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ABSTRACT

Introduction: Excessive daytime sleepiness (EDS) is characterized by an increased likelihood of initiating sleep at inappropriate times through
involuntary naps and it negatively impacts performance in studies, work, family, and social relationships and increases the risk of accidents.

Objective: This study evaluated the schedule and prevalence of EDS and its associated factors in medical students (using the PBL method),
comparing it with students from other health courses (using the Traditional method).

Methods: A cross-sectional study was carried out with 1152 university students who were attending courses in the health area. The presence
of EDS was defined when scores >10 in the Epworth Sleepiness Scale (ESS) and the chronotype was assessed by means of the Morningness-
Eveningness Questionnaire (MEQ). Using Stata 13.0 software, descriptive statistics, bivariate and multivariate analyses were performed, including
interactions to fit the model.

Results: The prevalence of EDS was 56.5% (95% Cl, 53.6-59.4), and the mean ESS score was 11.1 (95% Cl, 10.8-11.3). This value was lower among
those who had morning chronotypes and was higher among medical students. 10.3% (n=119) of the students had a chronotype that was
incompatible with the period of the course. The associated and independent factors for EDS were: female gender (PR, 1.14, 95% Cl, 1.01-1.29), age
between 16 and 19 years (PR, 1.20, 95% Cl, 1.04-1.39), studying late at night and using cell phones before falling asleep (PR, 1.56,95% Cl, 1.02-2.38),
not doing weekly physical activity (PR, 1.13,95% Cl, 1.02-1.25), and morning chronotype (PR, 0.87,95% Cl, 0.76-0.99). Not using cell phones before
bedtime reduced the prevalence of EDS by 14%.

Conclusions: This study demonstrated that the morning chronotype behaved as an independent protective factor for disorders of the circadian
cycle. Performing weekly physical activity reduces EDS among students with intermediate and evening chronotypes.
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RESUMO

Introducéo: A sonoléncia diurna excessiva (SDE) é caracterizada por uma maior probabilidade de o individuo iniciar o sono em hordrios inadequados por
meio de cochilos involuntdrios, afeta negativamente o desempenho nos estudos, no trabalho e nas relagées familiares e sociais, e aumenta o risco de acidentes.

Objetivo: Este estudo teve como objetivo avaliar o cronotipo e a prevaléncia de SDE e seus fatores associados em estudantes de Medicina (método PBL).
Para tanto, compararam-se os discentes de Medicina com os de outros cursos da drea da saude (método tradicional).

Métodos: Trata-se de estudo transversal com 1.152 estudantes universitdrios matriculados em cursos de graduagdo da drea da satde. Definiu-se a
presenca de SDE quando se observaram escores > 10 na Epworth Sleepiness Scale (ESE), e o cronétipo foi avaliado por meio do instrumento Morningness—
eveningness Questionnaire (MEQ). Por meio do software Stata 13.0, realizaram-se estatistica descritiva e andlises bivariadas e multivariadas, além de
interagdes para que o estudo pudesse se ajustar ao modelo.

Resultados: A prevaléncia de SDE foi de 56,5% (IC 95%, 53,6-59,4), e a pontua¢do média na ESE foi de 11,1 (IC 95%, 10,8-11,3). Esse valor foi menor
entre os que apresentaram cronotipo matutino e maior entre os estudantes de Medicina. Dos alunos que participaram do estudo, 10,3% (n = 119)
apresentaram um cronotipo incompativel com o periodo do curso. Os fatores associados e independentes para a SDE foram: sexo feminino (RP, 1,14,
IC 95%, 1,01-1,29), idade entre 16 e 19 anos (RP, 1,20, IC 95%, 1,04-1,39), hdbito de estudar de madrugada, uso de celular antes de dormir (RP, 1,56, IC
95%, 1,02-2,38), ndo praticar atividade fisica semanal (RP, 1,13, IC 95%, 1,02-1,25) e cronétipo matutino (RP, 0,87, IC 95%, 0,76-0,99). Nédo usar telefones
celulares antes de dormir reduziu a prevaléncia de SDE em 14%.

Conclusdes: Este estudo demonstrou que o cronotipo matutino se comportou como um fator protetor independente para disturbios do ciclo circadiano.
A prdtica de atividade fisica semanal reduziu a prevaléncia SDE entre universitdrios com cronotipos intermedidrio e noturno.

Palavras-chave: Disttirbio de Sonoléncia Excessiva; Estudantes da Area da Satde; Disttrbio do Ciclo Circadiano; Cronotipo.
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INTRODUCTION

Although sleep is a modulator of neuroendocrine
function, psychosocial behavior, and a regulator of metabolism
and cell renewal, modern behavior has reduced its quantity
and quality'. Although the extent of the mechanisms involved
in sleep, its induction, and its control remain unknown, the
biopsychosocial consequences of not sleeping are well
understood, and various aspects of sleep have been deduced?.
Sleep comprises a part of the circadian rhythm and is non-
proportionally intercalated with a wakefulness period; this
rhythm is regulated by the presence or absence of light.

Sleep disorders have a high prevalence and serious
negative impacts; however, few patients with sleep disorders
receive treatment, which is usually only pharmacological and
is associated with a risk of complications related to tolerance
and dependence®. Excessive daytime sleepiness (EDS), or
hypersomnia, is characterized by an increased likelihood of
initiating sleep at inappropriate times through involuntary
naps’. EDS negatively impacts performance in studies, work,
family, and social relationships and increases the risk of
accidents®. The estimation of EDS prevalence is influenced by
the measurement method, the assessed age range and the
geographic region of residence: in South America, prevalence
rates of up to 21% are reported in Mexico and in Brazil, it is
reported in 17% of the population aged over 17 years’. Studies
have reported a negative association between the presence of
EDS and the quality of life of individuals with cardiac, respiratory
or chronic noncommunicable diseases®®.

Behaviors associated with higher education routine
and its consequent psychosocial effects can promote circadian
desynchronization of the individual’s physiological chronotype
and increase the likelihood of EDS™. The migration of the
morning chronotype towards the evening chronotype can
increase the risk of EDS among university students; therefore,
the knowledge of this epidemiological profile is the initial step
to promote quality of life™".

METHODS
Study design
This was a cross-sectional epidemiological study that
evaluated the prevalence of EDS in university students from a
private education institution in the Metropolitan Region of the
Cuiaba River Valley, between August 2016 and July 2017.
Considering an estimated population of 7,000 college
students, a prevalence of EDS equal to 50%, an acceptable
margin of error of 5%, a design effect of 1.5, and clusters equal
to 1, the sample size was calculated as 546 college students,
who were required for a 95% confidence level, using Epi Info
7 software (CDC, Atlanta, USA). To reduce the probability of

typing errors, double data entry was adopted.

The sample comprised undergraduate students in the
health area who consented to participate in the study, and
the evaluation instruments that were incorrectly filled out
were excluded (Figure 1). Medical students were compared to
students from other courses in the health area. In this teaching
institution, the medical course uses the problem-based learning
(PBL) method in comparison with other health courses, which
used the traditional teaching method. The questionnaires were
applied during the students’ routine class schedule and they
were invited to participate preferably near the middle of the
course semester.

Ethical aspects

The present study was submitted to the Ethics and
Research Committee (CEP) and approved under number
61275516.4.0000.5692. The questionnaires were applied during
classes or 15 minutes before their beginning, the students
received the evaluation instruments after completing the
informed consent form, which contained information about
the research and filling instructions.

Figure 1. Flowchart of selection of study participants.
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Evaluation instruments

Two self-reporting questionnaires with sociodemographic
questions were applied. The first, called the Morningness-
Eveningness Questionnaire (MEQ) by Horne and Ostberg (1976),
was translated and adapted by the Institute of Biomedical
Sciences of USP'. This questionnaire is the most frequently
used instrument and has been validated worldwide for the
identification of chronotypes. It contains 19 self-reporting
questions, with a value being assigned to each answer, of which
sum ranges from 16 to 86. Scores above 58 classify individuals as
morning type, below 42 as evening, and 42 to 58 asintermediaries
or indifferent types. The definite morning chronotype was
defined by scores between 70-86 and the definite evening
chronotype by scores between 16-30.

The evaluation instrument called Epworth Sleepiness
Scale (ESS) was used to evaluate the prevalence of EDS.
The ESS is a questionnaire based on observations related to
the nature and occurrence of daytime sleepiness. This self-
administered questionnaire assesses the probability of falling
asleep in eight situations that involve daily activities; its
overall score ranges from 0 to 24 and, according to its creators,
scores above 10 suggest EDS. It is a widely used instrument,
easy to understand, quickly completed, and its validation and
translation into Portuguese included the young population
(18 years or older)™.

Statistical analysis

The two-proportion test was used to check prevalence
equality. Age was categorized into age groups according to the 25%,
50%, and 75™ percentiles. The course was categorized as “Medicine”
and “Others from the health area” (Nursing, Speech therapy and
Audiology, Pharmacy, Dentistry or Biomedical Sciences).

After using the Shapiro-Wilk test to assess the type of
distribution of continuous variables, the unpaired Student’s t
test or its non-parametric analog, the Mann-Whitney test, was
used to evaluate the statistical difference of numerical variables
with two categories. ANOVA or its non-parametric analog,
Kruskal-Wallis, was used to check the statistical difference in
variables with three or more categories.

The bivariate analysis was performed using Pearson’s
chi-square test, to assess the association between exposures
and outcomes. To estimate the strength of association, the
prevalence ratio (PR) and their respective 95% confidence
intervals (95% Cl) were used. To determine the independent
effect of explanatory variables on the response variable,
Poisson regression with robust variance™ was used to adjust
the covariates. The variables selected for this model had p
values <0.20 in the bivariate analysis or biological plausibility.
A value of p <0.05 was considered significant in the two-tailed

test. The data were analyzed using Stata Statistical Software®,
version 12.0 (College Station, Texas, USA).

RESULTS

A total of 1,152 university students were assessed, with
a mean age of 23.4 years (95% Cl, 23.0-23.8). The prevalence of
EDS was 56.5% (95% Cl, 53.6-59.4) and the mean ESS score was
11.1 (95% Cl, 10.8-11.3). Students with a morning chronotype
had statistically lower sleepiness scores than those with evening
or intermediate chronotypes (Figure 2). Medical students had
a statistically higher mean ESS scores than university students
from other health courses (Figure 3); however, both mean scores
were above the cutoff point that classifies the presence of EDS.

Figure 2. Mean score and 95%CI of the Epworth sleepiness
scale according to the chronotype of university
students attending health courses.
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In the bivariate analyses, the variables gender, age, and chronotype showed an association with the presence
day period, performance of physical activity at least once a  of EDS (Table 1). Of the students whose morning circadian
week, cell phone use at bedtime, use of stimulants to study, cycle started with a wakefulness period between 8:30 am

Table 1. Bivariate analysis of factors associated with excessive daytime sleepiness (EDS) among university students in the health

care area.
. Presence of EDS Absence of EDS
Variables Total (%) P
n (%) n (%)
Gender 0.017
Male 324 (28.1) 165 (50.9) 159 (49.1)
Female 828(71.9) 486 (58.7) 342 (41.3)
Age group 0.002
16-19 years 323(28.0) 199 (61.6) 124 (38.4)
> 19 e < 25years 517 (44.9) 216 (41.8) 301 (58.2)
> 25 years 312 (27.1) 161 (51.6) 151 (48.4)
Distance from home to college 0.31
< 10 kilometers 703 (61.0) 393 (55.9) 310 (44.1)
> 10 kilometers 449 (39.0) 258 (57.5) 191 (42.5)
Course 0.78
Medicine 479 (41.6) 273 (57.0) 206 (43.0)
Others from the health area 673 (58.4) 378 (56.2) 295 (43.8)
Day period 0.031
Fulltime 694 (60.3) 406 (58.5) 288 (41.5)
Morning 270 (23.4) 155 (57.4) 115 (42.6)
Night 188 (16.3) 90 (47.9) 98 (52.1)
Course year 0.58
1t year 397 (34.5) 227 (57.2) 170 (42.8)
2" year 208 (18.0) 124 (59.6) 84 (40.4)
34 year 230(20.0) 130 (56.5) 100 (43.5)
4t and 5% years 317 (27.5) 170 (53.6) 147 (46.4)
Physical activity once or more times per week 0.03
Does not perform 506 (43.9) 304 (60.1) 202 (39.9)
Performs 646 (56.1) 347 (53.7) 299 (46.3)
Uses the cell phone before falling asleep 0.004
Yes 1036 (89.9) 600 (57.9) 436 (42.1)
No 116 (10.1) 51 (44.0) 65 (56.0)
Studies after midnight 0.101
Yes 759 (65.9) 442 (58.2) 317 (41.8)
No 393 (34.1) 209 (53.2) 184 (46.8)
Uses stimulants to study? 0.019
Yes 345 (30.0) 213 (61.7) 132(38.3)
No 807 (70.0) 438 (54.3) 369 (45.7)
Chronotype 0.013
Morning 299 (25.9) 148 (49.5) 151 (50.5)
Evening 282 (24.5) 161 (57.1) 121 (42.9)
Intermediate 571 (49.6) 342 (59.9) 229 (40.1)
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and 11:30 am (evening chronotype), 14.1% (38/270) attended
health courses. Of the students whose evening circadian cycle
started with a sleeping period between 9:00 pm and 10:45 pm
(morning chronotype), 43.1% (81/188) attended health courses.
The distribution of students according to their chronotypes and
the day period is shown in Figure 4.

The independent factors associated with the prevalence
of EDS were: female gender, age <19 years old, studying late
at night and using cell phones before falling asleep, not doing
weekly physical activity, and having a morning chronotype,
with the latter being the only protective factor (table 2).

The prevalence of EDS was similar between males and
females among medical students (PR, 1.06. 95%Cl, 0.90-1.24;
p=0.46); however, it was 30% higher among female students
from other courses in the health area when compared to
male students from other health area courses (PR, 1.30,
95%Cl, 1.07-1.59, p=0.004).

Students with morning chronotypes who did not
perform physical activities had a prevalence of EDS that was
statistically similar to students with morning chronotypes
who were physically active (PR, 0.99, 95%Cl, 0.78-1.25, p=0.95).
Students with intermediate chronotypes who did not perform
physical activities had a prevalence of EDS that was 25%
higher than students with intermediate chronotypes who were
physically active (PR, 1.25, 95%Cl, 1.02-1.52, p=0.03). Students
with evening chronotypes who did not perform physical
activities had a prevalence of EDS that was statistically similar to
students with evening chronotypes who were physically active
(PR, 1.14, 95%Cl, 0.99-1.30, p=0.06).

For students who did not use cell phones before falling
asleep, the prevalence of EDS decreased by 14% (ARR, 0.14,
95%Cl, 0.04-23.4).

DISCUSSION

Population data show that one in five people have EDS,
which reduces the individual’s ability to maintain an ideal
level of wakefulness during the day, negatively impacting
their health and quality of life’>. University students need
good quality of attention and concentration for the teaching-
learning process to be effective.

Using the same definition as our outcome in this study,
a cohort study of Korean adults™ identified the prevalence
of EDS as equal to 12.2% and found that the following factors
were associated with EDS: older age, intense physical activity,
poor education, habitual snoring, and poor sleep perception.
In Australian adults’, the prevalence of EDS is 10.4% among
men and 13.6% among women, and its total incidence is 5.1%
in the age group of 20-29 years. This age group comprises the
majority of those attending college and, in the present study, the

Figure 4. Distribution of students in the health area evaluated
according to the period of the course and the
chronotype

p<0.001

University students evaluated

Course period

Morning Chronotype Evening Chronotype Intermediate Chronotype

Table 2. Multivariate analysis of the variables associated with
excessive daytime sleepiness in university students

in the health area.

Independent variables PR-adjusted  95%CI P
Gender
Male 1.00
Female 1.14 1.01-1.29  0.03
Age group
16-19 years 1.20 1.04-1.39  0.01
> 19 and < 25 years 1.15 0.99-1.33  0.06
> 25 years 1.00

Studies after midnight and uses the cell phone before
falling asleep

No and Yes 1.45 0.94-2.24  0.09
Yes and No 1.43 0.89-229 0.14
Yes and Yes 1.56 1.02-2.38  0.04
No and No 1,00 - -

Weekly physical activity performance

Does not perform 1.13 1.02-1.25 0.02
Performs 1.00
Chronotype
Morning 0.87 0.76-0.99 0.05
Evening 0.92 0.82-1.04 0.21
Intermediate 1.00

*PR: prevalence ratio. C195%: 95% confidence interval.

prevalence of EDS in this age group was 56.4% (367/651). This

rate is about 11-fold higher than that of the Australian study.
The high variation in the prevalence of EDS (0.5-36%)

between several studies can be explained by the fact that there
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is no standardization for its detection, since different evaluation
instruments can be used; however, studies that use ESS scores
> 10 as a criterion generally report relatively low prevalence
rates of EDS'6. This aspect further reinforces the importance of
the high prevalence that was identified in the present study,
since the diagnostic criterion that tends to not overestimate the
presence of EDS was used.

A Brazilian study of 1066 individuals identified a
prevalence of EDS equal to 16.8%, and the prevalence was
(OR=2.33, 95%Cl=1.64-3.32, p<0.001)
in women (21.7%) than men (10.6%). The study reported a

statistically higher

statistically similar prevalence of EDS for different age groups,
marital status, and levels of schooling. Likewise, the present study
identified a 14% higher prevalence of EDS in female students, but
in disagreement with the aforementioned study, a 20% higher
prevalence of EDS was identified among those aged up to 19
years, compared to those aged 25 years or older. This difference
can be understood when considering that the behavior of these
two age groups reflects their current stage of life with respect to
neurocognitive development and emotional maturation.

The behaviorimposed by the university routine itself may
not promote the differences that could explain the prevalence
of higher EDS in women, but the quality of mental health may
have an important influence. A study conducted with 4,001
Brazilians identified that depressive disorders showed a 155%
higher rate in women than men'®, and the authors added sleep
disorders to those of depressive disorder symptoms. In 2015 in
the United States, the prevalence of severe mental disorders
in women was almost two-fold that that in men, and the
prevalence of any mental disorder was almost 50% higher in
women than men?, This suggests that men and women have
distinct emotional health statuses, which can be reflected by
the higher prevalence of EDS in women?',

A study that evaluated 172 medical students' observed
that the group of students with EDS at the end of the semester
had worse academic performance than the group without
it. In the present study, the prevalence of EDS in medical
students was statistically similar to the prevalence of EDS in
students from other health courses; however, the ESS score
was statistically higher in medical students, although both
mean values exceeded the cutoff for a probable diagnosis of
EDS (ESS score > 10). Medical school utilizes an active teaching
methodology (Problem Based Learning - PBL) that differs from
the other health courses of the evaluated institution, which use
a traditional method. Therefore, it is likely that the teaching
methodology did not impact the development of EDS in
university students in the health area.

In a prior meta-analysis®, it was found that physical
activity acutely improved all the measurements related to

sleep quality in healthy individuals. Physical activity provides
immediate benefits to the lives of individuals and can be used
as an intervention for the treatment of EDS or other sleep
disorders. The present study confirms the importance of this
intervention by demonstrating a 13% higher prevalence of
EDS among students who did not perform weekly physical
activity. Among students with the intermediate chronotype
(sleep onset between 10:45 pm and 12:45 am), the prevalence
of EDS was 25% higher in those who did not perform weekly
physical activity. The prevalence of EDS in students with
morning chronotype who performed weekly physical activity
was 6.5% (75/1152). Therefore, the late sleep onset, along with
a sedentary lifestyle, increases the prevalence of EDS by 284%.

There was no statistically significant difference between
the prevalence of EDS and study period, which meant that
the distribution of poor sleep quality was homogeneous. This
emphasizes the importance of carrying out educational actions
throughout the higher education course, which have practical
applications for everyday student life.

Individuals with a definite morning chronotype usually
go to sleep before 10:00 pm and wake up before 6:00 am. High
school students showed brain activity with higher alpha power
during morning classes, reducing brain activity throughout the
day, suggesting that better cognitive development occurs in
the morning?. Of every three individuals with definite morning
chronotypes, one studies at night, probably due to the need to
work during the day to pay for their academic training. Thus,
students with this type of chronotype who take night classes
are studying during the period of their circadian cycle when
the serum concentration of melatonin is gradually increasing,
which reduces their selective attention and decreases their
learning efficacy. This combination of factors may cause the
apparent demotivation that was observed in some of the
students who participated in the discussions promoted by the
teacher or who stayed until the end of the classes. Continuous
exposure to academic evening routines and the creation of an
emotional link between the future benefits of higher education
degrees are factors that may promote the desynchronization of
the normal circadian cycle and chronotype migration.

In contrast, the definite evening chronotype is
associated with a late sleep onset (between 2:00 and 3:00 am),
so its natural awakening also occurs later (between 10:00 and
11:00 am). It turns out that eight of ten students who were
evaluated participated in full-time or morning courses and
therefore needed to wake up much earlier than the time for
which their body was accustomed. The students thus started
academic activities with a high concentration of melatonin
circulating through their bodies, which may explain their high
consumption of caffeine products.
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Most interviewed students had an intermediate
chronotype (49.6%), which suggests a probable chronobiological
transition due to the accumulation of desynchronization
behaviors and the circadian pattern of sleep stimulation by the
absence of light. Cohort studies may assess whether college
students who change from a morning to intermediate or evening
chronotype improve from the beginning to the end of a course.

Although the mean ESS of students with morning
chronotype was within the range of values used to define EDS,
it was statistically lower than the mean ESS of students with
intermediate or evening chronotypes. Indeed, the morning
chronotype reduced the prevalence of EDS by 13% compared
to the intermediate chronotype. Individuals who used cell
phones before bed and studied until late at night had a of 56%
prevalence of EDS.The inefficient use of the physiological period
of sleep for learning activities may be due to the extensive list of
extra-class tasks that are required of the students and because
they have no other free time to do them.

In Turkish medical students®*, EDS was more prevalent
in female subjects, in agreement with the observations of the
present study. A high prevalence of EDS was detected in pre-
college students (55.8%)*, which shows the origin of the sleep
disorder occurred before the start of higher education. Among
pre-college individuals, the factors associated with EDS were
alcohol intake and smoking, and there was no association with
gender, age, and depression.

The evaluation of 217 Colombian medical students®
found that sleep efficiency of less than 65% increased the
occurrence of low academic performance by 323%. In the
aforementioned study, the prevalence of EDS was equal to
49.8% and the mean ESS was equal to 8.4, which were lower
than those observed in the present study. Another study, in turn,
suggests that improved sleep quality is able to reduce students’
low academic performance?. Although the present study did
not assess academic performance, its causal relationship with
EDS has been increasingly consolidated.

Not using a cell phone before bed would reduce the
prevalence of EDS by 14% among university health students.
A recent study?® found that medical students who used cell
phones for >2 hours daily had their melatonin circadian rhythms
disturbed, because there was a negative correlation between
the serum concentration of melatonin and the duration of
smartphone use of. Melatonin secretion can be inhibited
when the suprachiasmatic nucleus, which has a direct neural
connection with the cells at the retinal base, receives feedback
from the emission of blue light by smartphones (wavelength
between 450-480 nm of the electromagnetic spectrum) by the
melanopsin photopigment?%. A clinical trial found that the use
of lenses to block blue light two hours before bedtime for a week

improved sleep quality in individuals with insomnia. Thus, screen
time management should be stimulated in this population as an
intervention measure to reduce the prevalence of EDS*.

From the educational point of view, there is a concern
regarding academic performance and the students’ sense of
well-being when they realize they are progressing towards
achieving their professional goals. Poor sleep quality increases
the risk of low grades and stress®' and drowsiness is associated
with a higher prevalence of burnout and higher scores of
mental exhaustion®2.

One of the limitations of the epidemiological design
used in this study was that it was not possible to infer
causality, since exposure and outcomes were measured
simultaneously. The results, therefore, reflect an absence of
temporal relationship; however, the impossibility for EDS to
be the cause of the associated factors identified in this study
limits the possibility of a reverse causality bias. Future studies
will broaden our understanding of the quality of professional
performance in former students with a high prevalence of EDS
and the influence of EDS on traffic accidents that could have
been prevented.

CONCLUSION

This study demonstrated that the morning chronotype
behaved as an independent protective factor for circadian cycle
disorders. Performing weekly physical activity reduces EDS in
students with intermediate and evening chronotypes.

ABBREVIATIONS

EDS, Excessive Daytime Sleepiness

MEQ, Morningness-Eveningness Questionnaire
ESS, Epworth Sleepiness Scale

PR, Prevalence Ratio

95%Cl, 95%Confidence Interval

IQR, Interquartile Range
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