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Abstract 

Introduction: Poor sleep quality has been associated with anxiety in postsecondary students. 

However, high-quality epidemiological evidence about this association is lacking.  

Purpose: To determine whether poor sleep quality is associated with anxiety in undergraduate 

university students.  

Methods: Two studies were conducted.  First, a systematic review of the literature was 

conducted on the association between poor sleep quality and anxiety. Second, the association 

between poor sleep quality and moderate to extremely severe anxiety was measured in a cross-

sectional study in postsecondary students enrolled in two faculties at Ontario Tech University 

(formerly known as he University of Ontario Institute of Technology) and the Canadian 

Memorial Chiropractic College during the 2017 fall academic term.  

Results: After screening and critically appraising all relevant articles, 27 of 28 studies reported a 

significant association between sleep quality and anxiety. Results from the cross-sectional study 

show that students who reported poor sleep quality were more likely to report moderate to 

extremely severe anxiety.  

Conclusions: Both studies suggest that poor sleep quality is associated with anxiety in 

postsecondary students. To determine if poor sleep quality is an independent risk factor for 

anxiety in Canadian postsecondary students cohort studies are needed.  

 

Keywords: sleep quality; anxiety; postsecondary student; emerging adults; systematic review; 

cross-sectional    
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Chapter 1. Thesis Introduction  

1.1 Introduction  

 My thesis includes two manuscripts: 1) a systematic review of the literature investigating 

the association between sleep quality and self-reported anxiety in postsecondary students; and 2) 

a cross-sectional study that investigated the association between sleep quality and moderate to 

extremely severe anxiety in undergraduate students enrolled in the Faculty of Health Sciences 

and Faculty of Education at Ontario Tech University (formerly known as he University of 

Ontario Institute of Technology) and students enrolled at the Canadian Memorial Chiropractic 

College (CMCC). This study is part of a larger research initiative designed to explore mental 

health and wellness among the Ontario Tech and CMCC student populations.  

The purpose of this chapter is to:  

1. Present the epidemiology of anxiety in postsecondary students;  

2. Introduce the concepts of sleep processes and sleep behaviours in postsecondary 

students;  

3. Review the association between poor sleep quality and anxiety in postsecondary 

students; and  

4. Describe and discuss the validity and reliability of tools used to measure anxiety and 

sleep quality among postsecondary students.  

1.2 Background  

 Over the past few years there has been growing attention payed to the “Campus Mental 

Health Crisis” that is occurring in postsecondary institutions all over the world [1-7]. There are 
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two main contributing factors leading this crisis; increased rates of mental health issues and long 

wait times for mental health services [8-10]. In Canada, rates of mental health issues among 

postsecondary students are significantly higher than among the general population with anxiety 

disorders being some of the most commonly reported [3, 9-11]. In any given year in Canada, 

approximately 20% of the general population experience mental health issues [11]. In 

comparison, in 2019 68% of postsecondary students reported experiencing overwhelming 

anxiety [3]. The high rates of anxiety and other mental health issues in postsecondary students 

may be related to the adjustment students face when transitioning from secondary to 

postsecondary education and the related significant life changes they experience [12, 13]. This 

includes increased academic pressures, increased expectations and responsibilities, and increased 

financial pressures [9, 10, 13]. When addressing increasing anxiety in students, one of the areas 

that postsecondary institutions are focusing on is understanding the mechanisms that may be 

contributing to it.  

 One mechanism that is thought to be a contributing factor to poor mental health is poor 

sleep. Postsecondary students frequently report high rates of poor sleep quality [3, 12]. Some of 

the most commonly reported sleep problems reported by students include: trouble falling or 

staying asleep, not getting enough sleep or waking up tired [14]. Postsecondary students are at an 

increased risk for developing sleep problems, primarily because they face a combination of 

academic, family, social and work pressures that may not be faced by other populations [2, 4, 

15]. Good sleep quality is crucial for postsecondary students because of its association to 

memory consolidation and academic performance [16, 17]. Good sleep quality is also important 

for mental health; poor sleep quality is associated with higher rates of anxiety in the general 
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population, however there has not been much research assessing this relationship specifically in 

postsecondary student populations [18].  

Everyone experiences symptoms of anxiety occasionally, but in most people, it is not 

problematic and these symptoms are usually short lived. However, when the cognitive, 

behavioural and physical symptoms of anxiety become persistent and severe, anxiety can cause 

distress to the point where it can affect work, academics, social interactions and even day to day 

tasks [19-22]. Anxiety consists of a variety of symptoms. Some of the most commonly reported 

symptoms of anxiety are physiological disturbances (e.g., sweating, muscle tension, nausea) 

nervousness, unease, inability to maintain focus, a sense of impending danger or doom, 

hypervigilance and sleep disturbances [23].  High rates of anxiety have been associated with 

poor health outcomes, lower academic performance, and increased risk for suicidal ideation [1, 

19, 21, 24, 25]. According to the World Health Organization (WHO), anxiety is one of the most 

commonly diagnosed mental illnesses worldwide [26, 27]. Mental health issues among 

postsecondary student populations are becoming increasingly concerning and postsecondary 

institutions are trying to find ways to address this growing burden [9]. These increasing rates of 

mental health issues (including depression, anxiety, obsessive compulsive disorder, addictions, 

suicidal ideation and self harm) in postsecondary students have not only been seen in Canada but 

around the world and have been associated with both academic challenges and health behaviour 

risks including physical inactivity, unhealthy eating habits, higher alcohol consumption and 

increased likelihood of smoking. [1-5].  

According to the Canadian reference group of the 2019 National College Health 

Assessment, 68% of students felt overwhelming anxiety in the past year and 65% reported being 

tired, dragged out or sleepy during the day the majority of days [3]. This is not surprising given 



4 
 

that mental health problems and sleep problems tend to co-occur and that the relationship 

between sleep and anxiety may have implications with regards to many other mental health 

outcomes such as depression, bipolar disorder, stress and other psychological disturbances [18, 

25, 28, 29]. With nearly two thirds of students reporting high anxiety levels on campus, 

resources such as health centers, counselling services and disability centers are receiving an 

increasing number of students seeking resources/services [5, 8, 9, 24]. This increased demand for 

services has led to postsecondary institutions attempting to create mental health interventions, 

yet the mechanisms underlying this increase have not been adequately explored in this 

population [2, 4, 21, 24]. The research on the association between sleep and mental health in the 

general population, as well as the higher rates of both poor sleep quality and mental health 

issues, demonstrates that this is an important area to investigate within the postsecondary 

population [4, 18]. As postsecondary institutions work to create mental health interventions to 

address the high rates of anxiety in students, an important first step is understanding the 

mechanisms that may be contributing to the increase, sleep being one of them.   

1.3 Sleep  

1.3.1 Sleep Stages  

Sleep typically follows a pattern of alternating Rapid Eye Movement (REM) and non-

rapid eye movement (NREM) sleep that repeats in a cycle approximately every 90 minutes [30, 

31]. Seventy-five percent of sleep is comprised of NREM sleep which is composed of 4 stages 

[30, 31]. Stage one is the period between being awake and falling asleep when someone is lightly 

asleep [7, 16, 17]. Stage two is the transitional stage between wakefulness and sleep. This is 

when the body temperature drops, as well as breathing and heart rate slow down. Normally the 

transition from stage one to two should take 30 minutes or less. If it takes longer than this to fall 
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asleep it is considered sleep onset insomnia [30, 31].  Stages 3 and 4 are the deepest stages of 

sleep. During these stages blood pressure drops, tissue growth and repair occurs, breathing 

becomes slower, and hormones are released. These two stages of sleep are also the most 

important stages when it comes to sleep quality and when individuals spend inadequate time in 

these deeper stages of sleep, they often report waking up feeling unrefreshed or not well rested. 

This is not surprising, since this is the stage when the body does most of its repair work [14, 16]. 

Stages 3 and 4 are the most commonly impacted stages when people try and sleep at unusual 

times (such as during the day) or experience issues with their circadian rhythm (i.e. problems 

falling asleep at night or staying awake during the day) [32, 33] [7, 34]. The remaining 25% of 

sleep is comprised of REM sleep [30, 31]. REM sleep is when the brain is the most active and 

dreams occur. It is also the stage that most supports daytime performance and provides energy to 

the brain and body. This stage is where emotion regulation and consolidation of previously 

learned content occurs. This is especially important for postsecondary students given that sleep is 

a predictor of academic success. These stages comprise a sleep cycle occurring approximately 

every 90-120 minutes, however if sleep is interrupted regardless of what stage someone is in, 

their sleep cycle begins back to stage one.  Overall sleep is important for many physiological 

processes including mood regulation, memory consolidation and immune function [15, 30, 31, 

35].  

1.3.2 Regulation of Sleep  

Regulation of sleep and wakefulness consist of two main processes: 1) homeostatic 

process (referred to as Process S); and 2) the circadian rhythm (Process C) [31, 36-38]. Process S 

represents the accumulated sleep debt which occurs during wakefulness and is alleviated during 

sleep [36, 38]. When it reaches its highest point, sleep debt triggers sleep and when it reaches its 
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lowest point it triggers a person to wake up [31, 36]. This cycle of increasing and decreasing is 

constant and synchronized with the timing of day and night [31, 36, 38]. It is also regulated by 

the circadian pacemaker which is a 24-hour clock in the hypothalamus of the brain (process C) 

[31, 36-38]. This pacemaker uses the changes in solar light intensity to indicate transitions 

between day and night to regulate sleep debt, body temperature and hormone release in a 

phenomenon known as the sleep-wake cycle [31, 36-38]. Process C also uses external 

environmental cues, referred to as zeitgebers, which dictate when individuals should be awake or 

asleep [36, 39]. These cues include light, weather, temperature, exercise, eating patters and social 

interactions. The most common is the light-dark cycle which helps regulate sleep based on the 

amount of natural light available [39].  

1.3.3 Natural light and Chronotype/circadian preference  

Two other important factors related to sleep problems are: 1) reduced exposure to natural 

light; and 2) chronotype or circadian preference. Postsecondary students often spend large 

amounts of time inside either in classes or studying. This often means that they have less 

exposure to natural light. This is especially critical in a Canadian context because in Canada we 

already have shortened daylight hours for most of the year. With regards to students, exposure to 

natural light has been shown to have positive impacts on both academic achievement and 

attendance in students [40, 41]. Lack of exposure to natural light has also been linked to higher 

rates of anxiety and seems to have an impact on the regulation of circadian patterns [41, 42]. 

Circadian preference is classified into three chronotypes: morning-type, evening-type and 

neither-type [35]. Morning-types perform best mentally and physically in the morning hours and 

because of this tend to get up early in the day and go to bed earlier [35]. Evening-types tend to 

perform best in the late afternoon or evening. They tend to stay up late at night and then get up 
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later in the morning [35]. These risk factors can be connected because students who are evening-

types or ’night owls’ are more likely to be awake during periods of the day when there is little or 

no natural light. Research has shown that chronotype or circadian preference has an impact on 

the development of mental health issues [32, 35, 42]. This means that it is not only the quantity 

and quality of postsecondary students’ sleep but also the timing that is of concern with regards to 

mental health outcomes. Chronotype studies have found that students who are evening types are 

more likely to report anxiety symptoms when compared to students who are morning type or 

neither [32, 35, 43]. Since many students often stay up late to complete assignments (especially 

those who are juggling multiple responsibilities and priorities), lack of exposure to natural light 

and the impact of circadian preference or sleep phase delay may significantly contribute to 

anxiety within this population. 

1.3.4 Consequences of disturbed sleep  

Consequences of disturbed sleep include emotional distress, performance deficits, mood 

disorders (which includes depression), cognitive and memory deficits, anxiety, psychosocial 

health, risk taking, increased responsivity to stress, hypertension, cardiovascular disease, 

dyslipidemia, and obesity [44, 45]. Some of these issues can be seen after just one night with 

poor quality or disturbed sleep [28, 36, 46, 47]. Poor quality or disturbed sleep can also have a 

significant impact on other pre-existing medical conditions and gastrointestinal disorders [12, 48, 

49].  

1.3.5 Sleep in postsecondary students 

 In postsecondary students poor sleep quality has been shown to impact a number of areas 

including academic performance, memory, eating habits, risk taking behaviours, mood regulation 

and suicidal ideation [15]. With regards to impacts of poor sleep quality, postsecondary students 
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are in a unique position since they experience both the impacts experienced by adolescents 

(increased risk-taking behaviour, academic impacts) and those experienced by adults 

(performance deficits, weight gain) [2, 15, 44, 45]. While suicide and suicidal ideation are the 

most extreme way that poor sleep quality impacts mental health, it also has an impact on mood 

(which can lead to mood disorders such as depression) and lead to increased anxiety [13, 15, 29]. 

The impact that sleep has on anxiety has been more widely explored, but it is only more recently 

that research that has found the relationship to be bi-directional [18, 29]. Despite this research, 

this relationship is still not well understood: current studies show that more research needs to be 

done to understand the impacts and causes.   

1.3.6 Rates of sleep problems in postsecondary students  

 Recent sleep research has put a specific focus on postsecondary students as a group that 

is separate from both adults and children because postsecondary students are in a unique position 

that makes them especially vulnerable for the development of sleep disorders, poor sleep habits 

and poor sleep quality [2, 7]. Postsecondary students face a combination of academic, family, 

social and work pressures that are different than those faced by other populations [2, 4, 7, 15]. 

Poor sleep quality has been associated with impaired academic performance as well as poorer 

physical and psychological health; however the directionality of this association is unclear [29]. 

This is because most students do not seek support until their issues have become more extreme, 

which makes it difficult to assess which factors (sleep, mental health or academic stress) 

occurred in which order.  

 The National College Health Assessment (ACHA-NCHA II) is a survey that is conducted 

by the American College Health Association every year [3]. This survey consists of a separate 

Canadian reference group that examines self-report data from students at participating Canadian 
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colleges and universities. The survey consists of 300 questions to assess physical and mental 

health status and issues as well as health risk behaviours [3]. According to the data collected as 

part of the 2019 survey, 21% of students reported experiencing sleep difficulties that impacted 

their academic performance over the past year and 65% of students reported being tired, dragged 

out or sleepy during the day the majority of days in the previous week [3]. This pattern of poor 

sleep quality in postsecondary students is not unique to Canada. In the U.S., Lund et al., found 

that over 60% of students were categorized as poor-quality sleepers [13] with similar results 

found in other countries such as Australia, Germany, Estonia and China [2, 6, 7, 25, 29]. Given 

how widespread this issue is and the fact that the number of students reporting poor sleep quality 

seems to be increasing, it is important to understand some of the potential factors that are 

contributing to this issue [3, 50, 51].  

1.3.7 Potential Contributing Factors of Poor Sleep Quality in Postsecondary Students 

The importance of good sleep quality has not been the focus of health promotion efforts 

in postsecondary students, however students in this demographic have high rates of self-reported 

poor sleep quality [3, 16]. There are a number of reasons that are thought to contribute to this 

high rate of sleep problems in postsecondary students including societal attitudes of young 

people and sleep, as well as the challenges of juggling both student and adult responsibilities, 

and the time these responsibilities take [2, 4, 12].    

Sleep for postsecondary students has not been a focus to the same extent as it is in other 

populations and is often seen as less important [7, 12]. Sometimes students are taught that since 

they are young they do not require as much sleep; other times students just accept that when they 

start postsecondary studies being stressed and sleep deprived is inevitable and part of “normal” 

university life [7, 24, 34]. This idea that sleep is not as important for young people may lead to 
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students valuing other competing interests over sleep. This is often exacerbated in students who 

are juggling other responsibilities outside of school including caring for family members, 

working jobs to pay for school and commuting long distances to save on residence costs, all of 

which can impact the amount of time that students have to sleep. The idea that postsecondary 

students are young and therefore need less sleep (or are unaffected by sleep disorders or poor 

sleep quality) has the potential to minimize the risks of poor sleep habits and make it difficult for 

students to talk about any issues that they are having with sleep. Research has shown that sleep is 

a crucial process, especially for postsecondary students who are not only required to memorize 

large amounts of information but are also developing health behaviour habits that will stay with 

them for the rest of their lives [2, 15, 17, 29]. Postsecondary students are aware of the fact that 

they do not sleep well and even list it as one of the top ten sources of stress [4].  

Since students often feel (or are made to feel) that being sleep deprived is normal or to be 

expected, it can sometimes lead to them developing habits to cope with their sleep issues that 

cause further problems, such as the over-consumption of caffeine or other stimulants, or 

oversleeping on weekends to make up for missed sleep during the week [2, 7, 13, 15, 25]. Both 

of these methods of dealing with sleep issues create their own problems and, in some cases, can 

actually cause sleep problems to worsen. While caffeine is a stimulant, it interferes with the 

sleep-cycle as it reduces the amount of time that is spent in slow-wave sleep and the temporal 

regulation of REM and NREM sleep [15]. Both slow wave and REM sleep have been shown to 

play a role in learning and memory consolidation which are crucial processes for postsecondary 

students[15-17]. This can lead to students getting caught in a vicious cycle whereby they 

increase caffeine consumption to combat daytime sleepiness but then are unable to initiate sleep 

during their sleep period. This can lead to students developing further sleep quality issues, even 
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more daytime sleepiness, and therefore increase caffeine consumption and/or other dangerous 

stimulants [2, 10, 24]. Sometimes when students realize they are not obtaining enough sleep 

during the week they try to make up for it by oversleeping on the weekend [13]. This “catch-up 

sleep” can help reduce daytime sleepiness in the short term but it does not reduce the 

physiological and psychological consequences of not getting enough sleep [52]. Oversleeping 

can also disrupt the body’s circadian rhythm making it harder to fall asleep at night [37, 38]. If 

the circadian rhythm is desynchronized it can actually create further sleep regulation issues like 

insomnia [31, 37, 38]. Both over-sleeping and over-consumption of caffeine can create a vicious 

cycle that can increase anxiety and other mental health issues which emphasizes the importance 

of educating postsecondary students about the impact that poor sleep quality has. 

1.4 Anxiety 

1.4.1 Rates of Student Anxiety  

 Mental health has been a growing concern among colleges and universities as the number 

of students experiencing mental health symptoms, reporting mental health diagnoses or requiring 

mental health related academic supports has increased significantly over a short period of time 

[24]. The rise in mental health issues has also been linked to an increase in health risk behaviour 

and a reduction in the amount of time that students have to spend on self-care activities such as 

sleep, physical exercise, and eating healthy [2]. The Canadian data from the 2019 National 

College Health Assessment found 68% of students felt overwhelming anxiety in the past year, 

34% report their anxiety affecting their academics and 23% report being diagnosed or seeking 

professional help for their anxiety [3]. In comparison, the 2013 assessment found that 56% of 

students felt overwhelming anxiety in the past year, 28% reported their anxiety affecting their 

academics and 12% reported being diagnosed or receiving professional treatment for their 
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anxiety in the past year [51]. This data suggests that the rates of anxiety symptoms, as well as the 

rates of diagnoses appear to be increasing. It also shows that the rates of students reporting 

anxiety symptoms is much higher than the national average of an individual experiencing a 

mental health issue in any given year which is estimated to be approximately 20% [11]. This 

pattern of postsecondary students reporting higher rates of anxiety when compared to the general 

population has been reported in the United States, Australia and China [2, 5, 29]. With more than 

two thirds of postsecondary students reporting overwhelming anxiety, it is clear that there is a 

significant need for interventions addressing student anxiety.  

1.4.2 Potential contributing factors of anxiety in postsecondary student population 

 With the rise of anxiety (and other mental health issues) among postsecondary students, 

colleges and universities are working to promote positive mental health strategies to assist their 

students. In order for colleges and universities to effectively address the increasing rates of 

student mental health issues understanding the underlying mechanisms is an important first step. 

Students pursuing postsecondary education make many adjustments when transitioning from 

secondary to postsecondary education and the related significant life changes that they 

experience may contribute to the increasing anxiety [12, 13]. This adjustment includes the 

increase in responsibility and expectations that students face combined with the need to manage 

both education and adult responsibilities [12, 13]. Postsecondary students are often dealing with 

these expectations for the first time and may not have coping strategies to help them deal with 

the increased stress that they may be feeling [12]. Providing students coping mechanisms for 

stress may be one potential area that college and university mental health services may focus on. 

While a period of adjustment is normal, in recent years the expectations placed on students, as 

well as the financial costs of education have increased [9, 10]. The increase in pressures and 
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financial concerns is represented in sources of student stress where academic performance, 

pressure to succeed, post-graduation plans, and financial concerns are all frequently listed in the 

top 10 stressors [4]. The cost of postsecondary education in Canada has increased substantially in 

the past 20 years putting more financial pressures on students [4, 9]. Financial assistance 

programs such as the Ontario Student Assistance Program (OSAP) have not kept pace with 

increases in tuition forcing more students to work multiple jobs to help make ends meet [53, 54]. 

This in turn also places more pressure on students to find jobs after they finish their degree to 

start paying off student loans. Students who come from families that are lacking financial 

stability are likely to experience higher levels of anxiety compared to those with more affluent 

backgrounds [4, 55, 56]. The combination of increased expectations and pressures on students, 

with the reduced stigma and growing awareness of the importance of mental health, has led to an 

increased demand in students seeking mental health support [9, 24]. This demand is much higher 

than college and university counselling centers can handle which has led to long wait times for 

services [8-10, 24]. Understanding the mechanisms underlying the increasing rates of anxiety in 

postsecondary students will help colleges and universities to develop interventions that better 

address the needs of this population.   

1.4.3 Consequences of postsecondary student anxiety  

 Mental health issues in postsecondary students impact many areas of student life 

including health behaviours (such as sleep) and academics [2, 24]. In a study of college students 

in Ontario, students reporting high levels of anxiety were more likely to experience memory or 

executive functioning problems when compared to those with other diagnoses such as mood 

disorders [24]. Anxiety symptoms in postsecondary students have the potential to create a 

cyclical relationship whereby symptoms may impede academic performance leading to even 
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more increases in anxiety levels [4, 24]. The association between academic performance and 

mental health is well documented, however the majority of studies treat mental health as a single 

issue as opposed to examining the differences in academic performance between disorders [5, 

24]. This makes it challenging to identify the different symptom patterns between disorders as 

well as the mechanisms that lead to high rates of mental health issues in postsecondary students. 

Students with anxiety symptoms are less likely to meet health behaviour guidelines such as 

getting enough sleep; and, even when they do get enough hours of sleep, are more likely to 

report poorer quality of sleep compared to the general population [2, 15]. Sleep and anxiety have 

been shown to have a bidirectional relationship in the general population, however more research 

is needed to understand the factors that impact this relationship [4, 18, 57].   

 1.5 Relationship between sleep and anxiety  

Understanding the relationship between poor sleep quality and anxiety is important since 

sleep problems can heighten anxiety and anxiety can amplify sleep problems – creating a vicious 

cycle [34, 58, 59]. Anxiety activates the sympathetic nervous system, which leads to a number of 

physiological responses including increased heart rate and breathing [27, 60, 61].  These 

physiological responses create a state of arousal which is sometimes referred to as 

hypervigilance or feeling on edge  [23, 27, 60, 61]. Increased heart rate and breathing, coupled 

with hypervigilance and mind-racing are counterproductive for sleep.  In order for sleep onset to 

occur, the relaxation response needs to be initiated. If the relaxation response is impeded, sleep 

onset is delayed, which can affect an individual’s sleep quality and quantity, and impede daytime 

function. Poor sleep quality and quantity affects mood and makes one more anxious which in 

turn makes it even more difficult to sleep the following sleep period [18, 59, 62, 63]. This cycle 
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often continues and can lead to increasing impacts not only on sleep quality and mental health 

but can also have academic, social and physical impacts.  

 Research has shown that postsecondary students are at an increased risk for developing 

both anxiety and sleep problems [1, 3, 29]. Studies have also found that there is a potential 

bidirectional relationship between sleep and anxiety but more research is needed to understand 

the nature of this relationship [18, 64]. However, there are a number of factors that have been 

identified influencing this bidirectional relationship. For example, anxiety and sleep have 

overlapping physiological mechanisms [62, 65, 66]. The development of anxiety is related to 

reductions in neurotransmitters norepinephrine and serotonin [65, 66]. The production of 

norepinephrine and serotonin play a critical role in the physiology of sleep including the 

production of melatonin and the amount of time spent in REM stage sleep [15, 57, 62]. If the 

levels of these neurotransmitters are reduced because of anxiety then it will have an impact on 

the ability of someone to fall asleep and therefore, will negatively impact their quality of sleep. 

One of the challenges in addressing both insomnia (as well as other sleep problems) and 

anxiety is not only the fact that it can be extremely difficult to assess which issue came first 

because they are so commonly co-morbid but also that they can create a vicious cycle. Anxiety is 

a symptom of the body’s response to stress, when it becomes a problem is when the stress is 

chronic or when people do not effectively address the stressor. When anxiety becomes chronic or 

is not dealt with, it may impact other health behaviours such as sleep. This is because we are 

programed not to fall asleep if our bodies think we might be in danger. If the stressor is short 

lived and external, then this process is acceptable; whatever it is that is making us anxious will 

disappear and then once our sympathetic nervous system is deactivated, we will be able to fall 

asleep [57, 60, 62]. In the event that anxiety does not resolve or is not easily addressed, this can 
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lead to sleep quality issues such as difficulties falling asleep and staying asleep. This chronic 

state of arousal is often experienced by individuals who are anxious and described as “mind 

racing” – a contributing factor to insomnia [59, 63]. Knowing how closely related these two 

issues are, it may be likely that sleep and anxiety are associated in postsecondary students, given 

the similarities in their physiological pathways. 

Poor sleep quality is often comorbid with anxiety and other mental health issues [18, 33, 

57, 64] and while there is a gap in the research exploring the association between sleep quality 

and self-reported anxiety in postsecondary students, there is evidence to suggest that sleep 

quality and anxiety are associated in the general population, however there remains some debate 

on the exact nature of this relationship and if it is bi-directional or cause-effect [18, 33, 57, 64]. 

One reason for this disagreement is the heterogeneity of cohort samples as well as the 

inconsistent definitions of both anxiety and sleep quality [18, 33, 57, 64]. In most cases, these 

findings remain consistent when demographic variables were accounted for [18, 64]. However, 

most studies concluded that while there was evidence of an association between sleep quality and 

self-reported anxiety, more research was needed to fully understand the nature of this 

association. There is also evidence that childhood sleep problems predict higher levels of anxiety 

in adults [18].  

As postsecondary institutions work to address the increasing numbers of students seeking 

mental health supports it is important to understand all of the potential factors that are impacting 

student mental health. Therefore, the goal of this proposed study is to examine the relationship 

between sleep quality and anxiety within the postsecondary student population and explore the 

impacts and contributing factors that influence this relationship. 



17 
 

1.6 Objectives  

 The overall objective of my thesis was to investigate the association between sleep 

quality and anxiety in postsecondary students. To reach this main objective I conducted:  

1. a systematic review of the literature to synthesize the best available evidence on the 

association between sleep quality and anxiety in postsecondary students; and,  

2. a cross-sectional study to determine if poor sleep quality is associated with anxiety in 

students enrolled in the Faculty of Health Sciences (FHS) and Faculty Education (FEd) at 

Ontario Tech University and at the Canadian Memorial Chiropractic College in the Fall 

of 2017.  
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2.1 Abstract  

Introduction: Mental health conditions such as anxiety represent a growing health concern for 

students in institutions of higher education. Postsecondary students are a vulnerable population 

that is increasingly recognized to be at risk for both mental health problems and significant sleep 

problems. While it has been hypothesized that poor sleep quality may be a risk factor for 

developing anxiety, little is known about the frequency and severity of sleep problems and their 

association with anxiety within the postsecondary student population. The aim of this systematic 

review was to synthesize the best evidence on the association between sleep quality and anxiety 

in postsecondary students.    

Materials and Methods: An experienced librarian developed systematic search strategies in 

four databases: MEDLINE, Embase, APA PsycInfo (through Ovid Technologies Inc.) and 

CINAHL, Cumulative Index to Nursing and Allied Health Literature (through EBSCOhost). 

Databases were searched from inception to September 2020. Random pairs of independent 

reviewers screened titles and abstracts for eligibility and critically appraised all eligible studies. 

We assessed the quality of studies using the Scottish Intercollegiate Guidelines Network (SIGN) 

criteria for cohort studies, and the Hoy tool for cross-sectional studies. One author extracted and 

synthesized the results from all of the low and moderate risk of bias studies. We synthesized our 

results by study design and population. 

Results: Once duplicates were removed, a total of 3203 unique citations were screened. Fifty-

one articles were eligible and critically appraised. Studies with low and moderate risk of bias 

were included in our final synthesis of which 24 were cross-sectional studies and four were 

cohort studies. With the exception of one study, all cross-sectional studies reported a statistically 

significant association between poor sleep quality and anxiety. All four of the cohort studies 
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found that students who reported poor sleep quality were more likely to develop future anxiety 

and students with anxiety were more likely to develop future poor sleep quality. 

Conclusion: Poor sleep quality is associated with anxiety in postsecondary students. Due to the 

cross-sectional nature of most studies, we cannot determine the direction of this association.  

Future studies should focus on developing high-quality prospective cohort or longitudinal studies 

to help understand the impact and direction that this association has in postsecondary 

populations. This research has the potential to inform the development and design of mental 

health policies and programs that are created by postsecondary institutions to address the 

increasing rates of student mental health issues.  

Acknowledgments: Canadian Institutes of Health Research (CIHR) Operating Grant: 

Knowledge synthesis: COVID-19 in Mental Health & Substance Use; University of Ontario 

Institute of Technology; Institute of Disability and Rehabilitation Research; Canada Research 

Chair in Disability Prevention and Rehabilitation, Toronto, Canada 
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 2.2 Introduction  

Mental health disorders among postsecondary student populations are increasingly 

becoming a health concern. In Canada, the prevalence of mental disorders among postsecondary 

students is significantly higher compared to the general population with anxiety disorders being 

the most commonly reported [1-4]. In Canada, approximately 20% of the general population 

experience mental disorders such as depression and other mood disorders, generalized anxiety 

disorder, and alcohol use disorder [4]. In comparison, according to the 2019 National College 

Health Assessment, 51% of postsecondary students reported feeling so depressed it was difficult 

to function, 63.3% felt that things were hopeless and 68% reported overwhelming anxiety [1]. 

Rates of mental disorders in postsecondary students have not only been increasing in Canada but 

world-wide and have been associated with both academic challenges and health risk behaviours 

[5-7]. The rise in anxiety and mental health disorders in postsecondary students have been 

hypothesized to be associated with significant life changes students experience when 

transitioning from secondary to postsecondary education [8-10]. These include increased 

academic pressures, expectations, responsibilities, and financial pressures [2, 3, 8]. Moreover, 

sleep problems are also highly prevalent in postsecondary students and may impact both physical 

and mental health, and daytime functioning [1, 3]. Postsecondary students frequently report high 

prevalence of poor sleep quality with 65% reporting being tired, dragged out, or sleepy most 

days and 48% reporting sleepiness impacts their daytime functioning and activities [1]. Recent 

sleep research has put a specific focus on postsecondary students as a group that is different from 

both adults and children because postsecondary students are especially vulnerable to the 

development of poor sleep quality and sleep disorders because they face a combination of 

academic, family, social and work pressures that are different than those faced by other 

populations [1, 6, 9, 11, 12].  
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Sleep patterns change considerably when entering postsecondary education and are often 

characterized by sleep time delays or irregular sleep patterns. Irregular sleep patterns may be 

attributed to factors including early class start times, part-time jobs, lifestyle preferences, 

academic demands and social activities [6, 13]. These factors combined can impact the amount 

of time students have to sleep. This is often exacerbated in students who are juggling other 

responsibilities outside of school including caring for family members, working to pay for school 

and commuting long distances to save on residence costs [6]. Furthermore, some students may 

have misconceptions on the importance of sleep and perceive that high levels of stress or anxiety 

and sleep deprivation are an inevitable part of ‘normal’ university life [7, 12, 14-16]. 

Other important factors contributing to sleep problems in the postsecondary student 

population include: 1) reduced exposure to natural light; and 2) chronotype or circadian 

preference [17-19]. Postsecondary students often spend large amounts of time indoors which 

limits their exposure to natural light. Exposure to natural light is critical, especially in Canada 

where there is shortened daylight hours in winter months. In postsecondary students, exposure to 

natural light has been shown to have positive impacts on both academic achievement and 

attendance [17, 18]. Lack of exposure to natural light has been linked to higher rates of anxiety 

and appears to impact the regulation of circadian patterns [17, 19]. Circadian preference is 

classified into three chronotypes: morning type, evening type and neither type [13]. Individuals 

who are identified as morning types perform best mentally and physically in the morning; they 

tend to wake up early in the day and go to bed earlier [13]. Individuals who are evening-types 

tend to perform best in the late afternoon or evening and tend to stay up late at night and wake-

up later in the morning [13]. These risk factors between natural light exposure and chronotype 

are connected because students who are evening-types or ‘night owls’ are more likely to be 
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awake during periods of the day when there is little or no natural light. Not only does sleep 

duration and sleep quality impact mental health but the timing of sleep is also of concern with 

regards to mental health outcomes. Chronotype studies have found that students who are evening 

type are more likely to report anxiety symptoms when compared to students who are morning 

type or neither [13, 20, 21]. Since many students often stay up late to complete assignments 

(especially those who are juggling multiple responsibilities and priorities), lack of exposure to 

natural light and the impact of circadian preference or sleep phase delay may significantly 

contribute to anxiety within this population. Poor sleep quality has contributed to impaired 

academic performance as well as poorer physical and psychological health, however the nature 

of this relationship is unclear [22]. 

There is preliminary evidence that mental health problems (such as anxiety) and sleep 

problems tend to co-occur in other populations [22]. With nearly two thirds of students reporting 

overwhelming levels of anxiety on campus, resources such as health centers, counselling services 

and disability centers are receiving record numbers of students seeking services [2, 3, 5, 7, 23]. 

The increased rates of postsecondary students experiencing anxiety and sleep problems are well 

documented; however, little research has been done examining the potential relationship between 

the two  [6, 7, 24]. Therefore, the goal of this systematic review was to synthesize the existing 

literature on the association between sleep quality and anxiety in the postsecondary student 

population. 

2.3 Methods  

 This review is part of a set of systematic reviews reporting on the association between 

sleep quality and mental health in postsecondary students. 
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2.3.1 PROSPERO Registration  

 A review protocol was developed and registered with the International Prospective 

Register of Systematic Reviews ([PROSPERO] CRD4201603744). The Preferred Reporting 

Items for Systematic Reviews and Meta-analysis (PRISMA) was used to guide the conduct and 

reporting of this systematic review [25]. The search and screening for this review was performed 

as part of a larger literature search examining the association between sleep quality and mental 

health in postsecondary students.  

2.3.2 Eligibility Criteria    

Since this study was a sub-review of a larger set of reviews, screening was performed in 

two stages. The first stage identified studies focusing broadly on the association between sleep 

and mental health disorders in postsecondary students. For this stage of screening, we targeted 

cross-sectional, case-control and cohort studies of postsecondary students at any age. Age was 

not restricted because the age of entry varies between countries and programs. The term 

“postsecondary” refers to undergraduate, graduate or professional students of any age who are 

studying at a recognized postsecondary institution (college, university, professional program, 

technical school or equivalent) in a program with the final goal of earning a degree, diploma or 

certificate. Studies included students with healthy sleep, sleep disturbance, impaired sleep, or 

disordered sleep (with the exception of breathing-related sleep disorders). Studies identified at 

this stage were categorized into those examining the association between sleep and: 1) 

depression; 2) anxiety; and 3) common mental disorders in postsecondary students.   

The second stage of screening was applied only to those studies assessing the association 

between sleep and anxiety. Studies were eligible if sleep quality was measured using validated 

self-reported tools (e.g., Pittsburgh Sleep Quality Index or Insomnia Severity Index) or objective 
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measures (e.g., actigraphy). Eligible studies measured anxiety with valid and reliable self-report 

measures including but not limited to the Depression, Anxiety and Stress Scale (DASS), the 

State-Trait Anxiety Inventory (STAI), the Adult Manifest Anxiety Scale (AMAS), the Emotional 

State Questionnaire (EST-Q) and the Beck Anxiety Inventory (BAI).  

2.3.3 Exclusion Criteria  

Studies of participants with breathing-related sleep disorders (e.g., obstructive sleep 

apnea [OSA]) were excluded because such disorders would lead to poorer sleep quality. Studies 

that did not investigate the correlation rates were also excluded. Study designs such as pilot 

studies, published protocols, systematic reviews and other review papers, clinical practice 

guidelines, cadaveric or animal studies and conceptual papers were also excluded. Additionally, 

letters, editorials, commentaries, unpublished manuscripts, dissertations, government reports, 

books, and laboratory studies were excluded. Studies not published in English were also 

excluded.  

2.3.4 Search Strategy  

 The search strategy was developed in consultation with a health sciences librarian. A 

second librarian reviewed the search strategy using the Peer Review Electronic Search Strategy 

(PRESS) checklist [26]. An electronic search from inception to September 2020 (however the 

decision was made a priori to limit the results to only those published in the past 10 years 

because of significant changes to the postsecondary student experience) was conducted from the 

following databases: MEDLINE (Ovid), Embase (Ovid), PsycINFO (Ovid), and CINAHL 

(Cumulative Index to Nursing and Allied Health Literature, EBSCOhost) using a combination of 

indexing terms and key words related to sleep and mental health in postsecondary students. The 

reference lists of all eligible articles were searched for additional relevant studies (Appendix A). 
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2.4 Data Collection and Analysis   

2.4.1 Data Management  

Electronic search results were downloaded into Endnote X9 reference manager software 

(Clarivate Analytics, Philadelphia, Pennsylvania, USA). Once duplicates were removed the 

remaining references were uploaded to the Evidence for Policy and Practice Information (EPPI) 

and Coordinating Centre Reviewer software for the screening, appraisal and data extraction 

stages (EPPI-Reviewer V.4, UCL Institute of Education, University of London, UK). EPPI-

Reviewer software stores references, manages and monitors the data extraction process and 

provides an audit trail for the review.  

2.4.2 Study Selection 

 Using the inclusion and exclusion criteria, pairs of reviewers independently screened 

titles and abstracts, and subsequently the full text of each selected article in order to confirm 

inclusion into the study. Titles and abstracts were classified as possibly relevant or irrelevant. 

Subsequently, full-test articles of abstracts classified as possibly relevant were retrieved, 

reviewed and classified as relevant or irrelevant. Training exercises were conducted prior to 

initiating the screening process to ensure reliability between reviewers. Reviewers first screened 

a random sample of 10% of all articles that needed to be screened in that phase. Paired reviewers 

had to reach 90% agreement before completing title and abstract screening for the remaining 

studies. If this threshold was not reached for all review teams, all team members discussed 

differences in classification to clarify and potentially modify the eligibility criteria prior to 

completing title and abstract screening. Reviewers met to resolve disagreements regarding the 

eligibility of studies. A third reviewer resolved any disagreements when reviewers could not 

come to consensus. 
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2.4.3 Methodology Quality Assessment  

Pairs of trained, independent reviewers evaluated the internal validity (selection bias, 

information bias and confounding bias) of cross-sectional studies using a modified version of the 

tool developed by Hoy et al [27]. All relevant cohort studies were critically appraised using the 

Scottish Intercollegiate Guidelines Network (SIGN) for cohort studies [28]. Consensus between 

reviewers was reached through discussion with the involvement of an independent third reviewer 

where necessary. Authors were contacted when additional information was needed to complete 

the appraisal  

2.4.4 Data Extraction  

 One reviewer extracted relevant data from low to moderate risk of bias studies and built 

evidence tables. A second reviewer independently checked the data entry in the evidence tables. 

The following data was extracted: age of participants, year and program of participants, periods 

of recruitment and data collection, response rate, sleep construct assessed, geographic location of 

the study, the measures used to assess sleep and anxiety. These statistics included the mean and 

standard deviation, correlation coefficients, odds ratios, prevalence ratios, relative risk, 

confidence intervals (CI) and p-values. 

2.4.5 Synthesis 

 A meta-analysis was considered but was not performed due to the heterogeneity of the 

included studies; therefore, we used the principles of best evidence synthesis to synthesize 

findings from the low and moderate risk of bias studies [29]. This principle prioritizes evidence 

from studies with the most acceptable internal and external validity.  
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2.5 Results  

2.5.1 Search Results  

 A total of 4067 articles were retrieved and we screened 3203 titles and abstracts in stage 

1 screening once duplicates were removed (See Figure 2.1 – PRISMA Diagram). Of these, 2933 

were deemed to be ineligible and the remaining 270 were screened using the full text. Following 

full text screening, 164 studies were deemed eligible and were stratified into those reporting on 

anxiety (n = 73), depression (n = 134) or common mental disorder (n = 19). Some studies 

reported on multiple mental health outcomes and therefore were stratified into more than one 

category. In stage two we screened the full text of 73 studies that examined anxiety. Studies that 

did not use a validated measurement tool such as the DASS, PSQI, ESS, BAI, or ISI to assess 

sleep quality and/or anxiety (n=18), as well as those that were published more than 10 years from 

the date of retrieval were excluded (n=4). The decision was made to exclude studies that were 

older than 10 years because the postsecondary experience (especially with regards to financial 

costs, class sizes, and program designs), and the understanding of mental health has changed 

significantly in this time and it was felt that the postsecondary experience of more than ten years 

ago could not be compared to the current student experience [2, 5, 7, 23, 30, 31]. After this 

screening phase we were left with 51 studies to be critically appraised. Of these 51 studies, 28 

were deemed to be of adequate methodological quality and included in the final synthesis. 

Studies were rated as a high risk of bias due to a number of factors including response rate not 

being reported, response rates of less than 75% with no comparison of characteristics between 

participants and non-participants, and missing outcome data from sleep and/or anxiety. 

2.5.2 Measurements of Sleep and Anxiety   

2.5.2.1 Sleep  
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 There were seven sleep measures used in the included studies (Pittsburgh Sleep Quality 

Index [PSQI], Morningness-Eveningness-Stability-Scale improved (MESSi], Epworth Sleepiness 

Scale [ESS], Insomnia Severity Index [ISI], Morningness-Eveningness Questionnaire Reduced 

[MEQr], and Pittsburgh Sleep Symptom Questionnaire [PSSQ]). All of these sleep measures 

have been found to be valid and reliable in many populations including postsecondary students 

[32-47].  

2.5.2.2 Anxiety  

 There were eight anxiety measures used in the included studies (Adult Manifest Anxiety 

Scale College [AMAS-College], Depression, Anxiety, Stress Scale [DASS-21], State Trait 

Anxiety Inventory [STAI], Beck Anxiety Inventory [BAI], Generalized Anxiety Disorder-7 

[GAD-7], Spielberg-State Trait Anxiety Index [STAI]), Hospital Anxiety and Depression Scale 

[HADS], and Self-Rating Anxiety Scale [SAS]). All of these anxiety measures have been found 

to be valid and reliable in many populations including postsecondary students [6, 48-57]. 
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Figure 2.1. Flow chart of identification and selection of articles  
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2.5.3 Characteristics of Included Studies  

Our synthesis includes 24 cross-sectional studies [58-81], and 4 cohort studies [82-85]. 

Studies were conducted in the USA, Saudi Arabia, China, Brazil, Lebanon, Australia, Iran, 

Egypt, Ethiopia, the UK, Thailand, Spain and Nigeria. Study sample size ranged from 59 [61] to 

4747 [79] postsecondary students. The studies included students enrolled in professional 

programs or related programs including medical students [59, 62, 65, 66, 73, 75, 77, 78], 

rehabilitation sciences students [65], psychiatry residents [61], health informatics students [65], 

health management students [65], dentistry students [62], medical interns [83], pharmacy 

students [62], nursing students [65], and midwifery students [65] and 18 included general 

undergraduate students [58, 60, 63, 64, 67-72, 74, 76, 79-82, 84, 85].  

2.5.4 Risk of Bias  

 All four cohort studies were deemed to have adequate internal validity. Three of the 

cohort studies were rated as acceptable [82, 84, 85] and one was rated as high quality [83]. Of 

the 24 cross-sectional studies, 13 were rated as moderate risk of bias [58-60, 62-65, 67, 68, 70, 

71, 73, 80] and 11 were rated low risk of bias [61, 66, 69, 72, 74-79, 81]. The participation rate 

of the cohort studies ranged from 58% [83] to 87% [82]. The participation rate among the cross-

sectional studies ranged from 11% [70] to 100% [66] (Table 2.1). Studies with a low 

participation rate (defined as <75%) were included if they included a comparison analysis of the 

characteristics of the sample vs. the target population that clearly suggested that selection bias 

was unlikely [59, 60, 63, 65, 67, 68, 70, 71, 80, 83] (Appendix B). Some of the factors that 

influenced the participation rate included what type (if any) of sampling was used. Studies that 

used a census had a much lower participation rate [59, 60, 70, 83] then those that used 

convenience or random samples [58, 61, 66, 79, 82]. The timing of the study also impacted the 
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participation rate as studies that were run during the school term [58, 66] had a higher response 

rate than those run during breaks between terms [70, 83]. Finally, one study reported a lower 

participation rate because they used the total number of students at the eligible institutions as 

their target as opposed to the number of students that were surveyed [70].   

 Twenty-three studies were rated as high risk of bias for the following reasons: response 

rate not reported [86-90]; response rate of < 75% (and did not conduct comparison analysis) [91-

105]; did not compare the characteristics of the sample to the whole student population at the 

institution(s) [86-94, 96, 97, 102-104] and missing outcome data for sleep and/or anxiety (e.g., 

anxiety and/or sleep quality were measured but results not reported) [86-89, 91-96, 98, 99, 102-

105] (Appendix B).   

2.6 Summary of Evidence  

The results of this review have been stratified by type of study, either cross-sectional or 

cohort. They have also been stratified by program type, either undergraduate students or students 

in medical and medical related professional programs (such as nursing, dentistry and midwifery).  

2.6.1 Cross-sectional associations of poor sleep quality and anxiety in undergraduate students  

 Fifteen studies investigated the association between sleep quality and anxiety in 

undergraduate students [58, 60, 63, 64, 67-72, 74, 76, 79-81]. Fourteen of these studies reported 

a positive association between self-reported poor sleep quality and anxiety symptoms [58, 60, 63, 

64, 67-69, 71, 72, 74, 76] and one found no association [70]. Higher scores on the Pittsburgh 

Sleep Quality Index (PSQI), the Epworth Sleepiness Scale (ESS), or the Insomnia Severity Index 

(ISI) indicating poor sleep quality was associated with higher rates of anxiety in eight samples of 

undergraduate students (unadjusted correlation coefficients ranged from r = 0.13, p<0.01 to r = 

0.47 p < 0.001) [58, 60, 63, 64, 67, 68, 72, 74, 76]. Two studies found that students who reported 
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poor sleep quality or disturbed sleep had 2.11 – 4.06 odds of reporting anxiety symptoms ([Odds 

Ratio, OR = 4.06 95% CI: 3.29 – 5.01] and [OR = 2.11 95% CI: 1.72 – 2.58] respectively) 

compared to those who reported good sleep quality [79, 81] (Table 2). Only one study adjusted 

for the effects of covariates (perceived family income, cigarette use, alcohol use, internet 

addiction, problematic and mobile phone use) and found that the odds ratio remained high 

(Adjusted Odds Ratio [AOR] = 3.75 95% CI: 2.99 – 4.62) [79]. Finally, one study found that 

students with insomnia (as measured by the ISI and the PSQI) reported higher rates of anxiety 

symptoms (as measured by the DASS and the STAI) [80].  

2.6.2 Cross-sectional associations of poor sleep quality and anxiety in students enrolled in 

medical (and medical related) professional programs 

 Nine studies investigated the association between sleep quality and anxiety in students 

enrolled in medical sciences (or related programs) [59, 61, 62, 65, 66, 73, 75, 77, 78]. All studies 

reported a positive association between poor sleep quality and anxiety symptoms. Poor sleep 

quality (as indicated by higher scores on the Pittsburgh Sleep Quality Index [PSQI], Epworth 

Sleepiness Scale [ESS], Insomnia Severity Index [ISI], Global Sleep Assessment Questionnaire 

[GSAQ] or Pittsburgh Sleep Symptom Questionnaire [PSS]) were associated with higher level of 

anxiety (as indicated by higher scores on the Depression, Anxiety and Stress Scale [DASS-21], 

Generalized Anxiety Disorder scale [GAD-7] or Beck Anxiety Inventory [BAI] indicating higher 

levels of anxiety in all studies reported in this section (correlation coefficients ranged from r = 

0.17, p < 0.001 to r = 0.68, p < 0.01) [59, 61, 62, 65, 66, 73, 75, 77, 78]. None of these studies 

adjusted for confounding variables. 



38 
 

2.6.3 Cohort Studies 

 Three cohort studies reported on the association between sleep quality and anxiety in 

undergraduate students [82, 84, 85]. Findings suggest that there was a positive association 

between sleep quality and anxiety at multiple time points. Two of these studies found that poor 

sleep quality and sleep disturbances predicted future anxiety ([AOR = 0.18, 95% ACI: 0.001 – 

0.38] and [OR = 4.65, 95% CI: 2.54 – 8.34] respectively) [84, 85]. One of these studies found 

that this association persisted after controlling for baseline mood, which was the only confounder 

examined in this study (AOR = 0.18, 95% ACI: 0.001 – 0.38) [84]. Two studies also found an 

association between sleep problems at baseline and future anxiety ([β = 0.28, p < 0.05] and [β = 

0.32, p < 0.001] [82, 85]. In one of these studies sleep problems at baseline predicted future 

anxiety (Relative Risk [RR] =3.07, 95% CI: 0.36 – 3.11) [85].  

 One cohort study reported on the association between sleep quality and anxiety in 

medical sciences students [83]. This study found that students who were poor quality sleepers at 

baseline were twice as likely to screen positive for generalized anxiety at follow up (OR = 2.08, 

95% CI: 1.26 – 3.45) and that those with insomnia at baseline were three to four times more 

likely to screen positive for generalized anxiety at follow up (OR = 3.55, 95% CI: 1.49 – 8.45). 

This study did not control for any potential confounders. 
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Table 2.1 Evidence table for scientifically admissible papers on the association between sleep quality and anxiety in postsecondary 

students  

Author/Year/ 

Country 

Study 

Design  

Source 

Population, 

Periods of 

Recruitment/d

ata collection  

Number 

of Eligible 

Subjects 

 

Response 

Rate (%) 

Sleep 

Construct 

Sleep 

Outcome 

Anxiety 

Outcome 

Key Findings  

Adams & 

Kislershen 

[58] 

 

2013 

 

United States  

Cross-

Sectional 

Junior and 

Senior college 

students at a 

midsize 

northeastern 

American 

university 

(mean age 22.13 

± 4.24 y.o.) 

recruited 

between 2008 

and 2010 from 

the PI’s courses. 

The participants 

completed self-

report 

questionnaires.   

n=236 

(80% 

female) 

 

98-99%  

Sleep 

Quality  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 

scores range 

from 0-21 

and are 

categorized 

as 0-5 (good 

sleep quality) 

and 6-21 

(poor sleep 

quality). 

Anxiety: Adult 

Manifest Anxiety 

Scale (AMAS) – 

College; 36 item 

measures 

assessing 

worry/oversensiti

vity, social 

concerns/stress, 

physiological 

anxiety and test 

anxiety in 

college students. 

The PSQI scores were correlated to the 

AMAS scores (r=0.42, p≤0.01).  

 

After controlling for age and gender, 

poor sleep quality significantly predicted 

anxiety among college students 

(β=1.059, p<0.001).  

 

Poor sleep quality, age, and gender 

accounted for 25.9% of the variance in 

anxiety in their sample (F=25.026, 

p=<0.001).   

Al-Khani 

[59] 

 

2019  

 

Saudi Arabia 

Cross-

Sectional 

Medical 

Students at 

Sulaiman Al 

Rajhi College in 

Saudi Arabia 

(mean age 20.8 

± 1.95 y.o.). All 

enrolled 

students were 

emailed the 

survey in March 

of 2018. The 

participants 

completed self-

n=95 (24% 

female) 

 

46%* 

Sleep 

Quality  

 

 

 

 

 

 

 

 

 

 

  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 

scores range 

from 0-21 

and are 

categorized 

as 0-5 (good 

sleep quality) 

and 6-21 

(poor sleep 

quality). 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

PSQI scores ranged from 0-16 (mean 5.7 

± 3.2) and 63.2% of students were 

classified as poor sleepers.  

 

DASS anxiety scores ranged from 0-19 

(mean 6.18 ± 4.27) and 53% had mild to 

extremely severe anxiety.  

 

65% of students with poor sleep quality 

experienced moderate to extremely 

severe anxiety.  

 

Sleep quality was significantly 

associated with anxiety (p=0.007) 
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report 

questionnaires. 

indicate greater 

levels of anxiety.  

Carciofo  

[60] 

 

2020 

 

China  

Cross-

Sectional 

University 

students from 

Xi’an Jiaotong-

Liverpool 

University in 

China (mean 

age 19.78 ± 1.87 

y.o.). Students 

were recruited 

via email 

invitation that 

was sent to all 

enrolled 

students. The 

participants 

completed self-

report 

questionnaires. 

n = 625 

(69.8% 

female) 

 

47%*  

Sleep 

Quality  

 

Chronotype  

Morningness-

eveningness-

stability-scale 

improved 

(MESSi); 15-

75; three 

separate 

subscales 

measuring 

morningness, 

eveningness 

and 

distinctness 

of these 

preferences.  

 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

Correlation between evening type and 

anxiety subscale scores after controlling 

for age and gender (r = 0.127, p ≤ 0.01).  

 

Correlation between PSQI global score 

and anxiety subscale score (r = 0.473, p 

≤ 0.001). 
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Carvalho 

[61] 

 

2016  

 

Brazil  

Cross-

Sectional 

Psychiatry 

residents at 4 

institutions in 

Northeastern 

Brazil. The 

cross-sectional 

study was 

conducted from 

December 2013 

to July 2014.  

The participants 

completed self-

report 

questionnaires. 

n = 59 

(37.3% 

female) 

 

92.5%  

Sleep 

Quality  

 

Daytime 

Sleepiness  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

 

Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness.   

Beck Anxiety 

Inventory (BAI); 

0-63; higher 

scores indicate 

higher levels of 

anxiety; cut-off 

scores denote 

“low” (0-21), 

“moderate” (22-

35) and 

“potentially 

concerning” 

(>36) levels of 

anxiety. 

Scores on the PSQI ranged from 2012 

(mean 6.2 ± 2.63) with 59.3% of 

residents were classified as poor 

sleepers. 

 

Scores on the ESS ranged from -17 

(mean 7.58 ± 3.88) with 28.8% of 

residents reporting excessive daytime 

sleepiness.  

 

Poor Sleep Quality was associated with 

anxiety symptoms (p < 0.001). 
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Choueiry 

[62] 

 

2016  

 

Lebanon  

Cross-

Sectional 

Medicine, 

dentistry and 

pharmacy 

students at 

Saint-Joseph 

University in 

Lebanon (mean 

age 21.2 ± 1.8 

y.o.). Students 

were randomly 

selected within 

each class. This 

study was 

conducted 

between 

September 2013 

and May 2014. 

The participants 

completed self-

report 

questionnaires. 

n = 462 

(69.7% 

female)  

 

89.7% 

Sleep 

Disorders  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

 

Insomnia 

Severity 

Index (ISI); 

0-28; higher 

scores 

indicate more 

severe 

insomnia. 

 

Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness.  

Generalized 

Anxiety Disorder 

(GAD-7); 0-21; 

higher scores 

indicate more 

severe symptoms 

of anxiety.  

Mean ISI score 10.6 ± 3.76 and clinically 

significant insomnia was prevalent in 

10.6% of participants (95% CI: 7.8-

13.4).  

 

Mean PSQI score was 5.14 ± 2.84 and 

37.1% of participants were classified as 

poor sleepers.  

 

Mean ESS score was 7.71 ± 4.18 and 

23.9% of participants had excessive 

daytime sleepiness.   

 

Mean GAD-7 score was 7.01 ± 4.81. 

62.4% of participants had mild to severe 

anxiety and 28.7 had clinically 

significant anxiety. 

 

Clinically significant anxiety positively 

associated with total ISI (p = 0.006), 

PSQI (p = 0.003), and ESS (p = < 

0.0001) scores. 

 

50.8% of participants with clinically 

significant anxiety present with 

excessive daytime sleepiness.  
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Di Benedetto 

[63] 

 

2019  

 

Australia  

Cross-

Sectional 

University 

students from 

22 Australian 

Universities 

(mean age 20 ± 

1.5 y.o.). 

Participants 

were recruited 

through social 

media, email 

and psychology 

classes. The 

participants 

completed self-

report 

questionnaires.  

381 (75% 

female)  

 

Not 

Reported* 

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

62% of students reported poor sleep 

quality. 

 

60% of students reported mild to 

extremely severe anxiety. 

 

Good sleep quality was inversely related 

to high anxiety subscale scores (r = -

0.36). 

Dickinson 

[64] 

 

2018  

 

United States  

Cross-

Sectional 

Students from 

Appalachian 

State University 

in the United 

States (mean 

age 22.25 ± 4.99 

y. o). Students 

were recruited 

via email 

invitations sent 

randomly 

between 2013 

and 2014.  The 

participants 

completed self-

report 

questionnaires.  

n = 1988 

(66% 

female) 

 

89.6%  

Daytime 

Sleepiness 

 Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness.  

Generalized 

Anxiety Disorder 

(GAD-7); 0-21; 

higher scores 

indicate more 

severe symptoms 

of anxiety.  

Mean GAD-7 score is 6.47 ± 4.55.  

 

23.3% of participants reported moderate 

to severe anxiety (GAD-7 score ≥10).  

 

Direct effect regression of sleep disorder 

and GAD-7 scores (r = 1.539, SE = 

0.547, β = 0.058, p = 0.005). 

 

Direct effect regression of sleep duration 

and GAD-7 scores (r = - 0.815, SE = 

0.077, β = - 0.217, p = < 0.001). 
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Doane      

[82] 

 

2015  

 

United States  

Cohort 

Study 

First year 

students from a 

large 

Southwestern 

university 

(mean age = 

18.05 ± 0.41 

y.o.). 

Participants 

were recruited 

at the end of 

their final year 

of high school 

during 

orientation 

sessions and 

emails. The 

participants 

completed self-

report 

questionnaires.  

n = 71 

(77% 

female) 

 

87%  

Sleep 

Problems 

Actigraphy; 

Actiwatch 

Score Watch; 

Data was 

scored with 

the Actiware 

6 program.  

 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

 Number of students reporting mild to 

extremely severe anxiety symptoms 

increased over time (31.7% at time one, 

48.8% at time two and 50% at time 

three).  

 

Many sleep parameters were positively 

related to anxiety symptoms both 

concurrently and prospectively with the 

exception of sleep efficiency.  

 

The correlation between subjective sleep 

problems at time one and anxiety at time 

two was significant (β = 0.27, p = 

<0.05). 

 

The correlation between subjective sleep 

problems at time one at anxiety at time 

three was significant (β = 0.28, p < 0.05). 

 

The correlation between anxiety at time 

one and sleep start variability at time two 

was marginally significant. (β = 0.22, p = 

0.06).   

 

The correlation between sleep start 

variability at time two and anxiety at 

time three was marginally significant (β 

= 0.14, p = 0.07). 

 

Subjective sleep problems at time one 

predicted increased anxiety symptoms at 

time two (β = 0.29, p = 0.001).  

 

Anxiety at time two predicted increased 

subjective sleep problems at time three 

(β = 0.24, p = < 0.05).  

 

The concurrent association between 

increased anxiety and subjective sleep 
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problems at time two was significant (β 

= 0.30. p = < 0.01). 

 

The concurrent association between 

anxiety symptoms and sleep start 

variability at time two was significant (β 

= 0.34, p = 0.001). 

Doos         

[65] 

 

2014  

 

Iran  

Cross-

Sectional 

Students from 

the Tehran 

University of 

Medical 

Sciences in the 

Medicine, 

Nursing, 

Midwifery, 

Rehabilitation, 

Management, 

and Medical 

Information 

(mean age 22.18 

± 4.06 y.o.). 

Classes were 

randomly 

selected in each 

faculty and 

questionaries 

were distributed 

to the students. 

n = 400 

(58% 

female) 

 

Not 

Reported*   

Insomnia Insomnia 

Severity 

Index (ISI); 

0-28; higher 

scores 

indicate more 

severe 

insomnia.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

Positive Correlation between ISI and 

DASS-21 anxiety subscale scores (r = 

0.38, p < 0.001).  
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The participants 

completed self-

report 

questionnaires.  

Fawzy      

[66] 

 

2017  

 

Egypt  

Cross-

Sectional 

Medical 

students (mean 

age 21.22 ± 

1.623) enrolled 

in the faculty of 

Medicine at 

Assiut 

University. The 

participants 

completed self-

report 

questionnaires. 

n = 700 

(65.6% 

female) 

 

100%  

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

DASS anxiety scores ranged from 0-21 

(mean 8.02 ± 2.543) and 73% of students 

reported mild to extremely severe 

anxiety symptoms (95% CI 53.14 – 

82.21).  

 

PSQI scores ranged from 0-17 (mean 

6.13 ± 2.686). 55.7% of students were 

classified as poor sleepers.  

 

Correlation between PSQI scores and 

DASS-21 anxiety subscale scores 

(r=0.169, p=<0.001). 
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Ferraro   

[67] 

 

2015  

 

United States  

Cross-

Sectional 

College students 

from a large 

midwestern 

University 

(mean age 19.0 

± 1.08 y.o.). 

Participants 

were recruited 

from 

psychology 

classes. The 

participants 

completed self-

report 

questionnaires.  

n = 136 

 

Not 

Reported* 

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

Spielberg-State 

Trait Anxiety 

Index (STAI); 

scores range 

from 20-90 with 

higher scores 

indicating higher 

anxiety. Scores ≥ 

48 indicate 

Anxiety. 

48.5% of participants had PSQI scores 

between 6 -16 and were classified as 

poor sleepers (n = 66, mean = 7.98 ± 

2.33).  

 

Positive correlation between PSQI score 

and State Anxiety (r = 0.32. p > 0.01). 

 

Positive correlation between PSQI score 

and Trait Anxiety (r = 0.42, p > 0.01). 
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Kalmbach 

[83] 

 

2019  

 

United States  

Cohort 

Study 

First year 

interns from 33 

different 

institutions 

assessed 

through a web 

based survey at 

the start of their 

training (1-2 

months pre-

internship) and 

quarterly 

throughout their 

first year (at 

3,6,9 and 12 

months). 

Participants 

were recruited 

after matching 

for their 

internship. The 

students 

completed a self 

report 

questionnaire.  

n=908 

 

58%*  

Insomnia  

 

Sleep 

Quality  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Generalized 

Anxiety Disorder 

(GAD-7); 0-21; 

higher scores 

indicate more 

severe symptoms 

of anxiety.  

Rates of anxiety increased from 3.2% 

pre-internship to 10.4%-15.3% during 

internship. 

 

45% of interns that had symptoms of 

sleep onset insomnia and slept for ≤ 6 

hours per night screened positive for 

anxiety during internship.   

 

Pre-internship poor sleepers had twice 

the odds of screening positive for anxiety 

(OR = 2.08, 95% CI = 1.26, 3.45).  

 

Intern who slept ≤ 6 hours per night had 

double the risk for developing anxiety 

(OR-1 = 2.33, p < 0.001).  

 

During Internship short sleep as 

associated with current anxiety 

symptoms (b = -0.26, 95% CI = -0.38, -

0.14) and strongly predicted future 

anxiety symptoms (b = -0.39, 95% CI = -

0.76, -0.03).  

 

During internship anxiety predicted 

future short sleep (b = 0.03, p < 0.001).  

 

Participants with pre-internship sleep 

onset insomnia had a three to four times 

greater odds for screening positive for 

GAD diagnosis (OR = 3.55, 95% CI = 

1.49, 8.45).  

 

Interns with poor sleep quality and short 

sleep were at an increased risk for 

developing anxiety (OR = 3.03, 95% CI 

= 1.72, 5.33, p < 0.001).  

 

Interns with poor sleep quality but not 

short sleep were at an increased risk for 
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developing anxiety (OR = 2.44, 95% CI 

= 1.52, 3.91, p < 0.001).  

 

Interns with insomnia and sufficient 

sleep were at an increased risk of 

developing anxiety (OR = 4.53, 95% CI 

= 1.49, 6.60, p < 0.01).  

 

Interns with insomnia and short sleep 

were at an increased risk for developing 

anxiety (OR = 4.35, 95% CI + 1.83, 

10.33, p < 0.01).  

 

Significant relationship between 

internship sleep duration and anxiety (b 

= 0.66, p< 0.001). 
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Kirwan    

[68] 

 

2017  

 

United States  

Cross-

Sectional 

Undergraduate 

students from a 

large suburban 

midwestern 

university 

recruited 

through the 

psychology 

subject pool. 

The students 

completed a self 

report 

questionnaire. 

  

n = 468 

(77.1% 

female)  

 

Not 

Reported*  

Insomnia Insomnia 

Severity 

Index (ISI); 

0-28; higher 

scores 

indicate more 

severe 

insomnia. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

29.1% of participants had clinically 

significant anxiety.  

 

Significant correlation between insomnia 

symptom severity and anxiety symptoms 

in both the general sample (r = 0.410, p < 

0.001) and the insomnia subsample (r = 

0.323, p < 0.001). 

Lemma    

[69] 

 

2012  

 

Ethiopia  

Cross-

Sectional 

Undergraduate 

students 

(excluding first 

years) at two 

Ethiopian 

universities 

(Haramaya 

University and 

the University 

of Gondar). All 

students from 

randomly 

selected 

departments at 

both universities 

were invited to 

participate and 

those enrolled 

completed a 

collection of 

self-report 

questionnaires.   

n = 2551 

(22.8% 

female) 

 

94%  

Sleep 

Quality  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

58% of students reported mild to 

extremely severe anxiety symptoms 

(mean DASS – anxiety score 10.1 ± 8.1).  

 

55% of students were classified as 

having poor sleep quality. 

 

Moderate [AOR = 1.27 95% CI = 

(1.0002, 1.61)], severe [AOR = 1.62 

95% CI = (1.17, 2.24)] and extremely 

severe [AOR = 1.76 95% CI = (1.27, 

2.45)] anxiety were all significantly 

associated with poor sleep quality (p = 

<0.05). 
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Lovell      

[70] 

 

2015  

 

Australia  

Cross-

Sectional 

Students 

enrolled at the 

university of the 

Sunshine Coast 

in Queensland 

Australia during 

2010. Students 

were recruited 

via email before 

the inter-

semester break 

and two weeks 

into the second 

semester. The 

students 

completed a self 

report 

questionnaire.   

n = 751 

(78.29% 

female) 

 

11%*  

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

28.5% of students reported mild to 

extremely severe anxiety symptoms.  

 

32.9% of students were classified as 

having poor sleep quality.  

 

No significant association between 

anxiety and sleep quality [AOR = 1.27 

95% CI = 0.80, 2.02) p = 0.305]. 



52 
 

Norbury  

[71] 

 

2019  

 

United 

Kingdom  

Cross-

Sectional 

Students 

enrolled in two 

universities in 

South East 

England (mean 

age 20.4 ± 4.31 

y.o.) recruited 

between 

October 2017 

and April 2018 

through a 

SONA system 

and completed a 

self-report 

questionnaire,  

n = 546 

(84% 

female) 

 

Not 

Reported*  

Sleep 

Quality  

 

Chronotype   

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

 

Morningness-

Eveningness 

Questionnaire 

reduced 

(MEQr); 4-

35; 

categorizes 

participants 

into even 

(<11), 

intermediate 

(11-18) and 

morning 

(>18) types.  

 

Spielberg-State 

Trait Anxiety 

Index (STAI); 

scores range 

from 20-90 with 

higher scores 

indicating higher 

anxiety. Scores ≥ 

48 indicate 

Anxiety.  

46% of students reported bad or very bad 

sleep quality. 

 

6% of students were classified as 

morning type, 45% were classified as 

evening type and 49% were classified as 

intermediate or neither type.  

 

Scores on the STAI ranged from 20-78 

(mean 47.37 ± 10.9).  

 

Significantly greater anxiety levels in 

poor sleepers (t=-6.97, p<0.001, d=0.6, 

SE=0.18). 

 

The association between sleep quality 

and anxiety was not mediated by 

chronotype (point estimate = 0.21, SE = 

0.18, 95% CI -0.03 0.71). 
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Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness. 
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Pensuksan 

[72] 

 

2011 

 

Thailand 

Cross-

Sectional 

Full time 

undergraduate 

students (mean 

age 20.17 ± 1.22 

y.o.) enrolled at 

a university in 

Thailand. 

Students were 

recruited via 

flyers around 

campus. The 

students 

completed a self 

report 

questionnaire.  

n = 1055 

(76.2% 

female)  

 

75.3%  

Sleep 

Quality  

Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness. 

 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

42.4% of participants were classified as 

poor sleepers based on their PSQI scores 

(mean 5.50 ± 2.46).  

 

Excessive daytime sleepiness occurred in 

26.2% of participants (mean 7.44 ± 

3.36).  

 

58% of participants reported mild to 

extremely severe anxiety.  

 

Significant positive correlation between 

daytime sleepiness and scores on the 

DASS anxiety subscale (r = 0.282, p < 

0.001). 

 

Significant positive correlation between 

PSQI score and DASS anxiety subscale 

score (r = 0.350, p < 0.001).   
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Rahimian 

[73] 

 

2014  

 

Iran  

Cross-

Sectional 

Students at the 

Semnan 

University of 

Medical 

Sciences (mean 

age 25.84 ± 4.51 

y.o.). Students 

were selected 

through 

convenience 

sampling by 

visiting the 

related 

university 

departments. 

Students who 

were enrolled in 

the study 

completed self-

report 

questionnaires.  

n = 318 

(55% 

female) 

 

97.85%  

Sleep 

Patterns 

Global Sleep 

Assessment 

Questionnaire 

(GSAQ); 0-

33; higher 

scores 

represent a 

greater risk 

for 

experiencing 

sleep 

disorder.  

 

Pittsburgh 

Sleep 

Symptom 

Questionnaire 

(PSSQ); 13 

items; Higher 

scores signify 

sleep 

disorder.  

Beck Anxiety 

Inventory (BAI); 

0-63; higher 

scores indicate 

higher levels of 

anxiety; cut-off 

scores denote 

“low” (0-21), 

“moderate” (22-

35) and 

“potentially 

concerning” 

(>36) levels of 

anxiety. 

Significant correlation between anxiety 

and general sleep disturbance (r = 0.71, p 

< 0.01). 

 

Significant correlation between anxiety 

and the intensity of sleep disturbance 

symptoms (r = 0.68, p < 0.01).  

 

The contribution of anxiety to general 

sleep disturbance is significant (p < 

0.001, F (1.316) = 46.96). 

 

Anxiety is able to predict 59% of the 

changes related to general sleep 

disturbance (r2 = 0.598). 

Ramon-

Arbues     

[74] 

 

2020  

 

Spain  

Cross-

Sectional 

Undergraduate 

students (mean 

age 21.73 ± 5.12 

y.o.) in the 

Faculty of 

Health Sciences, 

Faculty of 

Communication 

or School of 

Architecture and 

Technology at 

San Jorge 

University in 

Zaragoza Spain. 

Participants 

were recruited 

between 

September 2018 

n = 1074 

(71% 

female)  

 

80%  

Insomnia Insomnia 

Severity 

Index (ISI); 

0-28; higher 

scores 

indicate more 

severe 

insomnia. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

42.9% of students were classified as 

having mild to severe insomnia based on 

their ISI scores (mean 7.91 ±4.87). 

 

23.6% of students were classified as 

having mild to extremely severe anxiety 

based on their DASS scores (mean 4.85 

± 5.74). 

 

Significant correlation between DASS 

anxiety subscale score and insomnia (r = 

3.59, 95% CI = 2.67, 4.84, p < 0.01). 

 

Significant multivariate regression 

between ISI and anxiety subscale (r = 

2.15, 95% CI = 1.52, 3.02, p < 0.01). 
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and May 2019. 

Participants 

completed self-

report 

questionnaires.  

Rezaei      

[75] 

 

2018  

 

Iran  

Cross-

Sectional 

First, Second 

and Third year 

medical students 

(mean age 21.69 

± 1.11 y.o.) at 

Tehran 

University 

Medical School 

in Iran. Students 

were recruited 

between 

December 2013 

and January 

2014. 

Participants 

completed self 

report 

questionnaires.   

n = 553 

(50.8% 

female) 

 

89.7%  

Sleep 

Quality  

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

60% of students were classified as poor 

sleepers based on their PSQI scores 

(mean 6.32 ± 2.72). 

 

40.2% of students reported mild to 

extremely severe anxiety (mean 6.93 ± 

5.96). 

 

Significant positive association between 

anxiety and PSQI scores (AOR 1.93, 

95% CI 1.17-2.82, p < 0.01). 
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Seun-Fadipe 

[76] 

 

2017  

 

Nigeria  

Cross-

Sectional 

Undergraduate 

students at 

Obafemi 

Awolowo 

University 

(mean age 21.9 

± 2.7 y.o.) 

completed self-

administered 

questionnaires. 

n = 505 

(49.5% 

female) 

 

97.1%   

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Hospital Anxiety 

and Depression 

Scale (HADS); 

anxiety subscale 

0-21; cut-off 

scores indicate 

“no evidence of 

anxiety” (0-7), 

“mild symptoms 

of anxiety” (8-

10), “moderate 

symptoms of 

anxiety” (11-14), 

“severe 

symptoms of 

anxiety” (15-21). 

16.4% of students reported anxiety.  

 

50.1% of students were classified as poor 

sleepers (mean score 5.83 ± 2.93).  

 

Significant correlation between HADS 

anxiety score and PSQI total scores 

(r=3.79, P<0.001). 

Shadzi     

[77] 

 

2020  

 

Iran  

Cross-

Sectional 

Medical 

students (mean 

age 22.4 ± 2.18 

y.o.) at Shiraz 

University of 

Medical 

Sciences in Iran. 

Students were 

recruited 

between May 

and August 

2018. Students 

completed self 

report 

questionnaires.  

n = 402 

(50.3% 

female) 

 

82.4%  

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

40% of students were classified as 

having poor sleep quality based on their 

PSQI score (mean 6.16 ± 3.45).  

 

50.5% of students were classified as 

having mild to extremely severe anxiety 

scores (mean DASS score 8.74 ± 7.61). 

 

Significant correlation between anxiety 

and poor sleep quality (r = 0.38, p < 

0.01).  

Shen         

[78]  

 

2019  

 

China  

Cross-

Sectional 

Students 

enrolled at three 

medical schools 

in China 

between the 

ages of 17 and 

25. Students 

were recruited 

between January 

n = 4882 

 

97.56%   

Excessive 

Daytime 

Sleepiness 

Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

Self-Rating 

Anxiety Scale 

(SAS); 20 items; 

cut off of > 50 

indicates anxiety  

24.6% of students experienced excessive 

daytime sleepiness.  

 

30.9% of students reported mild to 

extremely severe anxiety. 

 

Participants with excessive daytime 

sleepiness were more likely to report 

anxiety (OR = 2.926, 95% CI = 2.272 – 
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and March of 

2018. 

Participants 

filled out self-

report measures.   

of >10 reflect 

excessive 

daytime 

sleepiness. 

3.767).  

 

Significant association between anxiety 

and excessive daytime sleepiness (OR = 

1.638, 95% CI = 1.366 – 1.995, p < 

0.001).  

Tao          

[79] 

 

2017  

 

China  

Cross-

Sectional 

College students 

(mean age = 

19.24 ± 1.41 

y.o.) in Anhui 

China. 

Questionnaires 

were distributed 

in the classes of 

each 

participating 

program. 

Students 

completed self-

report 

questionnaires. 

n = 4747 

(58.4% 

female)  

 

98.8% 

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Self-Rating 

Anxiety Scale 

(SAS); 20 items; 

cut off of >50 

indicates anxiety.  

9.8% of students reported poor sleep 

quality.  

 

Anxiety symptoms were reported by 

42.2% of students with poor sleep 

quality and 13.4% of students with good 

sleep quality.  

 

Students with poor sleep quality reported 

higher rates of anxiety symptoms (p < 

0.001).  

 

Significant association between poor 

sleep quality and anxiety (OR = 4.06, 

95% CI: 3.29 – 5.01, p < 0.001). 

 

This association remains when 

confounding variables are adjusted for 

(AOR = 3.75, 95% CI: 2.99 – 4.62, p< 

0.001).  
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Taylor     

[80] 

 

2013  

 

United States  

Cross-

Sectional 

Undergraduate 

students for the 

University of 

North Texas 

(mean age 20.39 

± 3.93 y.o.). 

Participants 

completed self-

report 

questionnaires 

and sleep 

diaries.   

n = 1039 

(72% 

female) 

 

Not 

Reported*  

Circadian 

Preference 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers.  

 

Insomnia 

Severity 

Index (ISI); 

0-28; higher 

scores 

indicate more 

severe 

insomnia. 

 

Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness.   

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

Students with insomnia reported higher 

rates of anxiety (OR = 2.81, 95% CI 

1.58, 4.99).  

 

Significant association between STAI 

scores and Insomnia (f = 43.01, n2 = 

0.064, p < 0.001). 
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Wong       

[84] 

 

2013  

 

China  

Longitudin

al 

Undergraduate 

students aged 

18-25 from 16 

universities and 

colleges in 

Hong Kong and 

Macau. Students 

were recruited 

through campus 

flyers, emails 

and online 

platforms. 

Participants 

completed 

measurements at 

three time 

points.    

n = 930 

(66.7% 

female) 

 

77.8%  

Daytime 

Sleepiness 

Epworth 

Sleepiness 

Scale (ESS); 

0-24; higher 

scores reflect 

more day 

time 

sleepiness; 

cut off score 

of >10 reflect 

excessive 

daytime 

sleepiness.  

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

Anxiety predicted daytime sleepiness 

(95% ACI = 0.02, 0.20).  

 

Sleep disturbances predicted anxiety 

(95% ACI = 0.001, 0.38).  

 

Anxiety and sleep disturbances were 

positively correlated (B = 0.103, p = 

0.047).  

Ye            

[81] 

 

2016  

 

China  

Cross-

Sectional 

First and second 

year 

undergraduate 

students (mean 

age 19.7 ± 1.2 

y.o.) were 

recruited from 

May to June 

2012 from 

randomly 

selected classes 

in randomly 

selected 

universities in 

Wuhan. 

Students 

completed self-

administered 

questionnaires.   

n = 2422 

(40.8% 

female) 

 

89.7%  

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Self-Rating 

Anxiety Scale 

(SAS); 20 items; 

cut off of >50 

indicates anxiety.  

Students who report sleep disturbances 

are more likely to report anxiety 

symptoms (OR: 2.11, 95% CI:1.72, 2.58 

p=<0.001). 
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Zou          

[85] 

 

2020  

 

China  

Longitudin

al 

A subset of 

students from 

the Male 

Reproductive 

Health in 

Chongquing 

College 

Students 

(MARHCS) 

Cohort Study 

were used for 

this study (mean 

age 21.4 ± 1.2 

y.o.). Selected 

participants 

completed self-

administered 

questionnaires.  

n = 686 

(100% 

male) 

 

85%  

Sleep 

Quality 

Pittsburgh 

Sleep Quality 

Index 

(PSQI); 0-21; 

higher scores 

reflect poorer 

sleep quality; 

cut-off scores 

denote 

“good” (0-5) 

and “poor” 

(>5) sleepers. 

Depression 

Anxiety Stress 

Scale (DASS-

21); anxiety 

subscale 0-42; 

further 

categorized into 

“normal”, 

“mild”, 

“moderate”, 

“severe” and 

“extreme”; 

higher scores 

indicate greater 

levels of anxiety.  

At baseline 56.12% of students were 

classified as poor sleepers (mean 6.12 ± 

2.88). At 1 year follow up 50.34% of 

students were classified as poor sleepers 

(mean 5.74 ± 2.97).  

 

At baseline 18.95% of students reported 

mild to extremely severe anxiety (mean 

4.1 ± 4.06). At 1 year follow up 12.71% 

of students reported mild to extremely 

severe anxiety (mean 3.24 ± 3.6). 

 

PSQI scores were positively associated 

with anxiety both at baseline (rho = 0.38, 

p < 0.001) and follow up (rho = 0.36, p < 

0.001).  

 

Poor sleepers had a higher prevalence of 

anxiety both at baseline (OR = 3.31, 95% 

CI = 2.12, 5.17, p < 0.001) and at follow 

up (OR = 4.65, 95% CI = 2.54, 8.34, p < 

0.001).  

 

PSQI global score at baseline is 

positively correlated with anxiety at 

follow up β = 0.321, p < 0.001).  

 

Anxiety subscale score at baseline is 

positively correlated with PSQI global 

score at follow up (β = 0.245, p < 0.001).  

 

Poor baseline sleep quality predicted a 

higher risk of anxiety symptoms at 

follow up (RR = 3.07, 95% CI = 1.36, 

6.97, p = 0.007).  

 

Anxiety at baseline did not predict 

incidence of poor sleep quality at follow 

up (RR = 1.06, 95% CI = 0.36, 3.11, p = 

0.92). 

* response rate < 75% with comparison analysis that 

suggested selection bias was unlikely  
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2.7 Discussion 

 To the best of our knowledge, this is the first systematic review to investigate the 

association of sleep quality and anxiety within the postsecondary student population. Our review 

found evidence of an association between poor sleep quality and anxiety in postsecondary 

students in 27 of the 28 included studies. Since the majority (n=24) of studies included in this 

review were cross-sectional, we are unable to determine the directionality of this relationship.  

We did identify four cohort studies (one high quality and three acceptable) [82-85], 

however three of the four included limited and specific populations (two studies [82, 83] only 

included first year students and one study [85] only included male students). In addition, none of 

them controlled or adjusted for any covariates beyond baseline mood (such as age, biological 

sex, gender, race, co-morbid health conditions, socioeconomic status). In order to understand if 

sleep problems predict future anxiety or other mental disorders (and the directionality of this 

association), there is a need for more high-quality cohort or longitudinal studies. None of the 

cohort studies we identified filled in this gap to demonstrate if poor sleep quality predicts future 

anxiety (or vice versa). The importance of this research is two-fold: 1) to improve the 

understanding of the directionality between poor sleep quality and anxiety; and 2) to understand 

what other confounding variables (such as age, race, ethnicity, socioeconomic status, program 

type, and comorbid mental or physical health issues) might also have an impact on this 

association.  

The study conducted by Lovell et al., did not find a statistically significant association 

between sleep quality and anxiety in postsecondary students [70]. This study recruited students 

attending a regional university in Australia. There are two possible explanations for why Lovell 

et. al. did not find a significant association: the age of the participants and the timing of the study 

[70]. The authors of this study identify that the mean age of students in this sample was 28 years 
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of age compared to 25 years which is the average age of Australian students in postsecondary 

education and that this age difference has the potential to impact their results [70]. This 

difference due to age could be related to more coping mechanisms to deal with anxiety, or the 

development of better sleeping habits [13, 21, 106]. Another explanation for this study’s findings 

may have to do with the timing of the study. Recruitment took place at two timepoints, during 

the break between semesters and within the first two weeks of the new semester [70]. Students 

could be less likely to be anxious or experience sleep problems during the gap between terms 

compared to the middle or end of the term because they do not have the same kinds of academic 

pressures. This study highlights the need for further studies to explore if age is a risk factor when 

looking at poor sleep quality and anxiety in postsecondary students, as well as to explore 

differences in sleep quality and anxiety at different points in the term.  

The association between poor sleep quality and anxiety is an important relationship to 

take into consideration as policies are created to address the high rates of mental health issues 

among students. As postsecondary institutions work to address the increased prevalence of 

mental health issues, interventions that focus on sleep may be warranted. Postsecondary 

institutions already focus on many other healthy lifestyle behaviours such as exercise, smoking 

cessation and nutrition, as well as mental health and coping strategies [1, 2, 63, 70]. Similar 

programs could help students learn the importance of getting enough sleep, as well as sleep 

hygiene. 

Of the 51 studies that we found, only 28 were identified as having an acceptable risk of 

bias (16 were rated as moderate risk and 12 were rates as low risk) (Appendix B). This highlights 

the lack of high-quality studies examining the association between sleep and anxiety in 

postsecondary students and demonstrates the need for more high-quality low risk studies, 
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especially cohort studies examining the association between sleep quality and anxiety in 

postsecondary students.  

While poor sleep quality and anxiety in postsecondary students is a global concern, there 

are also differences between countries, attributed to the differences in student experience such as 

costs, program design and outside pressures faced by students [59, 63, 71, 72, 94]. This review 

did not find any high-quality Canadian studies, therefore the impact of the potential association 

between sleep quality and anxiety in Canada is unknown. Understanding the impact of this 

association in a Canadian Context is important so that institutions of high education can create 

programs and services to target the issues that Canadian studies uniquely face. Future studies 

should focus on the design of high quality cross-sectional and cohort studies to investigate this 

association in Canadian students.  

2.8 Strengths and Limitations  

Our review has several strengths. We used specific inclusion and exclusion criteria and a 

standardized method (the PRESS checklist) to set up and conduct our search strategy. We also 

conducted a rigorous search and used a standardized method to screen and critically appraise the 

relevant articles. Our review also had a few limitations. We only included studies that were 

published in English so it is possible that there are some studies that we might have missed. 

However, because we do have studies from so many different countries it is unlikely that this has 

biased our results. Finally, although we only included articles which used valid and reliable 

measures, they were all self-report which makes it possible that these tools may have introduced 

some degree of misclassification bias. 
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2.9 Conclusions  

 In conclusion, our review provides evidence that sleep quality may be associated with 

anxiety in postsecondary students, however this potential relationship needs to be further 

explored through high-quality cohort studies. 
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3.1 Abstract  

Introduction: Postsecondary students frequently report high rates of anxiety and poor sleep 

quality. The association between poor sleep quality and anxiety and the potential role other 

covariates have in this association is poorly understood in this population. Therefore, the purpose 

of this study was to assess the association between poor sleep quality and moderate to extremely 

severe anxiety in postsecondary students in Ontario as well as assess the impact of any 

covariates.  

Methods: This cross-sectional study enrolled students from two faculties at Ontario Tech 

University (OTU) - Faculty of Health Sciences (FHS) and Faculty of Education (FEd), and 

students attending the Canadian Memorial Chiropractic College (CMCC) during the fall of 2017. 

Participants completed self-report questionnaires to measure sleep quality (PSQI), anxiety 

(DASS-21), socio-demographic, lifestyle and health-related variables. Multivariable logistic 

regression was used to measure the association between poor sleep quality (PSQI score ≥7) and 

moderate to extremely severe anxiety (DASS-21 anxiety subscale score ≥10) while controlling 

for covariates (e.g. biological sex, age, socioeconomic status, medical co-morbidities, 

depression, stress, and food insecurity).  

Results: The sample included 882 students from OTU (77% female) and 510 participants from 

CMCC (60% female). For students attending OTU, the prevalence of poor sleep quality was 

61.8% (95% CI: 9.52 – 9.93) with a mean global score of 7.75/21 (95% CI: 7.54 – 7.97). The 

majority of students in this sample (73.7%) obtained less than 7 hours of sleep per night and 

41.7% reported daytime sleepiness. The one-week prevalence of moderate to extremely severe 

anxiety was 58.3% (95% CI 14.85 – 16.11), with the mean DASS-21 score of 10.37/21 (95% CI 

9.81-10.91). A significant correlation between PSQI scores and DASS-21 anxiety scores (r = 

0.30, p<0.001) was found. Similarly, in the sample of CMCC students the prevalence of poor 
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sleep quality was 59.8% (95% CI: 9.26 – 9.81) with a mean PSQI score of 7.42/21 (95% CI: 7.13 

– 7.71). The majority (75.5%) of students reported obtaining less than 7 hours of sleep and 

32.4% reported daytime sleepiness. For CMCC students, the one-week prevalence of moderate 

to extremely severe anxiety was 41% (95% CI 14.64 – 16.46) and the mean DASS-21 score was 

7.43/21 (95% CI 6.83 – 8.04). A significant correlation between PSQI scores and DASS-21 

anxiety scores (r = 0.32, p<0.001) was also found within this sample. Students who reported poor 

sleep quality were more likely to report moderate to extremely severe anxiety (OTU: OR = 3.22 

[95% CI 2.41 – 4.30] and CMCC: OR = 3.83 [95% CI 2.49 – 5.91]). This association decreased 

but still remained high even after controlling for covariates (biological sex, stress, and 

depression) that were found to be important (OTU: OR = 1.55 [95% CI 1.10 – 2.18] and CMCC: 

OR = 2.61 [95% CI 1.61 – 4.24]). 

Conclusions: There is a high prevalence of poor sleep quality and moderate to extremely severe 

anxiety in students at CMCC and OTU. Poor sleep quality is associated with moderate to 

extremely severe anxiety in students within the postsecondary population. These findings suggest 

the importance of promoting healthier sleep habits with relation to mental health outcomes 

including anxiety and have implications for policy development and campus wellness programs.  
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3.2 Introduction  

 In Canada, rates of mental health issues among postsecondary students are significantly 

higher than among the general population with anxiety-related disorders being the most 

commonly reported [1-4]. This is causing wait times for both on-campus and community mental 

health services as long as two to three years at some institutions [1, 3, 5]. This is not only a 

Canadian problem but rather the increasing rates of mental health issues among postsecondary 

students has become a public health issue around the world [4, 6-11].  

In Canada, the one-year overall prevalence of all mental health issues among the general 

population is approximately 20% [2]. Specifically in postsecondary students, in 2019 68% of 

postsecondary students reported experiencing overwhelming anxiety in the past year, 51% 

reported feeling so depressed it was difficult to function and 63% felt that things were hopeless 

[4]. The high rates of anxiety and other mental health issues are thought to be related to the 

major life changes that students face when transitioning from secondary to postsecondary 

education including increased academic pressures, increased expectations and responsibilities 

and increased financial burden [3, 12, 13]. When addressing mental health issues, such as 

anxiety, among students, it is important to understand what (if any) mechanisms are contributing 

to it. One such mechanism that may play a role in anxiety (and other mental health issues) in 

postsecondary students is poor sleep quality.  

Sleep problems impact both the physical and mental health of postsecondary students and 

their daytime functioning. Postsecondary students regularly report high rates of poor sleep 

quality and in 2019, the Canadian Reference Group (CRG) of the National College Health 

Assessment (NCHA) found that 65% reported feeling tired or dragged out the majority of days 

and 48% reported that daytime sleepiness impacted them during activities [4]. Recent sleep 
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research has put a specific focus on postsecondary students as a group that is separate from both 

children and adults [4, 10, 12]. Postsecondary students face a unique combination of academic, 

family, work and social pressures making them especially vulnerable for the development of 

sleep disorders, poor sleep habits and poor sleep quality [4, 6, 12, 14].  

There is considerable change to students’ sleep patterns when they enter postsecondary 

education, such as delays in their sleep time, which contributes to irregular sleep patterns. 

Changes to sleep patterns may be attributed to many factors including early class start times, 

part-time jobs, lifestyle preferences, social activities and academic demands [6, 15]. The 

combination of these factors may impact the amount of time that students have to sleep but this 

is often exacerbated in students who are juggling other responsibilities outside of school 

including caring for family members, working part-time jobs and commuting [6]. Furthermore, 

students may have misconceptions about the importance of sleep and believe that the high levels 

of stress or anxiety and sleep deprivation is an inevitable part of “normal” university life [10, 16-

19].  

Understanding the association between poor sleep quality and anxiety is important since 

sleep problems can heighten anxiety and anxiety can amplify sleep problems – which can create 

a vicious cycle [19-21]. Anxiety activates the sympathetic nervous system, which leads to a 

number of physiological responses including increased heart rate and breathing [22-24]. These 

physiological responses create a sense of arousal which is sometimes referred to as 

hypervigilance [22-25]. These physiological changes, coupled with hypervigilance are 

counterproductive for sleep. Sleep onset can only occur if an individual is relaxed; without 

calming the sympathetic nervous system and increased activation of the parasympathetic nervous 

system, individuals may have delayed sleep onset [26-28]. This can affect an individual’s sleep 
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quality and quantity, and impede daytime function [28, 29]. Poor sleep quality and quantity 

affect mood and make one more anxious, which in turn, make it even more difficult to sleep the 

following sleep period [21, 30-32]. This creates a cycle that not only impacts an individual’s 

sleep quality and mental health but also can lead to negative academic, social and physical 

outcomes [22-24, 30].  

A recent systematic review of the literature examining the association between sleep 

quality and anxiety among the postsecondary population found that poor sleep quality is 

associated with increased odds of experiencing anxiety globally [33]. However, to our 

knowledge no research has been done examining the association of poor sleep quality and 

anxiety within a Canadian context [34-37]. Overall, the studies found in the systematic review 

suggest that poor sleep quality is associated with anxiety in their respective student population, 

however methodological issues may limit the internal validity of these studies [34-38]. First, 

several studies used recruitment strategies (e.g., snowballing techniques or recruiting only 

students enrolled in a psychology class) that may have led to selection bias [39-43]. Second, 

some studies did not consider the impact of covariates on the association between poor sleep 

quality and anxiety such as age, academic program, or biological sex [40, 41, 44-46]. Therefore, 

the purpose of this study was to investigate the association between poor sleep quality and 

moderate to extremely severe anxiety of students within a Canadian context accounting for 

covariates. 
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3.3 Methods 

3.3.1 Study Design and Study Population  

 Prior to commencing this study, research ethics board approval was obtained from each 

of the participating institutions (OTU-REB #14515; CMCC-REB #1709B03). In 2017, a team of 

investigators designed and conducted a cross-sectional study of student enrolled in the Faculty of 

Health Sciences (FHS) and Faculty of Education (FEd) at Ontario Tech University (OTU) 

(formally known as the University of Ontario Institute of Technology [UOIT]) and the Canadian 

Memorial Chiropractic College (CMCC) in Ontario, Canada. 

OTU is a public postsecondary institution located in Oshawa, Ontario. It offers several 

undergraduate and post-graduate degrees within multiple departments. The FHS offers six 

programs: Allied Health Sciences, Health Science, Kinesiology, Medical Laboratory Sciences 

and Nursing Science. The FEd offers two main programs: Education (including Primary/Junior, 

Junior/Intermediate and Intermediate/Senior Education) and Arts in Educations Studies and 

Digital Technology. CMCC is a private postsecondary institution located in Toronto, Ontario. It 

offers a second-entry four-year professional undergraduate professional degree (for students who 

have completed at least three years of university study), as well as postgraduate and continuing 

education programs.  

 In 2017, 1931 students were enrolled in the FHS and 268 students in the FEd, collectively 

making up 23% of the OTU undergraduate population. Students enrolled in both the FHS and the 

FEd were primarily domestic (98.3%, 99.6%) and female (75.9%, 66.7%), with a mean age of 24 

and 28 respectively. In the fall of 2017 there were 766 students enrolled in the undergraduate 

chiropractic program at CMCC. Students enrolled in this program had a mean age of 25 and with 

a close to even distribution of males and females (55.4% female).  
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3.3.2 Recruitment and Data Collection  

3.3.2.1 Ontario Tech  

 The study was advertised to the FHS and FEd student population using social media 

platforms (Facebook and Twitter). Flyers were also posted around campus containing 

information about the study. Participants were recruited in September and October of 2017. 

Recruitment took place in three waves. In wave one, students were recruited through an in-class 

recruitment strategy. Members of the research team attended classes in the FHS and FEd to 

formally inform students about the study and invite them to participate. Following the 

presentation, students were provided with a link to the online consent form and study 

questionnaire. A pre-recorded instructional video was distributed to online classes within these 

faculties.  

 Classes attended included core courses in each year of study within each faculty. These 

classes were chosen to ensure that all students in their respective faculties were informed about 

the study. In the second wave of recruitment, class instructors sent standard messages to students 

via OTU's online educational platform. The message contained details about the study and 

provided a link where students could access the survey. This was done to ensure that students 

who were not in class at the time of the in-class presentation (wave 1) were provided the 

opportunity to participate. In the third wave of recruitment the Dean of each faculty (FHS and 

FEd) sent a standard message to all the students and invited them to participate by clicking on a 

link where the students could access the survey.  

Participants completed the survey package online through Google forms. Completed 

surveys were de-identified by OTU's Information Technology (IT) department to maintain the 

anonymity of each participant. All data from completed surveys were securely stored in the 

university’s Google Drive. 
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3.3.2.2 CMCC 

 The study was advertised to students at CMCC using social media (Facebook and 

Instagram). An email was also sent out to all students inviting them to take part in the study. 

Recruitment for first, second, and third year students occurred during mandatory classes in 

October and November. Fourth year interns were recruited during clinical rounds in September 

and October. Two separate recruitment periods were selected because of differences in the 

academic schedule of the different years of study. Prior to the in-class administration of the 

questionnaire, members of the research team attended classes and explained the study to students 

using a standardized script. Students who were not in class on the day when the survey was 

administered were given a link through the class messaging system and invited to participate 

online.  

 Participants provided informed consent and completed the online questionnaire using 

their personal electronic devices through the student course portal. Completed surveys were de-

identified by CMCC’s IT department to maintain the anonymity of each participant. All data 

from completed surveys were securely stored in a Google Drive.  

3.3.3 Outcome Measures  

 An online survey questionnaire was developed through a review of the literature and in 

consultation with subject matter experts at OTU and CMCC. The survey instrument was 

designed to measure the presence of symptoms of depression, anxiety, and stress, as well as the 

impact on function and modifiable lifestyle factors. The questionnaire included valid and reliable 

questions and instruments to measure sleep quality, physical activity, substance use, food 

insecurity, spinal pain and socio-demographic variables. For the purpose of the present research 

objective, two outcome measures were used: sleep quality and anxiety. 
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3.3.4 Independent Variable: Sleep Quality  

 Sleep quality was measured using the validated Pittsburgh Sleep Quality Index (PSQI), 

which assesses patterns of sleep dysfunction over the previous one-month period [47]. The PSQI 

includes 19 questions classified into seven subscales: sleep latency (i.e., how long it usually 

takes to fall asleep), sleep duration (i.e., total amount of sleep), use of sleep medication (i.e., 

prescribed or over the counter), perceived sleep quality (i.e., an individual’s personal rating of 

their sleep quality), habitual sleep efficiency (i.e., percentage of time spent sleeping while in 

bed), sleep disturbances (i.e., factors that cause wakening during the night or early morning), and 

daytime dysfunction (i.e., inability to perform daytime activities such as driving, eating meals or 

engaging in social activities due to sleepiness) [47]. Each item is scored on a 0-3 Likert scale, 

where 3 reflects the negative extreme [47]. The scores of the seven subscales are summed to 

generate a global index score ranging from 0-21. A global score >5 is indicative of a poor-quality 

sleeper, while a score of ≤5 is indicative of a good-quality sleeper. The PSQI is a reliable and 

valid tool with a high internal consistency (Cronbach’s alpha 0.83) [47]. The PSQI has been 

found to have valid and acceptable psychometric properties across a range of different samples 

including postsecondary students, as well as adequate validity and reliability [13, 36, 38, 47-49]. 

Originally the scoring algorithm recommended a cut-off score of 5 for indicating good/poor 

quality sleep (0-5/21 indicates good sleep quality and 6-21/21indicates poor sleep quality) [47]. 

However, increasing the cut-off point to 6/21 increased the specificity of the PSQI to 100% to 

distinguish between individuals with insomnia and individuals without insomnia [50]. Therefore, 

in this study the scores will be dichotomized with 0-6/21 indicating good sleep quality and 7-

21/21 indicating poor sleep quality. 
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3.3.5 Dependent Variable: Anxiety  

The Depression Anxiety Stress Scale – 21 (DASS-21) is the short form of the DASS-42, 

which is used to measure symptoms of depression, anxiety and stress in the past week [51]. It 

includes 21 questions and produces scores for three different subscales: depression, anxiety and 

stress [51]. The DASS-21 has been found to be valid and reliable in many populations including 

postsecondary students [6, 52]. The anxiety subscale is scored from 0-42 and further categorized 

into five levels; normal, mild, moderate, severe, and extremely severe [51]. Anxiety that is 

categorized as moderate to extremely severe on the DASS-21 is also classified as clinically 

significant anxiety, which is being investigated in this study [51, 52]. The anxiety subscale from 

the DASS-21 has shown to have high internal consistency with an overall reliability (Cronbach’s 

alpha) of 0.851.   

3.3.6 Covariates  

 The survey instrument included other questionnaires to measure food insecurity, 

substance abuse, neck and low back pain, physical activity, and sociodemographic information.  

 Food insecurity is often defined as a disruption in eating patterns or a lack of food intake 

due to insufficient money and other resources [53]. In this survey, food insecurity was measured 

using the Household Food Security Survey Model (HFSSM) [54]. The HFSSM is commonly 

used to classify participants as either food secure, food insecure, or severely food insecure and 

has been found to have acceptable psychometric properties [54, 55].  

 Substance abuse was measured using the Alcohol, Smoking, and Substance Involvement 

Screening Test (ASSIST). This questionnaire has been found to have acceptable psychometric 

properties [56, 57]. The ASSIST measures both the 3-month and lifetime use of tobacco, alcohol, 
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cannabis, cocaine, amphetamine-type stimulants, inhalants, sedatives, hallucinogens, opioids, 

and other drugs [56]. 

 Neck and low back pain intensity was measured with the Musculoskeletal Pain Intensity 

– Numeric Rating Scale (NRS) [58, 59]. The NRS is a horizontal numerical scale that ranges 

from 0 – 10 with higher scores indicating more intense pain. The NRS has adequate construct 

validity and high test-retest reliability [58, 59].  

Physical activity and sedentary behaviour were measured using the Physical Activity and 

Sedentary Behaviour Questionnaire (PASB-Q) [60]. The PASB-Q distinguishes between 

individuals with either poor, fair, good, very good, or excellent physical activity. It also has 

acceptable psychometric properties [60].  

 Finally, sociodemographic information and medical comorbidities were measured using 

questions from the Canadian Community Health Survey and Statistics Canada. In addition, 

information pertaining to faculty, program, age, annual income, household income, marital 

status, living situations, ethnicity, dependents, academic average, year of study, domestic status, 

social support, employment of primary and secondary guardians, and other demographic 

variables were also collected.     

3.3.7 Statistical Analysis  

 All analyses were conducted using Statistical Program for the Social Sciences (SPSS) 

version 27.0 [61]. Descriptive statistics were presented as means (standard deviation) for 

continuous variables or frequencies (percentage) for categorical variables. Participation bias was 

assessed by comparing characteristics of our sample to the characteristics of students enrolled in 

the FHS, FEd or CMCC respectively. The prevalence of moderate to extreme anxiety and poor 
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sleep quality within these samples was measured by dividing the number of participants with the 

outcome (numerator) by the total sample size (denominator).  

 Logistic regression models were used to describe the association between sleep quality 

and moderate to extremely severe anxiety. Two separate sets of regression models were built. In 

the first set of models, the PSQI scores were dichotomized as good quality and poor sleep quality 

categories. In the second set, the PSQI scores were analyzed as a continuous variable.  

 The regression models were each built using a three-step process. First, a bivariate model 

was built to determine the crude association between sleep quality and anxiety. Second, separate 

multivariate models were built with potential covariates to assess their impact on the association 

between poor sleep quality and moderate to extremely severe anxiety. The following covariates 

were considered in the models based on the literature and in consultation with subject experts: 

food insecurity, physical activity, comorbidities, prevalence of substance abuse, neck and low 

back pain, trouble coping, depression, stress, age, gender, biological sex, program, ethnicity, 

residency status, marital status, personal annual income, household annual income, living 

arrangements, and number of hours worked per week. If a particular variable changed the 

association (beta) between sleep quality and anxiety by 10% or more, it was considered an 

important covariate. Finally, a multivariate model was built that included all the covariates that 

met the criteria described above. The association between poor sleep quality and moderate to 

extremely severe anxiety is reported as odds ratios (OR) and 95% confidence intervals (CI).  

 Data from both faculties at OTU and CMCC were explored to determine if the data could 

be pooled by comparing the descriptive statistics and crude measures of associations between 

poor sleep quality and moderate to extremely severe anxiety within the two faculties. 

Additionally, the Z scores and corresponding p-values were computed to determine if logistic 
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regression coefficients differed significantly (p<0.05) across faculties and institutions. It was 

found that the two data sets from OTU could be pooled together because the descriptive statistics 

and crude measures of associations between poor sleep quality and moderate to extremely severe 

anxiety within the two faculties were similar. The data from CMCC could not be pooled with the 

OTU sample because of slight differences in population and data collection methods.  

3.4 Results 

3.4.1 Participation rate and sample characteristics  

 The participation rate for students at OTU was 40.1% (882/2199); 675 participants were 

from the FHS (35% participation rate) and 207 participants from the FEd (77% participation 

rate). Of the total sample (FHS and FEd combined), the mean age was 22.9 (SD 5.5) and 77% of 

the participants were female (Table 1). For participants at CMCC the participation rate was 67% 

(510/766). The sample mean age was 25 years (SD: 2.8) and 60% of the participants were female 

(Table 1). 
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Table 3.1 Baseline Characteristics of Study Sample  

Characteristics FHS 

(N = 675) 

FEd 

(N = 207) 

All Ontario Tech 

(N = 882) 

CMCC 

(N = 510) 

Age, Mean (SD) 22.1 (5.5) 25.6 (4.8) 22.9 (5.5)  24.6 (2.8) 

Gender 

Female  

Male 

 

539 (80) 

128 (19.0)  

 

141 (69.1) 

65 (31.4) 

 

680 (77.0) 

193 (21.8) 

 

307 (60.2) 

203 (39.8) 

Year of Study* n (%) 

1 

2 

3 

4 

5+ 

 

171 (25.3) 

173 (25.6)  

142 (21.0)  

179 (25.6) 

10 (1.4) 

 

69 (33.3) 

72 (34.8)  

0 

0 

66 (31.9)  

 

240 (27.2) 

245 (27.7)  

142 (16.0)  

179 (20.2)  

76 (8.6)  

 

131 (25.7)  

137 (26.9)  

149 (29.2)  

93 (18.2) 

0  

Cultural/Ancestral Ethnicity* 

Aboriginal/First Nations/Metis  

Black 

Caucasian  

East Asian  

South Asian  

South East Asian  

Latin American/Middle Eastern  

 

35 (5.2) 

58 (8.5)  

349 (51.7)  

105 (15.5)  

105 (15.5)  

53 (7.8)  

52 (7.7)  

 

5 (2.4)  

8 (3.8)  

126 (60.9)  

25 (12.1)  

18 (8.6)  

14 (6.7)  

12 (5.8)  

 

40 (4.5) 

66 (7.4)  

415 (53.8)  

130 (14.7)  

123 (12.9)  

67 (7.5)  

64 (7.2)  

 

15 (2.9)  

10 (2.0)  

381 (74.7) 

47 (9.2)  

23 (4.5)  

16 (3.1)  

37 (7.25)  

Annual Personal Income* 

$0 - $4,999 

$5000 - $9,999 

$10,000 - $19,999 

Above $20,000 

 

351 (52.5)  

184 (27.5)  

94 (14.1) 

69 (10.2)  

 

85 (41.1)  

64 (30.9)  

36 (17.4)  

20 (9.7)  

 

406 (46.0)  

248 (28.1)  

130 (14.7)  

89 (10.0)  

 

311 (61.0)  

129 (25.3)  

51 (10.0)  

16 (3.1)  

Annual Household Income*  

$0 - $49,000 

$50,000 - $59,000 

$60,000 - $79,000 

Above $80,000 

 

159 (23.5) 

103 (15.2) 

104 (15.4) 

300 (44.4)  

 

 

42 (20.3)  

33 (15.9) 

39 (18.8) 

85 (41.1)  

 

201 (22.8)  

136 (15.4)  

143 (16.2)  

385 (43.6)  

 

244 (47.8)  

40 (7.8)  

52 (11.2)  

164 (32.2)  
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Marital Status*  

Single, never married 

Married/Common Law 

 

601 (89.0) 

59 (8.7) 

 

172 (83.1)  

32 (15.4) 

 

773 (87.6)  

91 (10.3)  

 

451 (88.4)  

59 (11.6)  

Parents Marital Status  

Single  

Married/Common Law 

Separated/Divorced  

 

34 (5.0) 

125 (18.5) 

495 (73.3) 

 

9 (4.3) 

38 (18.4)  

149 (72.0) 

 

43 (4.9) 

163 (18.5)  

644 (73.0)  

 

33 (6.5)  

378 (74.1)  

86 (16.9)  

Employment Status of Primary* 

Guardian  

Full-time 

Part-time  

Retired  

 

525 (77.8) 

42 (6.2) 

21 (3.1) 

 

129 (62.3) 

8 (3.9) 

17 (8.2) 

 

654 (74.1)  

50 (5.6)  

38 (4.1)  

 

372 (72.9)  

36 (7.1) 

56 (11.0)  

Hours of Paid Work Per Week* 

0 

1-19 hours 

20+ hours  

 

241 (35.7) 

294 (43.5) 

140 (20.6) 

 

77 (37.2) 

99 (47.8)  

31 (13.0)  

 

318 (36.0) 

393 (44.5)  

171(19.3)  

 

263 (51.6)  

229 (44.9) 

18 (3.5)  

Commute Time to University*  

Less than 15 Minutes  

15 – 19 Minutes 

30 – 44 Minutes 

45+ Minutes  

 

244 (36.1) 

158 (23.4) 

93 (13.8) 

180 (26.7) 

 

36 (18.3) 

38 (18.8) 

30 (14.4) 

103 (49.7) 

 

280 (31.7) 

196 (22.2) 

123 (13.9) 

283 (32.0)   

 

258 (50.6)  

113 (22.2)  

56 (11.0)  

83 (16.3)  

Living Situation*  

Relatives  

Roommate/housemate  

Student Residence  

Living with a Partner  

 

435 (66.4)  

106 (15.7)  

80 (11.9)  

66 (9.8) 

 

150 (72.5)  

12 (5.8)  

4 (1.9)  

33 (15.9) 

 

585 (66.3)  

118 (13.4)  

84 (9.5)  

99 (11.2)  

 

152 (29.8)  

188 (36.9)  

45 (8.8)  

95 (18.6)  

Academic Average in Previous Year* 

Between 60 – 69%  

Between 70 – 79%  

Between 80 – 89%  

Between 90 – 100%  

 

80 (11.8) 

231 (34.0)  

264 (39.1)  

80 (11.8)  

 

3 (1.45) 

34 (16.4)  

126 (60.9)  

44 (21.2)  

 

83 (9.4)  

265 (30.0)  

390 (44.2)  

124 (14.0)  

 

8 (1.6) 

114 (22.4) 

312 (61.2)  

76 (14.9) 

Number of Dependents*  

None  

 

490 (72.6)  

 

162 (78.2) 

 

652 (73.9) 

 

457 (89.6)  



88 
 

1-6+  185 (27.4)  45 (21.7)  230 (26.1)   53 (10.4)  

Diagnosed Medical Conditions*  

Allergies  

Asthma  

Migraines  

 

196 (29.0)  

98 (14.5)  

61 (9.0) 

 

60 (29.0)  

22 (10.6)  

12 (5.8)  

 

256 (29.0)  

120 (13.6)  

73 (8.3)  

 

128 (25.1)  

62 (12.2)  

38 (7.5)  

Neck Pain* 

No  

Yes 

 

245 (36.3)  

430 (63.7) 

 

94 (45.4) 

113 (54.6)  

 

339 (38.4)  

543 (61.6)  

 

118 (23.1) 

392 (76.9)  

Low Back Pain* 

No 

Yes 

 

220 (32.6)  

455 (67.4) 

 

81 (39.1)  

126 (60.9) 

 

301 (34.1) 

581 (65.9) 

 

158 (31.0)  

352 (69.0)  

Lifetime Substance Use*  

Tobacco  

Alcohol 

Marijuana 

Cocaine 

Stimulants 

Sedatives 

Hallucinogens 

 

226 (33.5) 

528 (78.2) 

298 (44.1)  

35 (5.2) 

62 (9.2)  

50 (7.4)  

40 (5.9)  

 

87 (42.0)  

178 (86.0) 

106 (51.2)  

16 (7.7)  

20 (9.7)  

19 (9.2)  

18 (8.7)  

 

313 (35.5)  

706 (80.0)  

404 (45.8)  

51 (5.7)  

82 (9.3)  

69 (7.8) 

58 (6.6)  

 

185 (36.3)  

481 (94.3)  

277 (54.3) 

41 (8.0)  

79 (15.5)  

32 (6.3)  

54 (10.6)  

Food Insecurity*  

Yes 

No 

 

189 (29.1)  

461 (70.9) 

 

47 (22.7)  

160 (77.3) 

 

236 (27.5) 

621 (72.5)  

 

70 (13.7)  

440 (86.3)  

Sleep Quality*  

Good  

Poor 

 

240 (35.6) 

435 (64.4) 

 

79 (38.2)  

128 (61.8)  

 

314 (35.6)  

554 (62.8)  

 

225 (44.1)  

285 (55.9)  

Anxiety* 

Normal/Mild  

Moderate/Severe/Extreme  

 

347 (51.4)  

328 (48.6)  

 

118 (57.0)  

89 (43.0)  

 

368 (41.7)  

514 (58.3)  

 

301 (59.0)  

209 (41.0)  

 * n (%) 
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3.4.2 Prevalence of Poor Sleep Quality and Anxiety  

The one-month prevalence of poor sleep quality (scores ≥7/21 on the global PSQI) 

among Ontario students was 61.8% (95% CI: 9.5 – 9.9). The mean PSQI score was 7.7/21 (95% 

CI: 7.5 – 8.0), suggesting that the majority of participants in this sample were poor-quality 

sleepers. Additionally, 73.7% of students were obtaining less than 7 hours of sleep per night and 

41.7% reported experiencing daytime dysfunction (including excessive daytime sleepiness and 

trouble staying awake during tasks such as eating, driving and socializing with friends). In the 

sample of CMCC students, the one-month prevalence of poor sleep quality was 59.8% (95% CI 

9.2 – 9.8). The mean PSQI score was 7.4/21 (95% CI 7.1 – 7.7), with just over half of the 

students classified as poor-quality sleepers. Additionally, 75.5% of students report obtaining less 

than 7 hours of sleep per night and 32.4% report daytime dysfunction. The one-week prevalence 

of reporting moderate to extremely severe anxiety in OTU students was 58.3% (95% CI 14.9 – 

16.1), with the mean DASS score of 10.4/21 (95% CI 9.8-10.9). Furthermore, a statistically 

significant correlation between PSQI scores and DASS-21 anxiety scores (r = 0.30, p<0.001) 

was found. For CMCC students, the one-week prevalence of reporting moderate to extremely 

severe anxiety was 41.0% (95% CI 14.6 – 16.5 and the mean DASS score was 7.4/21 (95% CI 

6.8 – 8.0). A statistically significant correlation between PSQI scores and DASS-21 anxiety 

scores (r = 0.32, p<0.001) was also found in this sample 

3.4.3 Association Between Sleep Quality and Anxiety  

 The separate regression models that were built for the FHS and FEd and revealed that the 

point estimates (betas) were similar for both faculties (Table 2 and Table 3), therefore the data 

from both faculties was pooled. Data from CMCC could not be pooled given the differences in 
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data collection and population characteristics Therefore, the data for CMCC and OTU will be 

reported separately.  

 In the first model where the PSQI was treated as a dichotomous variable, the crude 

analysis suggested that OTU and CMCC students who were classified as poor-quality sleepers 

(PSQI score ≥7/21) were more likely to report moderate to extreme anxiety (OR = 3.2 [95% CI 

2.4 – 4.3 and OR = 3.8 [95% CI 2.5 – 5.9] respectively). After controlling for relevant covariates 

(biological sex, depression and problems handling stress) the odds ratios decreased to 1.5 (95% 

CI 1.1 – 2.2) for OTU and 2.6 (95% CI 1.6 – 4.2) for CMCC (Table 2 and Table 3). 

In the second model, where the PSQI was treated as a continuous variable, the crude 

analysis showed that poor quality sleepers were also more likely to report moderate to extreme 

anxiety (OTU: OR = 1.2 [95% CI 1.2 – 1.3]; CMCC: (OR = 1.3 [95% CI 1.2 – 1.4]). After 

controlling for important covariates (biological sex, depression and problems handling stress) the 

association decreased (OTU: OR = 1.1 [95% CI 1.0 – 1.2] and CMCC: (OR = 1.2 [95% CI 1.1 – 

1.3]) (Table 2 and Table 3). 

  



91 
 

Table 3.2 Association between poor sleep quality (PSQI score*) and clinically significant 

anxiety (DASS-21 Anxiety score**) – OTU 

 Odds Ratio (95% CI) of reporting moderate-extreme anxiety 

Crude Analysis Adjusted Analysis† 

PSQI Dichotomous (poor sleep 

quality vs. good sleep quality)  

3.3 (2.4 – 4.3) 1.6 (1.1 – 2.2) 

PSQI Continuous  1.3 (1.2 – 1.3) 1.1 (1.0 – 1.2) 

*PSQI (Pittsburgh Sleep Quality Index) = Good sleep quality ≤ 6, Poor sleep quality ≥ 7;  

**DASS-21 (Depression Anxiety Stress Scale – 21 Anxiety subscale) = Not clinically significant 

anxiety (no or mild anxiety) ≤ 9 Clinically significant anxiety (moderate to extremely severe 

anxiety) ≥ 10 

*** covariates adjusted for were biological sex, depression and problems handling stress.  

 

Table 3.3 Association between poor sleep quality (PSQI score*) and clinically significant 

anxiety (DASS-21 Anxiety score**) – CMCC 

 Odds Ratio (95% CI) of reporting moderate-extreme anxiety 

Crude Analysis Adjusted Analysis† 

PSQI Dichotomous (poor sleep 

quality vs. good sleep quality) 

3.8 (2.5 – 5.9) 2.6 (1.6 – 4.2) 

PSQI Continuous  1.3 (1.2 – 1.4) 1.2 (1.1 – 1.3) 

*PSQI (Pittsburgh Sleep Quality Index) = Good sleep quality ≤ 6, Poor sleep quality ≥ 7;  

**DASS-21 (Depression Anxiety Stress Scale – 21 Anxiety subscale) = Not clinically significant 

anxiety (no or mild anxiety) ≤ 9 Clinically significant anxiety (moderate to extremely severe 

anxiety) ≥ 10 

*** covariates adjusted for were biological sex, depression and problems handling stress.  
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3.5 Discussion  

 The purpose of this study was to assess the association between poor sleep quality and 

moderate to severe anxiety in postsecondary students in Canada. Students from two faculties at 

OTU and students at CMCC reported a high prevalence of poor sleep quality.  

The one-month prevalence of poor sleep quality was high in both the OTU (61.8%) and 

CMCC (59.8%) sample population despite using conservative cut-off scores on the PSQI. Since 

we used a higher and more conservative cut-off score to differentiate between good and poor 

sleep quality this may be an underestimation of poor sleep quality within this population. Poor 

sleep quality is not unique to the students in our sample. These results are consistent with 

findings in samples of students from Saudi Arabia, Iran, Egypt, Nigeria, Brazil, Australia, Egypt 

and the United States where similar proportions of students reported experiencing poor sleep 

quality (one-month prevalence ranged from 48.5% – 63.2%) [36-38, 40, 43, 48, 62, 63].  

In addition to the high prevalence of poor sleep quality, it was also found that the 

majority of students at both OTU (73.7%; n = 667) and CMCC (75.5%; n=385) were obtaining 

insufficient sleep duration (<7 hours of sleep per night). The National Sleep Foundation 

recommends that emerging adults (between 19-25 years of age) obtain 7-9 hours of sleep per 

night [3, 18, 64]. This is problematic since students who obtain insufficient sleep are more likely 

to experience cognitive (such as memory issues), emotional (such as increased impulsivity and 

poor mood regulation) and physical (impaired immune function, excessive daytime sleepiness) 

impairments [20, 39, 46, 65-69].   

 Additionally, this study found that 58.3% of OTU and 41.0% of CMCC students reported 

moderate to extremely severe anxiety in the past week. This is similar to the high proportions of 

postsecondary students in Saudi Arabia, Brazil, Australia, Ethiopia, Thailand and Iran who also 
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reported significant anxiety symptoms [35-38, 40, 70]. The number of students reporting 

clinically significant anxiety globally is increasing [39, 44, 52, 71]. Therefore, more studies are 

needed to investigate potential risk factors associated with anxiety and to identify correlates, 

which is an important early step towards the goal of reducing the prevalence of anxiety [4].  

 The present study found that students who were classified as poor-quality sleepers were 

more likely to report anxiety when compared to those who were good quality sleepers even after 

controlling for covariates (depression, biological sex and problems handling stress) suggesting 

sleep may have important protective factor in the development of anxiety. These findings are 

consistent with other studies of undergraduate students conducted in a range of countries such as 

Australia, Thailand, the UK, Iran, the US and China [35, 37, 39, 41, 49, 62, 70, 72-74]. 

Significant associations were also found in studies sampling graduate and professional students 

[34, 38, 40, 42, 44, 75]. 

 Although this study provides further evidence of an association between poor sleep 

quality and anxiety, no causal links can be made. Future cohort studies are needed to investigate 

if poor sleep quality is a risk factor for the development of anxiety in postsecondary students. 

Three previous studies (two in the United States and one in China) have found that students who 

report poor sleep quality at baseline are more likely to report anxiety at follow-up (at 3 months, 6 

months and 1-year follow-up) [34, 49, 63]. Two of these studies reported on very specific 

populations (one on only male students and one on medical students) and therefore more 

research needs to be done to see if this finding can be replicated in different student populations 

[34, 49]. Understanding the directionality of the association has the potential to help create 

important options to prevent (or reduce) anxiety among students. If poor sleep quality is found to 
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be a risk factor in the development of anxiety, treatments and interventions aimed at improving 

sleep quality could possibly reduce the likelihood of developing clinically significant anxiety.  

 The findings from this study have important implications not only for postsecondary 

students but also for the wider postsecondary community such as faculty, counselling centres, 

campus health centres and policy makers. Sleep difficulties are highly prevalent among 

postsecondary student populations globally. Evidence of the association between poor sleep and 

anxiety may help the wider postsecondary community to develop policies to help minimize 

anxiety in students by targeting sleep. However, more research is needed to understand if poor 

sleep quality is a risk factor for anxiety within this population. Many small changes can be 

implemented within the postsecondary community. For example, faculty can make changes to 

their evaluative methods (such as changing assignment due dates to midnight instead of early 

morning to discourage students from staying up all night to complete assignments), institutions 

can change course timetables to minimize early morning or late-night classes, and campus health 

and counselling centres can run information sessions for students on sleep hygiene and the 

importance of sleep. 

3.6 Strengths and Limitations  

 This study has many strengths. First, sleep quality and anxiety were measured using valid 

and reliable instruments that have been used among postsecondary students which reduces the 

potential for measurement bias. Second, the participation rate was high in both FEd students 

(77%) and residents at CMCC (67%). Third, a wide range of variables were assessed as potential 

covariates, and this allowed the final model to be adjusted for the variables that were determined 

to be important. Potential covariates that were considered in this model were identified through 

the literature and consultations from subject matter experts. Fourth, we had a strong statistical 



95 
 

analysis plan that was determined before the data was analyzed. Finally, to our knowledge this is 

one of the first studies investigating the relationship between sleep quality and anxiety in a 

Canadian sample of postsecondary students. 

 This study also has a number of limitations. Selection bias may have been present in this 

study as the participation rate in the FHS was 35%. However, the characteristics of our sample in 

the FHS closely represent the characteristics of the general FHS population, which reduces the 

likelihood of participation bias. Second, although online recruitment strategies were incorporated 

into the study, the majority of students who participated were recruited through in-class 

recruitment (first wave of recruitment). Therefore, the data from students who did not attend 

class during this stage of recruitment were not included. Since we have no way of knowing if 

there were any differences between the students who were in class during recruitment and those 

who were not, this may have potentially biased our results. Finally, there are some covariates 

such as caffeine consumption, electronics use, medication use for anxiety or sleep and non- 

prescription medication use (i.e. Gravol or Benadryl) that were not included in this cross-

sectional study. These covariates might have had an impact on the results we found and should 

be included in future research looking at the association between poor sleep quality and anxiety 

in this population.  

3.7 Conclusions  

 Poor sleep quality and anxiety are both prevalent among postsecondary students. A 

positive association between poor sleep quality and moderate to extremely severe anxiety was 

found among a sample of students enrolled in the Faculty of Health Sciences and the Faculty of 

Education at Ontario Tech University as well as residents at the Canadian Memorial Chiropractic 

College. These findings suggest the importance of promoting healthier sleep habits which could 
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impact mental health outcomes including anxiety. However, further studies are needed to 

investigate sleep quality as a risk factor for the development of clinically significant anxiety. The 

results of this study provide information that is useful both to postsecondary students as well as 

the broader postsecondary community.  
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Chapter 4. Discussion and Conclusions  

4.1 Thesis Summary  

The purpose of my thesis was to investigate the association between sleep quality and 

anxiety in postsecondary students while also improving on the methodological issues that were 

present in the existing literature. My thesis involved conducting a systematic review of the 

literature on the association between sleep quality and anxiety in postsecondary students. 

Furthermore, a cross-sectional study of students enrolled in the Faculty of Health Sciences (FHS) 

and the Faculty of Education (FEd) at Ontario Tech University and at the Canadian Memorial 

Chiropractic College (CMCC) was conducted to determine if an association between sleep 

quality and anxiety exists even after controlling for covariates.  

4.2 Systematic review on the association between sleep quality and anxiety 

Objective 1: Synthesize the best available evidence on the association between sleep quality and 

anxiety in postsecondary students 

 The first objective of my thesis was to synthesize the best evidence on the association 

between sleep quality and anxiety within the postsecondary student population. After screening 

and appraising 3203 unique articles, 28 (24 cross-sectional and 4 cohort) studies with low to 

moderate risk of bias were included in the final synthesis. With the exception of one cross-

sectional study, all studies reported a statistically significant association between poor sleep 

quality and anxiety. Overall this suggests that sleep quality is associated with anxiety in 

postsecondary studies. However, there are some limitations to this that might have impacted or 

biased the results. These limitations are discussed in the next section.  
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4.2.1 Methodological limitations of the published literature  

 The main limitation among studies included in the systematic review was that many of 

them did not take potential covariates into consideration. A few studies did consider the impacts 

of gender and age, however there are many other variables such as substance use, physical 

activity, socioeconomic status and ethnicity which may overestimate the association between 

sleep quality and anxiety which needed to be considered [1-4]. This is important because if there 

is another variable (such as socioeconomic status, ethnicity or comorbid health conditions) that 

also impacts this association then it could lead to either confounding or over estimating the role 

this association plays in student mental health. Many studies also used recruitment strategies that 

may have introduced selection bias [1, 5-7]. The use of recruitment strategies such as the 

snowball strategy or only recruiting students who are in a particular course (convenience 

sampling) may cause students with certain characteristics to be unintentionally selected which 

can result in biased associations. The final limitation is the lack of high-quality Canadian studies 

identified by this review. We know that the postsecondary student experience varies across 

different countries [1, 8-12]. Because we don’t have any Canadian studies we don’t know what 

impact this association has among Canadian postsecondary students. These limitations are the 

reason for the second objective of my thesis which will be reported below.  

4.4 Mental Health and Wellness Cross-sectional study  

Objective 2: Measure the association between poor sleep quality and moderate to extremely 

severe anxiety in a sample of Canadian postsecondary students 

 The second objective of my thesis was to investigate the association between poor sleep 

quality and anxiety in postsecondary students at Ontario Tech and CMCC. I aimed to address the 

methodological limitations that are present in the existing literature. My findings suggest that 
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students who reported poor sleep quality were more likely to report moderate to extremely severe 

anxiety (OTU: OR = 3.22 [95% CI 2.41 – 4.30] and CMCC: OR = 3.83 [95% CI 2.49 – 5.91]) 

compared to those who report good sleep quality. This association decreased but still remained 

high even after controlling for covariates (biological sex, stress, and depression) that were found 

to be important (OTU: OR = 1.55 [95% CI 1.10 – 2.18] and CMCC: OR = 2.61 [95% CI 1.61 – 

4.24]). 

4.5 Methodological approach to improve previous research  

 This study improved upon previous research by using a valid and reliable questionnaire 

to measure anxiety, increasing the cut-off scores used on the PSQI to increase the specificity, 

reducing selection bias, and considering an extensive list of covariates to improve the accuracy 

of the results. This study also provided us with some Canadian literature to understand what role 

poor sleep quality has in anxiety among Canadian postsecondary students.  

4.5.1 Measuring sleep quality  

 This study used the Pittsburgh Sleep Quality Index (PSQI) to measure sleep quality [13]. 

The PSQI is an assessment questionnaire that has been found to be valid and reliable in many 

populations including postsecondary students [10, 14-16]. The original publication describing the 

PSQI, Buysse et al. found that the seven component scores of the PSQI had an overall reliability 

(Cronbach’s Alpha) of 0.83 suggesting high internal consistency [13]. The original scoring guide 

used a cut-off score of ≥6 but later research has found that increasing that cut-off to ≥7 increases 

the specificity of the PSQI to 100% therefore minimizing misclassification bias [17]. Increasing 

this reduced the risk of misclassification bias within this sample. Because of this I dichotomized 

the scores with 0-6/21 indicating good sleep quality and 7-21/21 indicating poor sleep quality.  
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4.5.2 Measuring Anxiety  

 This study used the Depression Anxiety Stress Scale – 21 (DASS-21) to measure anxiety 

[18]. This self-report questionnaire includes three subscales to measure the prevalence of 

depression, anxiety and stress symptoms in the past week [18]. The psychometric properties of 

the DASS-21 have been assessed in multiple samples of postsecondary students [2, 9, 14, 19, 

20]. The anxiety subscale from the DASS-21 has been shown to have high internal consistency 

with an overall reliably (Cronbach’s alpha) of 0.851 [19].  

4.5.3 Minimizing selection bias 

 In order to minimize the potential for selection bias, a three-wave recruitment strategy 

was used. The first phase involved an in-class recruitment strategy. The second and third phased 

involved online recruitment strategies. These strategies are further described in chapter 3. If 

students were not in class when the first waves occurred, they still had the opportunity to 

participate through the second and third waves of recruitment. Additionally, there were posters 

and social media advertisements posted online and around the university.  

4.5.4 Minimizing bias due to covariates  

 Most previous studies had not analyzed the role of covariates in the association between 

poor sleep quality and anxiety in postsecondary students. To address this gap, I identified and 

tested several potential covariates with the goal of minimizing any bias that they introduce. 

These covariates were identified through literature and consultations with subject-matter experts. 

Potential covariates that were analyzed included food insecurity, physical activity, substance 

abuse, diagnosed medical disorders, age, gender, year of study, program, academic average, 

income (personal and household), living situation, marital status, ethnicity and residence status. 

Additionally, I also assessed the impact of coping, stress and depression. Each potential covariate 
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was individually added to a univariate logistic regression model (with sleep quality as the 

independent variable and anxiety as the dependent variable). If the variable changed the 

univariate association by 10% or greater, it was considered an important covariate and all of 

these covariates that we found to be important were added to the final regression model.  

4.6 General strengths of this thesis  

 Overall, this thesis had several strengths. First, the use of a rigorous search strategy, as 

well as a standard method of screening and appraisal during the systematic review, ensured that 

the best evidence available on the association between the variables of interest was obtained. 

Second, the risk of measurement bias was reduced through the use of valid and reliable 

assessment instruments in the cross-sectional study. Third, addressing limitations among existing 

studies improved the quality of the findings in our cross-sectional study. Fourth, to our 

knowledge this is the first study to describe the association between sleep quality and anxiety 

within a Canadian postsecondary student population.  

4.7 General limitations of this thesis  

 There were also several limitations that are important to note.  The sample population for 

the cross-sectional study was limited to students at CMCC and in the FHS and FEd at Ontario 

Tech, all of which are situated in a large urban area. Differences may be observed among 

postsecondary institutions situated in more rural areas and therefore our results may not represent 

the entire Canadian university population. Also, because of the nature of the cross-sectional 

study design, no causal inferences can be made. Longitudinal studies assessing sleep quality as a 

risk factor for developing anxiety and other mental health problems are needed.   
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4.8 Implications of my thesis  

 Anxiety and poor sleep quality are a public health concern among postsecondary students 

[9, 11, 21-23]. Not only do these problems have a negative impact on academic achievement, 

they also negatively affect health outcomes and reduce overall quality of life [11, 24, 25]. My 

findings are consistent with existing literature and emphasize the need to address poor sleep 

quality and its association with depressive symptoms among university students. Good sleep 

hygiene should be emphasized and included into health-centered programs in postsecondary 

institutions.  

 Additionally, given the findings of my thesis, university administrations and faculties 

should re-evaluate certain practices that may impede students’ ability to obtain sufficient sleep. 

For example, when setting assignment deadlines administrations may consider developing 

polices that encourage faculty to set afternoon or evening deadlines instead of early morning 

ones. This may reduce the likelihood of students staying up late at night in order to submit 

assignments on time. University and college administrations may also reconsider late night and 

early morning classes. The recommended amount of sleep that young adults should be getting is 

7-9 hours, and offering classes that end very late or start very early may render this 

recommendation impossible for some students, especially those who have a long commute to get 

to and from campus [11, 26-28]. Offering late classes and setting early morning deadlines may 

encourage the development of “night owl” or evening chronotypes in postsecondary students, 

where students stay up late during the night and wake up later in the morning [7, 29-31]. This is 

concerning since students who are night owl chronotypes are more likely to have increased sleep 

difficulties and anxiety [7, 29, 30, 32]. Knowing this may be beneficial for postsecondary 

administrations to revaluate some of these practices.  



108 
 

 Although further research is needed in this area, my findings suggest that it may be 

beneficial for university health care providers such as counselors, nurses and doctors to start 

screening for sleep difficulties in relation to mental illness such as developing clinically 

significant anxiety. Preliminary studies have already identified poor sleep quality as a risk factor 

for anxiety in some postsecondary populations [1, 3, 7, 8, 16, 33, 34]. Therefore, addressing 

sleep problems earlier may help to reduce the incidence of anxiety in these populations.  

4.9 Future Research  

 Further research is needed to investigate if poor sleep quality, as well as other domains of 

sleep such as chronotype, and sleep duration, are an independent risk factor for the development 

of anxiety among postsecondary students. Preliminary studies have already started to report that 

poor sleep quality may be a risk factor for the development of anxiety within this population [10, 

12, 25]. This information is important because postsecondary institutions can further implement 

sleep promotion programs as interventions in relation to anxiety. However, before sleep 

promotion interventions are implemented they should be tested with rigorous evaluative methods 

to determine effectiveness.  

 Epidemiological research in this area should be complemented with qualitative 

investigations. Qualitative research should be developed to explore student experiences of poor 

sleep quality, as well as barriers and facilitators to good sleep. Understanding what challenges 

students face when trying to get enough sleep can assist postsecondary institutions and other 

policy makers in creating programs and policies to minimize these barriers. Knowing what is 

helpful for students in getting enough sleep can also help in the creation of programs. Gaining a 

better understanding of these factors is necessary to design programs aimed at improving sleep 

quality among students.  
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 Finally, due to the fact that our sample was limited to students at CMCC and in the FHS 

and FEd at Ontario Tech University, further studies should investigate this association in a wider 

range of Canadian students. Studies should include students from multiple faculties as well as 

multiple regions in Canada.  

4.10 Conclusions  

 Anxiety and poor sleep quality are prevalent within postsecondary populations. My 

studies found that poor sleep quality was significantly associated with moderate to extremely 

severe anxiety, a finding which is consistent with previous literature. Postsecondary 

administration, faculty, health care providers, and students should recognize the importance of 

good sleep quality in relation to anxiety and other mental health issues. There also needs to be a 

greater emphasis on educating students on the importance of sleep on their mental health (as well 

as other impacts of poor sleep) and changes from postsecondary administration and policy 

makers to create policies (such as class start and end times, changes to assignment deadlines) and 

programs (such as sleep education and hygiene) that allow and encourage students to get enough 

sleep.   
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Appendices 

Appendix A: Systematic Review Search Strategy  

Search Strategy: MEDLINE  

 

Search run October 10, 2020 in Ovid MEDLINE: Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE® 1946-Present; 596 with 

study designs; 1863 without study designs 

1 Universities/ 41639 

2 Students/ 59731 

3 Universities/ and Students/ 16586 

4 exp Students, Health Occupations/ 70643 

5 exp Schools, Health Occupations/ 43350 

6 exp Education, Professional/ 300730 

7 "College Fraternities and Sororities"/ 27 

8 Universities/ 41639 

9 (student* adj4 (college* or universit*)).ab,ti. 50332 

10 (student* adj4 (undergraduate* or graduate* or professional)).ab,ti. 27445 

11 (student* and (freshman or freshmen or sophomore or senior*)).ab,ti. 8628 

12 (student* adj4 (medical or health care or healthcare or nurs* or chiropract* or pharmacy or 

osteopath* or kinesiol* or public health or social sciences or humanities)).ab,ti. 

78927 

13 (student* adj4 (post secondary or postsecondary or post-secondary)).ab,ti. 343 

14 (sororit* or fraternit*).ab,ti. 995 

15 ((universit* or college*) adj4 (campus or residence* or dormitor*)).ab,ti. 3051 

16 or/1-15 [** students_postsecondary] 482989 

17 Sleep/ 53539 

18 Sleep Deprivation/ 9705 

19 Sleep Disorders/ 22581 

20 Sleep Disorders, Circadian Rhythm/ 1938 

21 "Sleep Initiation and Maintenance Disorders"/ 13351 
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22 Sleep Stages/ 13863 

23 Sleep Wake Disorders/ 22581 

24 exp Fatigue/ 30701 

25 exp Biological Clocks/ 13848 

26 Circadian Rhythm/ 71208 

27 Insomnia/ 13351 

28 Wakefulness/ 18071 

29 (sleep* adj4 (aids or alteration* or chronotype* or complaint* or debt or deprivation or 

deprived or disorder*)).ab,ti. 

40706 

30 (sleep* adj4 (disturbance* or duration or education or environment or habit* or health or 

hygiene or outcome*)).ab,ti. 

38541 

31 (sleep* adj4 (parameter* or pattern* or poor or problem* or quality or schedul* or status or 

symptom* or variable*)).ab,ti. 

47987 

32 alertness.ab,ti. 6894 

33 "awakening*".ab,ti. 10978 

34 insomnia.ab,ti. 22657 

35 "chronotype*".ab,ti. 1311 

36 ((circadian or biological) adj3 (clock* or rhythm*)).ab,ti. 37515 

37 or/17-36 [**sleep] 273400 

38 exp Anxiety/ 86469 

39 Anxiety Disorders/ 33989 

40 Dangerous Behavior/ 3846 

41 Depression/ 120812 

42 Happiness/ 4403 

43 Mental Disorders/ 163533 

44 Mental Health/ 39473 

45 Mental Health Services/ 34195 

46 Psychiatric Status Rating Scales/ 76899 

47 "Quality of Life"/ 198104 
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48 Self Concept/ 56991 

49 Self Efficacy/ 20618 

50 Self-Injurious Behavior/ 7987 

51 Stress, Psychological/ 121530 

52 Student Dropouts/ 1826 

53 exp Substance-Related Disorders/ 280433 

54 exp Suicide/ 63483 

55 anxiety.ab,ti. 205863 

56 (depression or depressed or depressive).ab,ti. 460102 

57 (dropout* adj4 (student* or rate or prevalence)).ab,ti. 2418 

58 (emotional adj4 (instability or disorder* or well-being or problem* or disabilit*)).ab,ti. 21027 

59 flourishing.ab,ti. 1649 

60 self-efficacy.ab,ti. 30300 

61 happiness.ab,ti. 7567 

62 "help-seeking behavi*".ab,ti. 2087 

63 (mental adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or 

problem* or stability or stabl* or symptom*)).ab,ti. 

230619 

64 (psychiatr* adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or 

problem* or symptom*)).ab,ti. 

96742 

65 (psycholog* adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or 

problem* or symptom*)).ab,ti. 

53727 

66 (psychopatholog* adj4 (condition* or disabilit* or disorder* or disease* or health or illness* 

or problem* or symptom*)).ab,ti. 

9139 

67 (quality adj life).ab,ti. 444 

68 "risky health behavi*".ab,ti. 369 

69 stress.ab,ti. 798342 

70 suicide.ab,ti. 63323 

71 ((well-being or well) adj being).ab,ti. 83298 

72 or/38-71 [**mental health] 2270052 
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73 Case-Control Studies/ 289517 

74 Cohort Studies/ 269527 

75 Cross-Sectional Studies/ 339827 

76 Follow-Up Studies/ 648645 

77 Health Surveys/ 62997 

78 Longitudinal Studies/ 138240 

79 Prospective Studies/ 551048 

80 Retrospective Studies/ 843932 

81 Cross-Over Studies/ 48705 

82 Epidemiologic Studies/ 8422 

83 ((crossover or cross-over) adj3 (study or studies or trial*)).ab,ti. 47122 

84 ((followup or follow-up) adj3 (stud* or design* or analysis)).ab,ti. 85192 

85 "cohort*".ab,ti. 644709 

86 (longitudinal* adj3 (stud* or design* or analysis)).ab,ti. 126828 

87 (observational adj3 (stud* or design* or analysis)).ab,ti. 162685 

88 (prospective adj3 (stud* or design* or analysis)).ab,ti. 411524 

89 (retrospective adj3 (stud* or design*)).ab,ti. 340599 

90 or/73-89 [** study designs] 3228509 

91 16 and 37 and 72 1960 

92 limit 91 to english language [**without study designs] 1863 

93 16 and 37 and 72 and 90 615 

94 limit 93 to english language [** with study designs] 596 
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Search Strategy: EMBASE 

 

Search run October 10, 2020 in Embase Classic+Embase 1947 to 2020 October 08; 727 results 

1 university/ 122865 

2 student/ 118491 

3 university/ and student/ 19875 

4 exp health student/ 115935 

5 vocational education/ 11444 

6 (student* adj4 (college* or universit*)).ab,ti. 60008 

7 (student* adj4 (undergraduate* or graduate* or professional)).ab,ti. 31346 

8 (student* and (freshman or freshmen or sophomore or senior*)).ab,ti. 11038 

9 (student* adj4 (medical or health care or healthcare or nurs* or chiropract* 

or pharmacy or osteopath* or kinesiol* or public health or social sciences 

or humanities)).ab,ti. 

94757 

10 (student* adj4 (post secondary or postsecondary or post-secondary)).ab,ti. 363 

11 (sororit* or fraternit*).ab,ti. 1192 

12 ((universit* or college*) adj4 (campus or residence* or dormitor*)).ab,ti. 3889 

13 or/1-12 [**postsecondary students] 406257 

14 sleep/ 108891 

15 sleep deprivation/ 16842 

16 sleep disorder/ 67788 

17 circadian rhythm sleep disorder/ 1828 

18 circadian rhythm/ 93348 

19 fatigue/ 210670 

20 biological rhythm/ 7394 

21 wakefulness/ 36199 

22 (sleep* adj4 (aids or alteration* or chronotype* or complaint* or debt or 

deprivation or deprived or disorder*)).ab,ti. 

63988 

23 (sleep* adj4 (disturbance* or duration or education or environment or 

habit* or health or hygiene or outcome*)).ab,ti. 

59143 



117 
 

24 (sleep* adj4 (parameter* or pattern* or poor or problem* or quality or 

schedul* or status or symptom* or variable*)).ab,ti. 

74474 

25 alertness.ab,ti. 9868 

26 "awakening*".ab,ti. 17367 

27 insomnia.ab,ti. 37680 

28 "chronotype*".ab,ti. 2098 

29 ((circadian or biological) adj3 (clock* or rhythm*)).ab,ti. 46251 

30 or/14-29 [**sleep] 559978 

31 anxiety/ 221012 

32 anxiety disorder/ 72720 

33 exp depression/ 493859 

34 happiness/ 9701 

35 mental disease/ 249946 

36 exp mental health/ 166792 

37 mental health service/ 60413 

38 psychological rating scale/ 21222 

39 "quality of life"/ 479824 

40 exp self concept/ 212229 

41 automutilation/ 19183 

42 mental stress/ 87021 

43 school dropout/ 439 

44 exp drug dependence/ 255914 

45 suicide/ 61113 

46 anxiety.ab,ti. 285163 

47 (depression or depressed or depressive).ab,ti. 623106 

48 (dropout* adj4 (student* or rate or prevalence)).ab,ti. 3121 

49 (emotional adj4 (instability or disorder* or well-being or problem* or 

disabilit*)).ab,ti. 

28578 

50 flourishing.ab,ti. 1696 
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51 self-efficacy.ab,ti. 34455 

52 happiness.ab,ti. 8623 

53 "help-seeking behavi*".ab,ti. 2388 

54 (mental adj4 (condition* or disabilit* or disorder* or disease* or health or 

illness* or problem* or stability or stabl* or symptom*)).ab,ti. 

285718 

55 (psychiatr* adj4 (condition* or disabilit* or disorder* or disease* or health 

or illness* or problem* or symptom*)).ab,ti. 

134117 

56 (psycholog* adj4 (condition* or disabilit* or disorder* or disease* or health 

or illness* or problem* or symptom*)).ab,ti. 

71473 

57 (psychopatholog* adj4 (condition* or disabilit* or disorder* or disease* or 

health or illness* or problem* or symptom*)).ab,ti. 

12154 

58 (quality adj life).ab,ti. 896 

59 "risky health behavi*".ab,ti. 427 

60 stress.ab,ti. 972073 

61 suicide.ab,ti. 78636 

62 ((well-being or well) adj being).ab,ti. 99100 

63 or/31-62 [**mental health] 3123951 

64 case control study/ 161684 

65 cohort analysis/ 621428 

66 crossover procedure/ 64954 

67 follow up/ 1632242 

68 longitudinal study/ 146370 

69 prospective study/ 633966 

70 retrospective study/ 976447 

71 ((crossover or cross-over) adj3 (study or studies or trial*)).ab,ti. 60449 

72 ((followup or follow-up) adj3 (stud* or design* or analysis)).ab,ti. 124129 

73 "cohort*".ab,ti. 1035747 

74 (longitudinal* adj3 (stud* or design* or analysis)).ab,ti. 163246 

75 (observational adj3 (stud* or design* or analysis)).ab,ti. 236619 
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76 (prospective adj3 (stud* or design* or analysis)).ab,ti. 580031 

77 (retrospective adj3 (stud* or design*)).ab,ti. 496942 

78 or/64-77 [**study designs] 4117200 

79 13 and 30 and 63 4318 

80 13 and 30 and 63 and 78 734 

81 limit 80 to english language 727 
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Search Strategy: APA PsycInfo 

 

Search run October 10, 2020 in APA PsycInfo 1806 to October Week 1 2020; 1110 without 

study designs; 103 with study designs 

1 exp College Students/ 88452 

2 Graduate Students/ 7255 

3 Community College Students/ 1892 

4 Medical Students/ 13451 

5 Postgraduate Students/ 1292 

6 Law Students/ 424 

7 (student* adj4 (college* or universit*)).ab,ti. 121828 

8 (student* adj4 (undergraduate* or graduate* or professional)).ab,ti. 51308 

9 (student* and (freshman or freshmen or sophomore or senior*)).ab,ti. 14685 

10 (student* adj4 (medical or health care or healthcare or nurs* or chiropract* or pharmacy or osteopath* or 

kinesiol* or public health or social sciences or humanities)).ab,ti. 

24880 

11 (student* adj4 (post secondary or postsecondary or post-secondary)).ab,ti. 1828 

12 (sororit* or fraternit*).ab,ti. 1543 

13 ((universit* or college*) adj4 (campus or residence* or dormitor*)).ab,ti. 3329 

14 or/1-13 [** students_postsecondary] 232318 

15 Sleep/ 23392 

16 Sleep Deprivation/ 4373 

17 Sleep Wake Disorders/ 8687 

18 Human Biological Rhythms/ 6598 

19 exp Fatigue/ 9312 

20 exp Biological Clocks/ 6970 

21 Circadian Rhythm/ 0 

22 Insomnia/ 6456 

23 Wakefulness/ 3006 

24 (sleep* adj4 (aids or alteration* or chronotype* or complaint* or debt or deprivation or deprived or 

disorder*)).ab,ti. 

17091 
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25 (sleep* adj4 (disturbance* or duration or education or environment or habit* or health or hygiene or 

outcome*)).ab,ti. 

17905 

26 (sleep* adj4 (parameter* or pattern* or poor or problem* or quality or schedul* or status or symptom* or 

variable*)).ab,ti. 

22523 

27 alertness.ab,ti. 4055 

28 "awakening*".ab,ti. 6129 

29 insomnia.ab,ti. 12015 

30 "chronotype*".ab,ti. 923 

31 ((circadian or biological) adj3 (clock* or rhythm*)).ab,ti. 9390 

32 or/15-31 [**sleep] 84219 

33 exp Anxiety/ 72697 

34 Anxiety Disorders/ 18626 

35 Depression/ 25689 

36 Happiness/ 7575 

37 Mental Disorders/ 85308 

38 Mental Health/ 67121 

39 Mental Health Services/ 34793 

40 "Quality of Life"/ 41340 

41 exp Self Concept/ 74474 

42 Self Efficacy/ 23219 

43 Self-Injurious Behavior/ 4261 

44 exp Stress/ 116797 

45 exp School Dropouts/ 3077 

46 exp "Substance Use Disorder"/ 130913 

47 Suicide/ 27415 

48 anxiety.ab,ti. 193302 

49 (depression or depressed or depressive).ab,ti. 299616 

50 (dropout* adj4 (student* or rate or prevalence)).ab,ti. 1973 

51 (emotional adj4 (instability or disorder* or well-being or problem* or disabilit*)).ab,ti. 27147 
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52 flourishing.ab,ti. 2207 

53 self-efficacy.ab,ti. 40275 

54 happiness.ab,ti. 15391 

55 "help-seeking behavi*".ab,ti. 2565 

56 (mental adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or problem* or stability 

or stabl* or symptom*)).ab,ti. 

263012 

57 (psychiatr* adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or problem* or 

symptom*)).ab,ti. 

83604 

58 (psycholog* adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or problem* or 

symptom*)).ab,ti. 

64125 

59 (psychopatholog* adj4 (condition* or disabilit* or disorder* or disease* or health or illness* or problem* 

or symptom*)).ab,ti. 

10966 

60 (quality adj life).ab,ti. 130 

61 "risky health behavi*".ab,ti. 316 

62 stress.ab,ti. 208818 

63 suicide.ab,ti. 49511 

64 ((well-being or well) adj being).ab,ti. 81468 

65 or/33-64 [**mental health] 1183085 

66 Cohort Analysis/ 1457 

67 Cross-Sectional Studies/ 0 

68 Followup Studies/ 12380 

69 Health Surveys/ 0 

70 Longitudinal Studies/ 15818 

71 Prospective Studies/ 741 

72 Retrospective Studies/ 564 

73 Epidemiology/ 50596 

74 ((crossover or cross-over) adj3 (study or studies or trial*)).ab,ti. 4665 

75 ((followup or follow-up) adj3 (stud* or design* or analysis)).ab,ti. 18924 

76 "cohort*".ab,ti. 78515 
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77 (longitudinal* adj3 (stud* or design* or analysis)).ab,ti. 71021 

78 (observational adj3 (stud* or design* or analysis)).ab,ti. 14900 

79 (prospective adj3 (stud* or design* or analysis)).ab,ti. 35441 

80 (retrospective adj3 (stud* or design*)).ab,ti. 15289 

81 or/66-80 [**study designs] 262958 

82 14 and 32 and 65 1110 

83 limit 82 to english language 968 

84 14 and 32 and 65 and 81 112 

85 limit 84 to english language 103 
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Search Strategy: CINHAL 

 

Search run October 10, 2020 in CINAHL Plus with Full Text; 359 results 

# Query Results 

S60 S16 AND S27 AND S58 
Limiters - English Language; Peer Reviewed; Exclude MEDLINE 
records 

353 

S59 S16 AND S27 AND S58 742 

S58 S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR 
S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR 
S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR 
S52 OR S53 OR S54 OR S55 OR S56 OR S57 

839,307 

S57 ((well-being or well) N2 being) 92,630 

S56 TI suicide or AB suicide 25,714 

S55 TI stress or AB stress 141,517 

S54 (quality N1 life) 188,050 

S53 (psychopatholog* N4 (condition* or disabilit* or disorder* or disease* 
or health or illness* or problem* or symptom*)) 

2,899 

S52 (psycholog* N4 (condition* or disabilit* or disorder* or disease* or 
health or illness* or problem* or symptom*)) 

29,355 

S51 (psychiatr* N4 (condition* or disabilit* or disorder* or disease* or 
health or illness* or problem* or symptom*)) 

29,927 

S50 (mental N4 (condition* or disabilit* or disorder* or disease* or health 
or illness* or problem* or stability or stabl* or symptom*)) 

204,420 

S49 help-seeking behavi* 7,484 

S48 TI happiness or AB happiness 4,346 

S47 TI self-efficacy or AB self-efficacy 21,718 

S46 TI flourishing or AB flourishing 704 

S45 (emotional N4 (instability or disorder* or well-being or problem* or 
disabilit*)) 

10,686 

S44 (dropout* N4 (student* or rate or prevalence)) 2,783 

S43 depression or depressed or depressive 183,515 

S42 TI anxiety or AB anxiety 79,578 

S41 MH Suicide 19,114 

S40 MH Substance Use Disorders 37,379 

S39 MH Student Dropouts 1,507 

S38 MH Stress, Psychological 50,690 
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S37 MH Self-Efficacy 21,475 

S36 MH Self Concept 32,316 

S35 (MH "Quality of Life") 113,344 

S34 MH Mental Health Services 33,936 

S33 MH Mental Health 38,774 

S32 MH Mental Disorders 59,319 

S31 MH Happiness 4,411 

S30 MH Depression 108,977 

S29 MH Anxiety 44,229 

S28 (MH "Anxiety Disorders") 10,651 

S27 S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR 
S25 OR S26 

159,752 

S26 ((universit* or college*) N4 (campus or residence* or dormitor*)) 2,771 

S25 sororit* or fraternit* 469 

S24 (student* N4 (post secondary or postsecondary or post-secondary)) 383 

S23 (student* N4 (medical or health care or healthcare or nurs* or 
chiropract* or pharmacy or osteopath* or kinesiol* or public health or 
social sciences or humanities)) 

79,939 

S22 (student* N4 (freshman or freshmen or sophomore or senior*)) 3,075 

S21 (student* N4 (undergraduate* or graduate* or professional)) 26,923 

S20 (student* N4 (college* or universit*)) 42,442 

S19 (MH "Colleges and Universities+") 47,177 

S18 MH Students, Graduate 2,183 

S17 MH Students, College 24,616 

S16 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR 
S10 OR S11 OR S12 OR S13 OR S14 OR S15 

100,175 

S15 ((circadian or biological) N3 (clock* or rhythm*)) 9,596 

S14 chronotype* 323 

S13 insomnia 11,581 

S12 awakening* 2,997 

S11 alertness 2,332 

S10 (sleep* N4 (parameter* or pattern* or poor or problem* or quality or 
schedul* or status or symptom* or variable*)) 

20,018 

S9 (sleep* N4 (disturbance* or duration or education or environment or 
habit* or health or hygiene or outcome*)) 

16,394 
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S8 (sleep* N4 (aids or alteration* or chronotype* or complaint* or debt or 
deprivation or deprived or disorder*)) 

23,849 

S7 (MH "Insomnia") 7,432 

S6 (MH "Wakefulness") 2,089 

S5 (MH "Sleep Disorders, Circadian Rhythm") 667 

S4 (MH "Fatigue+") 23,445 

S3 (MH "Circadian Rhythm") 6,952 

S2 (MH "Sleep Disorders+") 39,640 

S1 (MH "Sleep+") 26,410 
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Appendix B: Risk of Bias Tables  

Risk of Bias Table - Cross-Sectional Studies 

 

Short Title 
Target 

Population 

Sampling 

Frame 

Random 

Selection 

Non-

response 

Bias 

Data 

Collection 

(direct or 

proxy) 

Case 

Definition 

Reliability 

and Validity 

of Instrument 

Mode of 

Data 

Collection 

Prevalence 

Period 

Accuracy of 

Calculation 

Overall 

Rating 

Adams 

(2013) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Al-Khani 

(2019) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Anwer 

(2019) 
NA 

No 

(HIGH) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Bar  

(2020) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Becker 

(2018) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Carciofo 

(2020) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Carvalho 

(2016) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 

Cellini 

(2020) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 
Yes (LOW) 

High 

Risk 

Choueiry 

(2016) 
NA 

No 

(HIGH) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

 

Yes (LOW) 
Yes 

(LOW) 
Yes (LOW) 

Moderate 

Risk 

Di 

Benedetto 

(2020) 

NA  

 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

Moderate 

Risk 

Dickinson 

(2018) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

Moderate 

Risk 

Doos  

(2014) 
NA 

No 

(HIGH) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

Moderate 

Risk 

Fawzy 

(2017) 

NA 

 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 

Ferraro 

(2015) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 
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Ghrouz 

(2019) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk  

Gunes 

(2017) 
NA Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

High 

Risk 

Hellberg 

(2019) 

NA 

 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Hood  

(2011) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

High 

Risk 

Janatmakan 

(2020) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Javadi 

(2019) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

No 

(HIGH) 

Yes 

(LOW) 

High 

Risk 

Kalyani 

(2017) 

NA 

 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk  

Kirwan 

(2017) 

NA  

 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Lemma 

(2012) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 

Lovell  

(2015) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Manzar 

(2020) 
NA 

No 

(HIGH) 

No 

(HIGH) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk  

Milojevich 

(2016) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

High 

Risk 

Narisawa 

(2013) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Norbury 

(2019) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Pensuksan 

(2016) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 

Pereira-

Morales 

(2019) 

NA 
Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Rahimian 

(2014) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

Moderate 

Risk 

Ramon-

Arbues 

(2020) 

NA 
Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 
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Rezaei 

(2018) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Low Risk  

 

Sadigh 

(2014) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

No 

(HIGH) 

No 

(HIGH) 

High 

Risk 

 

Schlarb 

(2017) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Seun-Fadipe 

(2017) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 

Shadzi 

(2020) 

NA 

 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Low Risk 

 

Sheaves 

(2016) 

NA  

 

Yes 

(LOW) 

Yes 

(LOW) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

High 

Risk 

Shen  

(2019) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Low Risk 

Silva  

(2020) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk  

 

Tao  

(2017) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Low Risk 

 

Taylor 

(2011) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk  

Taylor 

(2013) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Moderate 

Risk 

Ye  

(2016) 
NA 

Yes 

(LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

Low Risk  

 

Yin  

(2019) 
NA 

No 

(HIGH) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk 

Zhang 

(2018) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes  

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

No 

(HIGH) 

High 

Risk  

Zochil 

(2018) 
NA 

Yes 

(LOW) 

No 

(HIGH) 

No 

(HIGH) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 
Yes (LOW) 

Yes 

(LOW) 

Yes 

(LOW) 

High 

Risk 
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Risk of Bias Table – Cohort Studies 

Study 1.1 

RQ 

1.2 Source 

Population 

1.3 

Participation 

Rate 

1.4 

Inception 

Cohort 

1.5/1.6 

Attrition 

1.7 

Outcomes 

Defined 

1.8/1.9 

Blinding 

1.10 

Assessment 

of 

Exposure 

1.11 

Assessment 

of 

Outcome 

1.12 Repeat 

Assessments 

1.13 

Confounders 

1.14 

CI 

Overall 

Rating 

Doane 

(2015) 

Y 

 

NA 

 

NA 

 

Y 

 

 

1.5 

Time 2:  

7%  

 

Time 3: 

13%  

 

1.6  

N 

 

Y 

 

1.8  

NA 

 

1.9  

NA 

 

Y 

 

Y 

 

Y 

 

N 

 

N 

 

A 

 

Kalmbach 

(2019) 

Y Y Y Y 1.5  

U 

 

1.6 

Can't 

say 

 

Y 1.8  

NA 

 

1.9  

NA 

 

 

Y Y Y Y Y HQ 

Wong 

(2013) 

Y Y Y NA 1.5  

Time 2: 

18.8%  

 

Time 3: 

22.1%  

 

1.6  

N 

 

 

Y 1.8  

Y 

 

1.9  

NA 

 

 

1.10  

Y 

 

Y Y Y Y A 

Zou 

(2020) 

Y Y N NA 1.5  

Time 2: 

21% 

 

Y 1.8  

CS  

 

1.9  

Y 

 

Y Y CS Y A 
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Time 3: 

33%  

 

1.6  

N  

 

NA 

 

 

Abbreviations: A – Acceptable; C – Can’t Say; CI – Confidence Intervals; HQ – High Quality; N – No; NA – Not Applicable; RQ – 

Research Question; U – Unclear/ Not stated; Y – Yes
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Appendix C: FHS and FEd crude association intervals  

Regression variables for poor 

sleep quality 

B Exp(B)  95% CI for Exp(B) 

Faculty of Health Science 1.21 3.34 2.39 – 4.67 

Faculty of Education 1.14 3.13 1.70 – 5.75 
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Appendix D: PSQI scores  

 FHS FEd Ontario Tech 

(Overall) 

CMCC 

Component 1: Subjective 

Sleep Quality 

Very good 

Fairly good 

Fairly bad  

Very bad 

 

53 (7.9)  

406 (60.1)  

189 (28.0)  

27 (4.0)  

 

15 (7.2)  

126 (60.9)  

60 (29.0)  

6 (2.9)  

 

68 (7.7) 

532 (60.3) 

249 (28.2) 

33 (3.7)  

 

53 (10.4)  

267 (52.4)  

165 (32.4)  

25 (4.9)  

Component 2: Sleep 

Latency  

≤ 15 minutes 

16 – 30 minutes  

31 – 60 minutes  

> 60 minutes  

 

125 (18.5)  

230 (34.1)  

169 (25.0)  

151 (22.4)  

 

51 (24.6)  

69 (33.3)  

51 (24.6)  

36 (17.4)  

 

176 (20.0) 

299 (33.9)  

220 (24.9) 

187 (21.2)  

 

195 (38.2)  

175 (34.3)  

98 (19.2)  

42 (8.2)  

Component 3: Sleep 

Duration  

> 7 hours 

6-7 hours 

5-6 hours  

< 5 hours 

 

176 (26.1) 

272 (40.3)  

176 (26.1)  

51 (7.6)  

 

39 (18.8)  

98 (47.3)  

56 (27.1)  

14 (6.8) 

 

215 (24.4)  

370 (42.0)  

232 (26.3)  

65 (7.4) 

 

125 (24.5)  

214 (42.0)  

140 (27.5)  

31 (6.1)  

Component 4: Habitual 

Sleep Efficiency 

> 85%  

75 – 84%  

65 – 74%   

< 65% 

 

279 (41.3) 

200 (29.6)  

126 (18.7)  

70 (10.4)  

 

118 (57.0)  

59 (28.5)  

23 (11.1)  

7 (3.4)  

 

397 (45.0) 

259 (29.4)  

149 (16.9) 

 77 (8.7) 

 

 273 (53.5)  

119 (23.3)  

53 (10.4)  

65 (12.7)  

Component 5: Sleep 

Disturbances  

Not during the past month  

Less than once a week 

Once or twice a week  

Three or more times a week  

 

24 (3.6)  

456 (67.6)  

182 (27.0)  

13 (1.9)  

 

11 (5.3)  

135 (65.2)  

57 (27.5)  

4 (1.9)  

 

35 (4.0)  

591 (67.0)  

239 (27.1)  

17 (1.9) 

 

27 (5.3)  

400 (78.4)  

77 (15.1)  

6 (1.2)  

Component 6: Use of Sleep 

Medication  

Not during the past month  

Less than once a week  

Once or twice a week  

Three or more times a week  

 

537 (79.6)  

67 (9.9)  

37 (5.5) 

34 (5.0)  

 

174 (84.1)  

19 (9.2)  

6 (2.9)  

8 (3.9)  

 

711 (80.6)  

86 (9.8)  

43 (4.9)  

42 (4.8)  

 

397 (77.8)  

55 (10.8)  

34 (6.7)  

24 (4.7)  

Component 7: Daytime 

dysfunction  

Not during the past month 

Less than once a week 

Once or twice a week  

Three or more times a week  

 

132 (19.6)  

263 (39.0)  

206 (30.5)  

74 (11.0)  

 

36 (17.4)  

83 (40.1)  

64 (30.9)  

24 (11.6)  

 

168 (19.0)  

346 (39.2)  

270 (30.6)  

98 (11.1)  

 

106 (20.8)  

239 (46.9)  

135 (26.5)  

30 (5.9)  
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Global PSQI score  

Good sleep quality (≤5)  

Poor sleep quality (≥6)  

 

250 (37.0)  

425 (63.0)  

 

87 (42.0)  

120 (58.0)  

 

337 (38.2)  

545 (61.8)  

  

205 (40.2)  

305 (59.8)  
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Appendix E: Mental Health and Wellness Questionnaire – Ontario Tech  
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