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ABSTRACT

Background and aims: Numerous studies have shown that people who have Internet addiction (IA) are
more likely to experience poor sleep quality than people who do not. However, few studies have
explored mechanisms underlying the relation between IA and poor sleep quality. As a first attempt to
address this knowledge gap, a cross-sectional design was applied, and structural equation modeling was
used to explore the direct relationship between IA and poor sleep quality, as well as the potential
mediating roles of rumination and bedtime procrastination. Methods: A convenience sample, consisting
of 1,104 Chinese University students (696 females or 63%), completed an online survey that included
the following measures: Young’s 8-item Internet Addiction Diagnosis Questionnaire, the Pittsburgh
Sleep Quality Index, the Ruminative Responses Scale, and the Bedtime Procrastination Scale. Results:
While the direct path between IA and poor sleep quality was not found to be significant, rumination
and bedtime procrastination were each shown to separately mediate the predictive effect of IA on poor
sleep quality. However, the greatest level of support was found for the sequential mediating effects of
rumination and bedtime procrastination between IA and poor sleep quality. Conclusion: While rumi-
nation and bedtime procrastination were both shown to be important independent mediators for the
relation between IA and poor sleep quality, their combined effect was as great as either alone.
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INTRODUCTION

Internet addiction (IA), also known as problematic Internet use, refers to the inability of in-
dividuals to control their use of the Internet, leading to panic and dysfunction in their lives
(Vadher et al., 2019). Reports on the prevalence of IA among university students have varied
considerably, ranging from approximately 4% in the USA (Christakis, Moreno, Jelenchick,
Myaing, & Zhou, 2011), 16.8% in Italy (Younes et al., 2016), to higher rates from 17 to 26.8% in
China (Shek & Yu, 2016). IA, consequently, has become one of the main factors affecting the
physical and mental health of college students (e.g., Bener et al., 2019; Chen et al., 2020). One of
the most common detrimental effects of IA is disruption of sleep quality (Wang, 2018), such as
disturbance of one’s circadian rhythm and development of a formal sleep disorder (Feng, Zeng,
Sun, & Kuroki, 2014). The relation between IA and sleep problems has also been confirmed in
meta-analytic and systematic reviews (e.g., Alimoradi et al., 2019; Lam, 2014).

The predictive effect of IA on subjective sleep quality (measured by the Pittsburgh Sleep
Quality Index) has been explored in several large sample cross-sectional studies among
college students (e.g., Bener et al., 2019; Jahan et al., 2019; Wang et al., 2020) and adolescents

Journal of Behavioral
Addictions

9 (2020) 4, 1002–1010

DOI:
10.1556/2006.2020.00104
© 2020 The Author(s)

FULL-LENGTH REPORT

p

Corresponding authors.
E-mail: zhanglu@mail.hzau.edu.cn;
fndrasik@memphis.edu

https://orcid.org/0000-0003-1289-9407
https://orcid.org/0000-0001-6625-479X
http://dx.doi.org/10.1556/2006.2020.00104
mailto:zhanglu@mail.hzau.edu.cn; fndrasik@memphis.edu
mailto:zhanglu@mail.hzau.edu.cn; fndrasik@memphis.edu


(e.g., Vadher et al., 2019; Çelebio�glu, Aytekin €Ozdemir,
K€uç€uko�glu, & Ayran, 2020). For example, the cross-sectional
study by Wang et al. (2020) found that Chinese college
students with IA had a 3.25 times greater odds ratio of
experiencing poor subjective sleep quality. However, most
previous studies have been designed chiefly to examine for
the presence of a stable relationship between IA and sleep
quality (e.g., Vadher et al., 2019; Zhang et al., 2017). To our
knowledge, few of the published studies have thus far tried
to explore mechanisms potentially mediating the relation-
ship between IA and poor sleep quality. Therefore, this study
was conducted to investigate the mediating effects of
rumination and bedtime procrastination on the relationship
between IA and poor sleep quality, which are discussed more
fully below.

The mediating role of rumination

Rumination refers to the tendency to repeatedly and
passively think about the negative situations, symptoms,
causes and potential consequences of failing to achieve
desired goals (Nolen-Hoeksema, 1991). It is a way of
thinking that repeatedly focuses on one’s own negative
emotions and corresponding events (Nolen-Hoeksema &
Morrow, 1991). Studies have shown that ruminative
thinking has a significant impact on sleep quality (Liu et al.,
2017), with individuals evidencing the highest levels of
rumination reporting the most serious problems with sleep
quality (Butz & Stahlberg, 2018). The cognitive model of
insomnia (Espie, 2007) points out how pre-sleep sleep-
interfering cognitive processing can markedly increase sleep
problems. Rumination, or automatic thinking, is an impor-
tant source of pre-sleep cognitive arousal that makes it
increasingly difficult to fall asleep quickly and/or maintain a
sound level of restorative sleep (Guastella & Moulds, 2007).

A cognitive-behavioral model of IA suggests rumination
is an important cognitive characteristic of individuals with
this condition (Davis, 2001). This model espouses that in-
dividuals with IA are unable to prevent negative information
from entering working memory and, once retained in
working memory, these negative thoughts reoccur repeat-
edly (Joormann & Quinn, 2014). Previous research has
shown that IA can adversely impact personal offline activ-
ities, such as decreasing academic performance and
impairing interpersonal relationships. These untoward ef-
fects will inevitably increase one’s stress burden (Kuss &
Griffiths, 2011), which typically induces and/or exacerbates
ruminative thinking (Nolen-Hoeksema, 1991). A recent
study showed the partial mediating role that rumination can
play in the relationship between mobile phone addiction and
poor sleep quality in adolescents (Liu et al., 2017), with these
findings used in part to inform our initial hypothesis:
Rumination mediates the relationship between IA and poor
sleep quality (Hypothesis 1 or H1).

The mediating role of bedtime procrastination

Bedtime procrastination is defined as failing to go to bed at
the intended time absent any external circumstances that

prevent a person from doing so (Kroese, Evers, Adriaanse, &
de Ridder, 2016). The procrastination-health model suggests
that procrastination is an important risk factor for poor
sleep quality (Sirois, 2007), a viewpoint supported by various
empirical studies (e.g., Przepi�orka, Błachnio, & Siu, 2019).
Researchers have shown that going to bed later than
intended due to procrastination significantly predicts poor
sleep quality (Kadzikowska-Wrzosek, 2018; Kroese, Evers,
Adriaanse, & de Ridder, 2016), with bedtime procrastination
surfacing as a key factor underlying sleep deprivation
(Exelmans & Van den Bulck, 2016; Kroese et al., 2016;
Nauts, Kamphorst, Stut, De Ridder, & Anderson, 2018).

The Temporal Motivation Theory (TMT; Steel & K€onig,
2006), when applied to procrastination, suggests that people
tend to postpone tasks when they view the outcome value of
the task is low, and they are not likely to receive either re-
wards or punishments immediately. People with IA have
higher levels of psychological craving for Internet use (Niu
et al., 2016), which, in turn, serve to reduce their motivation
go to bed at a reasonable time as the health benefits derived
from sleeping accrue at a later point in time. This makes
them, according to the theory, more inclined to overuse the
Internet due to its immediate enjoyment, leading to bedtime
procrastination. The Displacement Hypothesis of the
Internet (Nie & Hillygus, 2002) further accounts for the
relationship between overuse of the Internet, bedtime pro-
crastination and poor sleep quality. As time is constant for
everyone, the greater the amount of time spent online, the
less time a person has to spend on activities during the
remainder of the day, such as sleeping and engaging in
physical activity. Individuals with IA continually delay dis-
engaging from the Internet, leading to bedtime procrasti-
nation which decreases time available for sleep, with
resultant poor sleep quality (Jahan et al., 2019).

Various studies have similarly shown that excessive time
spent on the Internet while in the bedroom and/or in bed
not only delays the time to sleep onset, but also contributes
to unhealthy sleep habits (such as reading news or playing
games on one’s mobile phone) that in turn reduce sleep
quality (Brunborg et al., 2011; Cain, & Gradisar, 2010;
Suganuma et al., 2007). These unhealthy habits can disrupt
the circadian sleep pattern (e.g., sleepless, decreased sleep
duration during the night-time; Chen & Gau, 2016), which
in turn contributes to poor sleep quality (Wang, Chen, Yang,
& Lin, 2019). Bedtime procrastination, therefore, may also
be an important mediating variable in the relationship be-
tween IA and poor sleep quality. Based on the accumulated
findings reported here, we hypothesize (H2) that bedtime
procrastination also mediates the effect of IA on poor sleep
quality.

Serial mediating effect of rumination and bedtime
procrastination

Stainton, Lay, and Flett (2000) argued that rumination is an
important factor affecting procrastination behavior, which
has been supported by many investigations (e.g., Constantin,
English, & Mazmanian, 2018; Gort, Marcusson-Clavertz, &
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Kuehner, 2020; Rebetez, Rochat, Barsics, & Van der, 2018).
Studies have also found that rumination can significantly
predict procrastination; as when levels of rumination in-
crease so do procrastinating behaviors (Flett, Haghbin, &
Pychyl, 2016). Bedtime procrastination, a specific form of
procrastination, may also be affected by rumination. The
association between rumination and bedtime procrastina-
tion may be viewed from several perspectives. For example,
ruminative behavior has been shown to evoke increased
negative affect (Lai, Han, & Yang, 2009), and one way of
coping with such negative affect is to delay time sleeping
(Sirois, Nauts, & Molnar, 2019). High levels of rumination
can also evoke a sense of time loss (Wood, Griffiths, &
Parke, 2007), which is manifested by people losing track of
time and thereby gradually increasing bedtime procrastina-
tion. Thus, in this study, we hypothesize (H3) that IA may
indirectly affect sleep quality through the sequential medi-
ating effects of rumination and bedtime procrastination.

Consideration of the above led us to conduct this study
to explore the mediating effects of rumination and bedtime
procrastination in the relationship between IA and poor
sleep quality in order to further clarify the mechanisms
underlying the predictive power of IA on sleep quality. Tests
of our 3 specific hypotheses were formulated to provide
further theoretical insights that may lead to improved ways
to address sleep problems that youth experience due to IA.

METHODS

Participations and procedure

An online survey was used to collect data in the month of
December 2017. First, we selected the largest, professional
and most frequently used (e.g., Lu, Liu, Liao, & Wang, 2020;
Peng & Xie, 2016) online survey platform in China (Wen-
juanxing; www.wjx) for this purpose. Second, 19 research
assistants (undergraduate students) were trained on how to
administer the survey. Each research assistant was then sent
an advertisement containing the introduction to the survey
and a link to the on-line survey, produced by the Wen-
juanxing platform, to connect with the WeChat group or QQ
group of their classes or their friends’ classes. Consequently,
it was not possible to calculate the number of potential re-
spondents and completion rates (Callegaro & DiSogra, 2008).
The purpose of the survey was explained and students were
informed that their participation was completely voluntary
and that any information they provided would be anony-
mous in order to protect their privacy rights. Prior to vol-
unteering and clicking on the link to the questionnaire,
respondents were notified that they were free to withdraw
from the survey at any time without any penalty. Survey data
collection was designed so that a participant could submit
only one response using the same IP address.

A total of 1,367 respondents completed and submitted
the survey. Recognition of the fact that very short response
times typically indicate low data quality in online surveys
(Greszki, Meyer, & Schoen, 2015), 169 cases were

subsequently eliminated, using the approach recommended
by Greszki et al. Omitted were those individuals whose
completion times were less than 60 percent of the median
(60% median of response time 5 285 seconds). An addi-
tional 94 cases that contained response errors were also
omitted (e.g., answering in an identical manner to each
question, such as responding “2” to all items; failing to fully
complete all survey items; marking multiple responses for a
given question, etc.). The resultant sample consisted of 1,104
valid questionnaires (696 or 63% females and 408 or 37%
males), with respondents ranging in age from 17 to 31 years,
with a mean age of 20.2 (SD 51.43) years.

Measures

Internet Addiction Diagnosis Questionnaire. Young’s
(1998) 8-item Internet Addiction Diagnosis Questionnaire
(IAD), designed as one of the first to investigate the presence
of addiction to the Internet, was subsequently revised and
translated into Chinese (Cui & Wang, 2003) and validated in
various studies and a meta-analysis (Kuang, Cao, & Dai,
2011; Li et al., 2012). We used the resultant Chinese version
to quantify the degree of impairment in academic, social,
and occupational domains by misuse or overuse of the
Internet (e.g., preoccupation, need for increased amounts of
time to be satisfied, repeated unsuccessful attempts to con-
trol use, etc.). In order to increase the variance for the ob-
tained scores, subsequent versions of the scale have replaced
the original dichotomous yes-no response format with
various Likert scale formats, ranging in point values (e.g.,
Andreassen et al., 2013; Bai & Fan, 2005). The Chinese
translated and validated version of the IAD we used incor-
porated a 6-point Likert scale, where 1 5 “extremely
disagree” to 6 5 “extremely agree”. The average of the in-
dividual items was used to reflect the extent to which people
engage in IA behavior. Individuals were classified as having
IA if they chose a score of 5 or more (“agree” or “extremely
agree”) for at least 5 of the total 8 items. In this study, the
internal consistency coefficient of the scale was 0.91.

Pittsburgh Sleep Quality Index. The Pittsburgh Sleep Qual-
ity Index (PSQI) was adapted from the original version
developed by Buysse, Reynolds, Monk, Berman, and Kupfer
(1989), to evaluate sleep quality. In completing this measure,
respondents are asked to rate each of 19 items assessing various
aspects of sleep, based on recall over the past month. The 19
items are grouped into 7 components, each weighted equally
on a scale ranging from 0 to 3. Adding the 7 separate domain
scores yields a global measure of sleep quality that ranges from
0 to 21, with higher scores representing poorer sleep quality.
This questionnaire was translated and validated among the
Chinese population (Liu, Tang, & Hu, 1996), with scores >8
indicative of poor sleep quality. The alpha coefficient for the
questionnaire as administered in this study was 0.80.

Ruminative Responses Scale. The Ruminative Responses
Scale (RRS), a subscale of the more extended Response Styles
Questionnaire, developed by Nolen-Hoeksema and Morrow

1004 Journal of Behavioral Addictions 9 (2020) 4, 1002–1010

http://www.wjx


(1991), was used to capture 2 general aspects of rumination
– “brooding” and “reflective pondering” (Treynor, Gonzalez,
& Nolen-Hoeksema, 2003). This scale consists of 22 items
assessing responses focused on one’s self (e.g., “Why do I
have problems that other people don’t have?”), specific
symptoms (e.g., “Think about your feelings of fatigue and
achiness.”), and causes or consequences of being in a
depressed mood (e.g., “I won’t be able to do my job if I don’t
snap out of this.”). Each item is rated on 4-point scale, where
1 5 “almost never” to 4 5 “almost always.” Item mean
scores were used in analyses to facilitate interpretation of the
1–4 response scale. This scale was translated and validated
among a Chinese population (Han & Yang, 2009), with the
alpha coefficient for the scale as administered in this study
being 0.94 (slightly higher than the internal consistency
value reported for the original version, 0.82).

Bedtime Procrastination Scale. The Bedtime Procrastina-
tion Scale (BPS; Kroese, de Ridder, Evers, & Adriaanse, 2014)
is designed to measure the extent to which a person goes to
bed later than intended, absent any external circumstances to
delay. The BPS contains 9 statements (e.g., “I go to bed later
than I had intended,” “Often I am still doing other things
when it is time to go to bed”), with each being rated on a 5-
point scale, where 15 “almost never” to 55 “almost always”
(with some items reverse scored to minimize response bia-
ses). Higher total scores reflect increased procrastination. For
our purposes, this scale was translated into Chinese, as fol-
lows: The directions and individual items were first trans-
lated and then back translated by a university English teacher
and three Professors who have doctoral degrees and teach
psychology in a university. The resultant Chinese version was
subsequently submitted to a confirmatory factor analysis
following the suggestion of Straub (1989), which revealed our
Chinese version of the BPS possessed good construct validity
(Chi-square 5 142.72, df 5 22, P < 0.01, RMSEA 5 0.07,
CFI 5 0.99, GFI 5 0.97). The alpha coefficient for our
translated scale was 0.88. We opted to use the mean response
for all items when analyzing BPS scores.

Statistical analysis

Structural equation modeling (SEM) and maximum likeli-
hood functions, conducted with Mplus 7.0 for Windows,
were used to model variable relationships, which are
considered particularly suitable when analyzing large cross-
sectional data sets (Kline, 2015). Ten individuals, whose

responses were otherwise complete, neglected to report their
age, leading us to impute their age. Given the reported range
of ages was quite small, we used the mean age for the entire
sample for each of these 10 individuals. For our primary
analyses, we first computed the univariate and multivariate
skewness and kurtosis for a multivariate normal distribution
test. Then, we repeatedly drew a number of random samples
(a total of 5,000, each with a sample size of 1,104) based on
the original sample, which yielded a robust standard error of
the parameter estimation and confidence intervals (as sug-
gested by Tofighi, 2020; Tofighi & Kelley, 2020). In this
approach, confidence intervals that do not contain zero
indicate the presence of statistical significance.

Ethics

The research was approved by the Institutional Review
Board at Huazhong Agricultural University (HZAU), and
conforms with the APA ethical standards for conducting
research investigations, the Declaration of Helsinki, as well
as the ethical guidelines for human subject research.

RESULTS

Descriptive analyses

Two hundred-eighty (280) college students (25.4%) were
classified as having IA behavior, which is consistent with the
previous studies (e.g., Chung, Sum, & Chan, 2019; Shek &
Yu, 2016). A near identical percentage (25.5%, n 5 281)
were identified as having poor sleep quality, which also ac-
cords with the previous studies (e.g., Falavigna et al., 2011).
Mean values (along with SDs) and the Pearson product-
moment correlation coefficients between all study variables,
for all 1,104 participants, are presented in Table 1. All pair-
wise correlation coefficients were positive and significant,
with the lowest percentage of variance accounted for being
9% and the highest being 21%.

The multiple mediation model

Figure 1 illustrates the findings from the full structural
equation model used to analyze the hypotheses of this study.
After controlling for the effects of age and sex, the full model
provided a good fit to the data (RMSEA 5 0.04, CFI 5 0.98,
TLI 5 0.94, SRMR 5 0.05, Chi-square 5 9.52, df 5 4, P <
0.05) and accounted for 32.2% of the variance in poor sleep

Table 1. Descriptive statistics and correlations among variables

M ± SD 1 2 3 4

1. Internet addiction 2.06 ± 0.51 –
2. Poor sleep quality 5.93 ± 2.69 0.34

pp

–
3. Rumination 3.22 ± 0.77 0.46

pp

0.39
pp

–
4. Bedtime procrastination 4.17 ± 0.84 0.35

pp

0.41
pp

0.30
pp

–
Age 20.17 ± 1.43 �0.04 0.06p �0.05 �0.05
Sex – 0.01 �0.06 0.00 0.06p

Note: pP < 0.05; ppP < 0.01. male 5 1; female 5 0.
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quality. All of the coefficients of the paths in the full model
were significant (P < 0.01) except the direct path between IA
and poor sleep quality (b 5 0.06, P > 0.05).

To further evaluate the indirect effect of this model, we
first tested the univariate and multivariate normality,
applying the method developed by Cain, Zhang and Yuan
(2017). Skewness (Kurtosis) for poor sleep quality, IA,
rumination and bedtime procrastination was 0.59(0.67),
0.28(�0.63), 0.63(0.98), �0.30(�0.51), respectively. The re-
sults of Mardia’s multivariate skewness and kurtosis (Mardia,
1970) were 1.26 (Z5 231.83, P < 0.01) and 27.49 (Z5 8.36, P
< 0.01), leading us to reject the hypothesis of multivariate
normality. Drawing upon the recommendations of Tofighi
(2020) and Tofighi and Kelley (2020), we tested our hy-
pothesized model (Fig. 1) with 5,000 bootstrap samples to
compute percentile 95% confidence intervals for the indirect
effects. The mediating effect of rumination on the relation-
ship between IA and poor sleep quality was found to be
significant, supporting H1, as was the mediating effect of
bedtime procrastination between IA and poor sleep quality,
supporting H2. Perhaps most of interest was the significant
findings for the sequential mediating effect of rumination and
bedtime procrastination on the relationship between IA and
poor sleep quality, supporting H3. Thus, all hypotheses were
supported, with rumination and bedtime procrastination fully
mediating the influence of IA on poor sleep quality (Table 2).

DISCUSSION

Our results, which showed that IA by itself was not pre-
dictive of poor sleep quality, did document the independent

mediating effects of both rumination (H1) and bedtime
procrastination (H2) between IA and poor sleep quality.
Most important, however, was the support found for the
sequential mediating effects of rumination and bedtime
procrastination (H3) between IA and poor sleep quality.
These findings substantiate the notion that bedtime pro-
crastination results at least in part by inadequate self-regu-
lation of negative affect (Exelmans & Van den Bulck, 2018)
that arises from heightened levels of rumination. They also
conform with the known tendencies of people who have IA
to focus on immediate rewards and ignore the long-term
negative results in decision-making (Pawlikowski & Brand,
2011). TMT, advanced by Steel and K€onig (2006), is able to
explain the sequential or combined mediating effects as
follows: Persons with IA tend to ignore the long-term values
of going to bed on time, preferring the immediately plea-
surable effects derived from engaging with the Internet,
which leads to bedtime procrastination (Exelmans & Van
den Bulck, 2017). When considered in conjunction with the
displacement hypothesis, which asserts that given a person’s
time is constant, the more time the person spends online, the
less time they have available for participating in daily ac-
tivities offline (such as sleep and physical activities; Nie &
Hillygus, 2002). In sum, one potential explanation for why
IA is positively associated with poor sleep quality is that
individuals with IA are likely to overuse the Internet before
going to bed, leading to bedtime procrastination, which may
in turn ultimately result in having a diminished quality of
sleep and/or sleep deprivation.

Previous studies have found deficits in executive function
among individuals with IA (Luo et al., 2007), which man-
ifested chiefly as diminished inhibitory control ability

Rumination

Internet
addiction

Bedtime
procrastination

Poor sleep
quality0.06

0.4
4**

0.29**

0.37**0.17*
* 0.30**

Age Sex

-0.07 0.0
1

Fig. 1. Pathway of Internet addiction affecting poor sleep quality (all path coefficients were standardized; the dashed line indicates the single
nonsignificant path, ppP < 0.01)

Table 2. Testing the pathways of the multiple mediation model

Pathway b SE

Percentile bootstrap 95% CI

Lower Upper

Internet addiction–Rumination–Poor
sleep quality

0.12 0.02 0.08 0.16

Internet addiction–Bedtime
procrastination–Poor sleep quality

0.06 0.02 0.03 0.09

Internet addiction–Rumination–
Bedtime procrastination–Poor sleep
quality

0.05 0.01 0.02 0.07

Total indirect effect 0.23 0.03 0.18 0.28
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(Dong, Lu, Zhou, & Zhao, 2010). When faced with inhibi-
tion tasks, inhibition control among those with IA becomes
inefficient, leading to excessive consumption of psychologi-
cal resources (Dong et al., 2010) and increased ruminative
thinking (Ma, Zhao, Wang, Yang, & Qian, 2013). This in
turn produces more negative affect (Lai et al., 2009),
consistent with the findings of Constantin et al. (2018), Flett
et al. (2016), and Stainton et al. (2000). Further, individuals
with high levels of negative affect appear to consider sleeping
during set times tedious, with the derived benefits from
doing so (i.e., energy and mental health induced by good
sleep) being delayed and long-term. Consequently, such
individuals are more likely to engage in tasks that are more
immediately pleasurable and enjoyable (e.g., watching TV,
listening Music) for alleviating current negative affect rather
than devoting time to activities absent immediate positive
rewards (such as going to sleep on time). Repeated failed
self-regulation efforts to alleviate negative affect perpetuate
continued delays in bedtime (Exelmans & Van den Bulck,
2018) and avoidance of healthy self-regulatory behaviors,
such as sleeping on time (Sirois, 2016; Song, Su, & Feng,
2015; Wagner & Heatherton, 2015). Overall, people with IA
typically reveal high levels of rumination and corresponding
increased negative affect. In order to effectively manage their
current negative affect, individuals with IA are more prone
to increase their involvement in recreational activities, which
leads to further bedtime delays, ultimately reducing sleep
quality.

We also found that IA can reduce sleep quality directly
through rumination, consistent with Liu et al. (2017) who
showed that rumination mediated the relationship between
mobile phone addiction and sleep quality. Pre-sleep arousal
includes cognitive and somatic arousal, which are known to
be risk factors for sleep problems (Nicassio, Mendlowitz,
Fussell, & Petras, 1985). Our findings, showing increased
rumination due to IA, suggest high levels of cognitive and
somatic arousal may have been produced as well (Yeh,
Wung, & Lin, 2015), further contributing to difficulties
initiating and/or maintaining sound, sustained sleep (Espie,
2007; Guastella & Moulds, 2007).

The cross-sectional design implemented in this initial,
exploratory investigation limits our ability to make strong
causal statements about the nature of the relationships be-
tween IA and poor sleep quality. Further research, utilizing
controlled experimental or longitudinal designs, are needed
to more rigorously examine the potential causal links be-
tween IA and poor sleep quality and clarify relationships
within the mediation model. SEM mediational analyses
nonetheless are helpful in the initial stages of research to
provide strong hints of causality, thus laying the ground-
work for the more extensive, effortful, and expensive lon-
gitudinal studies that are needed to support specific claims
of causality. Our sample of convenience, nonclinical college
students, limits the extent to which we are able to generalize
our results to individuals with the most severe forms of IA.
Having laid the groundwork, our findings point to a need to
replicate and extend this line of research with more diverse
samples over extended periods of time.

CONCLUSIONS

This study revealed that rumination and bedtime procras-
tination are important mediators in the relationship between
IA and poor sleep quality. Specifically, IA by itself was not
sufficient for predicting poor sleep quality, but rumination
and bedtime procrastination were each found to be signifi-
cant independent mediators for the relationship between IA
and poor sleep quality. Most important, however, was the
support found for the sequential mediating effects of rumi-
nation and bedtime procrastination between IA and poor
sleep quality.
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