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Abstract

The current study aimed to test, through structural equation modeling, an explanatory
model of the sleep quality and excessive daytime sleepiness among Brazilian college
students (N = 407). They answered the Pittsburgh Sleep Quality Index (PSQI), Epworth
Sleepiness Scale (ESS), 12-item General Health Questionnaire, Fatigue Assessment Scale
(FAS), Academic Stress Scale (ASS), Drug Use Time Questionnaire (DUTQ), and
demographic information. The bivariate correlations and multiple regressions provided
subsidies for the building of an explanatory model that included psychological
discomfort, academic stress and the use of caffeine as explanatory variables for predicting
sleep quality, and in turn the latter together with fatigue explaining daytime sleepiness.
This model showed acceptable fit. The study concludes that higher levels of academic
stress, psychological distress, fatigue and caffeine use are associated with lower sleep
quality rates among university students. These findings shed light on the importance of
considering both individual and contextual variables to understand the sleep-wake cycle
in an academic context. These variables should be considered in further studies that aim
to apply and evaluate possible future intervention actions.
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Resumo
O presente estudo teve como objetivo testar, através de equacdes estruturais, um modelo
explicativo da qualidade do sono e da sonoléncia diurna entre estudantes universitarios
brasileiros (N = 407). Os participantes responderam ao Indice da Qualidade do Sono de
Pittsburgh (PSQI), a Escala de Sonoléncia de Epworth (ESS-BR), ao Questionario de
Saude Geral (QSG-12), a Escala de Avaliacdo de Fadiga (EAF), a Escala de Estresse
Académico (EEA), ao Questionario sobre Tempo de Uso de Drogas (QTUDR) e as
informacBes demograficas. As analises de correlacdes bivariadas e regressdes multiplas
forneceram elementos para a elaboracdo de um modelo explicativo que incluiram como
variaveis explicativas o desconforto psicoldgico, o estresse académico e o uso de cafeina,
como preditores da qualidade do sono e, esta ultima juntamente com a fadiga, explicando
a sonoléncia diurna. Este modelo apresentou indices adequados de ajuste aos dados
empiricos. E possivel concluir que maiores niveis de estresse académico, desconforto
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psicoldgico, fadiga e uso de cafeina estdo associados a menores indices de qualidade do
sono entre estudantes universitarios. Os resultados demonstram a relevancia de considerar
varidveis individuais e contextuais para compreender o ciclo vigilia-sono no ambito
académico. Essas varidveis devem ser consideradas em futuros estudos que procurem
aplicar e avaliar possiveis programas de intervencao.

Palavras-chave: qualidade de sono; sonoléncia diurna; estresse académico; estudantes
universitarios

Resumen

Este estudio tuvo como objetivo evaluar, via modelaje por ecuaciones estructurales, un
modelo explicativo de la calidad del suefio y somnolencia diurna excesiva en estudiantes
universitarios brasilefios (N = 407). Los participantes respondieron al indice de la Calidad
del Suefio de Pittsburgh (PSQI), a la Escala de Somnolencia de Epworth (ESS-BR),
Cuestionarios de Salud General (QSG-12), la Escala de Evaluacion de Fatiga (EAF), la
Escala de Estrés Académico (EEA), el Cuestionario sobre el Tiempo de Uso de Drogas
(QTUDR) e informaciones demograficas. Los analisis de correlaciones y regresiones
ofrecieron respaldo para la elaboracién de un modelo explicativo que incluye como
variables explicativas el malestar psicoldgico, el estrés académico y el uso de cafeina
como predictores de la calidad de suefio y esta Ultima juntamente con la fatiga, lo que
explica la somnolencia diurna. Este modelo presentd indices adecuados de ajuste a los
datos empiricos. Se puede concluir que niveles mayores de estrés académico, malestar
psicoldgico, fatiga y uso de cafeina de asocian a indices menores de calidad del suefio
entre estudiantes universitarios. Tales resultados ponen en evidencia la importancia de
considerar tanto variables individuales cuanto contextuales para entender el ciclo vigilia-
suefio en el ambito académico. Estas variables deben ser consideradas en estudios
posteriores que busquen aplicar y evaluar posibles acciones futuras de intervencion.
Palabras clave: calidad del suefio; somnolencia diurna; estrés académico; estudiantes
universitarios
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The act of sleeping is an active, repetitive and reversible behavior that serves a
variety of functions, including restorative, physiological and cognitive processes
(Ackermann & Rasch, 2014; Landmann et al., 2014; Rasch & Born, 2015). Consequently,
sleep is essential for neurogenesis, synaptic plasticity, attention, wakefulness, learning,
and memory consolidation (Panjwani et al., 2019).

Nevertheless, contemporary society is constantly demanding work, study, and
social commitments at irregular hours, resulting in a lack of sleep and harm to physical
and mental health (Amaro & Dumith, 2018). People prefer to sacrifice some sleep time
to deal with the various interests they have on a daily basis, assuming that such a practice
will not have adverse or harmful consequences (Curcio et al., 2006).

Students at universities are a good example of this (Almojali et al., 2017). It is
generally known that they have an irregular sleep pattern, start and end time of sleep,
which occurs later on weekends as compared to weekdays, resulting from social and
academic demands, adaptation to university settings, and lack of parental supervision
(Amaral, 2018; Aradjo et al., 2013; Phillips et al., 2017). As an indication of how severe
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this phenomenon is, such a pattern results in high variation in sleep habits, resulting in a
high sleep debt, which is not frequently observed in non-clinical populations or those who
do not work shifts (Lemma et al., 2012; Li et al., 2017).

Several factors affect the learning performance of university students, including
sleep quality (SQ) and daytime sleepiness (DS) (Huang et al., 2014). Generally, self-
report instruments are used to assess sleep quality based on objective factors (such as
nightly awakenings, latency, and sleep duration), as well as subjective factors (such as
perception of sleep depth and degree of restoration that individuals feel when they wake
up, as well as general satisfaction with sleep; Bertolazi, 2008). The somnolence is usually
an increased propensity to nap/fall asleep during the day or an inability to remain alert
during the day (Thorpy & Billiard, 2011). In addition, it is usually accompanied by low
sleep latency, changes in important sleep stages due to accumulated debt, which are
common signs that sleep disorders exist (Kaur & Singh, 2017).

Since sleep, sleep quality, and sleepiness are related to aspects of physical and
mental health as well as cognitive aspects of learning and memory, it is thought that the
study of conditions that interfere with these variables is a relevant demand for
investigation and intervention by the academic community (Christodoulou et al., 2023;
Fonseca & Genzel, 2020). In general terms, previous studies have already demonstrated
some variables that can predict the quality of sleep and daytime sleepiness in a university
population, with emphasis on academic stress (Alotaibi et al., 2020), psychological
distress (Najafi Kalyani et al., 2017), fatigue (Sajadi et al., 2014), as well as the use or
abuse of psychoactive substances (Zhabenko et al., 2016).

With regard to the phenomenon of stress, this is conceived as a state of activation
of the organism in response to the perception of a threat, real or imagined, that has the
potential to change the organism's condition of subjective well-being and cause feelings
of discomfort and/or temporary or permanent discomfort (Lazarus & Folkman, 1984).
Thus, academic stress (AS) is described as an activation reaction to academic stimuli on
a physical, emotional, cognitive, and behavioral level (Garca & Zea, 2011). Students often
perceive taking tests, presenting work in class, being overloaded with assignments, and
other situations as stressful (Garca-Ros et al., 2012; Lund et al., 2010). Previous studies
have already shown the adverse effects of AS on the SQ of college students in a wide
range of situations (Lemma et al., 2012; Lund et al., 2010).

The construct of psychological distress (DP) refers to a group of non-severe, non-
psychotic mental disorders that typically involve the presence of anxiety, depression,
substance abuse, and low self-efficacy (Massud et al., 2007), which in turn predicts SQ.
In a prospective longitudinal study with Japanese adolescents, Kaneita et al. (2009) found
that sleep disturbance increased the likelihood of becoming mentally ill and vice versa.
Another body of research has shown that changes in mental health status are closely
related to differences in sleep status (Cheng et al., 2012; Suzuki et al., 2011).

The fatigue variable is typically understood as a state of tension, fatigue, or lack
of energy (Fujii et al., 2015). According to recent research, fatigue may be a symptom
brought on by an unhealthy lifestyle (e.g., sedentary behaviors; Wang et al., 2019), which
IS a common issue among adults, including university students (Koohsari et al., 2021).
As a result, this variable equally affects the SQ in many groups (Wylie et al., 2022). It
has been demonstrated that there is a strong correlation between normal fatigue and sleep
(in a non-clinical population) as well as a relationship between poor sleep quality, short
sleep duration, high levels of stress, and a perception of lower levels of subjective health
and sleepiness (Akerstedt et al., 2014). Another study (Tsai & Lee-Chiong, 2013) shows
the significant prevalence of fatigue among persons with sleep disorders, such as
insomnia, obstructive sleep apnea, narcolepsy, etc.
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In addition, substance use/abuse is another important condition since it implies
individual physiological and cognitive consequences that, in turn, interact with the sleep-
wake cycle (Madras & Kuhar, 2013). Yet, caffeine has been investigated less frequently
(Gillin et al., 2005). In a meta-analysis, Gardiner et al. (2023) showed that caffeine usage
significantly reduced efficiency, latency, and total sleep duration. Additionally, there is
also evidence that students who consume caffeine have poorer sleep quality (Henriques,
2008). Furthermore, Sin et al. (2009), in a systematic review, demonstrated that caffeine
abstinence promotes an increase in sleep quality.

Thus, the current study sought to propose an explanatory model in light of the
scenario described through Structural Equation Modeling (SEM) of the SQ and DS of a
sample of Brazilian university students: the independent variables are PD, AS, fatigue
and the use of psychoactive substances; thus, sleep quality and daytime sleepiness are the
model's criterion variables. The proposal of a predictive model is a form of obtaining data
to be considered in future intervention actions with regard to the health and academic
performance of university students; these data, in turn, play a significant role in enhancing
student satisfaction with their overall university experience (Lopes et al., 2013).

Materials and Methods

Participants

Participants were 407 undergraduate students from a public higher education
institution in the North Region of Brazil, located in the city of Boa Vista in the Brazilian
State of Roraima. Participants ranged in age from 18 to 63 years (Mean = 23 years;
SD =6.75). Most of them were female (64.4%), single (82.1%), attending daytime
courses (56%), and studying psychology (26.5%). Regarding substance use/abuse: 80.5%
of students used caffeine and 51.6% drank alcohol. In addition, the use of other substances
was reported: tobacco (7.8%), amphetamines (2.5%), tranquilizers (1.7%), marijuana
(7.1%), cocaine (1%), and inhalants (0.2%).

Measures

Participants answered an online questionnaire that included questions about age,
gender, sexual orientation, marital status, religion, substance use, etc.

Pittsburg Sleep Scale Index (PSQI; Buysse et al., 1989). The PSQI assesses the
quality of sleep in the last month. The PSQI version adapted for the Brazilian context
(Bertolazi, 2008) consists of 19 questions, and evaluates seven sleep components:
subjective quality of sleep, sleep latency, sleep duration, sleep efficiency, sleep disorders,
medication use, and daytime dysfunction. The score can range from 0 (Very good / No
problem at all) to 3 (Very bad / A very big problem) for each component, with a maximum
total score of 21 points. In the current study, the response scale was reversed so that the
higher the PSQI score, the better the participants' sleep quality. In this study, according
to Mardco and Garcia-Marques (2006), the Cronbach's alpha of this measure showed
moderate reliability (a = .82).

Epworth Sleepiness Scale (ESS; Johns, 1991). The ESS evaluates the respondent's
chances of having dozed off or fallen asleep while engaged in eight different activities in
daily life (e.g., “Sitting and reading”, “Watching TV”, etc.). The scale items (i.e., eight
items) were answered on a four-point scale (ranging from 0 = would never doze to
4 = high chance of dozing), presenting, in this study, a moderate reliability index, a = .83
(Mar6co & Garcia-Marques, 2006). In the present research, we used the ESS’s Brazilian
adaptation (Bertolazi et al., 2009).
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General Health Questionnaire (GHS-12; Goldberg, 1972). The GHS-12 aims to
assess the mental health of people through questions that deal with non-psychotic
psychiatric symptoms (e.g., “Have you recently lost much sleep over worry?”’). The set
of items was answered on a four-point Likert scale, with each item ranging from 0 to 3.
For negatively worded items, 0 indicated not at all, 1 indicated seldom, 2 usual and 3
more than usual, while positively worded items were reversely scored. All items were
added to obtain the total score, where higher scores indicate worse mental health. In the
current study, the reliability index of the GHS-12 was moderate, a = .80 (Maréco &
Garcia-Marques, 2006).

Fatigue Assessment Scale (FAS; Michielsen et. al, 2004). The FAS consists of 10
items (e.g., “I am bothered by fatigue”; “I get tired very quickly”, etc.). This set of items
was answered on a five-point Likert scale (varying from 1 = never to 5 = always), taking
into account how the individual has been feeling in the last few days in relation to fatigue.
The reliability index of the FAS, in this study, was moderate, a = .87 (Mardco & Garcia-
Marques, 2006).

Academic Stress Scale (ASS). The ASS consists of an adapted version of the Work
Stress Scale (WSS; Paschoal & Tamayo, 2004) and was validated for the university
context by Freires et al. (2018). Its 12 items (e.g., “The way tasks are distributed between
disciplines has made me nervous”) were answered on a five-point Likert-type scale
(ranging from 1 = strongly disagree to 5 = strongly agree). In the present study, the
internal consistency of the ASS was adequate (o = .88).

Drug Use Time Questionnaire (DUTQ). This questionnaire consists of 27 items
and was used to assess the frequency of use of numerous substances: tobacco,
amphetamines, stimulants, tranquilizers, alcohol, marijuana, cocaine, crack, and
inhalants. Thus, the DUTQ enabled the identification of occasional and dependent users
of some of the most common drugs (Marifio et al., 1998).

Procedure

All the participants were recruited through social networks (e.g., Instagram) and
answered an online questionnaire through Lime Survey. Each instrument had the
necessary instructions to proceed with the answers and was self-administered.
Additionally, the collaborating researchers made themselves available through email to
address any questions about taking part in the study. Finally, the prerogatives provided
for in Resolution No. 510/16 of the Brazilian National Health Council regarding the
regulation of research with human beings were respected. The Ethics Committee of a
public higher education institution in the North Region of Brazil approved this study
(Process No. 726.580, Healthy Sciences Centre).

Data Analysis

Statistical analyses were performed using the R language (R Development Core
Team, 2015). Using the Rcommander interface of the Rcmdr package (Fox, 2017),
descriptive statistics were carried out to characterize the sample as well as correlation and
linear regression analyses (i.e., associations between antecedent variables and criterion
variables: SQ and DS).

In order to test the explanatory model, the Lavaan package was used (Rosseel,
2012), by applying the Robust Maximum Likelihood (MLR) estimator. For the model fit,
we considered the following fit indexes: (a) Chi-square to degrees-of-freedom ratio (S-
By2/df), accepting values between 2 and 3, admitting up to 5; (b) Comparative Fit Index
(CFI) and Tucker-Lewis index (TLI), which should be greater than .90; (c) Standardized
Root Mean Square Residual (SRMR), assuming as recommended a value below .08; and
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(d) Root Mean Square Error Approximation (RMSEA), with recommended values
between .05 and .08, assuming up to .10, where the confidence intervals (90%) do not
include a value greater than .10 (Schreiber et al., 2006). With regard to inferential tests,
the direct and indirect effects were based on bootstrapped estimates (10.000 bootstrap
simulations; Hayes, 2017), which are considered significant when the confidence interval
(95%) does not include zero.

Results

Correlates of sleep quality and daytime sleepiness in college students

In order to investigate to what extent the independent variables of the present
study correlate with the criterion, SQ and DS variables, correlation analyses were
performed. With regard to frequency of substance usage, the sample mostly reported the
use of caffeine and alcohol; therefore, the other substances were disregarded in the
analyses. As can be seen in Table 1, DS was negatively related to SQ. In addition, DS
was positively correlated with PD, AS, fatigue; the relationship with caffeine use was
negative; there was a non-significant relationship with alcohol use. Finally, SQ was
negatively correlated with the following variables: PD, AS, fatigue, and caffeine use;
again, alcohol use showed a non-significant relationship.

Table 1
Correlates of sleep quality and daytime sleepiness in college students
1 2 3 4 5 6
1. Daytime sleepiness (DS) 1
2. Sleep quality (SQ) -.34” 1
3. Psychological distress (DP) 367 -52™ 1
4. Academic stress (AS) oa _40™ 56 1
5. Fatigue 37 -.38™ 58" 48" 1
6. Caffeine use -13" -15™ -.07 -.10" -.03 1
7. Alcohol use .06 .06 -.05 -.05 -01 12"

*p<.05; ** p<.01.

Predictors of sleep quality and daytime sleepiness in college students

Due to the lack of previous studies that allow consolidating a theoretical
elaboration about the SQ in college students, we decided to carry out a multiple linear
regression (stepwise method) in order to avoid the multicollinearity effect, aiming to
define the significant predictors of the SQ and DS of university students. The antecedent
variables were selected, for both criterion variables, based on the significance of their
respective correlation coefficients, as well as on the theoretical directionality between
them. The results are shown in Table 2.
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Table 2
Multiple linear regression of sleep quality and daytime sleepiness in college students
B Standard error § t p
Sleep quality (SQ) - - - - -
Psychological distress (DP) -.60 .02 -42 -8.47 .001
Academic stress (AS) -.45 .04 -.15 -2.88 .004
Caffeine use 40 .01 -.10 -2.49 .014
Daytime sleepiness (DS) - - - - -
Fatigue 42 .06 29 5.98 .001
Sleep quality (SQ) -.35 .04 -.23 -4.79 011

Note. B: Unstandardized coefficients; B: Standardized coefficients; t: t-statistic;
p: p-value.

With regard to SQ (Table 2), PD, AS, and caffeine use were significant predictors
(negative coefficients). Overall, this set of variables [R = .55, F(3, 404) =56.94, p <.001]
explained 31.2% of outcome variability (adjusted R?). For the second regression model
(i.e., DS as criterion variable), fatigue, positively, and SQ, negatively, were significant
predictors. Overall, these variables [R = .43, F(2, 406) = 47.25, p <.001] explained 19.1%
of outcome variability (adjusted R?).

Developing an explanatory model: sleep quality of university students

The results described above suggest that, among university students, SQ and DS
can be understood through the levels of AS, PD, fatigue, and caffeine use, taking into
account their explanatory power. Based on these results, we proposed a sequence (i.e., an
explanatory model) that combines PD, AS, and caffeine use as predictors of SQ.
Furthermore, SQ, along with fatigue, jointly explains the DS. Such analytical scenario
corresponded to the elaboration of an explanatory model, tested from the SEM, presented
in Figure 1.

Figure 1
Explanatory model of sleep quality of university students

Psychological

distress N 4]+ e @

Note. Standardized coefficients are reported. * p <.05; ** p <.01.
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With regard to the explanatory model statistical adjustment, results indicated
adequate fit as follows: y?/df = 1.14, CFlI = .96, TLI = .91, SRMR = .030, and
RMSEA =.073 (.031 —.080). Furthermore, the indirect effects were tested. Specifically,
PD (B = .09, C195% = .030/.082), AS (§ = .03, C195% = .003 /.027), and caffeine use
(B = -.03, CI95% = -.498 / -.030) predicted DS through SQ. Finally, the explained
variance of the model was determined (Shrout & Bolger, 2002): the model was able to
account for 47% of the variance of SQ and DS of university students.

Discussion

Until recently, in empirical studies on sleep patterns and DS among university
students, researchers tended to focus solely on measuring the levels of these variables,
rather than analyzing potential predictors (Huang et al., 2014; Wang & Bir0, 2021). Thus,
the current study aimed to test an explanatory model of SQ and DS in a sample of
Brazilian university students through a structural model. The results indicated that PD,
AS and caffeine use negatively impacted SQ. Then, SQ (negatively) and fatigue
(positively) explained the DS levels of the sample. The fit of the proposed model was
considered adequate (Hair et al., 2014), reinforcing the findings of previous studies on
the relationship between the aforementioned variables (Alotaibi et al., 2020; Najafi
Kalyani et al., 2017; Sajadi et al., 2014; Zhabenko et al., 2016) in a hierarchical manner.

As expected based on previous research, PD was associated with lower levels of
SQ in college students. Indeed, cross-sectional epidemiological studies on adult
populations demonstrate that mental health conditions play a central role in SQ (Roberts
et al., 2000). Sleep dysfunction and/or sleep disorders are the most common symptoms
observed in clinical populations, and these symptoms are the motivating factor for
seeking professional help (Mendlewicz, 2009). As mentioned, this pattern was also
replicated in university students, highlighting that psychological suffering is linked to
sleep quality deficits (Wang et al., 2019). Furthermore, there is evidence that sleep
problems and mental health status may have a bidirectional relationship: one may be the
cause or result of the other (Morphy et al., 2007).

The AS predicted lower levels of SQ among college students, an evidence-
replicated finding in the medical-psychological literature (Alotaibi et al., 2020; Yan et al.,
2018). Students face sleep problems due to their numerous academic tasks and lack of
time for rest (Milojevich & Lukowski, 2016), which is due to pressure for high academic
performance (Cardoso et al., 2009). These findings have a biological correlate.
Specifically, there are neural connections and proximity between hypothalamic sleep
regulatory centres (suprachiasmatic nucleus) and brain structures involved in stress-
related autonomic responses (hypothalamic-pituitary-adrenal axis; Tomfohr et al., 2012).

The use of caffeine also had a negative effect on SQ in the structural model tested
here. In addition to caffeine's effects on the cardiovascular system, this substance has
disruptive effects on sleep, especially when taken in multiple doses throughout the day
(Nordt et al., 2012). In addition, caffeine is used as an "insomnia model™: the metabolic
effects of caffeine, which are physiological in nature, are used to develop a physiological
arousal model of chronic insomnia in general samples (Bonnet & Arand, 1992). In terms
of physiological correlates, melatonin secretion, the main hormone responsible for sleep
synchronization, is controlled by a neurotransmitter affected by caffeine intake (Shilo et
al., 2002), which impacts SQ.
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Finally, as expected, lower levels of SQ predicted a greater likelihood of DS
among college students. Since sleep performs functions in the restoration, protection, and
conservation of energy, lower levels of sleep quality translate into losses in the
functioning of the individual in the short and long term in their physical, occupational,
and cognitive functions (Mdller & Guimarées, 2007), which is expressed by daytime
sleepiness (i.e., difficulties in maintaining alertness with an adequate level of
physiological arousal; Thorpy & Billiard, 2011). It is worth noting that this condition is
generally present in more than half of this population, as reported by studies in Brazil
with students of dentistry (Angelin et al., 2020), medicine (Milojevich & Lukowski,
2016), and psychology (Danda et al., 2005). In addition, fatigue positively predicted DS.
In fact, in non-clinical populations, higher levels of fatigue are associated with higher
levels of workload, represented here by academic tasks (Akerstedt et al., 2014), which, in
turn, negatively affect the students' routine, influencing the fulfillment of activities and
obligations demanded by the academic context (Zakeri et al., 2006).

Despite the above findings, the present study is not without limitations. Firstly,
since the sample was non-probabilistic, generalization of the results to the Brazilian
university population is not allowed. Second, the measures used consisted of self-report
instruments. Thus, the effect of social desirability on the participants’ responses could not
be controlled. Finally, another limitation is related to the research design: a cross-
sectional study (ex-post facto). In the case of the tested model, although it may be possible
to establish a relationship between a set of variables, this does not guarantee the direction
(i.e., reverse causality) regarding the influence of a possible third variable (Fife-Schaw,
2010).

In summary, the current findings have implications for the development of future
interventions for university populations. At the policy-institutional level, educational
institutions can focus on building support networks for the student community (Yusuf et
al., 2020), such as customer service, including issues such as resilience training in the
face of stressful stimuli (Hasel et al., 2011) and time management in personal and
academic activities (Brus, 2006), which can create conditions for an adaptive experience
in the academic environment. Thus, future studies could either test the predictive effect
of other variables on university students' SQ (e.g., anxiety about falling asleep, sleep
hygiene practices, etc.), as indicated by Brown et al. (2002) and Al-Kandari et al. (2017),
or investigate the effectiveness of practical interventions with groups of university
students from courses with different areas of concentration (Mendes et al., 2019), or from
different stages of the academic experience (Soares et al., 2014).
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