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Abstract: The association between sleep problems and quality of life has been well documented and
the COVID-19 pandemic seemingly had an impact on both sleep quality and health-related quality of
life (HRQoL). However, recent evidence about this relationship among university students is limited.
The aims of this study are to investigate the prevalence of poor sleep quality and insomnia and
to explore the associations between these outcomes, perceived stress, and HRQoL among Italian
university students. An anonymous questionnaire comprising the Pittsburgh Sleep Quality Index,
the Insomnia Severity Index, the Short Form-12 health survey, and the Perceived Stress Scale was
administered to a convenience sample of 1279 students (1119 females and 160 males, mean age:
23.4 £ 2.5 years) attending one of the largest Italian universities. A total of 65% of the participants
showed poor sleep quality, whereas 55% reported insomnia symptoms. Students reporting poor
sleep quality and insomnia obtained higher perceived stress scores and lower physical and mental
HRQOoL scores. Controlling for health-related variables and perceived stress, hierarchical regression
analyses showed that sleep quality components added a significant contribution to the prediction of
both physical (AR? = 0.1) and mental (AR? = 0.02) HRQoL. As a whole, these findings confirm the
relevance of sleep for university students’ well-being and might inform the development of health
promotion interventions for this population.

Keywords: sleep quality; insomnia; health-related quality of life; perceived stress; university students;
COVID-19 impact

1. Introduction

Poor sleep quality, reduced sleep duration, and sleep disorders, such as insomnia and
obstructive sleep apnea, have been widely shown to be associated with adverse outcomes
for both physical and mental health, including cardiovascular and metabolic diseases [1-4],
anxiety and depression [5-7], and reduced cognitive functioning [8], consistently with the
acknowledged role of sleep in the regulation of biological processes pivotal for health [9].

Sleep quality has been conceptualized as a construct comprising both quantitative-
objective and subjective aspects of sleep [10,11]. Sleep disorders are highly prevalent among
young adults [12] and poor sleep quality seems to be particularly common among university
students, with large studies conducted across different socio-cultural contexts [13-17]
reporting prevalence rates between 50% and 70% for poor sleep quality assessed with the
Pittsburgh Sleep Quality Index [18]. In this population, significant associations have been
reported between poor sleep, mental health problems [19], and academic performance [20].
Given the well-established bidirectional nature of the relationship between poor sleep and
distress [5,6,21,22], improving sleep quality should be a primary objective of preventive
mental health interventions for young adults.
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Quality of life is a broad concept that refers to the subjective perception of one’s
well-being and position in life [23], and health-related quality of life (HRQoL) pertains to
the health aspects of quality of life, which directly reflect on physical and mental well-being.
Given the above-mentioned role of sleep in health and its relations with both mental and
physical conditions whose relevance for well-being is evident, it is not surprising that the
association between sleep quality and quality of life has been widely investigated both
in clinical [24-26] and community samples [27-30]. For example, in a large community
sample of young adults from the U.S., Chen, Gelaye, and Williams [27] found a significant
association between sleep disturbances and a low health-related quality of life, and Marques
and colleagues [29] showed that subjective sleep quality was related to the main aspects of
quality of life, including physical and psychological health. Similarly, Clement-Carbonell
et al. [28] reported significant associations between sleep quality and both physical and
mental health-related quality of life in a sample of Spanish university students, with the
latter association being stronger than the former.

The recent outbreak of the COVID-19 pandemic seemingly had a negative impact on
both sleep quality [31] and health-related quality of life of the general population [32,33].
Several studies conducted in Italy during the first lockdown period in 2020 reported
increased sleep difficulties in association with high levels of depression, anxiety, and stress
on samples mostly comprising university students [34-37]. However, to our knowledge,
no results have been reported to date with respect to the relationship between sleep quality
and health-related quality of life in Italy, neither before nor after the occurrence of the
COVID-19 pandemic. Based on these premises, this study aims to investigate sleep quality
and insomnia symptoms among Italian university students in the late phase of the COVID-
19 pandemic, to examine the relationships between these outcomes, perceived stress, and
health-related quality of life, and to explore the associations between specific aspects of
sleep quality and physical and mental health-related quality of life controlling for the
influence of socio-demographic and health-related variables and psychological distress.

2. Materials and Methods
2.1. Participants

An online cross-sectional survey was conducted from March 2021 to June 2021. An
invitation to participate was delivered through mailing lists and university social network
groups to students enrolled at the Sapienza University of Rome. A total of 1288 students
attending undergraduate or postgraduate taught courses from diverse departments and
faculties answered the survey. Consistently with the purpose of investigating the condition
of young adults university students, subjects older than 35 years (n = 9) were excluded. No
further exclusion criteria were applied.

All participants were informed about the aims of the study, took part in the survey
voluntarily with confidentiality and anonymity assurances, and provided informed con-
sent. The study protocol was approved by the competent Ethics Committee at Sapienza
University of Rome (protocol number 0308/2021).

2.2. Measures

The administered survey consisted of an introductory section gathering socio-
demographic and health-related information, followed by the Italian versions of the Pitts-
burgh Sleep Quality Index (PSQI) [18], the Insomnia Severity Index (ISI) [38], the 10-item
Perceived Stress Scale (PSS-10) [39,40], and the Short Form-12 questionnaire (SF-12) [41].
Cronbach’s alpha coefficients () were calculated in order to examine the reliability of the
scales with respect to the conventional criteria [42].

Sleep quality was assessed with the Italian version of the PSQI [43]. This well-known
questionnaire is composed of 19 items with different response formats (open-ended or
5-point Likert scales) that investigate typical sleep duration, sleep time habits, and sleep-
related disturbances, and measures 7 dimensions (subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, and
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daytime dysfunction) with aggregated scores ranging from 0 to 3. The total score (range:
0-21) was obtained by summing the dimensions’ scores, with higher scores corresponding
to a worse sleep quality. A cut-off of 5 for the global score was identified for poor sleep
quality [18]. An alternative scoring model was proposed for the PSQI with three factors [44],
namely perceived sleep quality (given by the sum of the scores of subjective sleep quality,
sleep latency, and use of sleep medications), sleep efficiency (given by the sum of the scores
of sleep duration and habitual sleep efficiency), and daily disturbances (given by the sum
of the scores of sleep disturbances and daytime dysfunction). In order to obtain a greater
amount of information, both scoring models (global score and three factors) were used in
this study. In the original validation study [43], the Italian PSQI successfully discriminated
between healthy controls and patients with various sleep complaints and showed a high
reliability (Cronbach’s o = 0.83). Internal consistency for the seven dimensions’ scores was
acceptable in the sample examined in this study with o = 0.7. Information about specific
sleep variables, such as sleep duration and sleep latency, was derived from the PSQI items.

Symptoms of insomnia were measured with the ISI, a seven-item questionnaire assess-
ing subjective sleep difficulties, which has been shown to be reliable (Cronbach’s « = 0.74)
and sensitive to detect changes in perceived insomnia severity after treatment [38]. Items
are rated on a 5-point response scale and their sum provides a global score ranging from
0 to 28. A total of 4 severity categories were identified for the total score: no insomnia
(score range: 0-7), subthreshold insomnia (score range: 8-14), moderate insomnia (score
range: 15-21), and severe insomnia (score range: 22-28). The ISI showed acceptable internal
consistency in this study with « = 0.84.

Perceived stress was measured with the 10-item version of the PSS, a widely used brief
scale. Items are both negatively (e.g., ‘In the last month, how often have you been upset
because of something that happened unexpectedly?’) and positively phrased (e.g., ‘In the
last month, how often have you felt confident about your ability to handle your personal
problems?’), refer to the last month, and are rated on a five-point Likert scale. The total score
ranges between 0 and 40, with higher scores indicating a higher level of perceived stress, and
associations were reported between perceived stress scores and symptoms of depression
and anxiety [45]. The Italian version of the scale showed good psychometric properties in
terms of reliability and concurrent validity (Cronbach’s « = 0.74 and significant correlation
with depressive symptoms), even in comparison with the original 14-item version of the
instrument [46]. Internal consistency was adequate in this study with o = 0.81.

The SF-12 was used to measure the health-related quality of life. The questionnaire
consisted of 12 items with different response formats and evaluated 8 dimensions (namely,
physical activity, role and physical health, role and emotional state, mental health, physical
pain, general health, vitality, and social activities). These dimensions are aggregated in
two scores, the physical component summary (PCS) and the mental component summary
(MCS), which reflect, respectively, the physical and mental health-related quality of life
and showed good empirical validity and acceptable reliability in repeated administrations
(test—retest reliability coefficients were 0.89 for the PCS and 0.76 in the original validation
study [41]). Scores for both components are standardized (M = 50, SD = 10), with higher
scores corresponding to a better quality of life. The Italian adaptation of the question-
naire [47] was used in this study and satisfactory reliability was found for the global score
(= 0.81).

2.3. Statistical Analyses

Descriptive and inferential statistical analyses were conducted using IBM SPSS soft-
ware (version 25.0, IBM Corp., Armonk, NY, USA). Continuous variables were summarized
by the means and standard deviations or medians and interquartile ranges; the categorical
variables were summarized by counts and percentages with 95% confidence intervals.
Questionnaires’ scores were considered as continuous variables.

The association between categorical variables was examined with a chi-squared test,
whereas the Student’s t-test or Mann—-Whitney U test were used to compare continuous
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variables according to the data distribution, and Cohen’s d was calculated as a measure
of effect size, considering d = 0.20 as a small effect size, d = 0.50 as a medium effect size,
and d = 0.80 as a large effect size [48]. Pearson’s correlation coefficients were calculated to
evaluate the bivariate relationships among the scores of the questionnaires. Hierarchical
multiple regression analyses were conducted to explore the association between the investi-
gated variables and health-related quality of life. For all the analyses performed, p-values
below 0.05 were considered statistically significant.

3. Results
3.1. Participants’ Characteristics and Sleep Status

The final sample comprised 1279 university students, with a large prevalence of fe-
males (1119 females and 160 males, mean age: 23.4 & 2.5 years). Participants’ characteristics
and questionnaires’ scores are reported in Table 1. The mean sleep duration was 7.0 £ 1.1 h
and 32.6% (n = 417; 95% CI: 30-35.2%) of the students reported less than 7 h of sleep per
night. With respect to the sleep quality and insomnia severity, 64.5% (n = 825; 95% CI:
61.9-67.1%) of the sample obtained a score above 5 on the PSQI, indicating poor sleep
quality, and 54.8% (n = 701; 95% CI: 52.1-57.5%) scored above the cut-off of 7 on the IS,
with 41.2% of the participants (n = 527; 95% CI: 38.5-44%) reporting subthreshold insomnia
symptoms, 12.4% (n = 159; 95% CI: 10.7-14.4%) reporting moderate insomnia symptoms,
and 1.2% (n = 15; 95% CI: 0.68-2%) reporting severe insomnia symptoms. No significant
association was found between gender (female/male) and both sleep quality (good/poor;
x2=12, p = 0.27) and insomnia severity (below cut-off/above cut-off; x2 =0.64, p =0.43),
although higher mean scores were found for females on the PSQI (t = 3.04, p <0.01, d = 0.26).

Table 1. Participants’ (N = 1279) demographic and health-related characteristics, sleep problems, and
mean scores in the PSQI, the ISI, the PSS-10, and the SF-12 questionnaires.

Variable N (%) Mean (SD)
Gender
Female 1119 (87.5)
Male 160 (12.5)
Age 23.4 (2.5)
Smoking habit
Non-smoker 670 (52.4)
Regular smoker 413 (32.3)
Occasional smoker 196 (15.3)
Physical exercise
>2 times per week 487 (38.1)
<2 times per week 792 (61.9)
BMI (kg/m?)
<18.5 (underweight) 144 (11.3)
18.5 to 24.99 (normal weight) 929 (72.6)
>25 (overweight) 206 (16.1)
Sleep duration (hours) 7.0 (1.1)
Sleep quality (PSQI) 8.7 (5.2)
Good (PSQI score < 5) 454 (35.5)
Poor (PSQI score > 5) 825 (64.5)
Insomnia severity (ISI) 7.1(3.2)
No insomnia (ISI score < 7) 578 (45.2)
Subthreshold insomnia (ISI score 8-14) 527 (41.2)
Moderate insomnia (ISI score 15-21) 159 (12.4)
Severe insomnia (ISI score > 21) 15 (1.2)
PSS-10 25.1 (6.4)
SE-12
PCS—physical component summary 52.6 (7.4)
MCS—mental component summary 33.5(9.9)

BMI: Body Mass Index; PSQI: Pittsburgh Sleep Quality Index; ISI: Insomnia Severity Index; PSS-10: 10-item
Perceived Stress Scale; and SF-12: Short Form-12.
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3.2. Differences in Perceived Stress and HRQoL According to Sleep Quality and Insomnia Severity

The mean PSS-10, PCS, and MCS scores grouped according to sleep quality (good
sleepers vs. poor sleepers) and insomnia severity (below cut-off insomnia symptoms
vs. above cut-off insomnia symptoms) are reported in Table 2. Poor sleep quality was
associated with higher distress and a worse physical and mental health-related quality of
life, with poor sleepers showing higher PSS-10 scores (t = —10.7, p < 0.001, d = 0.62) and
lower PCS (t =9.0, p < 0.001, d = 0.53) and MCS scores (t = 10.7, p < 0.001, d = 0.63) with
consistently medium-effect sizes. The same pattern with similar-effect sizes was observed
for subjects reporting relevant insomnia symptoms (respectively for PSS-10, PCS, and MCS:
t=-12.0,p <0.001,d =0.66; t =11.2, p < 0.001, d = 0.64; t = 10.6, p < 0.001, d = 0.59).

Table 2. Differences in perceived stress, physical health-related quality of life, and mental health-
related quality of life scores according to sleep quality and the presence of insomnia.

Sleep Quality (PSQI) Insomnia (ISI)
Good Poor No Insomnia Insomnia
Mean (SD) Mean (SD) t d Mean (SD) Mean (SD) t d
PSS-10 22.6 (6.5) 26.4 (5.9) —10.7 *** 0.62 229 (6.3) 26.9 (5.8) —12.0 0.66
PCS 55.1 (6.0) 51.3(7.7) 9.0 *** 0.53 55.1 (5.9) 50.6 (7.8) 11.2 *** 0.64
MCS 37.4(10.3) 31.4(9.2) 10.7 *** 0.63 36.6 (10.5) 30.9 (8.8) 10.6 *** 0.59

PSQI: Pittsburgh Sleep Quality Index; ISI: Insomnia Severity Index; PSS-10: 10-item Perceived Stress Scale;
PCS: Short Form-12 Physical Component Summary; and MCS: Short Form-12 Mental Component Summary.
%%

p <0.001.

3.3. Relationship between Sleep Quality and HRQoL

The correlation coefficients between the PSQI, the ISI, the PSS-10, and the SF-12
components scores are reported in Table 3. All the examined relations were statistically
significant except for the correlation between the PCS and the MCS (r = —0.037, p = 0.19).
Consistently with the similar nature of the measured constructs, significant and large
correlations were found between the PSQI score and the ISI score (r = 0.726, p < 0.001), and
between the PSS5-10 score and the MCS score (r = —0.65, p < 0.001). In addition, perceived
stress, physical health-related quality of life, and mental health-related quality of life all
showed significant low—-medium correlations with both sleep quality (respectively r = 0.393,
p <0.001; r = —0.350, p < 0.001; r = —0.353, p < 0.001) and insomnia severity (respectively
r=0.382, p <0.001; r = —0.323, p < 0.001; r = —0.339, p < 0.001).

Table 3. Pearson’s correlation coefficients between sleep quality (PSQI), insomnia severity (ISI),
perceived stress (PSS-10), physical health-related quality of life (SF-12 PCS), and mental health-related
quality of life (SF-12 MCS) scores.

1. 2. 3. 4. 5.
1. PSQI 1
2. 181 0.726 *** 1
3. PSS-10 0.382 *** 0.393 *** 1
4. PCS —0.323 *** —0.350 *** —0.196 *** 1
5. MCS —0.339 *** —0.353 *** —0.650 *** —0.037 1

PSQI: Pittsburgh Sleep Quality Index; ISI: Insomnia Severity Index; PSS: 10-item Perceived Stress Scale; PCS: Short
Form-12 Physical Component Summary; and MCS: Short Form-12 Mental Component Summary. *** p < 0.001.

In order to examine the association between sleep quality and health-related quality
of life controlling for the impact of demographic and health-related factors and perceived
stress better, the results of bivariate analyses were further explored by conducting two
hierarchical multiple regressions with the PCS and the MCS scores as the dependent
variables. For both models, the same independent variables were entered in two subsequent
steps: gender (with female as baseline), age, smoking habit (with 0 = non-smoker and
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1 = smoker), physical exercise (with 0 = exercise less than 2 times a week and 1 = exercise 2
or more times a week), body mass index (BMIL in kg/ m? as a continuous variable), and
the PSS-10 score in Step 1, and the three dimensions of the PSQI identified by Cole et al.
(2006) [44], namely sleep efficiency, perceived sleep quality, and daytime disturbances in
Step 2. The sub-dimensions were preferred over the PSQI global score in order to examine
in detail the associations among the specific aspects of sleep quality and health-related
quality of life.

Variance inflation factors (VIFs) were below 2 and the Durbin—-Watson statistic values
were around 2 for all the independent variables, and a visual inspection revealed no signifi-
cant asymmetry in residuals distributions for both models, thus relevant multicollinearity
was excluded. The coefficients and summary statistics for the two models predicting the
PCS and the MCS scores are reported in Tables 4 and 5.

Table 4. Hierarchical multiple regression model with physical health-related quality of life (SF-12
PCS) as the dependent variable.

Step 1 Step 2

Coefficient (SE) t Beta Coefficient (SE) t Beta
Variables
Step 1
Gender —0.29 (0.62) —0.47 —0.01 —0.58 (0.59) —0.98 —0.03
Age —0.15 (0.08) —1.84 —0.05 —0.14 (0.08) —1.83 —0.05
Smoking habit —1.6 (0.4) —3.95 *** —0.11 —1.21(0.38) -3.14 —0.08
Physical exercise 1.31 (0.42) 3.15** 0.09 1.31 (0.39) 3.33 ** 0.09
BMI (kg/m?) —0.13 (0.06) —2.25% —0.06 —0.11 (0.05) —2.02* —0.05
PSS-10 —0.2 (0.03) —6.25 *** —0.17 —0.02 (0.03) —0.69 —0.02
Step 2
Sleep efficiency —0.26 (0.16) -1.6 —0.05
Perceived sleep quality —0.35 (0.13) —2.76** —0.09
Daily disturbances —2.16 (0.22) —9.73 *#** —0.29
Summary statistics
Model F 14.82 *** 27.81 ***
R? 0.07 0.17
Adjusted R? 0.06 0.16
R? change F 14.82 *** 50.33 ***

BMI: Body Mass Index; PSQI: Pittsburgh Sleep Quality Index; PSS-10: 10-item Perceived Stress Scale; PCS: Short
Form-12 Physical Component Summary; and MCS: Short Form—-12 Mental Component Summary. Beta: standard-
ized regression coefficient. * p < 0.05; ** p < 0.01; *** p < 0.001.

In the first model (Step 2 in Table 4; R%? =0.17, F = 27.81, p < 0.001), a statistically
significant association with physical health-related quality of life was found for physical
exercise (p < 0.01, = 0.09), body mass index (p < 0.05, 3 = —0.05), perceived sleep quality
(p<0.01, p = —0.09), and daily disturbances (p < 0.001, § = —0.29), but not for sleep
efficiency (p = 0.11). The addition of sleep quality dimensions in Step 2 significantly
improved the model R? (AR2 =0.1, F=50.33, p < 0.001).

On the other hand, in the model predicting the MCS scores (Step 2 in Table 5; R? = 0.44,
F =111.46, p < 0.001), mental health-related quality of life was found to be associated with
perceived stress (p < 0.001, 3 = —0.59) and daily disturbances (p < 0.001, 3 = —0.12), whereas
no associations were found with perceived sleep quality (p = 0.06) and sleep efficiency
(p = 0.81). Again, the contribution of the sleep quality dimensions block was significant
(AR? = 0.02; F = 12.8; p < 0.001).
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Table 5. Hierarchical multiple regression model with mental health-related quality of life (SF-12 MCS)
as the dependent variable.

Step 1 Step 2

Coefficient (SE) t Beta Coefficient (SE) t Beta
Variables
Step 1
Gender —0.86 (0.66) -1.3 —0.03 —0.99 (0.65) —1.53 —0.03
Age —0.07 (0.09) -0.82 —0.02 —0.08 (0.09) —-0.87 —0.02
Smoking habit 0.17 (0.43) 0.4 0.01 0.39 (0.43) 0.9 0.02
Physical exercise 0.55 (0.44) 1.25 0.03 0.55 (0.44) 1.25 0.03
BMI (Kg/m?) 0.04 (0.06) 0.65 0.01 0.05 (0.06) 0.86 0.02
PSS-10 —1.03 (0.03) —29.91 *#** —0.65 —0.93 (0.04) —24.71 *** —0.59
Step 2
Sleep efficiency 0.04 (0.18) 0.24 0.01
Perceived sleep quality —0.26 (0.14) —1.86 —0.05
Daily disturbances —1.2(0.25) —4.92 #** —-0.12
Summary statistics
Model F 156.4 *** 111.46 ***
R? 0.43 0.44
Adjusted R? 0.42 0.44
R? change F 156.4 *** 12.82 ***

BMI: Body Mass Index; PSQI: Pittsburgh Sleep Quality Index; PSS-10: 10-item Perceived Stress Scale; PCS: Short
Form-12 Physical Component Summary; and MCS: Short Form-12 Mental Component Summary. Beta: standard-
ized regression coefficient. *** p < 0.001.

4. Discussion

This study examined sleep quality, insomnia symptoms, perceived stress, and health-
related quality of life in a wide convenience sample of university students attending one
of the largest Italian universities, in the late phase of the COVID-19 pandemic, with the
aim to assess the prevalence of sleep problems and to explore the relationships between
specific dimensions of sleep quality and both physical and mental health-related quality of
life. Descriptive statistics showed that up to 65% of the sample reported poor sleep quality
according to the PSQI, and 33% had a habitual sleep duration of less than 7 h, which is the
minimum amount of sleep conventionally recommended for young adults and adults [49].
Moreover, 55% of the participants reported relevant symptoms of insomnia on the ISI,
with approximately 14% of the sample obtaining a score indicative of clinical insomnia.
Although a major proneness to sleep problems was previously reported for females [50,51],
no substantial associations were found between gender and poor sleep or insomnia in our
study, albeit females obtained a higher mean score on the PSQI corresponding to worse
sleep quality. These results are fundamentally in line with those reported on similar samples
both before [13-17] and after the COVID-19 pandemic outbreak [34,35,37], with previous
estimates for poor sleep quality ranging between 50% and 70%, and further confirm that
sleep problems represent a relevant issue among university students. Furthermore, high
levels of perceived stress and low mental health-related quality of life were observed in the
examined sample. The PSS mean score is consistent with that reported for a large general
population Italian sample during the first COVID-19 lockdown [52] and significantly higher
than those found in samples of university students in the same period [53,54], whereas
the mean standard score observed for the SF-12 index MCS is inferior in comparison with
that reported in a similar sample during the COVID-19 pandemic [55] and almost two
standard deviations lower than the mean score for the Italian normative population [47].
Since restrictive measures with several periods of lockdown have been adopted in Italy
between 2020 and 2021, such alarming results are likely to be attributable at least in part to
the well-documented impact of the pandemic and the related policies on mental health [56],
with seemingly worse outcomes reported for young people [57,58].
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Higher levels of perceived stress and worse physical and mental health-related quality
of life were found for participants with poor sleep quality and mild insomnia symptoms.
Effect sizes were similar for sleep quality and insomnia, in line with the results of correlation
analyses, which showed a strong relationship between the PSQI and the ISI consistently
with previous findings [59]. Furthermore, again consistently with the aforementioned
literature concerning the relationships between sleep and mental and physical health, a
noticeable overlap was found between sleep variables (namely, sleep quality and insomnia
symptoms) and perceived stress, mental, and physical HRQoL.

Regression analyses further explored these associations, showing that sleep quality
components of sleep efficiency, perceived sleep quality, and daily disturbances (i.e., com-
mon sleep problems, such as difficulties with falling asleep, awakenings, bad dreams,
snoring, and their daily consequences), taken together, uniquely explained 10% of the
variance in physical HRQoL and 2% of the variance in mental HRQoL controlling for
relevant demographic and health-related variables and perceived stress levels. Thus, while
the impact of sleep quality on the physical dimension of HRQoL appears rather consistent,
its impact on the mental dimension seems to be less significant, but this last result should
be interpreted while taking into consideration the large overlap with variance explained
by the perceived stress in the model predicting MCS scores. Indeed, with respect to single
sleep quality components, perceived sleep quality and daily disturbances were found to
be significant predictors of physical HRQoL, with worse sleep quality and higher levels
of disturbances corresponding to lower PCS scores, and daily disturbances were also
associated with lower MCS scores, even controlling for the impact of perceived stress,
which was previously identified as a robust predictor of mental HRQoL [60]. These find-
ings are substantially consistent with those reported in previous studies that considered
the same variables and used the same measure of HRQoL (namely, the SF-12), although
some differences should be considered. In particular, Darchia and colleagues [24] found
significant associations between sleep quality (PSQI global score) and both physical and
mental HRQoL after controlling for socio-demographic variables, BMI, and depression in
a sample of 395 subjects aged between 20 and 60 years from Georgia; however, in their
study, the magnitude of the unique association between sleep quality and physical HRQoL
was less consistent than that we observed in our sample. However, this discrepancy might
be attributable to the wider age range of the subjects included in the research of Darchia
et al., since it is likely that several other uncontrolled factors beyond sleep quality had
an impact on the older subjects’ perceptions of their physical health. On the other hand,
in the study conducted by Clement-Carbonell and colleagues [28], the same pattern of
associations was observed among 337 university students from Spain after controlling for
stress and health habits (diet and exercise). Consistently with our findings, significant
relations were found between physical HRQoL and both the subjective sleep quality and
the sleep disturbances components of the PSQI; however, in comparison with the result of
our study, the association observed between sleep quality components and mental HRQoL
is stronger. This disparity might be due to the above-mentioned variance overlap between
the PSS-10 and the SF-12 MCS, and to the overall high level of perceived stress and low
mental HRQoL we found in our sample.

Ultimately, our results show a high prevalence of poor sleep among Italian university
students during the COVID-19 pandemic and support the relevance of sleep quality for
young people’s overall quality of life, highlighting the importance of the development of
effective preventive interventions and treatment strategies for sleep problems tailored to
this population. Indeed, the effectiveness of cognitive behavioral therapy for insomnia
(CBT-I) with respect to sleep outcomes and daytime functioning has been widely proved
both in the general population and among university students, and also in comparison
with other treatments [61-66]. In particular, among the many outcomes considered, CBT-I
showed high effectiveness in reducing insomnia symptoms and ameliorating sleep quality
measured with the same instruments employed in this study (namely, the ISI and the
PSQI) [66], which encompass both specific sleep-related problems and daytime dysfunc-
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tions. The treatment consists of several components (i.e., sleep-focused psychoeducation,
behavioral strategies, and cognitive therapy targeting dysfunctional beliefs about sleep),
and its modular structure makes it a feasible solution. Furthermore, CBT-I has been suc-
cessfully adapted to be delivered as a self-help intervention or in a digital format [67,68],
and thus might easily be integrated into preventive and recovery interventions targeting
stress management and other mental health issues. In these contexts, dedicated sleep
interventions might represent a convenient and strategic resource because of their positive
effects on factors whose associations with both physical functioning and mental well-being
have been explored in this study. In addition, they are likely to have a positive impact on
emotional symptoms [69] and to enhance the effect of other mental health interventions
capitalizing on the recursive relationship between sleep and psychological well-being,
ultimately improving quality of life.

The major strength of this study is that it is the first to directly examine the relationship
between sleep quality and health-related quality of life after the outbreak of the COVID-19
pandemic in a relevant sample of university students. However, the study had several
limitations, which should be critically considered. First, the survey was delivered to a
convenience sample of students from a single university, which was not representative
of the condition of the Italian university student population. A large majority of the
participants were female (87.5%) and, given the previously reported associations between
gender and the investigated variable [51,70,71], this highly imbalanced distribution might
have had an influence on the results of the analyses conducted in this study. Indeed, the high
prevalence of female students in our sample might have inflated the regression coefficients
and our results might not be relevant with respect to the male students who were scarcely
represented in this study. Accordingly, the results of the between-gender comparisons
conducted should be considered with caution. Moreover, the online recruitment procedure
made it impossible to control the quality of the responses and a reliable response rate
could not be obtained. Thus, selection bias could have occurred and sample self-selection
should indeed be considered as a possible competitive explanation for the high rates of
sleep problems and distress observed. In fact, since the participants chose to take part in the
study after receiving information about its aims and objectives, it is possible that students
more sensitive to the investigated domains (i.e., those suffering from sleep problems)
were more inclined to participate, and such a selection process might have produced
over-estimated prevalence rates for both poor sleep quality and insomnia. For all these
reasons, the generalizability of the presented findings could be limited and a comparison
with previous results should be conducted cautiously. Furthermore, our study design was
cross-sectional and causal inferences cannot be drawn from the results; directional paths
of association should be tested in longitudinal studies, which could help to disentangle
and comprehend the characteristic bidirectional interaction between sleep and health-
related quality of life better. With respect to the adopted methodology, we exclusively used
self-report standardized questionnaires in order to reach a wide sample size easily, but
more in-depth information about sleep habits could have been obtained with an extensive
multi-method assessment using idiographic sleep diaries and objective measures, such as
actigraphy. Finally, relevant data concerning other sleep disorders (e.g., obstructive sleep
apnea, circadian rhythm disorders, and nightmares); health-relevant behaviors, such as
substance misuse and the use of electronic devices; and specific psychological variables,
such as resilience and coping, have not been gathered in our study, despite their role in
the relationship between sleep and well-being, which is likely to be significant [24,72-74].
Additionally, no information was collected about contextual and individual factors related
to the COVID-19 pandemic (e.g., exposure to contagion/infection, fear of contagion, and
feelings of loneliness and isolation), and thus precise inferences about the possible impact
of the subjective experience of the pandemic situation on the reported findings cannot
be made.
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5. Conclusions

In conclusion, our study showed high rates of poor sleep quality and insomnia in
a sample of students attending a large Italian university, and highlighted a significant
association between the major components of sleep quality and physical and mental
health-related quality of life after controlling for the effect of health-relevant factors and
perceived stress. These findings can inform the design of treatments and health-promotion
interventions. Nonetheless, further studies should address these relationships to confirm
their relevance and to explore the role of other possible mediating and moderating variables.

Author Contributions: Conceptualization, M.C. and A.V.; methodology, M.C. and A.V.; formal
analysis, M.C.; investigation, M.C. and C.C.; data curation, M.C.; writing—original draft preparation,
M.C.; writing—review and editing, A.V. and M.C.; supervision, A.V. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee Sapienza University of Rome (protocol number
0308/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the results of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.

13.

14.

15.

Gangwisch, ].E.; Heymsfield, S.B.; Boden-Albala, B.; Buijs, R.M.; Kreier, F,; Pickering, T.G.; Rundle, A.G.; Zammit, G.K.; Malaspina,
D. Short Sleep Duration as a Risk Factor for Hypertension: Analyses of the First National Health and Nutrition Examination
Survey. Hypertension 2006, 47, 833-839. [CrossRef] [PubMed]

Huang, T.; Mariani, S.; Redline, S. Sleep Irregularity and Risk of Cardiovascular Events: The Multi-Ethnic Study of Atherosclerosis.
J. Am. Coll. Cardiol. 2020, 75, 991-999. [CrossRef] [PubMed]

Knutson, K.L.; Van Cauter, E. Associations between Sleep Loss and Increased Risk of Obesity and Diabetes. Ann. N. Y. Acad. Sci.
2008, 1129, 287-304. [CrossRef] [PubMed]

Koo, D.L.; Nam, H; Thomas, R.J.; Yun, C.-H. Sleep Disturbances as a Risk Factor for Stroke. . Stroke 2018, 20, 12-32. [CrossRef]
Alvaro, PK,; Roberts, R.M.; Harris, ] K. A Systematic Review Assessing Bidirectionality between Sleep Disturbances, Anxiety,
and Depression. Sleep 2013, 36, 1059-1068. [CrossRef]

Fang, H.; Tu, S.; Sheng, J.; Shao, A. Depression in Sleep Disturbance: A Review on a Bidirectional Relationship, Mechanisms and
Treatment. J. Cell. Mol. Med. 2019, 23, 2324-2332. [CrossRef]

Hertenstein, E.; Feige, B.; Gmeiner, T.; Kienzler, C.; Spiegelhalder, K.; Johann, A.; Jansson-Frojmark, M.; Palagini, L.; Riicker, G.;
Riemann, D.; et al. Insomnia as a Predictor of Mental Disorders: A Systematic Review and Meta-Analysis. Sleep Med. Rev. 2019,
43,96-105. [CrossRef]

Lim, J.; Dinges, D.F. A Meta-Analysis of the Impact of Short-Term Sleep Deprivation on Cognitive Variables. Psychol. Bull. 2010,
136, 375-389. [CrossRef]

Luyster, ES,; Strollo, PJ.; Zee, P.C.; Walsh, J.K. Sleep: A Health Imperative. Sleep 2012, 35, 727-734. [CrossRef]

Krystal, A.D.; Edinger, ].D. Measuring Sleep Quality. Sleep Med. 2008, 9, S10-S17. [CrossRef]

Ohayon, M.; Wickwire, E.M.; Hirshkowitz, M.; Albert, S.M.; Avidan, A.; Daly, E].; Dauvilliers, Y.; Ferri, R.; Fung, C.; Gozal, D.;
et al. National Sleep Foundation’s Sleep Quality Recommendations: First Report. Sleep Health 2017, 3, 6-19. [CrossRef] [PubMed]
McArdle, N.; Ward, S.V.; Bucks, R.S.; Maddison, K.; Smith, A.; Huang, R.-C.; Pennell, C.E.; Hillman, D.R.; Eastwood, P.R.
The Prevalence of Common Sleep Disorders in Young Adults: A Descriptive Population-Based Study. Sleep 2020, 43, zsaa072.
[CrossRef] [PubMed]

Becker, S.P; Jarrett, M.A.; Luebbe, A.M.; Garner, A.A.; Burns, G.L.; Kofler, M.]. Sleep in a Large, Multi-University Sample
of College Students: Sleep Problem Prevalence, Sex Differences, and Mental Health Correlates. Sleep Health 2018, 4, 174-181.
[CrossRef] [PubMed]

Cheng, S.H.; Shih, C.-C.; Lee, LH.; Hou, Y.-W.; Chen, K.C.; Chen, K.-T.; Yang, Y.K; Yang, Y.C. A Study on the Sleep Quality of
Incoming University Students. Psychiatry Res. 2012, 197, 270-274. [CrossRef] [PubMed]

Lemma, S.; Gelaye, B.; Berhane, Y.; Worku, A.; Williams, M. A. Sleep Quality and Its Psychological Correlates among University
Students in Ethiopia: A Cross-Sectional Study. BMC Psychiatry 2012, 12, 237. [CrossRef]


http://doi.org/10.1161/01.HYP.0000217362.34748.e0
http://www.ncbi.nlm.nih.gov/pubmed/16585410
http://doi.org/10.1016/j.jacc.2019.12.054
http://www.ncbi.nlm.nih.gov/pubmed/32138974
http://doi.org/10.1196/annals.1417.033
http://www.ncbi.nlm.nih.gov/pubmed/18591489
http://doi.org/10.5853/jos.2017.02887
http://doi.org/10.5665/sleep.2810
http://doi.org/10.1111/jcmm.14170
http://doi.org/10.1016/j.smrv.2018.10.006
http://doi.org/10.1037/a0018883
http://doi.org/10.5665/sleep.1846
http://doi.org/10.1016/S1389-9457(08)70011-X
http://doi.org/10.1016/j.sleh.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/28346153
http://doi.org/10.1093/sleep/zsaa072
http://www.ncbi.nlm.nih.gov/pubmed/32280974
http://doi.org/10.1016/j.sleh.2018.01.001
http://www.ncbi.nlm.nih.gov/pubmed/29555131
http://doi.org/10.1016/j.psychres.2011.08.011
http://www.ncbi.nlm.nih.gov/pubmed/22342120
http://doi.org/10.1186/1471-244X-12-237

Int. |. Environ. Res. Public Health 2022, 19, 2874 11 of 13

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.
43.

Lund, H.G,; Reider, B.D.; Whiting, A.B.; Prichard, J.R. Sleep Patterns and Predictors of Disturbed Sleep in a Large Population of
College Students. J. Adolesc. Health 2010, 46, 124-132. [CrossRef]

Sing, C.Y.; Wong, W.S. Prevalence of Insomnia and Its Psychosocial Correlates among College Students in Hong Kong. J. Am. Coll.
Health 2010, 59, 174-182. [CrossRef]

Buysse, D.J.; Reynolds, C.F.; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A New Instrument for
Psychiatric Practice and Research. Psychiatry Res. 1989, 28, 193-213. [CrossRef]

Taylor, D.J.; Gardner, C.E.; Bramoweth, A.D.; Williams, ].M.; Roane, B.M.; Grieser, E.A.; Tatum, ].I. Insomnia and Mental Health in
College Students. Behav. Sleep. Med. 2011, 9, 107-116. [CrossRef]

Gilbert, S.P.; Weaver, C.C. Sleep Quality and Academic Performance in University Students: A Wake-Up Call for College
Psychologists. J. Coll. Stud. Psychother. 2010, 24, 295-306. [CrossRef]

Sivertsen, B.; Salo, P.; Mykletun, A.; Hysing, M.; Pallesen, S.; Krokstad, S.; Nordhus, LH.; @verland, S. The Bidirectional
Association between Depression and Insomnia: The HUNT Study. Psychosom. Med. 2012, 74, 758-765. [CrossRef] [PubMed]
Yap, Y.; Slavish, D.C.; Taylor, D.J.; Bei, B.; Wiley, ].F. Bi-Directional Relations between Stress and Self-Reported and Actigraphy-
Assessed Sleep: A Daily Intensive Longitudinal Study. Sleep 2020, 43, zsz250. [CrossRef] [PubMed]

WHOQOL Group. The World Health Organization Quality of Life Assessment (WHOQOL): Position Paper from the World
Health Organization. Soc. Sci. Med. 1995, 41, 1403-1409. [CrossRef]

Darchia, N.; Oniani, N.; Sakhelashvili, I.; Supatashvili, M.; Basishvili, T.; Eliozishvili, M.; Maisuradze, L.; Cervena, K. Relationship
between Sleep Disorders and Health Related Quality of Life—Results from the Georgia SOMNUS Study. Int. ]. Environ. Res.
Public Health 2018, 15, 1588. [CrossRef]

Dong, D.; Lou, P; Wang, J.; Zhang, P.; Sun, J.; Chang, G.; Xu, C. Interaction of Sleep Quality and Anxiety on Quality of Life in
Individuals with Type 2 Diabetes Mellitus. Health Qual. Life Outcomes 2020, 18, 150. [CrossRef] [PubMed]

Tasbakan, M.S.; Gunduz, C.; Pirildar, S.; Basoglu, O.K. Quality of Life in Obstructive Sleep Apnea Is Related to Female Gender
and Comorbid Insomnia. Sleep Breath 2018, 22, 1013-1020. [CrossRef]

Chen, X.; Gelaye, B.; Williams, M.A. Sleep Characteristics and Health-Related Quality of Life among a National Sample of
American Young Adults: Assessment of Possible Health Disparities. Qual. Life Res. 2014, 23, 613-625. [CrossRef]
Clement-Carbonell, V.; Portilla-Tamarit, I.; Rubio-Aparicio, M.; Madrid-Valero, ] J. Sleep Quality, Mental and Physical Health: A
Differential Relationship. Int. |. Environ. Res. Public Health 2021, 18, 460. [CrossRef]

Marques, D.R.; Meia-Via, A.M.S.; da Silva, C.F; Gomes, A.A. Associations between Sleep Quality and Domains of Quality of Life
in a Non-Clinical Sample: Results from Higher Education Students. Sleep Health 2017, 3, 348-356. [CrossRef]

Zeitlhofer, J.; Schmeiser-Rieder, A.; Tribl, G.; Rosenberger, A.; Bolitschek, J.; Kapthammer, G.; Saletu, B.; Katschnig, H.; Holzinger,
B.; Popovic, R.; et al. Sleep and Quality of Life in the Austrian Population: Sleep and Quality of Life. Acta Neurol. Scand. 2000, 102,
249-257. [CrossRef]

Jahrami, H.; BaHammam, A.S.; Bragazzi, N.L.; Saif, Z.; Faris, M.; Vitiello, M. V. Sleep Problems during the COVID-19 Pandemic
by Population: A Systematic Review and Meta-Analysis. J. Clin. Sleep Med. 2021, 17, 299-313. [CrossRef]

Ferreira, L.N.; Pereira, L.N.; da Fé Bras, M.; Ilchuk, K. Quality of Life under the COVID-19 Quarantine. Qual. Life Res. 2021, 30,
1389-1405. [CrossRef] [PubMed]

Ping, W.; Zheng, ].; Niu, X.; Guo, C.; Zhang, J.; Yang, H.; Shi, Y. Evaluation of Health-Related Quality of Life Using EQ-5D in
China during the COVID-19 Pandemic. PLoS ONE 2020, 15, e0234850. [CrossRef] [PubMed]

Cellini, N.; Canale, N.; Mioni, G.; Costa, S. Changes in Sleep Pattern, Sense of Time and Digital Media Use during COVID-19
Lockdown in Italy. J. Sleep Res. 2020, 29, e13074. [CrossRef]

Franceschini, C.; Musetti, A.; Zenesini, C.; Palagini, L.; Scarpelli, S.; Quattropani, M.C.; Lenzo, V.; Freda, M.F.; Lemmo, D.; Vegni,
E.; et al. Poor Sleep Quality and Its Consequences on Mental Health During the COVID-19 Lockdown in Italy. Front. Psychol.
2020, 11, 574475. [CrossRef]

Gualano, M.R,; Lo Moro, G.; Voglino, G.; Bert, E; Siliquini, R. Effects of Covid-19 Lockdown on Mental Health and Sleep
Disturbances in Italy. Int. J. Environ. Res. Public Health 2020, 17, 4779. [CrossRef] [PubMed]

Marelli, S.; Castelnuovo, A.; Somma, A.; Castronovo, V.; Mombelli, S.; Bottoni, D.; Leitner, C.; Fossati, A.; Ferini-Strambi, L.
Impact of COVID-19 Lockdown on Sleep Quality in University Students and Administration Staff. J. Neurol. 2021, 268, 8-15.
[CrossRef]

Bastien, C. Validation of the Insomnia Severity Index as an Outcome Measure for Insomnia Research. Sleep Med. 2001, 2, 297-307.
[CrossRef]

Cohen, S.; Kamarck, T.; Mermelstein, R. A Global Measure of Perceived Stress. J. Health Soc. Behav. 1983, 24, 385. [CrossRef]
Cohen, S.; Williamson, G.M. Perceived Stress in a Probability Sample of the United States. In The Social Psychology of Health;
Spacapam, S., Oskamp, S., Eds.; Sage: Newbury Park, CA, USA, 1988; pp. 31-67.

Ware, J.E.; Kosinski, M.; Keller, S.D. A 12-Item Short-Form Health Survey: Construction of Scales and Preliminary Tests of
Reliability and Validity. Med. Care 1996, 34, 220-233. [CrossRef]

Nunnally, ].C.; Bernstein, LH. Psychometric Theory, 3rd ed.; McGraw-Hill: New York, NY, USA, 1994.

Curcio, G.; Tempesta, D.; Scarlata, S.; Marzano, C.; Moroni, E; Rossini, PM.; Ferrara, M.; De Gennaro, L. Validity of the Italian
Version of the Pittsburgh Sleep Quality Index (PSQI). Neurol. Sci. 2013, 34, 511-519. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jadohealth.2009.06.016
http://doi.org/10.1080/07448481.2010.497829
http://doi.org/10.1016/0165-1781(89)90047-4
http://doi.org/10.1080/15402002.2011.557992
http://doi.org/10.1080/87568225.2010.509245
http://doi.org/10.1097/PSY.0b013e3182648619
http://www.ncbi.nlm.nih.gov/pubmed/22879427
http://doi.org/10.1093/sleep/zsz250
http://www.ncbi.nlm.nih.gov/pubmed/31608395
http://doi.org/10.1016/0277-9536(95)00112-K
http://doi.org/10.3390/ijerph15081588
http://doi.org/10.1186/s12955-020-01406-z
http://www.ncbi.nlm.nih.gov/pubmed/32448338
http://doi.org/10.1007/s11325-018-1621-y
http://doi.org/10.1007/s11136-013-0475-9
http://doi.org/10.3390/ijerph18020460
http://doi.org/10.1016/j.sleh.2017.07.004
http://doi.org/10.1034/j.1600-0404.2000.102004249.x
http://doi.org/10.5664/jcsm.8930
http://doi.org/10.1007/s11136-020-02724-x
http://www.ncbi.nlm.nih.gov/pubmed/33389523
http://doi.org/10.1371/journal.pone.0234850
http://www.ncbi.nlm.nih.gov/pubmed/32555642
http://doi.org/10.1111/jsr.13074
http://doi.org/10.3389/fpsyg.2020.574475
http://doi.org/10.3390/ijerph17134779
http://www.ncbi.nlm.nih.gov/pubmed/32630821
http://doi.org/10.1007/s00415-020-10056-6
http://doi.org/10.1016/S1389-9457(00)00065-4
http://doi.org/10.2307/2136404
http://doi.org/10.1097/00005650-199603000-00003
http://doi.org/10.1007/s10072-012-1085-y
http://www.ncbi.nlm.nih.gov/pubmed/22526760

Int. |. Environ. Res. Public Health 2022, 19, 2874 12 of 13

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Cole, J.C.; Motivala, S.J.; Buysse, D.J.; Oxman, M.N.; Levin, M.].; Irwin, M.R. Validation of a 3-Factor Scoring Model for the
Pittsburgh Sleep Quality Index in Older Adults. Sleep 2006, 29, 112-116. [CrossRef] [PubMed]

Hewitt, P.L.; Flett, G.L.; Mosher, S.W. The Perceived Stress Scale: Factor Structure and Relation to Depression Symptoms in a
Psychiatric Sample. J. Psychopathol. Behav. Assess. 1992, 14, 247-257. [CrossRef]

Mondo, M.; Sechi, C.; Cabras, C. Psychometric Evaluation of Three Versions of the Italian Perceived Stress Scale. Curr. Psychol.
2021, 40, 1884-1892. [CrossRef]

Apolone, G.; Mosconi, P.; Quattrociocchi, L.; Gianicolo, E.A.L.; Groth, N.; Ware, J.E. Questionario Sullo Stato Di Salute SF-12.
Versione Italiana; Guerini e Associati: Milan, Italy, 2005.

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988.
Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hazen, N.; Herman, ]J.; Katz, E.S.; Kheirandish-
Gozal, L.; et al. National Sleep Foundation’s Sleep Time Duration Recommendations: Methodology and Results Summary. Sleep
Health 2015, 1, 40-43. [CrossRef] [PubMed]

Lin, L.; Wang, J.; Ou-yang, X.; Miao, Q.; Chen, R;; Liang, F.; Zhang, Y.; Tang, Q.; Wang, T. The Immediate Impact of the 2019 Novel
Coronavirus (COVID-19) Outbreak on Subjective Sleep Status. Sleep Med. 2021, 77, 348-354. [CrossRef]

Zeng, L.-N.; Zong, Q.-Q.; Yang, Y.; Zhang, L.; Xiang, Y.-F.,; Ng, C.H.; Chen, L.-G.; Xiang, Y.-T. Gender Difference in the Prevalence
of Insomnia: A Meta-Analysis of Observational Studies. Front. Psychiatry 2020, 11, 577429. [CrossRef]

Rossi, R.; Socci, V.; Talevi, D.; Mensi, S.; Niolu, C.; Pacitti, F.; Di Marco, A.; Rossi, A.; Siracusano, A.; Di Lorenzo, G. COVID-19
Pandemic and Lockdown Measures Impact on Mental Health Among the General Population in Italy. Front. Psychiatry 2020,
11, 790. [CrossRef]

Bourion-Bédes, S.; Tarquinio, C.; Batt, M.; Tarquinio, P; Lebreuilly, R.; Sorsana, C.; Legrand, K.; Rousseau, H.; Baumann, C. Stress
and Associated Factors among French University Students under the COVID-19 Lockdown: The Results of the PIMS-CoV 19
Study. J. Affect. Disord. 2021, 283, 108-114. [CrossRef]

Quintiliani, L.; Sisto, A.; Vicinanza, F.; Curcio, G.; Tambone, V. Resilience and Psychological Impact on Italian University Students
during COVID-19 Pandemic. Distance Learning and Health. Psychol. Health Med. 2021, 27, 69-80. [CrossRef]

Ruotolo, I.; Berardi, A.; Sellitto, G.; Panuccio, E.; Polimeni, A.; Valente, D.; Galeoto, G. Criterion Validity and Reliability of SF-12
Health Survey Version 2 (SF-12v2) in a Student Population during COVID-19 Pandemic: A Cross-Sectional Study. Depress. Res.
Treat. 2021, 2021, 6624378. [CrossRef] [PubMed]

Xiong, J.; Lipsitz, O.; Nasri, F,; Lui, LM.W.,; Gill, H.; Phan, L.; Chen-Li, D.; Iacobucci, M.; Ho, R.; Majeed, A.; et al. Impact of
COVID-19 Pandemic on Mental Health in the General Population: A Systematic Review. ]. Affect. Disord. 2020, 277, 55-64.
[CrossRef] [PubMed]

O’Connor, R.C.; Wetherall, K.; Cleare, S.; McClelland, H.; Melson, A.].; Niedzwiedz, C.L.; O’Carroll, R.E.; O’Connor, D.B.; Platt, S.;
Scowcroft, E.; et al. Mental Health and Well-Being during the COVID-19 Pandemic: Longitudinal Analyses of Adults in the UK
COVID-19 Mental Health & Wellbeing Study. Br. |. Psychiatry 2021, 218, 326-333. [CrossRef]

Sojli, E.; Tham, WW.; Bryant, R.; McAleer, M. COVID-19 Restrictions and Age-Specific Mental Health—U.S. Probability-Based
Panel Evidence. Transl. Psychiatry 2021, 11, 418. [CrossRef]

Dietch, ].R.; Taylor, D.J.; Sethi, K.; Kelly, K.; Bramoweth, A.D.; Roane, B.M. Psychometric Evaluation of the PSQI in U.S. College
Students. J. Clin. Sleep Med. 2016, 12, 1121-1129. [CrossRef] [PubMed]

Bovier, P.A.; Chamot, E.; Perneger, T.V. Perceived Stress, Internal Resources, and Social Support as Determinants of Mental Health
among Young Adults. Qual. Life Res. 2004, 13, 161-170. [CrossRef] [PubMed]

Friedrich, A.; Schlarb, A.A. Let’s Talk about Sleep: A Systematic Review of Psychological Interventions to Improve Sleep in
College Students. J. Sleep Res. 2018, 27, 4-22. [CrossRef]

Mitchell, M.D.; Gehrman, P; Perlis, M.; Umscheid, C.A. Comparative Effectiveness of Cognitive Behavioral Therapy for Insomnia:
A Systematic Review. BMC Fam. Pract. 2012, 13, 40. [CrossRef]

Murawski, B.; Wade, L.; Plotnikoff, R.C.; Lubans, D.R.; Duncan, M.]. A Systematic Review and Meta-Analysis of Cognitive
and Behavioral Interventions to Improve Sleep Health in Adults without Sleep Disorders. Sleep Med. Rev. 2018, 40, 160-169.
[CrossRef]

Taylor, D.J.; Zimmerman, M.R.; Gardner, C.E.; Williams, J.M.; Grieser, E.A.; Tatum, ].I,; Bramoweth, A.D.; Francetich, ].M.;
Ruggero, C. A Pilot Randomized Controlled Trial of the Effects of Cognitive-Behavioral Therapy for Insomnia on Sleep and
Daytime Functioning in College Students. Behav. Ther. 2014, 45, 376-389. [CrossRef]

van der Zweerde, T.; Bisdounis, L.; Kyle, S.D.; Lancee, J.; van Straten, A. Cognitive Behavioral Therapy for Insomnia: A
Meta-Analysis of Long-Term Effects in Controlled Studies. Sleep Med. Rev. 2019, 48, 101208. [CrossRef]

van Straten, A.; van der Zweerde, T.; Kleiboer, A.; Cuijpers, P.; Morin, C.M.; Lancee, J. Cognitive and Behavioral Therapies in the
Treatment of Insomnia: A Meta-Analysis. Sleep Med. Rev. 2018, 38, 3-16. [CrossRef] [PubMed]

Ho, EY.-Y;; Chung, K.-E; Yeung, W.-F,; Ng, T.H.; Kwan, K.-S.; Yung, K.-P; Cheng, S.K. Self-Help Cognitive-Behavioral Therapy for
Insomnia: A Meta-Analysis of Randomized Controlled Trials. Sleep Med. Rev. 2015, 19, 17-28. [CrossRef] [PubMed]

Soh, H.L.; Ho, R.C.; Ho, C.S.; Tam, W.W. Efficacy of Digital Cognitive Behavioural Therapy for Insomnia: A Meta-Analysis of
Randomised Controlled Trials. Sleep Med. 2020, 75, 315-325. [CrossRef] [PubMed]


http://doi.org/10.1093/sleep/29.1.112
http://www.ncbi.nlm.nih.gov/pubmed/16453989
http://doi.org/10.1007/BF00962631
http://doi.org/10.1007/s12144-019-0132-8
http://doi.org/10.1016/j.sleh.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/29073412
http://doi.org/10.1016/j.sleep.2020.05.018
http://doi.org/10.3389/fpsyt.2020.577429
http://doi.org/10.3389/fpsyt.2020.00790
http://doi.org/10.1016/j.jad.2021.01.041
http://doi.org/10.1080/13548506.2021.1891266
http://doi.org/10.1155/2021/6624378
http://www.ncbi.nlm.nih.gov/pubmed/34394986
http://doi.org/10.1016/j.jad.2020.08.001
http://www.ncbi.nlm.nih.gov/pubmed/32799105
http://doi.org/10.1192/bjp.2020.212
http://doi.org/10.1038/s41398-021-01537-x
http://doi.org/10.5664/jcsm.6050
http://www.ncbi.nlm.nih.gov/pubmed/27166299
http://doi.org/10.1023/B:QURE.0000015288.43768.e4
http://www.ncbi.nlm.nih.gov/pubmed/15058797
http://doi.org/10.1111/jsr.12568
http://doi.org/10.1186/1471-2296-13-40
http://doi.org/10.1016/j.smrv.2017.12.003
http://doi.org/10.1016/j.beth.2013.12.010
http://doi.org/10.1016/j.smrv.2019.08.002
http://doi.org/10.1016/j.smrv.2017.02.001
http://www.ncbi.nlm.nih.gov/pubmed/28392168
http://doi.org/10.1016/j.smrv.2014.06.010
http://www.ncbi.nlm.nih.gov/pubmed/25104471
http://doi.org/10.1016/j.sleep.2020.08.020
http://www.ncbi.nlm.nih.gov/pubmed/32950013

Int. |. Environ. Res. Public Health 2022, 19, 2874 13 of 13

69.

70.

71.

72.

73.

74.

Ye, Y,; Zhang, Y.; Chen, J; Liu, J.; Li, X;; Liu, Y,; Lang, Y,; Lin, L.; Yang, X.-J.; Jiang, X.-J. Internet-Based Cognitive Behavioral
Therapy for Insomnia (ICBT-i) Improves Comorbid Anxiety and Depression—A Meta-Analysis of Randomized Controlled Trials.
PLoS ONE 2015, 10, e0142258. [CrossRef]

Graves, B.S.; Hall, M.E.; Dias-Karch, C.; Haischer, M.H.; Apter, C. Gender Differences in Perceived Stress and Coping among
College Students. PLoS ONE 2021, 16, e0255634. [CrossRef] [PubMed]

Michel, G.; Bisegger, C.; Fuhr, D.C.; Abel, T.; The KIDSCREEN Group. Age and Gender Differences in Health-Related Quality of
Life of Children and Adolescents in Europe: A Multilevel Analysis. Qual. Life Res. 2009, 18, 1147-1157. [CrossRef] [PubMed]
Hysing, M.; Pallesen, S.; Stormark, K.M.; Jakobsen, R.; Lundervold, A.].; Sivertsen, B. Sleep and Use of Electronic Devices in
Adolescence: Results from a Large Population-Based Study. BM] Open 2015, 5, €006748. [CrossRef]

Pasch, K.E.; Latimer, L.A.; Cance, ].D.; Moe, S.G.; Lytle, L.A. Longitudinal Bi-Directional Relationships Between Sleep and Youth
Substance Use. ]. Youth Adolesc. 2012, 41, 1184-1196. [CrossRef]

Tousignant, O.H.; Hopkins, S.W.; Stark, A.M.; Fireman, G.D. Psychological Wellbeing, Worry, and Resilience-Based Coping
during COVID-19 in Relation to Sleep Quality. Int. |. Environ. Res. Public Health 2021, 19, 50. [CrossRef]


http://doi.org/10.1371/journal.pone.0142258
http://doi.org/10.1371/journal.pone.0255634
http://www.ncbi.nlm.nih.gov/pubmed/34383790
http://doi.org/10.1007/s11136-009-9538-3
http://www.ncbi.nlm.nih.gov/pubmed/19774493
http://doi.org/10.1136/bmjopen-2014-006748
http://doi.org/10.1007/s10964-012-9784-5
http://doi.org/10.3390/ijerph19010050

	Introduction 
	Materials and Methods 
	Participants 
	Measures 
	Statistical Analyses 

	Results 
	Participants’ Characteristics and Sleep Status 
	Differences in Perceived Stress and HRQoL According to Sleep Quality and Insomnia Severity 
	Relationship between Sleep Quality and HRQoL 

	Discussion 
	Conclusions 
	References

