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Abstract

Background The global spread of COVID-19 has brought immense psychological distress and sleep problems to those
affected. This study examined the mediating role of rumination in the direct association between COVID-19 stressors and
poor sleep quality and the moderating roles of emotion regulation strategies.

Method A cross-sectional online survey study was conducted in China during the early outbreak of the pandemic. A total of
1106 Chinese college students (M, =19.58, SD=1.61) completed measures of COVID-19 stressors, rumination, emotion
regulation strategies (i.e., cognitive reappraisal and expressive suppression), and poor sleep quality.

Results COVID-19 stressors were positively associated with poor sleep quality (f=.431, p <.001), and rumination partially
mediated this association. The mediation effect accounted for 70.93% of the total effect of COVID-19 stressors on poor sleep
quality. Moreover, cognitive reappraisal moderated the relation between COVID-19 stressors and rumination, and expressive
suppression moderated the association between rumination and poor sleep quality.

Conclusion Rumination could be a mechanism by which COVID-19 stressors are linked with poor sleep quality. Cognitive
reappraisal might provide desired benefits to improving sleep quality while expressive suppression may do the opposite.

Implications for future steps and health interventions are discussed.
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Introduction

The COVID-19 pandemic has introduced an unprecedented
number of uncontrollable stressors, negatively affecting
the sleep quality of those affected [1-5]. During the early
stages of the pandemic, nearly a third of residents in Wuhan,
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China, reported having sleep problems [6]. Another study
[7] showed that 58% and 40% of participants across 49 coun-
tries, respectively, reported dissatisfaction with their sleep
and poorer sleep quality compared to pre-COVID-19 times.
Such statistics paint a grim picture given the importance of
sleep in maintaining psychosocial wellbeing, achievement,
and health condition [8—12].
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Among the studied demographic clusters, the college
student population may be important to monitor during
the pandemic. Typically, as young adults emerging from
adolescence, college students have been reported to be
highly susceptible to the negative consequences of stress,
such as sleep issues [12]. Often early in their adulthood,
college students may expectedly lack adequate coping
skills to manage stress or engage in self-control under
high-pressure situations [5, 13, 14]. Moreover, because
many university campuses had shut down campuses in
the wake of local outbreaks, many students were abruptly
stranded without close social support or access to nec-
essary interventions, further compounding the negative
effects of stressors on the onset of sleep issues [12, 15].
Despite the wide array of COVID-19 stressors for college
students [16], however, the number of investigations on
how college students’ own protective and risk factors influ-
enced the path from COVID-19 stress to poor sleep quality
has been sparse. The current investigation sought to fill
in this gap by examining the underlying behavioral and
psychological mechanisms that may assist future develop-
ment of prevention and intervention efforts to sleep health.

The Mediating Role of Rumination

Rumination refers to the repetitive cognitive representa-
tions of stress in response to adverse events [17], which
are typically negative and destructive in nature [18]. It
represents a form of unhealthy self-focus that is activated
by stressful life events [19], and induce negative stress
consequences by fixating on the problems without taking
action [17] and lengthening its physiological activations
[20]. Expectedly, empirical studies have demonstrated the
links between both COVID-19 related stress [13] and gen-
eral perceived stress [21] on rumination.

Further, rumination was found to have associations with
short- and long-term sleep disturbances among college
students [22, 23] partly due to the continuous psycho-
physiological arousals in response to stressful life events
[20]. Although studies conducted pre-COVID-19 [24]
have found little evidence of the effect of rumination on
sleep among individuals with little rumination disposition,
recent studies have proposed that the sudden and pervasive
nature of COVID-19 may develop rumination tendencies
among those have previously not shown such issues [13].
Moreover, rumination served as a key mechanism in sev-
eral antecedents of poor sleep quality, such as loneliness
[25] and negative affect [26], both of which may be pos-
sible sources of COVID-19 related stress. Hence, rumi-
nation may mediate the association between COVID-19
stress and poor sleep quality.

The Moderating Role of Emotion Regulation

Although COVID-19 stressors may influence college stu-
dents’ poor sleep quality through the mediating effect of
rumination, individuals might differ in their adjustments
to stressful life events based on the extent to which they
regulate their negative emotions [27]. Emotion regulation
is the process by which individuals change the generation,
expression, and intensity of emotions through strategies
including cognitive reappraisal and expressive suppres-
sion [28, 29].

Cognitive reappraisal is an antecedent-focused strategy
in which individuals reframe the interpretation of a situ-
ation with the objective to modify its emotional impact
[30]. As it is the subjective experience of the event that
evokes emotional responses [31, 32], successful cogni-
tive reappraisal of negative experience may relieve stress-
related difficulties and promote psychological adjustments
to stressors [33]. Thus, in the context of the pandemic,
students who cognitively reappraise the extent to which
the pandemic may be construed as negative might have
the psychological leverage in adapting to [34, 35] and buff-
ering the harmful effects of stress on negative outcomes
[36]. That is, cognitive reappraisal may be a mechanism
dampening the effect of stress (i.e., COVID-19 related) on
maladaptive consequences, such as rumination.

Expressive suppression, on the other hand, is a
response-focused strategy in which one represses their
emotions after the response tendencies (e.g., rumination)
have been generated, such as hiding signs of distress or
sadness [30]. Prior studies have found that expressive sup-
pression may not dampen the emotional experience but
rather exacerbate one’s physiological responses given
that it impedes emotional processing [30]. Accordingly,
the heightened somatic arousal and physiological strain
induced by expressive suppression have been evidenced to
correlate with poorer sleep quality [37] and contribute to
the onset of sleep problems [38]. Thus, the use of expres-
sive suppression may exacerbate the effect of rumination
on poor sleep quality.

The Present Study

Three aims were proposed by the current study: (a) to
test whether rumination mediates the relation between
COVID-19 stressors and sleep quality among Chinese col-
lege students, (b) whether the first path of the indirect rela-
tions (i.e., between COVID-19 stressors and rumination)
is moderated by cognitive reappraisal, and (c) whether
the second path of the indirect relations (i.e., between

@ Springer



418

International Journal of Behavioral Medicine (2022) 29:416-425

rumination and poor sleep quality) is moderated by expres-
sion suppression. As cognitive reappraisal targets refram-
ing the event, whereas expressive suppression focuses on
alternating the emotion [30], these two emotion regulation
strategies were postulated to moderate these two different
paths. We posited the following hypotheses:

Hypothesis 1. Rumination partially explains the positive
relation between COVID-19 stressors and poor sleep
quality.

Hypothesis 2. The size of the positive correlation
between COVID-19 stressors and rumination is smaller
among those who engage in more cognitive reappraisal
than those who engage in less.

Hypothesis 3. The size of the positive correlation
between rumination and poor sleep quality is larger
among those who practice more expression suppression
than those who practice less.

Method
Procedure

This multicenter, cross-sectional online study was conducted
in Eastern China during the early stages of the COVID-19
pandemic (i.e., February to March 2020) to directly examine
the study hypotheses. The questionnaire was hosted on Sur-
vey Star (an online data collection software) and distributed
to participants via the social media platforms, WeChat and
QQ. As the study was distributed online, students partici-
pated in the study from various regions of China. Individuals
were eligible for this study if they were in the social media
groups and self-identified as currently enrolled college stu-
dents from the participating centers and universities. Sixty-
one observations data were excluded for failing an atten-
tion check question. Because the Survey Star only recorded
responses from fully completed questionnaires, there were
no missing data. This study was approved by the Research
Ethics Committee of the first author’s institution. All partici-
pants consented to participate, and no identifiable informa-
tion was collected. Participation in this study was entirely
voluntary, and no compensation was given.

Participants

The final sample consisted of 1106 college students
(Mo =19.58, SD=1.61, range =18-25, 57.2% female).
More than half (65.3%) were 1st years, 17.7% were 2nd
years, 9.7% were 3rd years, and 7.3% were 4th years.
Slightly more than the majority (54.6%) reported their place
of residence as urban compared to rural.
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Measures
COVID-19 Stressors

COVID-19 stressors were measured via the Stressors of
COVID-19 Scale [13] in which participants rated how
stressed they felt on several factors stemming from the
COVID-19 pandemic. The scale is comprised of four
dimensions: (1) disease stressors of COVID-19 (7 items,
e.g., “the high contagiousness of COVID-19”), (2) informa-
tion stressors of COVID-19 (4 items, e.g., “negative news
about COVID-19”), (3) measures stressors of COVID-19 (4
items, e.g., “the lack of systematic and effective treatment
methods”), and (4) environmental stressors of COVID-19
(4 items, e.g., “the stability/instability of my family’s finan-
cial situation”), a=0.957. Participants rated each item on a
5-point Likert scale ranging from 1 (no stress) to 5 (great
stress). Higher total scores indicate greater levels of COVID-
19-related stress.

Rumination

The Chinese Version of the Ruminative Responses Scale
[39], adapted from [40], was administered to measure par-
ticipants’ level of rumination during the past month. The
scale includes three dimensions: (1) compulsive thinking (5
items, e.g., “I think “What am I doing to deserve this?’”),
(2) reflective thinking (5 items, e.g., “I go someplace alone
to think about my feelings”), and (3) symptomatic rumina-
tion (12 items, e.g., “I think ‘T won’t be able to do my job if
I don’t snap out of this’”), a=0.963. Participants rated each
item on a 4-point Likert scale ranging from 1 (never) to 4
(always), with higher total scores indicating higher levels of
rumination. This scale has been used in the Chinese popula-
tion [21, 26] with good reliability and validity.

Poor Sleep Quality

The Chinese Version of the Pittsburg Sleep Quality Index
[41], adapted from [42], was used to evaluate participants’
sleep quality during the past month. The scale contains
19 items that cover seven equally weighted dimensions of
sleep quality: (1) subjective sleep quality (1 item, e.g., “how
would you rate your sleep quality overall”), (2) sleep latency
(2 items, e.g., “how long has it usually take you to fall asleep
each night”), (3) sleep duration (1 item, e.g., “how many
hours of actual sleep did you get at night?”), (4) habitual
sleep efficiency (3 items, e.g., “when have you usually gone
to bed at night”), (5) sleep disturbances (9 items, e.g., “how
often have you had trouble sleeping because you cannot get
to sleep within 30 min”), (6) use of sleep medication (1
item, e.g., “how often have you taken medicine to help you
sleep”), and (7) daytime dysfunction (2 items, e.g., “how
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Fig. 1 The proposed moderated mediation model
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enthusiasm to get things done”),  =0.869. Following proce-
dures from a previous study [43], scores of each dimension
were averaged to produce the final score, with higher scores
indicating poorer sleep quality. All items were rated on a
4-point Likert scale ranging from 0 (high quality of sleep) to
3 (low quality of sleep). This scale has been used with good
reliability in the Chinese population in prior research [43].

Emotion Regulation

The Emotion Regulation Questionnaire was used to assess
students’ emotion regulation strategy in its Chinese ver-
sion [44], adapted from [45]. This scale consists of two
dimensions: (1) cognitive reappraisal (6 items, e.g., “I
control my emotions by changing the way I think about
the situation I’'m in,” ¢ =0.932) and (2) expressive sup-
pression (4 items, e.g., “I control my emotions by not
expressing them,” a=0.826). All items were rated on a
7-point Likert scale ranging from 1 (strongly disagree)
to 7 (strongly agree). The higher scores on each subscale
indicate the higher frequency with which college students
use cognitive reappraisal or expressive suppression. Good
reliability and validity of the scale were shown in the
Chinese population [46, 47].

Skewness and kurtosis values [48] were within the accept-
able ranges (i.e., skewness ranged from —0.40 to 1.44 and
kurtosis ranged from —0.62 to 2.34). Gender (dummy coded
as 0 [female] and 1 [male]) was controlled for in the sub-
sequent analyses based on prior findings whereby women
tended to report experiencing more sleep problems than
men [49-51]. The mediating effect of rumination was tested
using the PROCESS macro for SPSS, Model 4, while the
moderated mediation effect was constructed through Model
21 [52]. Simple slope tests were performed to demonstrate
the interaction patterns, and significant moderation effects
were probed at plus and minus one standard deviation from
the mean of the predictor variables. All study variables were
standardized by calculating z-scores, and the mediation and
moderated mediation models utilized 5000 bootstrapped
resamples to calculate confidence intervals [52] (Fig. 1).

Results
Preliminary Analysis

The means, standard deviations, and bivariate correlations
of the study variables are shown in Table 1. Participant

Table.1 l?escriptive s.tatistics Variable M SD 1 Py 3 4
and bivariate correlations of
study variables 1. COVID-19 stressors 229 0.84 -
2. Rumination 1.57 0.55 566" -
3. Poor sleep quality 0.79 0.55 4317 604 -
4. Cognitive reappraisal 3.57 1.29 —.164™ —.142™ 098" -
5. Expressive suppression 3.68 1.20 237" 273" 223" —.565""

seokok

“p<.05,"p<.01, " p<.001
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Table 2 Regression analyses for each path of the conceptual model

Predictor Criterion variable Rumination Criterion variable Criterion variable Criterion variable

(a) Poor sleep quality (b/c) Rumination (z,) Poor sleep quality (z,)

95% CI 95% CI 95% CI 95% CI

p Lower Upper p Lower Upper f Lower Upper p Lower Upper
Gender (1=male) —.105" —204 —.006 09  —.005 .185 —.133"" - 224 —.033 .096" —.002 .191
CS 5727 523 621 1257 068 182 5617 512 610 1267 068 .183
Rumination 533" 476 590 497 436 557
CR —.092" —.147 -.036
CSxCR —.053" —.097 —.008
ES 065" 015 114
Rumination X ES 053" 013 .093
R? 323 378 330 385
F 262.928" 223.544" 135.505"" 137.452°"

CS COVID-19 stressors, CR cognitive reappraisal, ES expressive suppression. Gender was dummy coded. Specific paths corresponding to con-

ceptual model given in parentheses. “p <.05, “p <.01, “*p <.001

responses to COVID-19 stressors ranged from the lowest
to highest possible scores (i.e., 1 to 5), and 44.12% of them
reported COVID-19 stress levels that were above the mid-
point value of the scale. The proportion of students who met
the criteria of poor sleep quality [42] was 37.7%, and those
who reported above the midpoint value of the rumination
scale was 18.63%.

Mediation Effect Analysis

COVID-19 stressors were positively correlated with rumina-
tion (f=0.572, p <0.001) and poor sleep quality (f=0.125,
p<0.001). Rumination was positively associated with
poor sleep quality (8=0.533, p<0.001). The direct effect
of COVID-19 stressor on poor sleep quality remained

positive. Accordingly, rumination partially mediated the
effect of COVID-19 stressors on poor sleep quality (indi-
rect effect=0.305, SE=0.032, 95% CI, ., =[0.244, 0.369]),
accounting for 70.93% of the total effect (Table 2). There-
fore, hypothesis 1 was supported.

Moderated Mediation Effect Analysis

Cognitive reappraisal moderated the effect of COVID-19
stressors on rumination (f= —0.053, p=0.020; Fig. 2).
Rumination levels by COVID-19 stressors, separately for low
(i.e., one SD below the mean) and high (i.e., one SD above
the mean) degrees of cognitive reappraisal, are presented
in Fig. 3a. COVID-19 stressors were positively associated
with rumination for both students with low (8, =0.614,

COGNITIVE EXPRESSIVE
REAPPRAISAL : SUPPRESSION :
-.053* i -.092%* .053** : .065*
v i
COVID-19 STRESSORS 4 > RUMINATION Y »| POOR SLEEP QUALITY
561%** 497**x*

|

126%%* (431%%%)

Fig.2 Moderated mediation model. *p <.05, **p <.01, ***p <.001. Dotted lines represent direct paths from the moderators to the mediator and
outcome variables. Standardized beta coefficients are presented; total effect is presented in the parentheses
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Fig.3 Moderated paths. High and low values indicate+1 SD and—1 SD from the mean, respectively. CS COVID-19 stressors, CR cognitive
reappraisal, ES expressive suppression. Y axes represent beta-coefficients of the interaction variables predicting y-axis label variable

p<0.001, 95% CI [0.549, 0.679]) and high levels of cogni-
tive reappraisal (f,;,,,,=0.508, p<0.001, 95% CI [0.441,
0.576]) but the correlation was notably weaker in the latter.

Expressive suppression moderated the effect of rumina-
tion on poor sleep quality (f=0.053, p=0.014; Fig. 2).
Poor sleep quality by rumination, separately for low (i.e.,
one SD below the mean) and high (i.e., one SD above
the mean) levels of expressive suppression, are given in
Fig. 3b. Rumination was positively associated with poor
sleep quality for students with both low (Bjyp. =0.444,
p<0.001, 95% CI [0.361, 0.526]) and high levels of
expressive suppression (fiyy e =0.550, p <0.001, 95% CI
[0.489, 0.611]), but the correlation was notably stronger
in the latter.

The bias-corrected percentile bootstrap analysis fur-
ther indicated that cognitive reappraisal and expressive
suppression moderated the mediating effect. For col-
lege students with low cognitive reappraisal, the indi-
rect effect of rumination on the COVID-19 stressors and
poor sleep quality association was stronger (= 0.305,
SE=0.035, 95% Cl,,,=[0.238, 0.375]) than those with
high cognitive reappraisal (f=0.252, SE=0.027, 95%
Cl,o=10.204, 0.308]). The standardized moderation
effect of cognitive reappraisal was 0.003. Furthermore,
for college students with low expressive suppression,
the indirect effect of rumination was weaker (f=0.249,
SE=0.029, 95% CI,,.,,=[0.195, 0.311]) compared to those
high in expressive suppression (f=0.308, SE=0.037,

95% Cl,,,=10.235, 0.383]). The standardized modera-
tion effect of expressive suppression was 0.004. Hence,
Hypotheses 2 and 3 were supported.

Discussion

This study found that COVID-19 stressors were signifi-
cantly linked to poor sleep quality, and rumination par-
tially mediated this association among Chinese college
students. Furthermore, the indirect relation between
COVID-19 stressors and poor sleep quality through
rumination was moderated by cognitive reappraisal and
expression suppression. The strength of the association
between COVID-19 stressors and rumination was weaker
among those who tended to cognitively reappraise, and
the strength of the association between rumination and
poor sleep quality was stronger among those who tended
to suppress their emotion expression.

The Mediating Role of Rumination

The finding that rumination functions as one mediating
mechanism linking stress to poor sleep quality was con-
sistent with previous studies [13, 25, 53]. This further evi-
dences that ruminative behavior and thinking can emerge

@ Springer



422

International Journal of Behavioral Medicine (2022) 29:416-425

in the presence of uncontrollable factors such as unprec-
edented and repetitive COVID-19 stressors [17] and that
perseverative cognition can be health-threatening due to its
function to sleep quality [22].

COVID-109 stressors remained a direct correlate of poor
sleep quality, suggesting that COVID-19 stress is likely
a unique and salient risk factor for poor sleep quality.
Indeed, one prior study had found that daily consumption
of COVID-19 news and media was associated with depres-
sion and poor sleep quality, similar to the current finding
where media exposure to COVID-19 was one component
of stressors [54]. Further, loneliness has been resulted
from the pandemic, especially among college students who
may feel that they are unable to experience a significant
part of their social development due to the public health
measures (e.g., lockdowns) [55-57]. As partially captured
in our COVID-19 stressors scale, loneliness may likely
disrupt young adults’ sleep and induce greater negative
outcomes in the long run [58]. Hence, in addition to pay-
ing attention to the rumination behavior, social interven-
tions are equally necessary to target COVID-19 stressors
themselves to mitigate college students’ susceptibility to
poor sleep quality.

Additionally, there could be other factors serving as
mechanisms linking COVID-19 stressors and poor sleep
quality. Behavioral outcomes due to the pandemic and
the stress associated with them (i.e., increased screen
time, daytime napping) could influence circadian rhythm,
stages of sleep (e.g., slow-wave sleep), and ultimately
sleep quality [59, 60]. Thus, further research is essential
to investigate other relevant mechanisms underlying the
direct association between COVID-19 stressors and sleep
quality.

The Moderating Role of Emotion Regulation

The association between COVID-19 stressors and rumi-
nation became weaker as the students’ tendency to cogni-
tively reappraise increased. This finding is consistent with
the risk buffering model [61] which suggests that cognitive
reappraisal can serve as a protective factor in mitigating
the adverse effects of psychological distress. Specifically,
students who routinely engage in cognitive reappraisal may
have been able to apply attention distribution away from
negative events [62, 63]. For instance, students adept at cog-
nitive reappraisal might be more readily capable of directing
their attention toward the positive elements of the pandemic,
such as by strengthening social bonds through solidarity
[56]. Thus, even when experiencing COVID-19 stressors,
these students might be less likely to suffer from adverse
outcomes of stress (i.e., poor sleep quality) than those who
are less efficient in cognitive reappraisal.

@ Springer

The association between rumination and poor sleep qual-
ity grew stronger as expressive suppression also increased.
This result lends credence to prior literature whereby expres-
sive suppression promoted sympathetic activation of the
cardiovascular systems [64], which could, in turn, worsen
sleep quality (e.g., REM sleep) [65, 66]. Furthermore, for
students with high levels of expressive suppression, when
they have not only repeated negative thoughts about COVID-
19, but also difficulties uttering their feelings appropriately,
they could experience a cumulative effects of the negative
emotions on health consequences [28]. Thus, individuals
who have high levels of expressive suppression are likely to
experience a stronger correlation between rumination and
impaired sleep in the current research.

Limitations

Interpretation of the findings of this study must consider
the following limitations. First, the current study was cross-
sectional and thus causal inferences are limited. The media-
tion model, which assumes underlying causality [67], should
be replicated in future studies with experimental and lon-
gitudinal designs and physiological measurements. How-
ever, given the theory and empirical evidence that indicate
rumination could mediate the effect of stress on health out-
comes [17, 68], including sleep health [53, 69], and that
cross-sectional studies could provide valuable information
to reveal the associations between variables [48, 52], we are
reasonably confident in conceptual sequence and the use of
the mediation model in the present study [70]. Secondly,
our sample consisted of college students in China, and the
dataset only contained respondents who have completed all
measurement items. Thus, the generalizability of the find-
ings is constrained to the social context of the study. Third,
the current model examined rumination as a mediating
mechanism and did not consider other factors that may be at
play. Lastly, although participants were assured of their ano-
nymity, all variables were assessed via self-report measures
and may have been subject to the social-desirability bias.

Conclusion

This study unpacked how COVID-19 stressors related to
sleep health. Given that poor sleep quality is associated with
maladaptive psychological, physiological, and achievement
outcomes to college students, our study represents a crucial
step in understanding the sleep health issue among Chinese
college students amidst the COVID-19 pandemic. Further,
the study highlighted the roles COVID-19 stressors, rumi-
nation, and emotion regulation play in sleep quality. Inter-
ventions that address rumination and appropriate emotion
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regulation strategies might prove efficacious in improving
sleep quality among college students during the pandemic.
As college campuses begin reopening despite the lingering
threats of COVID-19 to public health, college mental health
professionals should pay special attention to students’ sleep
quality. Additionally, it is equally important to actively pro-
mote student’s understanding of COVID-19 related stressors,
foster proper emotion regulation strategies, and encourage
help-seeking.
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