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Abstract

This study aimed to compare the prevalence of somnolence and hypersomnolence between a higher education student
and non-student sample. Hershner and Chervin [Hershner in Nat sci sleep 10.2147/NSS.562907, 2014] defined somno-
lence as lapses into drowsiness, consequently leading to the inability to maintain alertness. This definition aligns with
the American Academy of Sleep Medicine’s (AASM) definition [Berry in Am Acad Sleep Med 176:2012, 2012]. Hyper-
somnolence differs from this, as suggested by Lammers et al. [Lammers in Sleep Med Rev 52, 101306, 2020], and refers
to the experience of excessive daytime sleepiness. It is commonly observed that individuals enrolled in higher educa-
tion courses often experience somnolence and hypersomnolence; however, it is currently unclear whether this is more
prevalent in students compared to the general population. An online survey was administered to 202 participants
measuring somnolence, hypersomnolence, sleep quality, sleep efficiency, sleep disturbance, sleep duration, circadian
preference, and daytime dysfunction. 94 participants were non-students, and 108 were enrolled in higher education.
Significant differences were found between student and non-student samples for somnolence but not for hypersom-
nolence. Furthermore, within the non-student sample a multiple linear regression demonstrated that hypersomnolence
was predicted by daytime dysfunction. The results suggest that there are differences in the predictors of somnolence
and hypersomnolence between a student and non-student sample. Consequently, this study highlights that students
experience hypersomnolence and somnolence differently to their non-student counterparts. Thus, warranting the need
for further investigating within this unique population.

1 Introduction

Individuals enrolled in higher education courses are often reported as experiencing somnolence and hypersomnolence
[1], however, it is currently unclear whether this differs from the general population. Chervin and Hershner [2] defined
somnolence as lapses into drowsiness, consequently leading to the inability to maintain wakefulness. This definition
aligns with the American Academy of Sleep Medicine’s (AASM) definition [3]. Conversely, hypersomnolence differs from
this, as suggested by Lammers et al. [4], and refers to the experience of excessive daytime sleepiness. The following study
investigates whether students perceive their somnolence and hypersomnolence to impact their lives more significantly
than their general population counterparts.

Somnolence is a public health crisis, with the European Research Society investigating predictors that leave indi-
viduals vulnerable to somnolence [5]. Somnolence is a multidimensional state [6] frequently reported among the
general population and has been demonstrated to impact safety and productivity [7, 8]. There are two ways to define
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somnolence: by examining physiological characteristics or by self-reported measures [9]. Within this study, introspec-
tive somnolence will be the focus, using self-report measures. Introspective somnolence refers to the self-reported
and perceived experience of somnolence that individuals may be exposed to, due to health or behavioural origins
such as bedtime procrastination or chronic sleep restriction [10]. The experience of somnolence can become intru-
sive to everyday life when the ability to maintain wakefulness cannot be sustained [11]. Somnolence often occurs
alongside other sleep complaints. For example, sleep disturbance is commonly experienced alongside somnolence
[12, 13] and is frequently observed in literature within a higher education environment [14-17]. However, sleep
disturbance and somnolence are frequently viewed in these studies as a symptom of a depressive state, not as their
own phenomenon.

Kim and Young [18] demonstrate that somnolence is a frequent issue that is also identified within the general popu-
lation. However, risk factors such as being male, overweight, and frequent alcohol use can also increase the risk of
experiencing somnolence further [19]. These factors may leave some populations more vulnerable to somnolence than
others, including those suffering from sleep-disordered breathing [20], sleep disorder patients [21], older populations
[22], and those with sleep co-morbidities [23]. Further identification is required to determine whether this is consistent
for all vulnerable populations.

Increasing in severity, growing levels of somnolence in the population has led to the investigation of hypersomnolence
[24]. However, as demonstrated by Perez Carbonell et al. [11], hypersomnolence frequently remains underdiagnosed
as the experience, and treatment, tends to be subjective to the individual. Over recent years, various populations have
been identified as at a higher risk of experiencing hypersomnolence, such as public transport drivers [25], shift workers
[26], and finally those within higher education [27].

Higher education students have been highlighted as a vulnerable population for hypersomnolence by Hershner and
Chervin [2] who identified somnolence as a significant problem for higher education students within the USA. Further,
Alves et al. [28] demonstrated the prevalence of hypersomnolence among adolescents within education, attributing
this effect to long and short sleep duration. However, this study did not highlight important individual factors in their
student population, such as the potential differences in circadian preference. Circadian preference may significantly
impact educational samples performance, and wellbeing, as ever-changing schedules result in students being forced to
act against their natural preference [29]. Equally, Marta et al. [30] associates the link of sleep deprivation, insomnia, and
somnolence within academic performance, identifying the trend that those suffering from sleep disturbances have lower
academic performance. Dagnew [31] once again demonstrates the prevalence of hypersomnolence among higher edu-
cation students. However, Dagnew [31] also stresses the requirement for further research investigating the contributing
factors that make students more vulnerable to the effects of hypersomnolence. Dagnew [31] furthers this by suggesting
that until some indication of what might make students more likely to suffer from hypersomnolence, our ability to put
into place preventative strategies still needs to be improved.

As outlined, recent studies have shown that somnolence is a common experience in the general population, and has
an increased prevalence among students [14-171]. Yet, to our knowledge, no studies compare whether there is a difference
between these populations. This study will further the work of Hershner and Chervin [2] by identifying the differences
in somnolence and hypersomnolence between a student and non-student sample in the United Kingdom. In addition,
key sleep parameters related to and potentially predicting somnolence within a student sample will also be examined,
such as circadian preference and sleep disturbance.

2 Methodology

Participants. G*Power (version 3.1.9.2) [32] was used to calculate the required sample size. The effect size (0.3), a error
probability (0.05), and statistical power (1-f err prob=0.95), were pre-set and left untouched. The G*Power calcula-
tion demonstrated non-centrally parameter A of 25.2000000, critical t of 2.0644393, and df of 75. Therefore, the overall
sample size per group required was 84. Participants were screened and excluded if they reported a diagnosed sleep or
neurological disorder before the study took place. Exclusion criteria also included individuals who identified as having
an intake of stimulants, hypnotics, benzodiazepines and/or antidepressants different from their habitual daily intake.

Data from 202 participants were collected online. 94 were non-students and 108 were currently enrolled in higher
education. Further demographic information is provided in Table 1, age distribution for each sample is provided in
Fig. 1, and employment, education, and qualification status are presented in Table 2.
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Design. An independent measures design was employed. Within this study, participants were split into student
and non-student groups to determine the difference in somnolence, hypersomnolence and sleep quality.

Materials. Four sleep scales were used in this study, the Epworth Sleepiness Scale, ESS [33], Stanford Sleepiness Scale,
SSS [34], the Pittsburgh Sleep Quality Index, PSQI [35] and the Morningness Eveningness Questionnaire, MEQ [36]. Details
of these scales are provided in Table 3.

Procedure. Ethical approval was granted by the University of Suffolk Ethics Committee on 29/07/21 (RETH20/070).
Participants were presented with an appropriate information sheet and consent form, outlining the purpose of the

Table 1 Pemographic Overall Student Non-students
Information
Mean age (SD) 33.27 (13.49) 28.30(9.59) 39.27 (15.06)
Age range 18-80 18-58 21-80
Female frequency 173 99 74
Male frequency 20 6 14
Non-binary frequency 8 3 6
Age distribution for students Age distribution for non-students
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Fig. 1 Age distribution for students and non-students
Table 2, Employmen.t, . Frequency of students (percentage of Frequency of non-students
Educatloh, and Qualification the sample) (percentage of the sample)
Information
Employment status
Full-time employed 26 (24%) 53 (56.3%)
Part-time employed 33(30.5%) 24 (25.5%)
Not employed for pay 46 (42.5%) 5(5.3%)
Homemaker/caregiver 3(2.7%) 5(5.3%)
Other - 6 (6.3%)
Education status
Full-time 78 (72.2%) -
Part-time 30 (27.7%) -
Highest qualification
Undergraduate 44 (40.7%) 35(37.2%)
Postgraduate 55 (50.9%) 29 (30.8%)
Vocational 2(1.8%) 9 (9.5%)
A Level or AS equivalent 6 (5.5%) 5(5.3%)
Other 1(0.9%) 6 (6.3%)
Did not specify - 2(2.1%)
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project and the potential risks involved with the survey. All participants were asked to complete the following scales in
a counterbalanced order: the Epworth Sleepiness Scale, ESS [33], Stanford Sleepiness Scale, SSS [34] Pittsburgh Sleep
Quality Index, PSQI [35] and the Morningness and Eveningness Questionnaire, MEQ [36]. Participants were also asked to
provide demographic information such as age, gender, and whether they were currently enrolled in higher education.

Data Analysis. Hypersomnolence was obtained from the Epworth Sleepiness Scale, ESS [33], somnolence was acquired
from the Stanford Sleepiness Scale, SSS [34], sleep quality and sleep parameters were derived from the Pittsburgh Sleep
Quiality Index, PSQI [35], and descriptive statistics were also recorded for both the student and non-student samples.
To determine the differences between those currently enrolled in higher education institutions (students) and those
not currently enrolled in higher education (non-students) t-tests were performed for sleep quality (PSQIl), somnolence
(SSS), and hypersomnolence (ESS), as well as circadian preference (MEQ). Finally, to determine the individual contribut-
ing factors of somnolence (SSS) and hypersomnolence (ESS) multiple linear regression analyses were performed with
global sleep quality, sleep efficiency, daytime dysfunction, sleep medication, sleep disturbance, sleep duration, sleep
latency and circadian preference as predictor variables. Predictor variables were obtained from the PSQI, with circadian
preference being obtained from the MEQ.

3 Results

Sleep parameters were compared between students and non-students with each mean and standard deviation listed
in Table 4 below.

Global Sleep Quality. Mean scores for global sleep quality, sleep efficiency, daytime dysfunction, sleep disturbance and
sleep duration for the student and non-student samples are shown in Table 4. The significance level was adjusted using
the Bonferroni correction to control for multiple comparisons. The adjusted alpha level was set at 0.01. There were no
significant findings for the independent samples t-tests with Bonferroni corrections for global sleep quality (£(200)=0.907,
p=0.365), sleep efficiency (t(200) =0.809, p=0.419), daytime dysfunction (t(200)=0.129, p=0.897), sleep disturbance
(t(200)=0.720, p=0.473), or sleep duration (t(200)=0.342, p=0.029) between the students and non-student samples.

Circadian Preference. Mean scores for circadian preference are shown in Table 4. An independent samples t-test for cir-
cadian preference between students (M=49.51, SD=11.37) and non-students (M=51.23, SD=11.82) was not significant,
t(200) = 1.04, p=0.294, demonstrating that there was no significant difference between the students and non-students
samples.

Somnolence (55S). Mean scores for somnolence using the SSS scores are shown in Table 4. An independent sam-
ples t-test for somnolence between students (M =3.49, SD=1.53) and non-students (M =3.04, SD=1.26) was significant,
t(200)=2.22, p=0.027, demonstrating that students had significantly higher levels of somnolence than the non-student
sample.

Hypersomnolence (ESS). Mean scores for hypersomnolence using the ESS scores are shown in Table 4, and the distribu-
tion of ESS scores are displayed in Fig. 2 below. There was no significant finding for the independent samples t-tests for
hypersomnolence (¢(200)=1.73, p=0.085) between students (M =6.86, SD=4.00) and non-students (M=7.86, SD=4.19),
demonstrating that there was no significant difference between the students and non-students samples.

Predicting somnolence (SSS) in the student sample. A simultaneous multiple linear regression was used to investigate
whether global sleep quality, circadian preference, sleep efficiency, daytime dysfunction, sleep medication, sleep dis-
turbance, sleep duration, and sleep latency predicted somnolence within the student sample. The correlation matrix
indicates that somnolence correlates with global sleep quality and daytime dysfunction within the student sample (see
Table 5).

Overall, the multiple linear regression model was significant, F(7, 99)=2.24, p < 0.05, R?=0.140, with 14% of the variance
in somnolence being explained by circadian preference, global sleep quality, sleep efficiency, daytime dysfunction, sleep
medication, sleep disturbance, sleep duration, and sleep latency. However, circadian preference (3=0.071, p=0.475),
global sleep quality (8=0.346, p=0.566), sleep efficiency (3=-0.104, p=0.684), sleep medication (=-0.099, p=0.539),
sleep disturbance (3=0.057, p=0.724), daytime dysfunction (8=0.184, p=0.402), sleep duration (3=-0.188, p=0.311),
and sleep latency (8=0.042, p=0.851) were not significant predictors of somnolence in the student sample.

Predicting hypersomnolence (ESS) in the student sample. A simultaneous multiple linear regression was used to inves-
tigate whether global sleep quality, circadian preference, sleep efficiency, daytime dysfunction, sleep medication, sleep
disturbance, sleep duration, and sleep latency predicted hypersomnolence within the student sample. The correlation
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Table4 Mean scores and Overall (SD) Student (SD) Non-students (SD)
standard deviations for each
sleep parameter Somnolence (SSS) 3.28 (1.44) 3.49 (1.53) 3.04(1.29)
Hypersomnolence (ESS) 7.32(4.11) 6.86 (4.00) 7.86 (4.19)
Circadian preference 50.31(11.59) 49.51(11.37) 51.23(11.82)
Sleep quality 7.79 (3.43) 7.59 (3.61) 8.03(3.21)
Sleep duration (hours) 7.10(1.36) 7.30(1.42) 6.88 (1.26)
Sleep efficiency (%) 80.56 (16.64) 81.45(16.33) 79.55(17.03)
Daytime dysfunction 1.97 (1.44) 1.85(1.48) 2.11(1.39)
Sleep disturbance 8.23 (4.89) 8.09 (5.20) 8.40 (4.53)

Note: ESS scores range between 0 and 24, circadian preference scores range between 16 and 86, sleep
quality scores range between 0 and 21, daytime dysfunction scores range between 0 and 9, and sleep dis-
turbance scores range between 0 and 30

Distribution of ESS scores for students Distribution of ESS scores for non-students
/ \‘ // \\

I I I I 1 I I I 1 I
0 5 10 15 20 O 5 10 15 20

Density
Y
/

ESS scores

Fig.2 Distribution of ESS scores for students and non-students. Note: Scores over 10 indicate excessive daytime sleepiness

matrix indicates that hypersomnolence correlates with global sleep quality, daytime dysfunction, and sleep disturbance
in the student sample (see Table 6).

Overall, the multiple linear regression model was significant, F(7, 99) =2.65, p < 0.005, R?=0.179, with 17.9% of the
variance in hypersomnolence being explained by circadian preference, global sleep quality, sleep efficiency, daytime dys-
function, sleep medication, sleep disturbance, sleep duration and sleep latency. However, circadian preference (3=-031,
p=0.753), global sleep quality (3=0.065, p=0.912), sleep efficiency (8=0.025, p=0.919), sleep medication (§=-0.099,
p=0.539), sleep disturbance (8=0.194, p=0.223), daytime dysfunction (8=0.321, p=0.135), sleep duration (3=-0.188,
p=0.311), and sleep latency (8=—- 0.137, p=0.532) were not significant predictors of hypersomnolence in the student
sample.

Predicting somnolence (5SS) in the non-student sample. A simultaneous multiple linear regression was used to investi-
gate whether global sleep quality, circadian preference, sleep efficiency, daytime dysfunction, sleep medication, sleep
disturbance, sleep duration, and sleep latency predicted somnolence within the non-student sample. The correlation
matrix indicates that somnolence correlates with global sleep quality, daytime dysfunction, and sleep latency within
the non-student sample (see Table 7).

Overall, the multiple linear regression model was significant, F(8, 85)=4.67, p <0.01, R?=0.306, with 30.6% of the
variance in somnolence being explained by circadian preference, global sleep quality, sleep efficiency, daytime dysfunc-
tion, sleep medication, sleep disturbance, sleep duration, and sleep latency. However, circadian preference (8=0.043,
p=0.640), global sleep quality (3=0.738, p=0.181), sleep efficiency (8=— 0.479, p=0.038), sleep medication (8=—0.357,
p=0.041), sleep disturbance (8=0.097, p=0.543), daytime dysfunction (=0.196, p=0.288), sleep duration (3=-0.138,
p=0.516), and sleep latency (8=— 0.018, p=0.942) were not significant predictors of somnolence in the non-student
sample.
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Table 7 Correlations between Somnolence (SSS), sleep quality parameters, and circadian preference for non-students

Sleep efficiency Daytime  Sleep Medication Sleep Sleep Duration Sleep Latency Circadian Global

Dysfunc- Distur- Preference Sleep

tion bance Quality
Somnolence (SSS) —.069 A57** —-.070 133 —.058 .288** —-.034 .230*
Sleep efficiency - .024 125 .281%* .043 A421** 134 .658**
Daytime dysfunction - - .070 .207*%* —.281** 347** -.127 .395%*
Sleep medication - - - .199 .049 .248* .027 492%*
Sleep disturbance - - - - -.017 .252* .007 .538**
Sleep duration - - - - - —-.166 .075 225%*
Sleep latency - - - - - - .069 .720%*
Circadian Preference - - - - - - - 041

Note: * p<.05, ** p<.01, *** p<.001

Predicting hypersomnolence (ESS) in the non-student sample. A simultaneous multiple linear regression was used to
investigate whether global sleep quality, circadian preference, sleep efficiency, daytime dysfunction, sleep medication,
sleep disturbance, sleep duration, and sleep latency predicted hypersomnolence within the non-student sample. The
correlation matrix indicates that hypersomnolence only correlates with daytime dysfunction in the non-student sample
(see Table 8).

Overall, the regression model was significant, F(8, 85)=2.20, p <0.035, R?=0.172, with 17.2% of the variance in hyper-
somnolence being explained by circadian preference, global sleep quality, sleep efficiency, daytime dysfunction, sleep
medication, sleep disturbance, sleep duration and sleep latency. Daytime dysfunction significantly predicted hyper-
somnolence in the non-student sample, (3=0.324, p=0.003), demonstrating that as hypersomnolence increases so
does daytime dysfunction within the non-student sample. However, circadian preference (8=0.049, p=0.628), global
sleep quality (3=— 0.673, p=0.263), sleep efficiency (8=0.025, p=0.919), sleep medication (§=0.202, p=0.287), sleep
disturbance (3=0.151, p=0.386), sleep duration (3=0.324, p=0.164), and sleep latency (8=0.023, p=0.93) were not
significant predictors of hypersomnolence in the non-student sample.

4 Discussion

This study identified that higher education students experience somnolence (SSS) in a distinctive way to their non-higher
education enrolled counterparts. In summary, significant differences were found within somnolence but not facets of
sleep quality or hypersomnolence (ESS) between the student and non-student sample. Additionally, daytime dysfunction
predicted hypersomnolence, but only within the non-student sample, and not within the student sample.

We suggest no differences between global sleep quality, sleep efficiency, sleep disturbance, or sleep latency between
a student and non-student population. Although our results do not indicate that students have a particularly high sleep
quality, they do indicate that student’s sleep quality are similar to the general population. There was no significant dif-
ference found in sleep duration between students and non-students, however, non-students did report a lower number
of hours sleep than the student sample, on average. This contrasts with research such as Lund et al. [16] who highlight
insufficient sleep within a large student sample. Witkowski et al. [39] demonstrated how chronic sleep restriction can
occur within a student population, with sleep duration decreasing through the duration of an academic semester.
Therefore, it could be suggested that academic stress contributes to reduced sleep duration alongside the progression of
their academic career and the lack of significance in this finding, could be indicative of variability in the sample. Further
evidence from Liguori et al. [40] also demonstrates similar results, suggesting that sleep duration can increase or decrease
depending on the semester schedule. Thus, demonstrating that although sleep duration may seem, on average, standard
in a student population, there is a significant level of variability in these results. Therefore, examining hypersomnolence
and somnolence may be more accurate in investigating sleep health in a student population.

Conversely, as our results highlighted that students have a higher sleep duration than the general population, longer
sleep duration could indicate the presence of sleep inertia [41-43], which could contribute to our findings of daytime
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dysfunction, somnolence, and hypersomnolence. Sleep extension and, therefore, sleep inertia may occur due to increased
sleep time due to circadian preference. Similarly, Onyper et al. [44] further investigated the impact of late class times on
academic performance within a university sample. This research [44] found that later class times reduced the experience
of daytime somnolence and reduced sleep disruption. However, this effect was also paired with increased alcohol use,
which was suggested to impact academic attainment more significantly than the influence of somnolence. Yet, the find-
ings of the current study demonstrated that circadian preference was not related to somnolence or hypersomnolence.
Nevertheless, circadian preference was correlated with daytime dysfunction. This may indicate that students are using
interventions such as sleep extension, alcohol, or stimulant use, as a method to accommodate for this incongruency.
This is supported by Stock et al. [45] who demonstrated sleep extension increases students’academic performance and
health indicators, such as systolic blood pressure. The current study suggests that students have a higher sleep duration
than the non-student sample, likely to promote these physical requirements, as Stock et al. [45] suggested. This study
contributes to the circadian preference and education debate highlighting that circadian preference may not be as
maladaptive to higher education as previously thought.

Additionally, our results suggested a significant difference between students and non-students for somnolence, report-
ing that students have higher levels of somnolence than non-students in the UK. This finding is supported by evidence
by Hershner and Chervin [2] who identify somnolence as a significant problem within higher education in the USA. This
could be explained by unique determinants that apply to the student population, such as academic stress [46-48]. This
academic stress may also be more extreme for medical courses, which may explain hypersomnolence being frequently
reported among students in the medical field [27, 49, 50]. Furthermore, this result could also be due to the transitional
phase of life that students experience, as identified by Brooman & Darwent [50]. This transitional period during higher
education has previously been linked to sleep parameters such as sleep hygiene [51]. Poor sleep hygiene is a factor
found within higher education across many studies [52-55]. Brown et al. [51] suggests that higher education students
have inconsistent sleep schedules, unsatisfied physical needs, such as thirst or hunger before sleep, noisy sleep environ-
ments, and academic stress, all of which are factors that may contribute to sleep quality and somnolence. Although sleep
hygiene was not investigated in the current study, our student sample demonstrated high levels of sleep duration and
somnolence. Yet, sleep latency was not identified as a significant predictor of somnolence, suggesting that inconsistent
sleep did not contribute to student somnolence in this study.

Although, previous research has suggested that hypersomnolence is common within a student population [2], no
research to the best of our knowledge compared this finding to the general population. Within this study comparisons
between a student and non-student sample, suggested no significant difference in levels of hypersomnolence. However,
the average hypersomnolence levels for both groups were below the cut-offs for clinical hypersomnolence (< 11) [56].
Nonetheless, the focus of this study remained primarily on non-clinical levels of hypersomnolence. Therefore, further
research would benefit from investigating these relationships within a clinical population.

Several limitations apply to this study. As identified by Boyes et al. [56], there are gender differences in the reporting
of hypersomnolence; within the current study 84% of the sample (173/204) identified as female. Female participants
are less likely to score highly within hypersomnolence or complain of somnolence symptoms, therefore it is likely that
this has impacted our findings. Further research into this area, should attempt to balance the gender distribution within
their sample to continue the investigation into this difference, as identified by Boyes et al. [56]. However, our research still
offers important insights into the female student population and their self-reported somnolence. Within this study, age
was unable to be controlled due to the unbalanced range in our sample. Moving forward, research into the area would
benefit from separating and investigating different ages in isolation, for example, young and mature students. Although
circadian preference showed no significant results in this study, it would be beneficial to control the time of day when
future studies are completed. This in turn may be able to mediate the effects of wakefulness. Finally, this study focused
on hypersomnolence and somnolence, it would be beneficial in future research to examine the longitudinal effects of
sleepiness as students’ progress within education. Finally, this study focuses purely on the perceptions of somnolence,
and the degree to which someone perceives themselves to be experiencing somnolence. Future research could therefore
highlight how this may impact manifest sleepiness, as well as, how this would impact behavioural aspects such as one’s
ability to maintain attention.

To summarise, this paper identified no significant differences between the sleep health structure of students and
non-students, more specifically, in the form of sleep disruption, quality, latency, and efficiency, as well as daytime dys-
function. Despite finding no significant difference in sleep duration, on further examination, students did report higher
sleep duration, than their non-student counterparts, which could lead to higher risks of comorbidities and mortality [57,
58]. Interestingly, a significant difference was found in somnolence between students and non-students. We suggest
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that this could be caused by factors such as academic stress, as well as the transition students experience within educa-
tion. Furthermore, we did not find a significant difference in hypersomnolence between our student and non-student
sample. In contrast to what was previously assumed, our finding suggest that students may not in fact be at a higher risk
of hypersomnolence. Nevertheless our regression models highlight variation in the contributing factors of somnolence
and hypersomnolence between students and non-students. Thus, highlighting the need for further examination of
somnolence and hypersomnolence in a student population.
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