., morningness versus eveningness) can be 2-12 hr
apart (Adan et al., 2012).

In a comprehensive review (Fabbian et al., 2016), the evidence
concerning the association between chronotype and unhealthy
behaviours (including substance use as well as substance use dis-
orders) has been demonstrated among adult populations. For ex-
ample, individuals who are eveningness prone (compared to other
chronotypes) have more unhealthy eating habits and engage in less
physical activity (Fabbian et al., 2016). Because of these unhealthy
behaviours, eveningness can be associated with health problems.
Indeed, Haraszti et al. (2014) found that eveningness was associated
with greater stress among Hungarian working women, and Bakotic,
Radosevic-Vidacek, and Koscec Bjelajac (2017) reported that eve-
ningness was associated with poor sleep and daytime sleepiness.
Additionally, higher eveningness has been associated with several
behavioural addictions, including internet addiction, smartphone
addiction and problematic social media use (Bakotic et al., 2017;
Blachnio, Przepiorka, & Diaz-Morales, 2015; Demirhan, Randler, &
Horzum, 2016; Kervran et al., 2015).

Similar findings have been observed for adolescents and young
adults (e.g., Bakotic et al., 2017; Randler et al., 2016), which indi-
cate that the impacts of chronotype can be across the lifespan.
More specifically, adolescents and young adults who are evening-
ness prone (compared to other chronotypes) report shorter sleep
duration during weekdays, delayed sleep onset with extended sleep
at weekends, higher levels of daytime sleepiness and more sleep
difficulties (Fernandez-Mendoza et al., 2010; Giannotti, Cortesi,
Sebastiani, & Ottaviano, 2002; Kabrita, Hajjar-Muca, & Duffy, 2014;
Koscec, Radosevic-Vidacek, & Bakotic, 2014). Similar to the findings
from other adult populations, adolescents and young adults who are
eveningness prone have an increased risk of depressive mood and
suicidal ideations, with lowered positive affect (Biss & Hasher, 2012;
Chelminski, Ferraro, Petros, & Plaud, 1999; Gau et al., 2007).
Moreover, Randler (2011) reported an association between eve-
ningness and a less positive attitude towards life and lower self-es-
teem among adolescents. Also, engaging in frequent unhealthy
behaviours (caffeine, tobacco and alcohol use), low academic perfor-
mance and procrastination have been found to be associated with
eveningness among university students (Digdon & Howell, 2008;
Fernandez-Mendoza et al., 2010; Taylor, Clay, Bramoweth, Sethi, &
Roane, 2011).

Based on the aforementioned literature, understanding the
role of chronotype appears to be an important topic for healthcare
providers who wish to assist people in overcoming unhealthy be-
haviours. However, to the best of the present authors’ knowledge,
no previous studies have been conducted to understand the tem-
poral associations between chronotypes, problematic social media
use, psychological distress and daytime sleepiness, alongside sleep
quality and insomnia. More specifically, sleep quality has been pro-
posed as being a mediator in the association between morningness/
eveningness and daytime functioning (including daytime sleepiness,
depressed mood and substance use; Bakotic et al., 2017). Therefore,
it is reasonable to hypothesize that both sleep quality and insomnia
(which can be viewed as a severe condition of poor sleep quality) are

mediators in the association between morningness/eveningness and
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FIGURE 1 Proposed mediation model. a;: effects of morningness-eveningness on insomnia severity; a,: effects of morningness-
eveningness on sleep quality; b;: effects of insomnia severity on different outcomes (including problematic use of social media, anxiety,
depression and daytime sleepiness); b,: effects of sleep quality on different outcomes; c: direct effects of morningness-eveningness on
different outcomes; a, x b, : indirect effects of morningness-eveningness on different outcomes through insomnia severity; a, x b,: indirect
effects of morningness-eveningness on different outcomes through sleep quality
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the following outcomes: problematic social media use (similar to sub-
stance use), psychological distress (similar to depressed mood) and
daytime sleepiness. However, the aforementioned mediation model
has only been examined recently with insufficient evidence (Bakotic
et al., 2017). Therefore, a study to further examine the mediator
roles of sleep quality and insomnia is necessary to gather evidence
from the current literature.

The aim of the present study was to investigate the complex
relationship between morningness/eveningness, problematic social
media use, psychological distress and daytime sleepiness, with the
potential mediators of sleep quality and insomnia. The proposed
model for examination is presented in Figure 1. Moreover, it was
hypothesized that a higher degree of eveningness would be associ-
ated with increased levels/severities of (a) problematic social media
use, (b) psychological distress (Wittmann et al., 2006) and (c) day-
time sleepiness. Furthermore, it was hypothesised that (d) sleep
quality would be a mediator between chronotype and the follow-
ing outcomes: problematic social media use, psychological distress
and daytime sleepiness; and (e) insomnia would be another mediator
between chronotype and the outcomes of problematic social media

use, psychological distress and daytime sleepiness.

2 | METHODS
2.1 | Participants and procedure

The present study was a school-based phased cross-sectional study
of college students carried out in three universities in Qazvin (Iran).
Through advertising, college students were recruited for the pre-
sent study. The inclusion criteria were as follows: those who (a) were
students, (b) could communicate orally in Persian/Farsi and (c) could
complete the questionnaire in written Persian. The exclusion criteria
were as follows: those who (a) did not complete the survey (i.e., par-
ticipants who did not complete all the questions were excluded), (b)
were pregnant or (c) were diagnosed with severe psychiatric disor-
ders using structured interview by a psychiatrist. Four psychiatrists
who had received formal training conducted the interview using
the Mini International Neuropsychiatric Interview (MINI) in a quiet
room arranged by each university. The study aims were explained
to eligible students and those who agreed to participate were given
the survey. A total of 2,100 college students were approached, with
309 excluded according to inclusion and exclusion criteria. Ethical
approval for the study was obtained from the Ethics Committee for
Biological Research in the Qazvin University of Medical Sciences (IR.
QUMS.REC.1398.400). Participants' consent was obtained prior to
data collection.

Although the study comprised a cross-sectional design, the
participants completed the scales at different time-points. This ex-
tended the data collection process to a period of 2 months. More
specifically, all the participants completed the scale on morningness/
eveningness (i.e., the proposed independent variable in the pres-

ent study) at baseline; scales assessing sleep quality and insomnia

severity (i.e., proposed mediators in the present study) were com-
pleted 1 month after baseline assessment; scales assessing problem-
atic social media use, psychological distress and daytime sleepiness
(i.e., proposed outcomes in the present study) were completed 2

months after baseline assessment.

2.2 | Instruments

2.2.1 | Reduced version of the Morningness-
Eveningness Questionnaire (rMEQ)

The rMEQ was adapted from the Morningness-Eveningness
Questionnaire developed by Horne and Ostberg (1976). Comprising
five items (one item scores from 1 to 4; three from 1 to 5; and one
scores by 0, 2,4 and 6), the rMEQ assesses the chronotype of an indi-
vidual (i.e., whether she/he is an evening-type [<12 points in rMEQ],
a neither-type [12-17 points] or a morning type [>17 points]; Adan &
Almirall, 1991). More specifically, the five items assess comfortable
rising time, morning freshness, retiring time, subjective peak time
and self-evaluation of chronotype (Agoston, Urban, Rigé, Griffiths, &
Demetrovics, 2019). A review shows that the rMEQ has satisfactory
psychometric properties (Di Milia, Adan, Natale, & Randler, 2013);
the psychometric properties of the Persian rMEQ also have been
comprehensively evaluated and confirmed among university stu-
dents (Rahafar, Meysam, Sadeghpour, Heidari, & Kasaeian, 2015).
The internal consistency of the rMEQ in the present study was good
(x=0.79).

2.2.2 | Pittsburgh Sleep Quality Index (PSQI)

Comprising 19 items (in which scores are converted to a four-point
Likert-type scale ranging from O to 3), the PSQl assesses sleep quality
and disturbances. After summing up the 19 converted item scores,
the total score ranges between 0 and 57, with higher scores indi-
cating poor sleep quality. Good internal consistency of the Persian
PSQI has been reported (x = 0.77; Moghaddam, Nakhaee, Sheibani,
Garrusi, & Amirkafi, 2012). The internal consistency of the PSQI in
the present study was good (« = 0.81).

2.2.3 | Insomnia Severity Index (ISI)

Comprising seven items (rated on a five-point Likert-type scale rang-
ing from O to 4), the ISI assesses the severity and effects of insom-
nia. After summing up the seven item scores, the total score ranges
between 0 and 28, with a higher score indicating a higher level of
insomnia. More specifically, a cut-off score of 9 is recommended
as identifying insomnia (Lin et al., 2019). Good internal consist-
ency of the Persian ISI has been reported (McDonald's o = 0.79; Lin
et al., 2019). The internal consistency of the ISl in the present study
was good (a = 0.88).
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2.2.4 | Bergen Social Media Addiction Scale
(BSMAS)

Comprising six items (rated on a five-point Likert-type scale ranging
from 1 to 5), the BSMAS assesses the severity of problematic social
media use. After summing up the six item scores, total scores range
between 0 and 30, with a higher score indicating a higher severity of
problematic social media use. More specifically, a cut-off score of 19
has been recommended to identify those at risk of problematic so-
cial media use (Banyai et al., 2017). Good internal consistency of the
Persian BSMAS has been reported (a = 0.86; Lin, Brostrém, Nilsen,
Griffiths, & Pakpour, 2017). The internal consistency of the BSMAS
in the present study was good («x = 0.84).

2.2.5 | Hospital Anxiety and Depression Scale
(HADS)

Comprising 14 items (rated on a four-point Likert-type scale ranging
from O to 3), the HADS assesses two types of psychological distress
(seven items on anxiety and seven items on depression). After sum-
ming up the seven item scores, anxiety scores range between 0 and
21, with a higher score indicating a higher level of anxiety. Similarly,
depression scores range between 0 and 21, with a higher score indi-
cating a higher level of depression. Good internal consistency of the
Persian HADS has been reported (« = 0.83; Lin & Pakpour, 2017).
The internal consistency of the HADS in the present study was good
(o = 0.81 for anxiety subscale; 0.79 for depression subscale; 0.84 for

entire scale).

2.2.6 | Epworth Sleepiness Scale (ESS)

Comprising eight items (rated on a four-point Likert-type scale rang-
ing from O to 3), the ESS assesses the severity of daytime sleepiness.
After summing up the eight item scores, total scores range between
0 and 24, with a higher score indicating greater sleepiness. Good
internal consistency of the Persian ESS has been reported (« = 0.79;
Imani, Lin, Jalilolgadr, & Pakpour, 2018). The internal consistency of
the ESS in the present study was good (a = 0.77).

2.3 | Data analysis

The descriptive statistics were analysed for participant characteris-
tics and the studied variables. Categorical variables were calculated
using frequencies and percentages, and continuous variables were
calculated using means and standard deviations (SDs). The associa-
tions between every two studied variables were examined using
Pearson correlations. After conducting the Pearson correlations,
structural equation modelling, which can simultaneously include all
the independent variables, mediators and outcome variables, was

carried out to further understand the associations between the

TABLE 1 Characteristics of the study participants (N = 1,791)

Mean (SD)

orn (%)
Age (year) 27.2 (10.1)
Gender (male) 539 (30.1%)
Relationship status (single) 864 (48.2%)
Current smoker (yes) 293 (16.4%)
BMI (kg/m?) at baseline 21.2 (4.0)
Daily time spent on social media (hr) 3.5(1.3)

Abbreviation: BMI, body mass index; SD, standard deviation.

studied variables. The structural equation modelling results were
used to determine whether the mediation models proposed can be
further investigated (Figure 1).

Several mediation models were constructed to investigate
whether sleep quality and severity of insomnia acted as mediators in
the temporal associations between chronotype and different health
outcomes (including problematic social media use, anxiety, depres-
sion and daytime sleepiness). More specifically, four mediation mod-
els were constructed with the dependent variables of problematic
social media use, anxiety, depression and daytime sleepiness. All
the models used the same mediators (sleep quality and severity of
insomnia), independent variable (chronotype) and controlling vari-
ables (age, gender, body mass index [BMI] and smoking status). In
order to strengthen the rationale of the proposed direction, reverse
mediation models (i.e., morningness/eveningness being the outcome
variable; problematic social media use, anxiety, depression and day-
time sleepiness being the independent variables) were additionally
conducted. If the reverse models had poor results, the proposed di-
rection was somewhat supported.

Process Marco (Alimoradi, Lin, Imani, Griffiths, & Pakpour, 2019;
Hayes, 2103) in SPSS version 24.0 (IBM) was used to perform the
mediation models. More specifically, Model 4 in Process Marco with
10,000 bootstrap samples was used to examine the mediated ef-
fects for each mediation model. A significant mediated effect was
identified if the 95% lower limit confidence interval (LLCI) and upper
limit confidence interval (ULCI) for the unstandardized coefficients
of mediators did not cover the value of O (Lin & Tsai, 2016). Moreover,
Process Marco can be utilized in different types of software, includ-
ing SPSS, SAS and MPLUS (Hayes & Preacher, 2014), and is widely
used in empirical studies (Luby et al., 2013; Pereira-Morales, Adan,
Bussi, & Camargo, 2018; Probst, Pryss, Langguth, & Schlee, 2016).

3 | RESULTS

Among the participants (n = 1,791), slightly less than one-third were
male (30.1%). Also, the mean age of the participants was 27.2 years
(SD = 10.1). Almost half the participants were single (48.2%) and less
than one-fifth were current smokers (16.4%). On average, the BMI
was 21.2 kg/m? (SD = 4.0), and the average daily time spent on social
media was 3.5 hr (SD = 1.3; Table 1).
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The descriptive statistics for the studied variables and the
Pearson correlations between every two variables are shown in
Table 2. In brief, the rMEQ score was significantly negatively cor-
related with all the other variables (r = -0.34 to -0.22; all p-val-
ues < .01). All the other variables were significantly positively
correlated (r = 0.13-0.44; all p-values < .01). Moreover, Figure 2
shows that the structural equation modelling results supported the
further analyses on mediation models.

Table 3 and Figure 3 show the impacts of morningness-eve-
ningness upon problematic social media use, anxiety, depression
and daytime sleepiness, as well as the mediated effects of insom-
nia and sleep quality. More specifically, the total effects of morn-
ingness-eveningness (unstandardised coefficient = -0.37, standard
error [SE] = 0.03, p < .001) upon problematic social media use were
found together with significantly mediated effects of insomnia
(bootstrapping LLCI = -0.17; Bootstrapping ULCI = -0.09) and sleep
quality (bootstrapping LLCI = -0.16; bootstrapping ULCI = -0.06).
The total effects of morningness-eveningness (unstandardised
coefficient =-0.61, SE = 0.03, p < .001) on anxiety were found to-
gether with significantly mediated effects of insomnia (bootstrap-
ping LLCI = -0.16; bootstrapping ULCI = -0.08) and sleep quality
(bootstrapping LLCI = -0.09; bootstrapping ULCI = -0.01). The
total effects of morningness-eveningness (unstandardized co-
efficient = -0.24, SE = 0.03, p < .001) on depression were found
together with significantly mediated effects of insomnia (bootstrap-
ping LLCI = -0.10; bootstrapping ULCI = -0.02) and sleep quality
(bootstrapping LLCI = -0.12; bootstrapping ULCI = -0.03). The
total effects of morningness-eveningness (unstandardised coeffi-
cient = -0.56, SE = 0.03, p < .001) on daytime sleepiness were found
together with significantly mediated effects of insomnia (bootstrap-
ping LLCI = -0.22; bootstrapping ULCI = -0.13) and sleep quality
(bootstrapping LLCI = -0.15; bootstrapping ULCI = -0.07).

The reverse mediation models showed that almost all the me-
diated effects were non-significant, although the associations be-

tween the independent variable (i.e., morningness/eveningness)

and dependent variables (i.e., problematic social media use, anxiety,
depression and daytime sleepiness) were significant. Therefore, the

proposed directions in the present study are somewhat supported.

4 | DISCUSSION

Using a phased cross-sectional design, the present study's results
supported the hypotheses that more pronounced eveningness was
associated with poorer sleep quality, more severe insomnia, higher
levels of problematic social media use, more psychological distress,
and greater daytime sleepiness. Moreover, the present study's re-
sults aligned with the mediation hypotheses that both sleep quality
and insomnia were mediators between chronotype and problematic
social media use, psychological distress and daytime sleepiness.

Aligned with prior research findings on chronotype and addic-
tion (Bakotic et al., 2017; Blachnio et al., 2015; Demirhan et al., 2016;
Kervran et al., 2015), the present study's findings suggested that
eveningness is associated with greater severity of problematic so-
cial media use. Findings from substance use studies were compared
with the present study's findings because substance use disorder
and problematic social media use share some similar features (e.g.,
salience, mood modification, tolerance, withdrawal symptoms, con-
flict and relapse) but are clearly not the same (Griffiths, Kuss, &
Demetrovics, 2014). However, given that to the best of the present
authors’ knowledge, there is no previous study examining chrono-
type and problematic social media use with the mediators of insom-
nia severity and sleep quality, studies on substance use disorder
were used for comparison.

One of the possible reasons for the association between eve-
ningness and problematic social media use is the unfavourable sleep
patterns. For instance, Wittmann et al. (2006) conducted a study
demonstrating that there was a higher probability of substance use
among individuals prone to eveningness, and the main reason for

this was the differences in sleep behaviour between chronotypes.

TABLE 2 Descriptive statistics and Pearson correlation matrix of the key study variables

rMEQ PSQl ISI

rMEQ -- -0.29
PsQl == 0.42
ISl -
BSMAS

HADS-Anxiety

HADS-Depression

ESS

Mean 13.48
SD 3.69

4.02

1.63 4.81

Note: All p-values < .01.

-0.34

11.24

HADS- HADS-
BSMAS Anxiety Depression ESS
-0.25 -0.26 -0.22 -0.29
0.28 0.25 0.20 0.30
0.29 0.34 0.18 0.33
-- 0.31 0.23 0.13

-- 0.44 0.28

-- 0.13

14.46 7.54 6.27 8.91
3.85 2.89 2.01 3.62

Abbreviations: BSMAS, Bergen Social Media Addiction Scale; ESS, Epworth Sleepiness Scale; HADS-Anxiety, anxiety subscale in the Hospital
Anxiety and Depression Scale; HADS-Depression, depression subscale in the Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index;
PSQl, Pittsburgh Sleep Quality Index; rMEQ, reduced version of the Morningness-Eveningness Questionnaire.
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FIGURE 2 Structural equation modelling showing associations between independent variable (morningness-eveningness), mediators
(insomnia severity and sleep quality) and outcomes (problematic social media use, anxiety, depression and daytime sleepiness).

All p-values < .02

The authors found that individuals who are eveningness prone
showed the largest discrepancy between weekend and weekday
sleep patterns, and that the discrepancy between weekend and
weekday sleep patterns predicted the likelihood of smoking. In
another study, Wong, Brower, Fitzgerald, and Zucker (2004) used
a longitudinal design to study substance use and found that sleep
problems in early childhood predicted an early onset of substance
use, including use of alcohol, marijuana, cigarettes and illicit drugs.
Bakotic et al. (2017) observed similar findings to a longitudinal study
(Tavernier & Willoughby, 2014) that showed sleep characteristics
did not fully explain the relationship between morningness and
substance use. Therefore, it is possible that differences between
chronotypes in personality and lifestyle are important in explaining
individuals’ substance use.

With respect to psychological distress, extensive empirical
evidence concurs with the present study's findings that evening-
ness is associated with greater depressive mood, higher levels of
suicidal ideation and lower positive affect (Biss & Hasher, 2012;
Chelminskiet al., 1999; Gau et al., 2007). Several studies have in-
vestigated the relationship between eveningness and psychologi-
cal distress. For example, Roeser, Meule, Schwerdtle, Kuebler, and
Schlarb (2012) found that impaired sleep was responsible for higher
levels of experienced stress among eveningness-prone individuals.
Simor, Zavecz, Palosi, Toeroek, and Koeteles (2015) reported that
eveningness-prone individuals suffer from sleep complaints and that
a negative emotional state is one of the reasons for this. Bakotic
et al. (2017) demonstrated that sleep quality, sleep debt and irregular
bedtime patterns are potential factors in the relationship between
chronotype and depressive mood. Furthermore, a recent meta-anal-
ysis examining the relationship between sleep problems and de-
pression among adolescents (Lovato & Gradisar, 2014) concluded

that (in the majority of cases) sleep problems start earlier than the

symptoms of psychological distress. Therefore, the association be-
tween chronotype and psychological distress could be mediated by
sleep quality.

The present study also found that increased daytime sleepiness
was associated with eveningness, and that the association could be
partly attributed to insufficient and poor sleep (Bakotic et al., 2017).
This finding is not surprising given that inadequate sleep duration
and/or sleep quality usually leads to sleepiness (Roehrs, Carskadon,
Dement, & Roth, 2011). Additionally, sleepiness is predicted by ir-
regularity of the sleep schedule (Giannotti et al., 2002), such as sleep
patterns of individuals who are eveningness prone. Delayed sleep
pattern, a habitual behaviour that is prevalent among young adults
who are eveningness prone (Wittmann et al., 2006), somewhat de-
lays their circadian rhythms and results in greater daytime sleepiness
during weekdays (Yang & Spielman, 2001).

In addition to the demonstrated associations found between
chronotype and the three outcome variables (i.e., problematic social
media use, psychological distress, and daytime sleepiness), the pres-
ent study extended knowledge relating to the potential underlying
mechanism behind the associations. More specifically, the present
study's findings suggested that the increased problematic social
media use, psychological distress and daytime sleepiness for those
who are eveningness prone could be due to their sleep quality and/
or insomnia severity. Based on these findings, healthcare providers
may want to design programmes that help improve sleep for eve-
ningness-prone individuals, to prevent such outcomes as problem-
atic social media use, psychological distress and daytime sleepiness.

The strengths of the present study include the following. First,
a large sample size was recruited in the present study and, conse-
quently, the statistical power is good. Second, different constructs
were assessed at different time-points. Therefore, the temporal as-

sociations between chronotype, mediators and outcome variables
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TABLE 3 Models that tested mediated effects of insomnia and sleep quality

SE or t-value or
(bootstrapping SE) (bootstrapping LLCI)

p-value or

Unstand. coeff. (bootstrapping ULCI)

Mediated effects on social media addiction

Total effect of rMEQ on BSMAS -0.37 0.03 -11.92 <.001
Direct effect of rMEQ on BSMAS -0.13 0.04 -3.37 .008
Direct effect of rMEQ on mediators
Insomnia Severity Index -1.04 0.04 -26.36 <.001
Pittsburgh Sleep Quality Index -0.42 0.02 -22.76 <.001
Indirect effect of rIMEQ on BSMAS
Total indirect effect -0.24 (0.03) (-0.31) (-.17)
Through Insomnia Severity Index -0.13 (0.02) (-0.17) (-.09)
Through Pittsburgh Sleep Quality Index -0.10 (0.03) (-0.16) (-.06)
Mediated effects on anxiety
Total effect of rMEQ on HADS-Anxiety -0.61 0.03 -20.47 <.001
Direct effect of rMEQ on HADS-Anxiety -0.45 0.04 -11.56 <.001
Direct effect of rMEQ on mediators
Insomnia Severity Index -1.04 0.04 -26.22 <.001
Pittsburgh Sleep Quality Index -0.42 0.02 -22.50 <.001
Indirect effect of rMEQ on HADS-Anxiety
Total indirect effect -0.16 (0.03) (-0.22) (-.11)
Through Insomnia Severity Index -0.12 (0.02) (-0.16) (-.08)
Through Pittsburgh Sleep Quality Index -0.05 (0.02) (-0.09) (-.01)
Mediated effects on depression
Total effect of rMEQ on -0.24 0.03 -8.11 <.001
HADS-Depression
Direct effect of rMEQ on -0.11 0.04 -2.77 .006
HADS-Depression
Direct effect of rIMEQ on mediators
Insomnia Severity Index -1.03 0.04 -25.59 <.001
Pittsburgh Sleep Quality Index -0.44 0.02 -23.30 <.001
Indirect effect of rMEQ on HADS-Depression
Total indirect effect -0.13 (0.03) (-0.19) (-.07)
Through Insomnia Severity Index -0.06 (0.02) (-0.10) (-.02)
Through Pittsburgh Sleep Quality Index -0.07 (0.02) (-0.12) (-.03)
Mediated effects on daytime sleepiness
Total effect of rMEQ on ESS -0.56 0.03 -18.98 <.001
Direct effect of rMEQ on ESS -0.28 0.04 -7.46 <.001
Direct effect of rMEQ on mediators
Insomnia Severity Index -1.05 0.04 -25.75 <.001
Pittsburgh Sleep Quality Index -0.40 0.02 -21.38 <.001
Indirect effect of rMEQ on ESS
Total indirect effect -0.28 (0.03) (-0.34) (-.23)
Through Insomnia Severity Index -0.17 (0.02) (-0.22) (-0.13)
Through Pittsburgh Sleep Quality Index -0.11 (0.02) (-0.15) (-.07)

Note: Age, gender, body mass index and smoking status were adjusted for the model.

Abbreviations: BSMAS, Bergen Social Media Addiction Scale; ESS, Epworth Sleepiness Scale; HADS-Anxiety, anxiety subscale in the Hospital Anxiety
and Depression Scale; HADS-Depression, depression subscale in the Hospital Anxiety and Depression Scale; LLCI, lower limit in 95% confidence
interval; rMEQ, reduced version of the Morningness-Eveningness Questionnaire; ULCI, upper limit in 95% confidence interval; Unstand. coeff.,
unstandardised coefficient.
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FIGURE 3 Mediated effects of insomnia severity and sleep quality on (a) problematic social media use, (b) anxiety, (c) depression and (d)

daytime sleepiness. *p < .01; **p < .001

have the potential to demonstrate some causality between these
variables. Third, all the measures used in the present study had
good psychometric properties in terms of reliability and validity.
Therefore, the accuracy in assessing these constructs was empiri-
cally verified.

However, there are some limitations in the present study. First,
although the phased cross-sectional design suggests temporal
associations, Sobel (2008) and Pearl (2010) note that mediation
analysis only provides partial causality rather than full causality.
Therefore, further studies using randomised-controlled trials or
longitudinal designs are highly recommended. With a true exper-
imental design, the causality between the independent variable
(i.e., chronotype), mediators (i.e., sleep quality and insomnia) and
outcome variables (i.e., problematic social media use, psychologi-
cal distress and daytime sleepiness) could be established. Second,
all the measures used in the present study were assessed using
self-reports, although all of the psychometric instruments had sat-
isfactory psychometric properties in the present study. Therefore,
common biases in self-report, such as recall bias and social desir-
ability, cannot be avoided. Consequently, future studies may con-
sider using objectively measured instruments (e.g., actigraphy for
objective sleep; a tracking app to objectively assess time spent on
social media) on the variables examined here. Third, the present
study treated the two proposed mediators as mutually indepen-

dent, although sleep quality and insomnia are often inter-related.

Moreover, some may consider that sleep quality and insomnia are
causally related. However, given that the association between
sleep quality and insomnia was not highly correlated in the pres-
ent study (r = 0.42), this observation somewhat justifies the use
of a parallel model in contrast to a more complex serial mediation
model.

5 | CONCLUSION

The present study used a phased cross-sectional design to examine
the mediating roles of sleep quality and insomnia in the associations
between chronotype and three outcome behaviours (problematic
social media use, psychological distress and daytime sleepiness).
The main findings suggest that perceived sleep quality and insom-
nia severity are significant mediators in these associations. Higher
levels of problematic social media use, more psychological distress
and greater daytime sleepiness were found among eveningness-
prone individuals, whereas a potential underlying mechanism to
explain these associations is poor sleep for those who are evening-
ness prone. The present study's results emphasise the importance
of promoting healthy sleep habits and sleep hygiene behaviours,
and of early detection of sleep problems among individuals with an
eveningness chronotype because this could significantly improve
their health outcomes.



LIN ET AL. Journal of 9 of 10
Sleep ESRS 7
Research =

CONFLICT OF INTEREST
No conflicts of interest declared.

AUTHOR CONTRIBUTIONS

Study concept and design: AHP, VI and CYL. Data collection: VI and
AHP. Drafting the manuscript: CYL, AHP, MDG, AB, AN and ZD.
Statistical analysis: AHP, CYL and AB. Preparation and final approval
of the manuscript: all authors.

ORCID
Chung-Ying Lin
Mark D. Griffiths
Anders Brostrom

https://orcid.org/0000-0002-2129-4242
https://orcid.org/0000-0001-8880-6524
https://orcid.org/0000-0002-0433-0619

Amir H. Pakpour https://orcid.org/0000-0002-8798-5345

REFERENCES

Adan, A., & Almirall, H. (1991). Horne & Ostberg morningness-eve-
ningness questionnaire: A reduced scale. Personality and
Individual Differences, 12, 241-253. https://doi.org/10.1016/0191-
8869(91)90110-W

Adan, A, Archer, S. N., Hidalgo, M. P,, Di Milia, L., Natale, V., & Randler, C.
(2012). Circadian typology: A comprehensive review. Chronobiology
International, 29, 1153-1175. https://doi.org/10.3109/07420
528.2012.719971

Agoston, C., Urban, R., Rigd, A., Griffiths, M. D., & Demetrovics, Z. (2019).
Morningness-eveningness and caffeine consumption: A largescale
path-analysis study. Chronobiology International, 36, 1301-1309.
https://doi.org/10.1080/07420528.2019.1624372

Alimoradi, Z., Lin, C.-Y., Imani, V., Griffiths, M. D., & Pakpour, A. H. (2019).
Social media addiction and sexual dysfunction among Iranian women:
The mediating role of intimacy and social support. Journal of Behavioral
Addictions, 8, 318-325. https://doi.org/10.1556/2006.8.2019.24

Bakotic, M., Radosevic-Vidacek, B., & Koscec Bjelajac, A. (2017).
Morningness-eveningness and daytime functioning in university stu-
dents: The mediating role of sleep characteristics. Journal of Sleep
Research, 26, 210-218. https://doi.org/10.1111/jsr.12467

Banyai, F., Zsila, A, Kirdly, O., Maraz, A., Elekes, Z., Griffiths, M. D., ...
Demetrovics, Z. (2017). Problematic social media use: Results from
a large-scale nationally representative adolescent sample. PLoS ONE,
12,e0169839. https://doi.org/10.1371/journal.pone.0169839

Biss, R. K., & Hasher, L. (2012). Happy as a lark: Morning-type younger
and older adults are higher in positive affect. Emotion, 12, 437-441.
https://doi.org/10.1037/a0027071

Blachnio, A., Przepiorka, A., & Diaz-Morales, J. F. (2015). Facebook use
and chronotype: Results of a cross-sectional study. Chronobiology
International, 32, 1315-1319. https://doi.org/10.3109/07420
528.2015.1083998

Chelminski, I., Ferraro, F. R., Petros, T. V., & Plaud, J. J. (1999). An analy-
sis of the ‘eveningness-morningness’ dimension in ‘depressive’ col-
lege students. Journal of Affective Disorders, 52, 19-29. https://doi.
org/10.1016/s0165-0327(98)00051-2

Demirhan, E., Randler, C., & Horzum, M. B. (2016). Is problematic mobile
phone use explained by chronotype and personality? Chronobiology
International, 33, 821-831. https://doi.org/10.3109/07420
528.2016.1171232

Di Milia, L., Adan, A., Natale, V., & Randler, C. (2013). Reviewing the
psychometric properties of contemporary circadian typology mea-
sures. Chronobiology International, 30, 1261-1271. https://doi.
org/10.3109/07420528.2013.817415

Digdon, N. L., & Howell, A. J. (2008). College students who have an
eveningness preference report lower self-control and greater

procrastination. Chronobiology International, 25, 1029-1046. https://
doi.org/10.1080/07420520802553671

Fabbian, F., Zucchi, B., De Giorgi, A., Tiseo, R., Boari, B., Salmi,
R., ... Manfredini, R. (2016). Chronotype, gender and general
health. Chronobiology International, 33, 863-882. https://doi.
org/10.1080/07420528.2016.1176927

Ferndndez-Mendoza, J., llioudi, C., Isabel Montes, M., Olavarrieta-
Bernardino, S., Aguirre-Berrocal, A., De La Cruz-Troca, J. J., & Vela-
Bueno, A. (2010). Circadian preference, nighttime sleep and daytime
functioning in young adulthood. Sleep and Biological Rhythms, 8, 52-
62. https://doi.org/10.1111/j.1479-8425.2010.00430.x

Gau, S. S, Shang, C. Y., Merikangas, K. R., Chiu, Y. N., Soong, W. T., &
Cheng, A. T. (2007). Association between morningness-eveningness
and behavioral/emotional problems among adolescents. Journal of
Biological Rhythms, 22, 268-274. https://doi.org/10.1177/07487
30406298447

Giannotti, F., Cortesi, F., Sebastiani, T., & Ottaviano, S. (2002).
Circadian preference, sleep and daytime behaviour in ado-
lescence. Journal of Sleep Research, 11, 191-199. https://doi.
org/10.1046/j.1365-2869.2002.00302.x

Griffiths, M. D., Kuss, D. J., & Demetrovics, Z. (2014). Social networking
addiction: An overview of preliminary findings. In K. Rosenberg, &
L. Feder (Eds.), Behavioral addictions: Criteria, evidence and treatment
(pp. 119-141). New York, NY: Elsevier.

Haraszti, R. A., Purebl, G., Salavecz, G., Poole, L., Dockray, S., & Steptoe,
A. (2014). Morningness-eveningness interferes with perceived
health, physical activity, diet and stress levels in working women:
A cross-sectional study. Chronobiology International, 31, 829-837.
https://doi.org/10.3109/07420528.2014.911188

Hayes, A. F. (2103). Introduction to mediation, moderation, and conditional
process analysis: A regression-based approach. New York, NY: The
Guilford Press.

Hayes, A. F., & Preacher, K. J. (2014). Statistical mediation analysis with a
multicategorical independent variable. British Journal of Mathematical
and Statistical Psychology, 67, 451-470. https://doi.org/10.1111/
bmsp.12028

Horne, J. A., & C)stberg, 0. (1976). A self-assessment questionnaire to
determine morningness-eveningness in human circadian rhythms.
International Journal of Chronobiology, 4(2), 97-110.

Imani, V., Lin, C.-Y., Jalilolgadr, S., & Pakpour, A. H.(2018). Factor structure
and psychometric properties of a Persian translation of the Epworth
Sleepiness Scale for Children and Adolescents. Health Promotion
Perspectives, 8, 200-207. https://doi.org/10.15171/hpp.2018.27

Kabrita, C. S., Hajjar-Muca, T. A., & Duffy, J. F. (2014). Predictors of poor
sleep quality among Lebanese university students: Association be-
tween evening typology, lifestyle behaviors, and sleep habits. Nature
Science of Sleep, 6, 11-18. https://doi.org/10.2147/NSS.S55538

Kervran, C., Fatséas, M., Serre, F., Taillard, J., Beltran, V., Leboucher, J, ...
Auriacombe, M. (2015). Association between morningness/evening-
ness, addiction severity and psychiatric disorders among individuals
with addictions. Psychiatry Research, 229, 1024-1030. https://doi.
org/10.1016/j.psychres.2015.05.026

Koscec, A., Radosevic-Vidacek, B., & Bakotic, M. (2014). Morningness-
eveningness and sleep patterns of adolescents attending school in
two rotating shifts. Chronobiology International, 31, 52-63. https://
doi.org/10.3109/07420528.2013.821128

Lin, C.-Y., Brostrém, A., Nilsen, P., Griffiths, M. D., & Pakpour, A. H.(2017).
Psychometric validation of the Persian Bergen Social Media Addiction
Scale using classic test theory and Rasch models. Journal of Behavioral
Addictions, 6, 620-629. https://doi.org/10.1556/2006.6.2017.071

Lin, C.-Y.,, Cheng, A. S. K., Nejati, B., Imani, V., Ulander, M., Browall, M.,
... Pakpour, A. H. (2019). A thorough psychometric comparison be-
tween Athens Insomnia Scale and Insomnia Severity Index among
patients with advanced cancer. Journal of Sleep Research, 29, e12891.
https://doi.org/10.1111/jsr.12891


https://orcid.org/0000-0002-2129-4242
https://orcid.org/0000-0002-2129-4242
https://orcid.org/0000-0001-8880-6524
https://orcid.org/0000-0001-8880-6524
https://orcid.org/0000-0002-0433-0619
https://orcid.org/0000-0002-0433-0619
https://orcid.org/0000-0002-8798-5345
https://orcid.org/0000-0002-8798-5345
https://doi.org/10.1016/0191-8869(91)90110-W
https://doi.org/10.1016/0191-8869(91)90110-W
https://doi.org/10.3109/07420528.2012.719971
https://doi.org/10.3109/07420528.2012.719971
https://doi.org/10.1080/07420528.2019.1624372
https://doi.org/10.1556/2006.8.2019.24
https://doi.org/10.1111/jsr.12467
https://doi.org/10.1371/journal.pone.0169839
https://doi.org/10.1037/a0027071
https://doi.org/10.3109/07420528.2015.1083998
https://doi.org/10.3109/07420528.2015.1083998
https://doi.org/10.1016/s0165-0327(98)00051-2
https://doi.org/10.1016/s0165-0327(98)00051-2
https://doi.org/10.3109/07420528.2016.1171232
https://doi.org/10.3109/07420528.2016.1171232
https://doi.org/10.3109/07420528.2013.817415
https://doi.org/10.3109/07420528.2013.817415
https://doi.org/10.1080/07420520802553671
https://doi.org/10.1080/07420520802553671
https://doi.org/10.1080/07420528.2016.1176927
https://doi.org/10.1080/07420528.2016.1176927
https://doi.org/10.1111/j.1479-8425.2010.00430.x
https://doi.org/10.1177/0748730406298447
https://doi.org/10.1177/0748730406298447
https://doi.org/10.1046/j.1365-2869.2002.00302.x
https://doi.org/10.1046/j.1365-2869.2002.00302.x
https://doi.org/10.3109/07420528.2014.911188
https://doi.org/10.1111/bmsp.12028
https://doi.org/10.1111/bmsp.12028
https://doi.org/10.15171/hpp.2018.27
https://doi.org/10.2147/NSS.S55538
https://doi.org/10.1016/j.psychres.2015.05.026
https://doi.org/10.1016/j.psychres.2015.05.026
https://doi.org/10.3109/07420528.2013.821128
https://doi.org/10.3109/07420528.2013.821128
https://doi.org/10.1556/2006.6.2017.071
https://doi.org/10.1111/jsr.12891

10 of 10 Journal of

LIN eT AL.

Sleep @s\,m

Research

Lin, C.-Y., & Pakpour, A. H.(2017). Using Hospital Anxiety and Depression
Scale (HADS) on patients with epilepsy: Confirmatory factor analy-
sis and Rasch models. Seizure, 45, 42-46. https://doi.org/10.1016/j.
seizure.2016.11.019

Lin, C.-Y., & Tsai, M.-C. (2016). Effects of family context on adoles-
cents’ psychological problems: Moderated by pubertal timing, and
mediated by self-esteem and interpersonal relationships. Applied
Research in Quality Life, 11, 907-923. https://doi.org/10.1007/s1148
2-015-9410-2

Lovato, N., & Gradisar, M. (2014). A meta-analysis and model of
the relationship between sleep and depression in adolescents:
Recommendations for future research and clinical practice.
Sleep Medicine Reviews, 18, 521-529. https://doi.org/10.1016/j.
smrv.2014.03.006

Luby, J., Belden, A., Botteron, K., Marrus, N., Harms, M. P,, Babb, C, ...
Barch, D. (2013). The effects of poverty on childhood brain devel-
opment: The mediating effect of caregiving and stressful life events.
JAMA Pediatrics, 167(12), 1135-1142. https://doi.org/10.1001/jamap
ediatrics.2013.3139

Moghaddam, J. F., Nakhaee, N., Sheibani, V., Garrusi, B., & Amirkafi, A.
(2012). Reliability and validity of the Persian version of the Pittsburgh
sleep quality index (PSQI-P). Sleep and Breathing, 16, 79-82. https://
doi.org/10.1007/s11325-010-0478-5

Pearl, J. (2010). An introduction to causal inference. International Journal
of Biostatistics, 6(2), 7. https://doi.org/10.2202/1557-4679.1203

Pereira-Morales, A. J., Adan, A., Bussi, |. L., & Camargo, A. (2018). Anxiety
symptomatology, sex and chronotype: The mediational effect of di-
urnal sleepiness. Chronobiology International, 35(10), 1354-1364.
https://doi.org/10.1080/07420528.2018.1479713

Probst, T., Pryss, R., Langguth, B., & Schlee, W. (2016). Emotional states
as mediators between tinnitus loudness and tinnitus distress in
daily life: Results from the “TrackYourTinnitus” application. Scientific
Reports, 6, 20382. https://doi.org/10.1038/srep20382

Rahafar, A., Meysam, S. J., Sadeghpour, A., Heidari, Z., & Kasaeian, A.
(2015). Psychometric properties of the Persian version of the re-
duced Morningness-Eveningness Questionnaire: Further evidence.
Sleep and Biological Rhythms, 13, 112-116. https://doi.org/10.1111/
sbr.12093

Randler, C. (2011). Association between morningness-evening-
ness and mental and physical health in adolescents. Psychology,
Health & Medicine, 16, 29-38. https://doi.org/10.1080/13548
506.2010.521564

Randler, C., Wolfgang, L., Matt, K., Demirhan, E., Horzum, M. B,
& Besoluk, S. (2016). Smartphone addiction proneness in rela-
tion to sleep and morningness-eveningness in German adoles-
cents. Journal of Behavioral Addictions, 5, 465-473. https://doi.
org/10.1556/2006.5.2016.056

Roehrs, T., Carskadon, M. A., Dement, W. C., & Roth, R. (2011). Daytime
sleepiness and alertness. In: M. H. Kryger, T. Roth, & W. C. Dement (Eds.),
Principles and practice of sleep medicine (pp. 42-53). St Louis, MO: Elsevier
Saunders. https:/doi.org/10.1016/B978-1-4160-6645-3.00004-9

Roeser, K., Meule, A., Schwerdtle, B., Kuebler, A., & Schlarb, A. A. (2012).
Subjective sleep quality exclusively mediates the relationship be-
tween morningness-eveningness preference and self-perceived
stress response. Chronobiology International, 29, 955-960. https://
doi.org/10.3109/07420528.2012.699124

Simor, P.,Zavecz, Z., Palosi, V., Toeroek, C., & Koeteles, F.(2015). The influ-
ence of sleep complaints on the association between chronotype and
negative emotionality in young adults. Chronobiology International,
32, 1-10. https://doi.org/10.3109/07420528.2014.935786

Sobel, M. E. (2008). Identification of causal parameters in random-
ized studies with mediating variables. Journal of Educational and
Behavioral Statistics, 33(2), 230-251. https://doi.org/10.3102/10769
98607307239

Tavernier, R., & Willoughby, T. (2014). Are all evening-types doomed? Latent
class analyses of perceived morningness-eveningness, sleep and psycho-
social functioning among emerging adults. Chronobiology International,
31, 232-242. https://doi.org/10.3109/07420528.2013.843541

Taylor, D. J., Clay, K. C., Bramoweth, A. D., Sethi, K., & Roane, B. M. (2011).
Circadian phase preference in college students: Relationships with
psychological functioning and academics. Chronobiology International,
28, 541-547. https://doi.org/10.3109/07420528.2011.580870

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T. (2006). Social
jetlag: Misalignment of biological and social time. Chronobiology
International, 23, 497-509. https://doi.org/10.1080/0742052050
0545979

Wong, M. M., Brower, K. J., Fitzgerald, H. E., & Zucker, R. A. (2004). Sleep
problems in early childhood and early onset of alcohol and other drug
use in adolescence. Alcoholism, Clinical and Experimental Research, 28,
578-587. https://doi.org/10.1097/01.alc.0000121651.75952.39

Yang, C. M., & Spielman, A. J. (2001). The effect of a delayed weekend
sleep pattern on sleep and morning functioning. Psychology & Health,
16, 715-725. https://doi.org/10.1080/08870440108405869

How to cite this article: Lin C-Y, Imani V, Griffiths MD, et al.
Temporal associations between morningness/eveningness,
problematic social media use, psychological distress and
daytime sleepiness: Mediated roles of sleep quality and
insomnia among young adults. J Sleep Res. 2020;00:e13076.
https://doi.org/10.1111/jsr.13076



https://doi.org/10.1016/j.seizure.2016.11.019
https://doi.org/10.1016/j.seizure.2016.11.019
https://doi.org/10.1007/s11482-015-9410-2
https://doi.org/10.1007/s11482-015-9410-2
https://doi.org/10.1016/j.smrv.2014.03.006
https://doi.org/10.1016/j.smrv.2014.03.006
https://doi.org/10.1001/jamapediatrics.2013.3139
https://doi.org/10.1001/jamapediatrics.2013.3139
https://doi.org/10.1007/s11325-010-0478-5
https://doi.org/10.1007/s11325-010-0478-5
https://doi.org/10.2202/1557-4679.1203
https://doi.org/10.1080/07420528.2018.1479713
https://doi.org/10.1038/srep20382
https://doi.org/10.1111/sbr.12093
https://doi.org/10.1111/sbr.12093
https://doi.org/10.1080/13548506.2010.521564
https://doi.org/10.1080/13548506.2010.521564
https://doi.org/10.1556/2006.5.2016.056
https://doi.org/10.1556/2006.5.2016.056
https://doi.org/10.1016/B978-1-4160-6645-3.00004-9
https://doi.org/10.3109/07420528.2012.699124
https://doi.org/10.3109/07420528.2012.699124
https://doi.org/10.3109/07420528.2014.935786
https://doi.org/10.3102/1076998607307239
https://doi.org/10.3102/1076998607307239
https://doi.org/10.3109/07420528.2013.843541
https://doi.org/10.3109/07420528.2011.580870
https://doi.org/10.1080/07420520500545979
https://doi.org/10.1080/07420520500545979
https://doi.org/10.1097/01.alc.0000121651.75952.39
https://doi.org/10.1080/08870440108405869
https://doi.org/10.1111/jsr.13076

