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ABSTRACT 

Background: Sleep is essential for promoting optimal health, well-being, and 

performance, but in today’s modern world, sleep is becoming increasingly difficult to 

prioritise in our daily routines. It has been well documented that insufficient (quantity and 

quality) sleep is associated with a plethora of adverse consequences, including reduced 

cognitive functioning and physical performance, increased psychological distress, and 

increased risk of developing chronic diseases. Research suggests that short sleep (≤6 

hours per night) is becoming increasingly common among young adults, and it appears 

that many are using caffeine to try and offset the effects of their sleep loss. Laboratory 

studies have shown that caffeine reduces sleep efficiency and sleep quality, prolongs 

sleep onset latency, shortens total sleep length and alters sleep architecture by reducing 

the amount of deep (slow-wave) sleep attained. Information on the sleep quality of young 

adults in New Zealand is required to determine whether there is a cause for concern and 

whether there may be a link between sleep quality and caffeine usage.  

Aim: This cross-sectional study examined sleep quality in healthy young adults and the 

associations between sleep quality and caffeine consumption. 

Method: Previously validated Caffeine Consumption Habits (CaffCo) and Pittsburgh Sleep 

Quality Index (PSQI) questionnaires were administered to 192 young adults (aged 18–25 

years) via the online survey software, Qualtrics.   

Results: Most young adults (98.4%) consumed caffeine in some form. The average daily 

caffeine intake was 159.6 mg·day-1, with coffee being the primary contributor. A high 

prevalence of poor sleep quality (85.9%) was observed in the study population. 

Furthermore, the majority of young adults (87.5%) slept less than 7 hours per night, the 

minimum amount advised for optimal health and well-being by scientific experts. Daily 

caffeine consumption was not associated with sleep quality (p > 0.05). Compared to 

working young adults, students with employment (OR 3.07; CI 1.02 – 9.25) and without 

employment (OR 3.52; CI 1.32 – 9.42) were more likely to experience poor sleep quality. 

Conclusions: These findings demonstrate that poor sleep quality is widespread among 

New Zealand young adults. More research is required to determine the reasons for this 

phenomenon. Young adults, especially students prone to irregular sleep-wake schedules, 
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would benefit from sleep education. Additionally, consumer education should be improved 

in light of the expanding market of caffeine-containing products to ensure that caffeine is 

ingested safely and within recommended limits. 

Keywords: caffeine, caffeine consumption, sleep quality, sleep health, young adults, New 

Zealand. 
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CHAPTER 1 INTRODUCTION 

1.0 Background 

Sleep is inextricably linked to all vital processes and functions in the human body (Amici et 

al., 2014), and is the foundation of physical health (Gao et al., 2022; Luyster et al., 2012), 

mental health (Hamilton et al., 2007; Scott et al., 2021), cognition (Walker, 2009) and 

performance (Venter, 2012). Although individual sleep needs may differ (Chokroverty, 

2017; Watson et al., 2015), it is generally recommended that most young adults require, 

on average, between 7 to 9 hours of sleep per night (Hirshkowitz et al., 2015). A growing 

body of research strongly indicates that insufficient (quantity or quality) sleep can have 

detrimental effects on health, functioning and well-being at an individual, interpersonal, 

and societal level. For example, one study found that chronic sleep restriction (simulated 

by 4 or 6 hours of sleep per night for 14 consecutive days) caused significant and dose-

dependent neurobehavioural deficits, including increased attention lapses, delayed 

working memory and slowed cognitive processing (Van Dongen et al., 2003). Furthermore, 

researchers noted that those experiencing sleep restriction typically underestimated the 

severity of these accumulated impairments (Van Dongen et al., 2003). Epidemiological 

evidence also indicates that habitual short sleep duration (<7 hours per night) is 

associated with an increased likelihood of developing chronic diseases such as type 2 

diabetes (Shan et al., 2015), obesity (Cappuccio et al., 2008), hypertension (Gangwisch et 

al., 2006), as well as all-cause mortality and cardiovascular events (Yin et al., 2017). It has 

been proposed that short sleep negatively affects the degree, nature and resolution of 

partner conflicts, thus potentially impacting relationships (Gordon & Chen, 2014). Short 

sleep and sleep disorders are also associated with reduced performance, absenteeism, 

increased risk of occupational injuries (Rosekind et al., 2010; Swanson et al., 2011), 

human-error-related accidents (Dinges, 1995; Vikram et al., 2008) and motor vehicle 

crashes (Connor et al., 2002; Horne & Reyner, 1995; Tefft, 2018); all of which place a 

significant financial burden on society (Hafner et al., 2016; Hillman et al., 2018).  

Some researchers have hypothesised that sleep-related outcomes may be better 

predicted by sleep quality rather than quantity (Bin, 2016; Kohyama, 2021). The literature 

lacks a consensus definition of sleep quality, although it has traditionally been described 

as a person’s satisfaction with their sleep experience (Krystal & Edinger, 2008). Other 
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researchers have characterised the term by its components, such as sleep latency, 

nocturnal awakenings, sleep efficiency, etc. (Ohayon et al., 2017). Despite decades of 

research highlighting the need for adequate, good-quality sleep (Mukherjee et al., 2015; 

Ramar et al., 2021; Rechtschaffen, 1998), it appears that our contemporary lifestyles 

frequently place a higher priority on other activities (Basner et al., 2007). Some academics 

have argued that widespread cultural shifts, such as longer work and commute durations, 

prolonged nightlife and around-the-clock usage of electronics, may be somewhat 

accountable for people’s failure to get enough, good quality sleep (Luyster et al., 2012; 

Ogilvie & Patel, 2018).  

Young adulthood (ages 18–25) is a crucial developmental stage during which several 

lifestyle behaviours are formed (Stroud et al., 2015) that can significantly impact one’s 

quality of life (Pilcher et al., 1997) and improve or worsen health outcomes in the long term 

(Harris, 2010). Studies have shown that this age group frequently exhibits irregular sleep-

wake schedules and experiences sleep restriction (Batten et al., 2020; Lund et al., 2010), 

and there are growing concerns that sleep disorders such as insomnia are prevalent and 

rising (McArdle et al., 2020; Sivertsen et al., 2019). Youngstedt et al. (2016) observed that 

during the past 20 years, there had been an increase in the prevalence of short sleep (≤6 

hours per night), especially among young adults (aged 18–27 years) and more recently 

conducted research has found that poor sleep quality is also commonly observed in this 

demographic (Almojali et al., 2017; Becker et al., 2018a; Mohamed et al., 2020). Several 

adverse repercussions have been linked to short, poor-quality sleep, including lower 

academic performance (Chen & Chen, 2019; Gomes et al., 2011), increased risk-taking 

and sensation-seeking behaviours (Rusnac et al., 2019; Taghvaee & Mazandarani, 2022) 

and increased risk of psychological problems such as depression and anxiety (Dickinson 

et al., 2018; Regestein et al., 2010). Researchers have suggested several factors that may 

compromise sleep quantity and/or quality in young adults, including increased academic 

and social demands, increased independence, and greater access to drugs and other illicit 

substances (Taylor et al., 2013; Wang & Bíró, 2021). However, emerging research 

indicates that consuming caffeine may have a significant yet underappreciated impact on 

sleep (Batten et al., 2020; Lohsoonthorn et al., 2013; Young et al., 2020). 

Caffeine is the most widely consumed psychostimulant in the world (Temple et al., 2017). 

It is rapidly and completely absorbed (Blanchard & Sawers, 1983), often reaching peak 

plasma concentrations within 45 minutes of ingestion (Smith, 2002). However, depending 
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on the individual, this may vary between 15 and 120 minutes (Fredholm et al., 1999; Marks 

& Kelly, 1973). Caffeine achieves its well-known stimulating effects through various 

mechanisms, but predominantly through the antagonism of adenosine (A1 and A2A) 

receptors in the brain (Davis et al., 2003). Adenosine concentrations rise during prolonged 

wakefulness (Basheer et al., 2004) and have been suggested to be a homeostatic 

regulator of the inclination to fall asleep (Reichert et al., 2022). Thus, caffeine increases 

sensations of alertness by preventing adenosine from suppressing neuronal activity in the 

wake-promoting system (Reichert et al., 2022). Caffeine in low to moderate doses (up to 

about 300 mg·day-1 (McLellan et al., 2016)) has been shown to enhance cognitive 

functioning (McLellan et al., 2016; Nehlig, 2010; Smith, 2002) and physical performance 

(Duncan et al., 2013; Graham, 2001). However, doses higher than 400 mg·day-1 have 

been reported to potentially increase the risk of negative consequences, such as 

restlessness, anxiety, irritability, muscle tremor, insomnia, nausea and gastrointestinal 

upset (Kaplan et al., 1997; Nawrot et al., 2003). There is considerable interindividual 

heterogeneity in caffeine responses due to several factors such as age (Swift & Tiplady, 

1988), gender (Temple & Ziegler, 2011), genetics (Childs et al., 2008; Yang et al., 2010), 

lifestyle (Nehlig, 2018) and caffeine habituation (Evans & Griffiths, 1992; Lara et al., 2019). 

However, scientific committees and experts concede that doses of up to 400 mg·day-1 are 

typically safe for most people and have a low risk of producing overtly adverse side effects 

in healthy adults (ESFA Panel on Dietetic Products Nutrition and Allergies (NDA), 2015; 

Nawrot et al., 2003). 

Although it is generally acknowledged that sleep is the physiological function most 

sensitive to the effects of caffeine (Dews, 1982; Nehlig, 1999), it is also one that may be 

frequently overlooked by people in terms of how it affects their sleep timing and quality. 

For instance, many people might not be aware that caffeine has an average half-life of 4 to 

6 hours in healthy adults (Benowitz, 1990; White et al., 2016). This means that its 

stimulating effects may persist long after ingestion, sometimes even after they are no 

longer needed or desired. Additionally, caffeine interferes with its own clearance, and 

higher/succeeding doses lengthen the elimination half-life (Denaro et al., 1990; Kaplan et 

al., 1997). Caffeine use has been associated with prolonged sleep onset latency, reduced 

total sleep time and sleep efficiency, worsened perceived sleep quality and diminished 

slow wave (deep) sleep (see review by Clark and Landolt (2017)). Previous studies have 

also shown that this is especially true when caffeine is consumed close to bedtime (Carrier 
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et al., 2007; Drake et al., 2013; Drapeau et al., 2006). Research also indicates that 

caffeine and sleep have a bi-directional relationship. Caffeine is often consumed to combat 

drowsiness or fatigue, but it can also negatively affect the timing and architecture of sleep 

the subsequent night, which encourages more caffeine to be consumed the following day 

(O'Callaghan et al., 2018; Reichert et al., 2021). Thus, a self-reinforcing ‘caffeine cycle’ 

emerges as a result (Roehrs & Roth, 2008; Snel & Lorist, 2011), making some individuals 

believe that they must take the stimulant in order to perform optimally. 

Young adults’ caffeine consumption has garnered attention, with particular concern about 

the implications for caffeine’s advantages being regularly touted in contrast to its 

disadvantages. For example, among this demographic, caffeine use is frequently 

associated with staying up late to finish a big project or study for an exam (Attila & Çakir, 

2011; Lohsoonthorn et al., 2013), increasing energy, improving focus/performance or 

combatting lack of sleep (Attila & Çakir, 2011; Malinauskas et al., 2007). As a result of the 

focus placed on these benefits, young adults may believe that a higher dose leads to 

better outcomes or may even be persuaded to misuse caffeine. Previous research 

suggests that young adults do not typically monitor their caffeine consumption levels 

(Mcllvain et al., 2011) and are generally unaware of the safe caffeine intake limits (Cormier 

et al., 2018). Another study reported that young individuals were not overly concerned 

about the effects of caffeine (Ludden & Wolfson, 2010), which may indicate that they are 

uninformed of the potentially adverse impacts the stimulant may have (Shochat, 2012). In 

light of these findings, it is essential to investigate whether young adults’ caffeine 

consumption habits affect their sleep. 



 5 

1.1 Study Justification 

Sleep is a biological necessity, yet it is commonly sacrificed in our modern lifestyles to 

accommodate personal and work schedules (Attila & Çakir, 2011; Basner et al., 2007; 

Calamaro et al., 2009). Young adults may be more susceptible than middle-aged or older 

adults to irregular sleep-wake schedules and experience the adverse consequences of 

insufficient sleep. International research in this population has estimated the prevalence of 

poor sleep quality to be anywhere from 31% (Li et al., 2020) to 87% (Mohamed et al., 

2020). To the author’s knowledge, young adults’ sleep quality has not yet been explored in 

the New Zealand context. It is therefore important to ascertain the magnitude of the issue 

in our unique multicultural environment.  

Of the numerous biological, lifestyle and social factors (Grandner, 2019; Ohida et al., 

2001) associated with sleep health, caffeine consumption has been recognised as one 

significant (Irish et al., 2015), yet controllable behaviour (Shochat, 2012). Given the well-

known ‘benefits’ of caffeine, it is not surprising that people of all ages regularly ingest the 

stimulant (Tran et al., 2016). However, there are growing concerns that adolescents and 

young adults, in particular, are more prone to overconsume (Bertasi et al., 2021; Reid et 

al., 2016) or even misuse caffeine (Ferré, 2013) than older adults. Studies also suggest 

that young adults may be becoming more dependent on caffeinated products to 

compensate for insufficient sleep (Sanchez et al., 2013), and some may have 

misconceptions about caffeine usage, such as the notion that it can be used as a 

substitute for sleep (Lee et al., 2009). The lack of understanding of how caffeine affects 

sleep timing and quality among young adults highlights the importance of better education 

to help protect consumers from unnecessary harm. Furthermore, most research 

investigating the link between caffeine and sleep has been conducted in laboratories 

(Carrier et al., 2007; Drake et al., 2013; Drapeau et al., 2006), and more data is required 

on the effects of habitual caffeine consumption on sleep in naturalistic settings. 
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1.2 Purpose of the Research Study 

1.2.1. Aim 

This study aimed to determine the association between caffeine consumption and subjective 

sleep quality and the prevalence of poor sleep quality among healthy New Zealand young 

adults (aged 18 to 25 years old). 

1.2.2. Objectives 

1. Determine the prevalence of poor sleep quality among healthy young adults 

2. Evaluate the associations between caffeine consumption and subjective sleep quality 

3. Determine the differences in caffeine consumption between good and poor sleepers 
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1.3 Structure of Thesis 

This thesis contains four key chapters with additional appendices and references. Chapter 

One introduces the research topic and outlines the background and justification of the study. 

This chapter also includes the study aims, objectives, and researcher contributions. Chapter 

Two reviews the current literature on the relationship between caffeine consumption and 

sleep quality, primarily focusing on the young adult population. Chapter Three consists of 

the research manuscript, including an abstract, introduction, methods, results, discussion, 

and conclusions. This has been formatted for publication in the Journal Nutrients. Chapter 

Four summarises critical findings and recommendations, including the strengths and 

limitations of the study, the research impact of the work presented and prospects for future 

research. The appendices contain the study advertisement poster, ethics approval,  

participant information sheet, Caffeine Consumption Habits (CaffCo) and Pittsburgh Sleep 

Quality Index (PSQI) questionnaires, and supplementary information and results. 
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1.4 Researchers’ Contributions 

Table 1.1 Researchers’ contributions to the thesis study. 

Researcher Contribution 

Marjial Hermanoche 

School of Sport, Exercise and Nutrition 

Author of thesis. Research proposal, 

study design and conceptualisation, 

ethics application, literature review, 

participant recruitment and data 

collection, data entry and statistical 

analysis with corresponding discussions 

and conclusions, thesis manuscript 

preparation.   

A/Prof Kay Rutherfurd-Markwick 

School of Health Sciences 

Provided supervision with the study 

design and conduct of research, ethics 

application, data analysis, chapter 

writing including editing and revising, 

and manuscript preparation. 

Dr Karyn O’Keeffe 

School of Health Sciences 

Provided supervision with the study 

design and conduct of research, ethics 

application, data analysis, chapter 

writing including editing and revising, 

and manuscript preparation. 

Prof Ajmol Ali 

School of Sport, Exercise and Nutrition 

Provided supervision with the study 

design and conduct of research, ethics 

application, and data analysis. 

Prof Carol Wham  

School of Sport, Exercise and Nutrition 

Provided supervision with the study 

design and conduct of research. 
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CHAPTER 2 LITERATURE REVIEW 

2.1 Introduction  

The following chapter reviews the current literature on caffeine and sleep and their bi-

directional relationship. Firstly, background on the importance of sleep and an exploration 

of sleep health. Following this, the fundamentals of sleep architecture and sleep regulation 

are summarised, with a brief mention of chronotypes. Sleep duration and the 

consequences of short sleep, as well as sleep quality and its measurements are then 

covered. Sleep trends in young adults are highlighted where research is available. 

Subsequent sections examine caffeine research, beginning with caffeine sources and their 

content. An overview of caffeine intake levels, patterns and recommendations follows. 

Caffeine pharmacokinetics and pharmacodynamics are then discussed, with an outline of 

factors affecting the caffeine response and withdrawal. Finally, the review’s main focus, 

caffeine’s impact on sleep, is evaluated. An overview of critical knowledge gaps on the 

subject is provided at the conclusion of this chapter. 

2.2 The Importance of Sleep 

Although we spend approximately one-third of our lives asleep (Saper et al., 2010), there 

remains much to be understood about the mechanisms and purposes of this biological 

phenomenon (Ezenwanne, 2011). The current understanding of the importance of sleep 

has resulted from cross-sectional (Carpi et al., 2022; Gangwisch et al., 2013; Okano et al., 

2019) and longitudinal studies (Shi et al., 2018; Wang et al., 2020; Yin et al., 2017) that 

have investigated the relationships between sleep characteristics and health, well-being 

and performance outcomes, and experimental studies (Schuld et al., 2005; Scott et al., 

2021; Wang et al., 2022) exploring the mechanisms underlying those relationships. 

Together, these studies have highlighted that sleep of sufficient duration, continuity and 

depth, without disease or disruption, is crucial for supporting optimal health (Goel et al., 

2013) and ensuring efficient functioning of important processes such as learning and 

memory (Gais & Born, 2004; Walker et al., 2002), emotional regulation (Palmer & Algano, 

2017; Vandekerckhove & Wang, 2017), immunity (Besedovsky et al., 2012; Del Gallo et 

al., 2014) and hormone and energy balance (Kim et al., 2015; Spiegel et al., 2004). 

Studies on sleep deprivation in rats (Everson et al., 1989; Rechtschaffen et al., 1989) and 
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an inherited condition (known as Fatal Familial Insomnia) imposing unrelenting insomnia 

on afflicted persons (Fiorino, 1996; Lugaresi et al., 1986) show that insufficient sleep can 

have serious consequences (discussed in Section 2.5.1) or even result in death. 

Therefore, much like other physiological needs such as eating, breathing and reproducing, 

sleep is essential for life. 

Sleep Health 
 
The term “sleep health” is an important construct in sleep research yet lacks a consensus 

definition in the literature. In a seminal paper, Buysse (2014) proposed that sleep health 

be defined as “a multidimensional pattern of sleep-wakefulness, adapted to individual, 

social, and environmental demands, that promotes physical and mental well-being”. 

According to Buysse’s model, subjective satisfaction with sleep, appropriate sleep timing, 

adequate sleep duration, sleep efficiency and/or continuity, and the ability to sustain 

alertness during waking hours are the five key dimensions of sleep health, which can be 

measured subjectively or objectively in any individual (Buysse, 2014). The definition 

acknowledges that sleep health is a process or state that exists on a continuum, and what 

is attributed as “good” or “poor” may vary according to the individual and their 

circumstances. For the purpose of this review, I will primarily be focusing on the 

dimensions of sleep duration (Section 2.5) and sleep quality (Section 2.6) in young adults. 

2.3 Sleep Architecture 

Sleep architecture refers to the basic structural organisation of sleep stages that an 

individual experiences on any given night (Hirshkowitz, 2004). The two types of sleep, 

non-rapid eye movement (NREM) sleep and rapid eye movement (REM) sleep, 

distinguished by their distinct electroencephalographic (EEG) activity and physiological 

manifestations (Carskadon & Dement, 2011), are hypothesised to carry out different 

functions (Abel et al., 2013; Hutchison & Rathore, 2015). NREM sleep is further divided 

into three stages (N1–N3 sleep) on a continuum of relative depth based on the arousal 

threshold required to awaken someone from sleep (Assefa et al., 2015). N1 and N2 sleep 

are considered light stages of sleep, from which a person can be easily woken from (Guion 

& Avis, 2011; Markov & Goldman, 2006). N3 sleep, commonly known as “slow-wave 

sleep” (SWS), is the deepest stage of sleep characterised by the presence of high 

amplitude slow wave EEG activity (SWA) (Guion & Avis, 2011; Hirshkowitz, 2004). REM 
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sleep is distinguished by periodic bursts of rapid eye movements, heightened central 

nervous system (CNS) activity, postural muscle atonia and twitching of the extremities 

(Guion & Avis, 2011; Purves et al., 2001; Siegel, 2005).  

Sleep stages are experienced in a cyclical progression from NREM sleep to REM sleep 

that typically includes a transition from N1 to N2 to N3 sleep, followed by a period of REM 

sleep (Carskadon & Dement, 2011). Each sleep cycle lasts for 90 minutes on average; 

however, cycles can vary between 70 and 120 minutes in length (Markov & Goldman, 

2006; Memar & Faradji, 2018). A sleep period usually includes 4–6 sleep cycles that 

increase in length and change in structure as the sleep period progresses (Hirshkowitz, 

2004). N3 sleep predominates in the first half of the night (Markov & Goldman, 2006), 

whereas REM sleep dominates in the last third of the night (Guion & Avis, 2011; Siegel, 

2005). Overall, NREM sleep comprises most of the total sleep period, accounting for about 

75–80% (50–60% in N1 and N2 sleep, 15–20% in N3 sleep), and REM sleep for 20–25% 

of the sleep period (Carskadon & Dement, 2005; Hirshkowitz, 2004). Sleep architecture 

may be affected by factors such as age, gender, medications, drug or alcohol use, and 

sleep disorders (Deatherage et al., 2009; Sharma & Kavuru, 2010).  

2.4 Sleep Regulation 

Humans are primarily diurnal, which implies that we spend the day active and the night 

sleeping (Andreatta & Allen, 2021), with the exception of shift workers or those who 

intentionally vary their schedules. Sleep duration and timing are governed by the circadian 

timekeeping system and the homeostatic sleep drive, known as ‘The Two-Process Model’ 

of sleep (Borbély, 1982; Borbély et al., 2016). Both processes are independent of one 

another but work interactively to generate consolidated periods of alertness and sleep 

from day to day (Deboer, 2018; Fisk et al., 2018). Disturbances to either process may 

affect the initiation or maintenance of sleep (sleep propensity) or waking performance (Fisk 

et al., 2018). 

The circadian system comprises a central master pacemaker residing in the 

suprachiasmatic nucleus (SCN) of the hypothalamus in the brain (Borbély, 1982; Borbély 

et al., 2016) and peripheral circadian clocks located in various tissues throughout the body 

(Richards & Gumz, 2012). Through a range of neuronal, humoral and physical outputs, the 

SCN generates overt rhythms in behaviour and physiology with a ~24-hour periodicity that 
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are known as circadian rhythms (Schibler, 2008). Although the SCN’s endogenous cycle 

length (free running period) is typically somewhat longer than 24 hours (Crowley et al., 

2007), circadian rhythms like the sleep-wake cycle (Crowley et al., 2007), are 

synchronised (entrained) to the 24-hour day/night cycle in response to time signals 

(zeitgebers) in the environment (Figueiro, 2017). Light is the circadian system’s most 

important zeitgeber (Fisk et al., 2018), with the intrinsically photosensitive retinal ganglion 

cells (ipRGCs) providing the SCN with information about the time of day (Zele et al., 2011). 

When timed immediately after or just prior to normal wake times, light exposure causes 

circadian rhythms to shift earlier (phase advance), whereas light exposure in the evening 

shifts the circadian rhythm later (phase delay) (Crowley et al., 2018). 

The homeostatic sleep drive (sleep pressure) (Borbély, 1982; Borbély et al., 2016) 

transmits information about prior sleep/wake conditions rather than the time of day 

(Carskadon, 2011), and is primarily mediated by the neuromodulator adenosine (Landolt, 

2008). Adenosine concentrations rise with each hour of wakefulness and diminish after a 

period of sleep (Basheer et al., 2004; Huang et al., 2011), and help to instigate sleepiness 

by suppressing neuronal activity in the wake-promoting system (Bjorness & Greene, 2009; 

Porkka-Heiskanen et al., 2002). Thus, sleep pressure is typically highest around usual 

bedtime and lowest when waking up in the morning (Markov & Goldman, 2006). After a 

time of sleep restriction or inadequate sleep to meet one’s needs, the homeostatic sleep 

drive also promotes prolonged sleep length and greater sleep intensity (Borbély et al., 

1981; Landolt, 2008).  

2.4.1. Chronotypes 

The term ‘chronotype’ refers to variations in personal circadian preference for the timing of 

sleep and waking activity within a 24-hour day (Almoosawi et al., 2019). Morning type 

individuals (“larks”) prefer to have earlier bed and rising times and function more optimally 

in the morning, whereas evening types (“owls”) prefer to sleep and wake up later and 

operate better towards the latter part of the day (Adan et al., 2012). A person’s chronotype 

can be influenced by several factors, including genetics (Archer et al., 2003; Katzenberg et 

al., 1998), age (Fischer et al., 2017; Randler et al., 2017), gender (Randler & Engelke, 

2019; Tonetti et al., 2008) and the environment such as light exposure (Porcheret et al., 

2018; Roenneberg et al., 2003). Chronotypes also affect behaviour traits and outcomes 

with studies having shown that evening types are more likely than morning types to have 
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unhealthy dietary and lifestyle habits (e.g., smoking and alcohol use) (Adan, 1994; 

Fabbian et al., 2016), poorer health (Knutson & von Schantz, 2018) and academic 

performance (Enright & Refinetti, 2017), as well as irregular sleep schedules and sleep-

related issues (Bodur et al., 2021; Fabbian et al., 2016). 

Throughout adolescence, there is a biological shift towards later circadian preference 

(phase delay) that persists into young adulthood and peaks at around 20 years of age 

(Carskadon et al., 1993; Roenneberg et al., 2004). Additionally, it has been proposed that 

the accumulation of homeostatic sleep pressure slows during puberty (Jenni et al., 2005; 

Taylor et al., 2005), which may encourage adolescents and young adults to prolong their 

wakefulness later into the night and delay their bedtimes (Crowley et al., 2007). These 

intrinsic developmental changes in sleep-wake regulation can sometimes conflict with the 

early wake-up times required by school or jobs (Carskadon, 2011), leading young people 

to restrict the amount of sleep they get. As a result, sleep debt is more prone to 

accumulate during these years (Lack, 1986; Phillips et al., 2017). The misalignment 

between one’s regular sleep-wake schedule with one’s biological clock is coined as ‘social 

jet lag’ (Wittmann et al., 2006), and has been linked to several adverse consequences 

such as poor sleep quality (Gangwar et al., 2018), increased daytime sleepiness (Giannotti 

et al., 2002) and higher caffeine/nicotine use (Bodur et al., 2021; Taillard et al., 2003). 

2.5 Sleep Duration 

Sufficient sleep (both quantity and quality) is necessary to function optimally during the 

day and maintain good health (Watson et al., 2015). Ideal sleep needs (or a person’s daily 

requirements) can vary between individuals due to several factors such as gender, 

genetics, stress, physical activity and illness (Chokroverty, 2017; Watson et al., 2015), as 

well as the stage in lifespan (Ohayon et al., 2004). Scientific panels and authorities 

(Hirshkowitz et al., 2015; Watson et al., 2015) concede that most young adults (aged 18–

25 years) generally need between 7–9 hours of sleep each night. However, some 

individuals may only require 6 hours, while others may require as many as 10–11 hours 

(Hirshkowitz et al., 2015).  

A growing body of research has suggested that the amount of time we spend sleeping 

may be decreasing in favour of other waking activities (Basner et al., 2007), especially as 

we shift towards a more 24/7 society (Luyster et al., 2012). Cultural trends such as lengthy 
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commutes, extended workdays and around-the-clock use of electronic devices have been 

theorised to contribute to people’s inability to obtain sufficient sleep (Luyster et al., 2012; 

Ogilvie & Patel, 2018). Additionally, stimulants like caffeine have enabled people to extend 

their wakefulness (Meredith et al., 2013) beyond the traditional day/night cycle. 

Contradictory findings about changes in sleep duration, however, call into doubt the notion 

that our culture is becoming more and more sleep-deprived. Some research has indicated 

an increase in the prevalence of short sleepers (Ford et al., 2015; Zomers et al., 2017), 

with one United States (US) study showing that one in three adults routinely failed to get 

the minimum amount (7 hours each night) of sleep recommended (Liu et al., 2016). 

However, other studies have reported either an increase (Basner & Dinges, 2018) or no 

appreciable changes in sleep duration (Bin et al., 2013; Robbins et al., 2020). In New 

Zealand, a recent study (Lee & Sibley, 2019) reported that more than a third (37%) of 

adults (aged 18+) obtained less than 7 hours of sleep daily. Furthermore, a higher 

incidence of short sleepers has also been noted among Māori (Paine & Gander, 2016) and 

Pacific peoples (Lee & Sibley, 2019), mainly as a result of socioeconomic and health-

related inequities (Paine & Gander, 2016). 

Mounting research indicates that it is becoming more common for young adults to 

experience inadequate sleep (Hershner & Chervin, 2014) and sleep disorders (Gaultney, 

2010; Sivertsen et al., 2019), which raises concerns that sleep-related issues are 

manifesting earlier in life. One study demonstrated that the majority (86%) of students 

(mean age 20.4 years) report waking in the morning feeling unrefreshed, indicating that 

they are generally falling short of their sleep needs (Gaultney, 2010).  

Instead of making sleep a priority, young adults may regard it as a flexible commodity that 

can be adjusted to fit around other social commitments (Batten et al., 2020). For example, 

one study (Machado et al., 1998) found that college students’ waking time on weekdays is 

often dictated by school (85%), employment (47%), or other external influences (48%), as 

opposed to waking up after a sufficient quantity of sleep has been attained. Overall, it is 

generally acknowledged that many young adults may be more prone to have irregular 

sleep-wake schedules (Gaultney, 2010; Lund et al., 2010; Machado & Suchecki, 2016), 

particularly as a result of factors such as late-night technology use (Joshi et al., 2022), 

caffeine intake (Patrick et al., 2018; Sanchez et al., 2013), and insufficient knowledge and 

practice of good sleep hygiene (Al-Kandari et al., 2017; Suen et al., 2010). 
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2.5.1 Consequences of Short Sleep 

Every element of our physical (Clement-Carbonell et al., 2021), neurobehavioural (Lim & 

Dinges, 2010; Pilcher & Huffcutt, 1996), and psychological (Baglioni et al., 2016) health 

and well-being suffers when we don’t obtain sufficient sleep. Mounting research indicates 

that habitual short sleep (<7 hours each night) can have detrimental effects on human 

cognition, notably on attention, processing speed and working memory (Choudhary et al., 

2016; Cunningham et al., 2018; Van Dongen et al., 2003). Additionally, individuals are 

believed to lose the ability to judge the severity of their impairment as a result of these 

effects (Belenky et al., 2003; Van Dongen et al., 2003), which are hypothesised to 

accumulate dose-dependently from night to night (Van Dongen et al., 2003). Evidence 

also indicates that lack of sleep heightens stress reactivity and emotional sensitivity 

(Minkel et al., 2012; Rosales-Lagarde et al., 2012), which has increased attention to the 

critical function that sleep plays in emotional brain processes (Killgore, 2010; Walker, 

2009).  

A plethora of research has demonstrated that short sleep increases daytime sleepiness 

(Giannotti et al., 2002), distractions (Anderson & Horne, 2006), and the likelihood of 

“microsleeps” (Goel et al., 2009), which are brief episodes of sleep during which the 

capacity to respond to external stimuli is completely suspended (Poudel et al., 2014). 

Studies have found that prolonged wakefulness causes cognitive and performance 

impairments that are comparable to those that occur when a person is driving over the 

legal alcohol driving limit (Lamond & Dawson, 1999; Williamson & Feyer, 2000). This 

presents a significant risk for safety in the real world, and it is perhaps not surprising that 

short sleep has been linked to adverse outcomes such as decreased workplace 

productivity, absenteeism and injuries (Rosekind et al., 2010; Swanson et al., 2011), 

human-error-related accidents (Dinges, 1995; Vikram et al., 2008) and motor vehicle 

crashes (Connor et al., 2002; Horne & Reyner, 1995; Tefft, 2018).  

Young adults may be more vulnerable to the negative neurobehavioural effects of short 

sleep than older adults. One study (Zitting et al., 2018), demonstrated that younger adults 

(aged 18–27 years) displayed higher drowsiness-related neurobehavioural performance 

deficits than older adults (aged 55–70 years), including more attention lapses and 

microsleeps. Furthermore, a wealth of literature has shown that short sleep has a variety 

of negative effects on young adults including lower academic performance (Chen & Chen, 
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2019; Gomes et al., 2011), increased risk-taking and sensation-seeking behaviours 

(Rusnac et al., 2019; Taghvaee & Mazandarani, 2022), increased risk of psychological 

problems such as depression and anxiety (Dickinson et al., 2018; Regestein et al., 2010) 

and increased suicidal ideation and attempts (Becker et al., 2018b; Vail-Smith et al., 

2009).  

Short sleep has also been linked to a multitude of adverse health outcomes, including an 

increased risk of chronic diseases such as hypertension (Gangwisch et al., 2013; Gottlieb 

et al., 2006), cardiovascular disease (Ayas et al., 2003; Nagai, 2010), metabolic disorders 

including obesity (Wu et al., 2014; Zhou et al., 2019) and diabetes (Gangwisch et al., 

2007; Shan et al., 2015), immune suppression (Cohen et al., 2009; Patel et al., 2012) and 

all-cause mortality (Cappuccio, D'Elia, et al., 2010; Yin et al., 2017). There is also growing 

evidence supporting that sleep and health are interrelated in a bi-directional manner, with 

inadequate sleep potentially causing or worsening a range of physical and mental 

diseases and vice versa (Zee & Turek, 2006). Although getting regular long sleep (>9 

hours) is less common than getting short sleep (<6 hours) and, therefore, less of a 

concern, studies have shown a U-shaped relationship between sleep duration and chronic 

diseases (Cappuccio, D'Elia, et al., 2010; Gottlieb et al., 2006; Shan et al., 2015), 

emphasising the “optimal” range of 7–9 hours (Hirshkowitz et al., 2015). 

2.6 Sleep Quality 

Although there is no widely accepted definition of sleep quality in the literature, some 

researchers have described it in relation to how satisfied a person is with their sleep 

experience (Krystal & Edinger, 2008). Other researchers have characterised sleep quality 

by rating specific sleep parameters such as sleep onset latency (SOL), total sleep time 

(TST), sleep efficiency (SE) and wake after sleep onset (WASO), taken from various self-

report measures (Buysse et al., 1988; Ohayon et al., 2017). The National Sleep 

Foundation (NSF) defines good sleep quality for young adults as a sleep efficiency (the 

percentage of time spent asleep while in bed) of 85% or higher, falling asleep in less than 

30 minutes, waking up no more than once during the night, and, spending less than 20 

minutes awake after initially falling asleep (Ohayon et al., 2017).  

Growing research demonstrates that sleep quality is more predictive of health and 

performance outcomes than sleep quantity (Cappuccio, D’Elia, et al., 2010; Chandola et 
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al., 2010; Kohyama, 2021). Good sleep quality is associated with a variety of beneficial 

properties, such as having better self-control (Liu et al., 2020), improved mental state 

(Scott et al., 2021) and greater life satisfaction (Ness & Saksvik-Lehouillier, 2018; Shin & 

Kim, 2018). Conversely, poor sleep quality is linked with negative outcomes such as 

increased fatigue and irritability (Nelson et al., 2022), daytime sleepiness and impaired 

focus (Alapin et al., 2000), as well as decreased resilience to stress and greater sensitivity 

to psychological disorders (Edéll-Gustafsson et al., 2002). Additionally, the importance of a 

person’s sleep hygiene, or their sleep habits, in influencing their quality of sleep is 

becoming more evident (Brick et al., 2010; Yazdi et al., 2016). Adopting healthy lifestyle 

practices such as regular exercise, consistent bed- and waking times, limiting daytime 

naps, and avoiding caffeine, nicotine, and alcohol close to bedtime can all help to improve 

sleep quality (Irish et al., 2015). 

Concerns have been raised regarding how widespread poor sleep quality is in the young 

adult population, with estimates of its prevalence ranging between 31–87% in this 

demographic (Table 2.1). However, given the well-established awareness that various 

influences, including biological (Ohayon et al., 2004), sociocultural (Knutson, 2013) and 

other external factors (Altun et al., 2012) can affect sleep experiences, it is not surprising 

that estimates vary greatly between regions and countries. Additionally, differences in 

study methods, such as sample size and confounding factor management (e.g., screening 

for sleep disorders, mental/physical illnesses, and drug or alcohol use), can also impact 

results (Ohayon et al., 2004). Few studies have examined sleep quality among New 

Zealanders; however, one recent study (Gibson et al., 2022) indicated that 45% of adults 

(aged 20–85) experienced worsened sleep quality after the country’s first enforced COVID 

lockdown in 2020. The authors (Gibson et al., 2022) ascribed this to elements such as 

reduced physical activity, limited sunlight exposure and elevated feelings of 

anxiety/depression.  

Table 2.1 provides an overview of the population studies evaluating the prevalence of 

poor sleep quality among young adults. Studies were included where participants were 

healthy young adults (mean age between 18–25 years), and the Pittsburgh Sleep Quality 

Index (PSQI) was utilised to assess sleep quality (where a global PSQI score of >5 

indicated “poor sleep quality”). Studies investigating adolescents, adults (mean age above 

25 years) or the elderly were not included, nor were studies where the prevalence (%) of 

poor sleep quality was not reported. 
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Table 2.1: Summary of studies on the prevalence of poor sleep quality in young adults. Studies were included if participants were healthy young adults (aged 

18–25 years) and the PSQI was used to assess sleep quality. Studies on adolescents, adults or the elderly, or in which the prevalence (%) of poor sleep 

quality was not reported, were excluded. Studies are arranged alphabetically according to first author. 

Reference Origin Study design Sample 

(n,  

cohort,  

age) 

Prevalence of poor 

sleep quality (%) 

PSQI global score 

(mean ± SD) 

Ahmed et al. (2020) Bangladesh Cross-sectional n = 332, 

university students, 

21.6 ± 1.7 y  

67 

 

6.0 ± 2.8 

Ahrberg et al. (2012) 

 

Germany Longitudinal, 

Pre-exam 

Exam period 

Post-exam 

n = 144,  

medical students, 

22.4 ± 2.5 y  

 

59 

29 

8 

 

6.3 ± 2.6  

4.6 ± 2.3  

3.1 ± 1.9 

Aldhawyan et al. (2020) Saudi Arabia Cross-sectional n = 842, 

university students, 

18.4 ± 0.7 y 

75 Not stated 

Alkhatatbeh et al. (2020) Jordan Cross-sectional n = 1422, 

young adults, 

21.0 ± 2.5 y  

63 5.9 ± 3.2 

Almojali et al. (2017) Saudi Arabia Cross-sectional n = 263, 

medical students, 

21.9 ± 1.4 y 

76 

 

7.1 ± 3.8 

Becker et al. (2018a) United States Cross-sectional n = 7626, 

university students, 

19.1 ± 1.4 y  

62 Not stated 

Bodur et al. (2021) Turkey Cross-sectional n = 661, 66 Not stated 
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university students, 

21.4 ± 1.38 y 

Carpi et al. (2022) Italy Cross-sectional 

 

n = 1279, 

university students, 

23.4 ± 2.5 y  

65 

 

8.7 ± 5.2 

Di Benedetto et al. (2020) Australia Cross-sectional 

 

n = 355, 

university students, 

20.0 ± 1.5 y 

62 

 

Not stated 

Fatima et al. (2016) Italy Cross-sectional n = 3778, 

young adults, 

20.6 ± 0.9 y  

58 (all) 

65 (F) 

50 (M) 

Not stated 

Gómez-Chiappe et al. 

(2020) 

Colombia Cross-sectional n = 414, 

university students,  

median age 21 y 

59 

 

Not stated 

Hershner and O'Brien 

(2018) 

United States Longitudinal, 

Pre-intervention* 

 

n = 54, 

university students, 

21.9 ± 4.1 y 

 

85 

 

6.1 ± 2.8 (C) 

6.6 ± 2.9 (I†) 

Lemma et al. (2012) Ethiopia Cross-sectional n = 2230,  

university students,  

21.6 ± 1.7 y 

53 Not stated 

Li et al. (2020) 

 

China Cross-sectional 

 

n = 6284, 

university students, 

19.7 ± 1.5 y 

31 

 

4.5 ± 2.5 

Lohsoonthorn et al. (2013) 

 

Thailand Cross-sectional n = 2854, 

university students, 

20.3 ± 1.3 y  

48 

 

5.8 ± 2.5 

Lund et al. (2010) United States Cross-sectional n = 1125,  66 6.7 ± 3.1 (F) 
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university students,  

20 ± 1.3 y 

7.2 ± 3.2 (M) 

Mah et al. (2018) 

  

United States Cross-sectional 

 

n = 628, 

collegiate athletes, 

19.6 ± 1.3 y  

42 

 

5.4 ± 2.5 

Mishra et al. (2022) India Cross-sectional n = 284, 

medical students, 

20.6 ± 1.1 y   

45 5.8 ± 3.3 

Mohamed et al. (2020) Saudi Arabia Cross-sectional 

 

n = 303, 

medical students, 

21.6 ± 1.4 y 

87  

 

Not stated 

Paudel et al. (2022) Nepal Cross-sectional n = 212, 

medical students, 

≥18 y 

38 (all) 

44 (F) 

35 (M) 

5.4 ± 3.3 (all) 

5.9 ± 3.5 (F) 

5.1 ± 3.2 (M) 

Safhi et al. (2020) Saudi Arabia Cross-sectional 

 

n = 326, 

medical students, 

21.9 ± 1.7 y 

76 7.4 ± 3.7 

Sanchez et al. (2013) Peru Cross-sectional n = 2458, 

university students, 

20.9 ± 2.6 y 

56 (all) 

58 (F) 

52 (M) 

Not stated 

Shrestha et al. (2021) Nepal Cross-sectional 

 

n = 168, 

university students, 

21.6 ± 1.5 y 

30 4.2 ± 2.2 

Wondie et al. (2021) Ethiopia Cross-sectional 

 

n = 576, 

medical students, 

21.5 ± 2.4 y  

62 

 

Not stated 

Yazdi et al. (2016) Iran Cross-sectional n = 285, 58 (all)  
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 medical students, 

22.8 ± 1.7 y 

52 (F) 

63 (M) 

5.8 ± 0.9 (F) 

6.6 ± 1.1 (M) 

Young et al. (2020) United States Cross-sectional n = 462, 

young adult women, 

22.9 ± 0.5 y 

45 5.7 ± 2.9 

Zunhammer et al. (2014)  Longitudinal, 

Pre-exam 

Exam period 

Post-exam 

n = 142, 

university students, 

22.2 ± 2.5 y 

 

34.5 

53.3 

21.4 

 

5.0 ± 2.5 

6.3 ± 2.8 

4.1 ± 2.4 

Abbreviations: F = Females, M = Males, C = Control subjects, I = Intervention subjects 
*Participants’ sleep quality prior to sleep education intervention 
†Participants who undertook the sleep education intervention 
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2.6.1 Measuring Sleep Quality 

There are several methods used to evaluate sleep quality in the literature despite there 

being no widely accepted definition of the term. The gold standard for objectively 

measuring sleep is Polysomnography (PSG), a laboratory-based tool that captures brain 

(electroencephalography), muscle (electromyography) and eye movement 

(electrooculography) activity (Van de Water et al., 2011). This procedure, however, is time-

consuming, expensive and not widely available (Escourrou et al., 2000; Natsky et al., 

2021). Wrist-worn actigraphy, a well-regarded alternative for PSG, monitors activity and 

rest patterns and predicts sleep characteristics using specialised algorithms in computer 

software programs (Martin & Hakim, 2011). Although it is non-invasive and can be utilised 

in naturalistic settings over multiple nights (Van de Water et al., 2011), actigraphy is limited 

by estimation errors in naps, SOL (Martin & Hakim, 2011), TST and SE (Blackwell et al., 

2008).  

Subjective assessments (e.g., retrospective questionnaires and prospective sleep diaries) 

are frequently used in epidemiological research because they are easy to administer, 

readily available and show high participant compliance (Fabbri et al., 2021). Currently 

available questionnaires that assess sleep quality include the Pittsburgh Sleep Quality 

Index (PSQI) (Buysse et al., 1988), Leeds Sleep Evaluation Questionnaire (LSEQ) (Parrott 

& Hindmarch, 1980), Sleep-50 Questionnaire (Spoormaker et al., 2005) and Mini Sleep 

Questionnaire (MSQ) (Zoomer et al., 1985). However, the questionnaires in and of 

themselves are highly variable, with some focused on particular aspects of sleep quality 

e.g., nocturnal awakenings (Spoormaker et al., 2005) or feelings of refreshment (Parrott & 

Hindmarch, 1980), while others are based on sleep parameters e.g., SOL and TST 

(Buysse et al., 1988). One obvious disadvantage of questionnaires is that they rely on self-

report, which can be unreliable and show up as either a poorer impression of sleep 

compared to objective data or a better experience of sleep when there is actual sleep 

disturbance (Edinger et al., 2000). Overall however, questionnaires are valued for having 

strong psychometric properties, high internal consistency and test-retest reliability 

(reviewed by Fabbri et al. (2021)), and effective as a general evaluation to identify whether 

additional screening and/or treatment may be necessary (O'Donnell et al., 2009). 

Researchers have advocated for the use of both objective and subjective metrics to help 

minimise limitations and inconsistencies (Zhang & Zhao, 2008). 
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2.7 Caffeine Sources and their Content 

Caffeine (1, 3, 7-trimethylxanthine) is the most widely consumed psychostimulant in the 

world (Temple et al., 2017). It occurs naturally in more than 60 different plant species 

(Barone & Roberts, 1996), such as coffee beans (Coffea Arabica and Coffea robusta), tea 

leaves (Camelia siniensis), cacao beans (Theobroma cacao), guarana berries (Paullinia 

cupana), kola nuts (Cola acuminate) and yerba mate (Ilex paraguariensis) (Heckman et 

al., 2010). Common sources of caffeine include coffee, tea, chocolate, and kola (soft) 

drinks, and in recent years, energy drinks and sports drinks/supplements have also 

become popular (Heckman et al., 2010; Nehlig, 2018). Additionally, many prescription and 

over-the-counter (OTC) medications and dietary supplements also contain caffeine as an 

ingredient (Frary et al., 2005; Temple et al., 2017).  

Most dietary caffeine comes from caffeinated beverages, with coffee often accounting for 

the majority of people’s total caffeine intake (Drewnowski & Rehm, 2016; Mitchell et al., 

2014). The average caffeine content in a standard cup of coffee is 83 mg for instant 

coffee, 100 mg for plunger (drip) and 120–210 mg for espresso (see Appendix E.2). The 

amount of caffeine in other products can range from negligible amounts of a few milligrams 

per serving, as in chocolate and some confectionary (Dews, 1982), to higher levels in 

energy drinks (50 to 500 mg) and some medications e.g., paracetamol and some pain 

relievers (30 to 65 mg) (Liu et al., 2011; Temple et al., 2017). Even decaffeinated products 

still contain trace amounts of caffeine (Chin et al., 2008; McCusker et al., 2006). 

Studies have shown that the quantity of caffeine found in sources, even of the same type, 

can vary significantly (Desbrow et al., 2019; McCusker et al., 2003; Reissig et al., 2009). 

For example, coffee generally contains more caffeine than tea (Barone & Roberts, 1996), 

although the typical amount of caffeine in a cup of instant coffee (83 mg) might vary by as 

much as half to twice that amount (Dews, 1982). The amount of caffeine present can be 

greatly influenced by the plant’s geographical origin, the climate and other environmental 

variables that affect growth and harvesting (Cloughley, 1982; Matissek, 1997). Variations 

in caffeine concentration can also be attributed to other factors such as processing (e.g., 

the degree of roasting coffee beans) and preparation methods (e.g., brewing time), and 

the volume of the item (Barone & Roberts, 1996; Bunker & McWilliams, 1979; Mandel, 

2002). An analysis of the caffeine content of Nespresso® pods (Desbrow et al., 2019), for 

instance, demonstrated that the amount of caffeine contained in each pod might differ by 
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51 to 162% from the amount stated by the manufacturer. This variation means that 

determining a person’s caffeine intake is highly challenging, and some researchers have 

hypothesised that people may be consuming more caffeine than they realise (Gilbert et al., 

1976; McCusker et al., 2003). Different approaches have been used in different studies to 

determine total caffeine consumption, and not all account for the complete range of 

caffeine-containing products that people are exposed to (Olechno et al., 2021; Thomson et 

al., 2014). Thus, research on population caffeine intakes is heavily debated with the 

premise that actual caffeine intakes are most likely under- or overestimated. 

2.8 Caffeine Consumption Levels and Patterns 

With an estimated 80% of people worldwide regularly using caffeine in some form 

(Samoggia & Rezzaghi, 2021), there is no doubt that its consumption is deeply ingrained 

in the cultural fabric of contemporary life. As the market for caffeine-containing products 

has expanded considerably in recent decades (Olechno et al., 2021; Reissig et al., 2009; 

Vegro & de Almeida, 2020), it is projected that consumption will continue to rise (Quadra et 

al., 2020; Temple et al., 2017). Some researchers even argue that complete non-

consumers of caffeine are rare, since manufacturers are increasingly adding caffeine as a 

hidden ingredient to many products (Budney & Edmond, 2014; James & Rogers, 2005). 

Caffeine consumption levels and patterns differ according to age, gender and country 

(Dillon et al., 2019; Reyes & Cornelis, 2018; Verster & Koenig, 2018), and can be 

influenced by a number of factors including genetics, social/cultural behaviour and secular 

trends (Choi, 2020; Nehlig, 2018; Verster & Koenig, 2018).  

Findings from the 2008/9 National Adults Nutrition Survey reported that in New Zealand, 

adults (aged ≥15 years) consumed on average 216 mg·day-1 (University of Otago and 

Ministry of Health, 2011), which is equivalent to about two cups of single shot espresso 

coffee per day (Appendix E.2). For young adults (aged 19–30), the average daily intake of 

caffeine is 194 mg·day-1 for males and 144 mg·day-1 for females (University of Otago and 

Ministry of Health, 2011). Coffee and tea are reported as the main sources of caffeine in 

the diet of New Zealand adults, whereas kola (soft) drinks, tea and biscuits are more 

popular among children and adolescents (Ministry of Health, 2003; University of Otago and 

Ministry of Health, 2011).  
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Some researchers have hypothesised that young adults (aged 18–25 years), especially 

university students, routinely consume more caffeine than the general population (Bertasi 

et al., 2021; Champlin et al., 2016), and at levels beyond what is thought to benefit 

function and performance (Malinauskas et al., 2007). For example, one study (Mcllvain et 

al., 2011) indicated that university freshmen ingested on average 850 mg·day-1, which is 

more than double the advised safe amount (discussed in Section 2.8.1). Studies show that 

students are frequently motivated to use caffeine to stay awake in order to study for an 

exam or finish a big project (Attila & Çakir, 2011; Lohsoonthorn et al., 2013; Malinauskas 

et al., 2007), and it is thought that high consumption may reflect a mechanism for coping 

with the increased academic and social demands young adults generally experience 

(Lohsoonthorn et al., 2013). Many studies have reported common reasons for caffeine 

consumption include combatting insufficient sleep, increasing energy, improving mood, 

alleviating stress and improving performance (Attila & Çakir, 2011; Mahoney et al., 2019; 

Malinauskas et al., 2007; Stachyshyn et al., 2021). It is also acknowledged that young 

people are highly engaged in the digital world (Villanti et al., 2017), and there is evidence 

to suggest that they are increasingly using caffeine to stay up later in order to use their 

electronic devices for longer (Calamaro et al., 2009). 

2.8.1 Caffeine Intake Recommendations 

Caffeine’s use as a mild stimulant is typically considered safe when consumed in amounts 

that are within normal levels of intake (Heckman et al., 2010; Rodak et al., 2021; Temple 

et al., 2017). No reference range, such as an acceptable daily intake (ADI), has been 

established for caffeine use (Turnbull et al., 2016) due to the variables that alter 

interindividual caffeine responses (discussed in Section 2.11.1). The consensus among 

government authorities and expert scientific panels is that consumption of up to 400 mg 

day-1 is generally safe and poses minimal risk of producing overt, adverse side effects in 

healthy adults (Doepker et al., 2018; ESFA Panel on Dietetic Products Nutrition and 

Allergies (NDA), 2015; Nawrot et al., 2003; Wikoff et al., 2017). Safe levels are lower for 

pregnant women, who are recommended to keep intakes under 300 mg·day-1 (Nawrot et 

al., 2003).  
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2.9 Caffeine as an Adenosine Antagonist   

Caffeine is well known for its ability to combat fatigue and drowsiness, as well as to foster 

increased focus and alertness (Nehlig et al., 1992; Smith, 2002). Caffeine’s primary 

mechanism of action is mediated through the antagonism of adenosine A1 and A2A 

receptors located throughout the brain (Nehlig et al., 1992; Van Galen et al., 1992). 

Adenosine is an endogenous neuromodulator that decreases neural firing rate and inhibits 

the release of most excitatory neurotransmitters (Bjorness & Greene, 2009; Fredholm et 

al., 2005; Porkka-Heiskanen et al., 2002). The similarity of caffeine’s molecular structure to 

adenosine allows it to occupy adenosine receptor sites, thus preventing adenosine from 

binding and exerting its sleep-inducing effects (Heckman et al., 2010). Caffeine also 

stimulates the release of norepinephrine, dopamine, and serotonin in the brain and 

increases circulating catecholamine levels (Benowitz, 1990) to promote arousal of the 

central nervous system i.e., increased wakefulness (Fiani et al., 2021; Nehlig et al., 1992). 

Genetic polymorphisms at the level of the adenosine A2A receptor (ADORA2) can 

influence how an individual responds to a given dose of caffeine (Cornelis et al., 2007; 

Nehlig, 2018). 

2.10 Caffeine Pharmacokinetics 

In humans, caffeine is rapidly and completely absorbed from the gastrointestinal tract, with 

almost 100% bioavailability (Blanchard & Sawers, 1983). Peak plasma concentrations are 

typically reached within 45 minutes of ingestion (Smith, 2002), however can vary between 

15 and 120 minutes, indicating significant interindividual variability (Fredholm et al., 1999; 

Marks & Kelly, 1973). Caffeine is absorbed at different rates depending on how it is 

consumed; for instance, caffeine may take longer to absorb when ingested with other 

foods or drinks than when consumed alone on an empty stomach, likely due to slowed 

gastric emptying (Willson, 2018). Caffeine is distributed to all tissues in the body and 

readily penetrates the blood-brain barrier (Nehlig et al., 1992); therefore, its effects on the 

central nervous system manifest quickly after consumption (Benowitz, 1990).  

Caffeine is primarily metabolised in the liver by the isoenzyme P450 1A2, encoded by the 

gene CYP1A2, which is responsible for 95% (Cornelis et al., 2016) of the demethylation of 

caffeine into its metabolites (Yang et al., 2010). Caffeine clearance rate is substantially 

influenced by CYP1A2 activity (Nehlig, 2018; Yang et al., 2010), which also affects how 
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long caffeine effects last. Slow caffeine metabolisers take longer to process and eliminate 

caffeine from their system; therefore, these individuals may experience more pronounced 

and persistent effects after consumption (Nehlig, 2018). Caffeine’s half-life in healthy 

adults is typically about 4–6 hours, however can range from 2–12 hours (Benowitz, 1990). 

The half-life of caffeine can be influenced by many endogenous (e.g., age, gender, 

hormones, ethnicity and genetics) as well as exogenous factors (e.g., diet, smoking, drugs 

and medications), as reviewed in Nehlig (2018). Additionally, larger and repeated doses of 

caffeine can prolong the elimination half-life and slow down clearance (Denaro et al., 

1990; Kaplan et al., 1997), meaning that caffeine remains in the body for longer. 

2.11 Caffeine Pharmacodynamics 

Caffeine’s effects on human behaviour have been extensively studied (McLellan et al., 

2016; Nehlig et al., 1992; Smith, 2002), and its psychostimulant qualities play a significant 

part in its appeal (Mahoney et al., 2019; Stachyshyn et al., 2021). Moderate dosages of up 

to about 300 mg·day-1 (McLellan et al., 2016) have been shown to benefit a number of 

cognitive and behavioural functions, including improvements in alertness (McLellan et al., 

2016; Smith, 2002) and concentration (Nehlig, 2010). Additionally, caffeine has been 

linked to several ergogenic effects, such as increased speed and/or power output and 

endurance or resistance to fatigue (Graham, 2001), as well as reduced perceived muscle 

pain (Maridakis et al., 2007; O'Connor et al., 2004) and exertion/effort in exercise (Duncan 

et al., 2013). However, due to elements including individual training state, exercise 

duration and intensity, and employed performance measurements, the impact size of the 

results varies significantly between research (Graham, 2001; McLellan et al., 2016).  

High doses of caffeine (≥400 mg·day-1) have been shown to elicit adverse effects such as 

restlessness, anxiety, irritability, muscle tremor, insomnia, nausea and gastrointestinal 

upset (Kaplan et al., 1997; Nawrot et al., 2003). However, it is important to note that 

caffeine responses vary significantly between individuals (Section 2.11.1), and some 

people may be more susceptible to experiencing negative effects at considerably lower 

doses (Yang et al., 2010). It is therefore not surprising that many people alter their caffeine 

intake in response to their personal (subjective and objective) experiences with caffeine 

(Nehlig, 2018; Stern et al., 1989). 
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2.11.1 Factors Affecting the Caffeine Response 

Many factors such as age, gender, genetics (at least seven genes (Yang et al., 2010)) and 

lifestyle behaviours can affect how caffeine is metabolised (see Nehlig (2018) for a review) 

and, therefore, how one responds to it. People who metabolise caffeine slowly may be 

more prone to the adverse effects of caffeine than fast caffeine metabolisers (Nehlig, 

2018). Additionally, caffeine dosage and timing can have a strong influence, particularly on 

sleep (Hindmarch et al., 2000; Karacan et al., 1976) (discussed in Section 2.12) and 

ergogenic effects (McLellan et al., 2016). There is also evidence to support that an 

individual’s expectation (i.e., whether they are aware they have consumed caffeine or not) 

may influence the reported effects of caffeine (Dawkins et al., 2011; Fillmore & Vogel-

Sprott, 1992). One study (Kirsch & Weixel, 1988), found that people who ingested 

decaffeinated coffee but were informed that it contained some caffeine displayed 

physiological and emotional responses consistent with their expectations.  

Long-term regular caffeine usage is also hypothesised to modify one’s caffeine response, 

leading to tolerance to the stimulant’s effects (Meredith et al., 2013). Hence the same dose 

of caffeine no longer produces the same effects or requires a higher dose to achieve the 

same desired outcomes (caffeine habituation). Studies in mice have demonstrated that 

repeated caffeine administration causes the upregulation of adenosine receptors in the 

brain, which is postulated to play a role in the development of caffeine tolerance and 

dependency (Boulenger et al., 1983; Marangos et al., 1984). Studies have indicated that 

humans may also develop a tolerance to the perceived effects of caffeine (Evans & 

Griffiths, 1992; Sigmon et al., 2009), although there have been inconsistent findings about 

physiological tolerance (Denaro et al., 1991; Robertson et al., 1981; Sigmon et al., 2009). 

2.11.2 Caffeine Withdrawal 

Caffeine has historically been considered to be a potential drug of dependence (Ogawa & 

Ueki, 2007; Strain et al., 1994) due to the withdrawal symptoms that regular consumers 

experience after abruptly ceasing use, including headache, fatigue, difficulty concentrating, 

irritability, depressed mood and drowsiness (Juliano & Griffiths, 2004). Symptoms typically 

begin 12–24 hours after abstinence, peak at 20–51 hours and last 2–9 days (Juliano & 

Griffiths, 2004). For this reason, there is substantial debate about whether caffeine actually 

improves performance or merely mitigates performance declines brought on by caffeine 
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withdrawal/withdrawal reversal (James & Keane, 2007; James & Rogers, 2005), fatigue, or 

sleep restriction/deprivation (O'Callaghan et al., 2018). Given that caffeine heightens 

arousal, it seems logical that its effects would be more pronounced in subjects with 

decreased functioning than those in a normal condition, where they have a smaller 

potential for improvement (Fagan et al., 1988). Therefore, more research is needed to 

evaluate the effects of caffeine accounting for the potential confounding variable of 

caffeine withdrawal and withdrawal reversal. 

2.12 Caffeine and Sleep 

Sleep is arguably the biological function most sensitive to the effects of caffeine (Dews, 

1982; Nehlig, 1999), yet anecdotal evidence suggests that consumers frequently overlook 

this relationship. There could be several reasons for this: firstly, people may not be aware 

that caffeine can impact their sleep. One study conducting participant interviews found that 

none thought that consuming coffee or tea before bed would impair their sleep, and 

several consumed their last caffeinated beverage as late as 11 p.m. or 12 a.m. (Březinová, 

1974). Secondly, not everyone may realise that caffeine has an appreciable half-life and 

may thus underestimate its influence on sleep timing and quality. As previously mentioned 

(Section 2.10), caffeine’s half-life can vary substantially (between 2–12 hours) (Benowitz, 

1990), and therefore effects will differ from person to person. A very fast metaboliser going 

to bed at 10 p.m. may be able to consume caffeine at 8 p.m. and be relatively unaffected 

sleep-wise, whereas a very slow metaboliser who drinks coffee as early as morning tea 

may still suffer substantial sleep disturbances. Thirdly, misconceptions about caffeine’s 

properties, such as the idea that it can replace sleep (Lee et al., 2009), may lead 

consumers to inappropriately use caffeine. However, other studies have revealed that 

people continue to use caffeine despite being aware of its effects on sleep in order to stay 

up later to finish work, especially when under pressure (Coveney, 2014). This suggests 

that modern society often prioritises meeting work and social obligations over obtaining 

sufficient sleep.  

The role of caffeine as an adenosine receptor antagonist (Section 2.9) and its concomitant 

effects on sleep-wake regulation have been extensively studied (Clark & Landolt, 2017; 

O'Callaghan et al., 2018; Reichert et al., 2022). In a comprehensive review of 

epidemiological studies and randomised controlled trials (Clark & Landolt, 2017), caffeine 

consumption was shown to prolong sleep onset latency, reduce total sleep time and sleep 
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efficiency, worsen perceived sleep quality and diminish slow wave (deep) sleep. It is also 

widely accepted that caffeine’s effects on sleep are dose- and time-dependent, with 

adverse effects often manifesting from consumption of high doses close to bedtime 

(Hindmarch et al., 2000; Karacan et al., 1976). However, slow caffeine metabolisers or 

those more sensitive to its effects, are generally regarded to be more prone to experience 

sleep disruptions after caffeine ingestion than fast caffeine metabolisers or habitual users 

(Nehlig, 2018; Rétey et al., 2007). Furthermore, due to its reputation as a performance 

enhancer, caffeine is frequently used to combat sleepiness or fatigue yet interferes with 

subsequent sleep timing and quality which, in turn, encourages further caffeine 

consumption the following day (Roehrs & Roth, 2008; Snel & Lorist, 2011). Thus ensues a 

self-reinforcing “caffeine cycle”, whereby some people may believe they ‘need’ caffeine to 

function optimally, or even adequately (O'Callaghan et al., 2018).  

Studies demonstrate that changes to sleep architecture, especially deep sleep, are where 

caffeine’s effects are most salient. Caffeine consumption reduces slow wave activity 

(SWA), a well-established indicator of sleep depth (Aepli et al., 2015; Landolt et al., 1995), 

even at low (100 mg) doses (Landolt et al., 1995). There is strong evidence suggesting 

that caffeine reduces the amount of slow wave (N3) sleep that is attained (Březinová, 

1974; Carrier et al., 2007; Landolt et al., 1995); however, there has been conflicting data 

on changes to the amount of light (N1 and N2) sleep (Aepli et al., 2015; Březinová, 1974; 

Carrier et al., 2007). Numerous studies have also shown that caffeine consumption 

increases the number of night-time awakenings, thus fragmenting sleep (Březinová, 1974; 

Carrier et al., 2007; Karacan et al., 1976). Taken together, it has been posited that caffeine 

decreases the ability to enter and maintain deeper stages of sleep (N3) while increasing 

the capacity for arousal (Březinová, 1974). Furthermore, caffeine use has been shown to 

delay REM sleep until later into the night (Weibel et al., 2021), although the total amount of 

REM seems unaffected (Březinová, 1974; Drake et al., 2013).  

Given the numerous challenges in evaluating the reciprocal link between caffeine usage 

and sleep, it is not surprising that contradictory results have been observed (summarised 

in Table 2.2). Firstly, it has been stated that people generally lack the ability to accurately 

assess their own sleep (Edinger et al., 2000); thus, some individuals may not realise they 

are experiencing caffeine-induced sleep disturbances. This further supports the notion as 

to why people may miss the connection between caffeine use and sleep. Secondly, it is 

challenging to compare the results of different studies due to the different methods used to 



 31 

measure intake. For example, some researchers have based caffeine content on serving 

sizes (Lund et al., 2010) or the number of caffeinated beverages consumed weekly 

(Lemma et al., 2012; Lohsoonthorn et al., 2013), while others have used food frequency 

questionnaires (FFQ) (Choi, 2020) to calculate average daily consumption (Watson et al., 

2016). Furthermore, the amount of caffeine in a given product or source can vary 

significantly (Desbrow et al., 2019; McCusker et al., 2003; Reissig et al., 2009) (as 

mentioned in Section 2.7); therefore, estimated intakes will vary depending on the caffeine 

sources taken into account.  

The disruptive effects of caffeine on sleep, particularly when consumed near bedtime, 

have been well-documented in the laboratory setting (Carrier et al., 2007; Drake et al., 

2013; Drapeau et al., 2006). However, these experiments tend to administer a single, 

sometimes substantial caffeine dose that does not reflect typical consumption. For 

example, Drake et al. (2013) administered 400 mg of caffeine (equivalent to about 2 cups 

of double shot espresso) to participants 0, 3 and 6 hours before bedtime. There is less 

research on typical caffeine use, which is characterised by earlier morning consumption 

with tapering off in the afternoon and abstinence overnight (Hindmarch et al., 2000; James 

& Keane, 2007). Although research has shown that caffeine ingested even 6 hours before 

bedtime can disrupt both objective and subjective sleep parameters (Drake et al., 2013), 

more data is needed on how morning and/or afternoon consumption affects the timing, 

structure and quality of sleep. Evaluating the effects of various caffeine doses on sleep 

consumed at various times throughout the day would help to obtain a more accurate 

representation of how caffeine impacts sleep in the real world (Snel, 1993). This would 

also better account for interindividual variability caused by factors such as caffeine 

metabolism and habituation. 
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Table 2.2 Summary of studies on the association between caffeine consumption and sleep quality. Studies were included if participants were healthy young 

adults and adults (aged 18 years and above), and caffeine and sleep quality assessments were described. Studies involving animals, children, or adolescents, 

or in which sleep quality was not a primary outcome variable, were excluded. Studies are divided with a double line according to study type and are arranged 

alphabetically by the first author. 

Reference Origin Study design Sample 

(n,  

cohort,  

age) 

Caffeine  

intake or dose (units) 

Sleep quality 

assessment 

Findings 

Brick et al. 

(2010) 

United 

States 

Cross-sectional n = 314, 

Medical 

students,  

27.8 ± 4.0 y 

Number of caffeinated 

beverages (drinks/day) 

 

PSQI No significant association 

Choi (2020) Korea Cross-sectional n = 381,  

University 

students,  

20–26+ y 

Frequency of caffeine 

consumption 

(drinks/day) 

PSQI No significant association  

Kerpershoek et 

al. (2018) 

 Cross-sectional n = 880,  

University  

students, 

21.3 ± 3.1 y 

 

Total weekly caffeine 

consumption 

(mg/week)  

(Substance-use 

questionnaire) 

PSQI ↑ caffeine consumption was associated 

with poorer sleep quality for non-

evening caffeine consumers (β = 

0.170, p = 0.025) 

Lemma et al. 

(2012) 

Ethiopia Cross-sectional n = 2230, 

University 

students, 20.3 ± 

1.3 y 

Number of caffeinated 

beverages 

(drinks/week) 

PSQI Consumption of ≥ 1 caffeinated 

beverage/ week associated with 

increased odds of poor sleep quality 

(OR 1.29; CI 1.02–1.64) 
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Lohsoonthorn 

et al. (2013) 

Thailand Cross-sectional n = 2854, 

University 

students, 20.3 ± 

1.3 y 

Number of caffeinated 

beverages 

(drinks/week) 

PSQI ↑ caffeine consumption associated with 

poor sleep quality (p < 0.001) 

Lund et al. 

(2010) 

United 

States 

Cross-sectional n = 1125, 

University 

students, 

20 ± 1.3 y 

Number of caffeinated 

beverages (servings*/ 

weekday and weekend 

day) 

PSQI No significant association 

Melone et al. 

(2022) 

France Cross-sectional n = 339,  

Collegiate 

athletes,  

median 20 y 

Number of caffeinated 

beverages (units/day) 

PSQI Caffeine consumption correlated with 

higher PSQI scores (OR 1.09; CI 0.18–

2.01) 

Ogilvie et al. 

(2018) 

United 

States 

Cross-sectional n = 1854,  

Young adults,  

38.9 ± 19.3 y 

Frequency of caffeine 

consumption 

(drinks/week) 

(Project EAT-III 

survey) 

Kandel and 

Davies 

Depressive 

Symptoms 

Questionnaire‡ 

↑ energy drink (PR 1.79; CI 1.24–2.34) 

and sports drink (PR 1.28; CI 1.00–

1.55) consumption associated with 

poor sleep quality  

Reid and Baker 

(2008) 

South 

Africa 

Cross-sectional n = 986,  

University 

students,  

21 ± 3 y 

Number of caffeinated 

beverages (cups/day) 

Self-rated sleep 

quality 

↑ caffeine consumption associated with 

poor sleep quality (p < 0.001) 

Riera-Sampol 

et al. (2022) 

 Cross-sectional n = 886,  

University 

students, 

20.6 ± 2.1 y 

Daily caffeine 

consumption (mg/day) 

MOS Sleep Scale ↑ caffeine consumption associated with 

poor sleep quality (p < 0.001)  
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Sanchez et al. 

(2013) 

Peru Cross-sectional n = 2458, 

University 

students,  

20.9 ± 2.6 y 

Number of caffeinated 

beverages 

(drinks/week) 

PSQI Consumption of ≥3 caffeinated 

beverages/week had higher odds of 

poor sleep quality (OR 1.88; CI 1.42–

2.50) 

Watson et al. 

(2016) 

Australia Cross-sectional n = 80,  

University 

students,  

38.9 ± 19.3 y 

Frequency of caffeine 

consumption (mg/day) 

(C-FFQ) 

 

PSQI Caffeine consumption was higher 

among poor sleepers than good 

sleepers (p = 0.008) 

Young et al. 

(2020) 

United 

States 

Cross-sectional n = 462,  

Young adult 

women,  

22.9 ± 0.5 y 

Frequency of caffeine 

consumption 

(drinks/day) 

PSQI Energy drink (p = 0.008) and high-

calorie coffee consumption (p = 

0.0002) associated with poor sleep 

quality  

Zunhammer et 

al. (2014) 

Germany Longitudinal 

(before, during, 

after exams) 

n = 142,  

University 

students,  

22.2 ± 2.5 y 

Number of caffeinated 

beverages 

(units†/week) 

 

PSQI No significant association  

       

Ali et al. (2015) New 

Zealand 

Randomised, 

double-blind 

placebo-

controlled 

n = 10, 

Female athletes, 

24 ± 4 y 

Caffeine supplement 

(6 mg·kg-1) at 1800 h 

LSEQ Caffeine supplementation impaired 

subsequent sleep quality (p < 0.05) 

Hindmarch et 

al. (2000) 

United 

Kingdom 

Randomised 

crossover  

n = 30,  

Adults, 

27.3 ± 0.9 y 

1-2 cups of tea (37.5 

or 75 mg caffeine) or 

coffee (75 or 150 mg 

caffeine) at 0900, 

1300, 1700 and 2100 

h 

LSEQ 

 

Caffeine had a negative dose-

dependent effect on sleep quality (p 

<0.001) 
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Keenan (2005) United 

Kingdom 

Randomised, 

double-blind, 

placebo-

controlled 

crossover 

n = 19,  

Adult caffeine 

consumers, 

32 ± 12.9 y 

Caffeine (250 mg) for 

five consecutive nights   

Actigraphy watch 

and subjective 

sleep quality 

(sleep diary) 

Trend for ↓ sleep quality after caffeine 

use 

Ramos-Campo 

et al. (2019) 

Spain Randomised, 

double-blind, 

comparative 

crossover  

n = 15, 

Athletes, 

23.7 ± 8.2 y 

Caffeine supplement 

(6 mg·kg-1) 1 h before 

800-m running time 

trial (2000 h) 

Actigraphy watch 

and subjective 

sleep quality 

(KSD)  

Caffeine impaired sleep quality 

variables (p = 0.005) 

Shilo et al. 

(2002) 

Israel Double-blind 

randomised  

n = 6,  

Hospital 

personnel,  

32 ± 12 y 

Decaffeinated or 

regular coffee (130 

mg/cup)  

Self-rated sleep 

quality 

Caffeinated coffee ↓ sleep quality 

compared to decaffeinated coffee 

Weibel et al. 

(2021) 

Switzerland Double-blind 

crossover 

n = 20,  

Male caffeine 

consumers, 

26 ± 4 y 

Caffeine (3 x 150 mg) 

daily for 10 days, 

withdrawal (3 x 150 

mg caffeine for 8 days 

then placebo), and 

placebo condition 

LSEQ No significant association between the 

3 conditions (p > 0.05) however ↑ 

difficulty in awakening and tiredness in 

the caffeine compared with placebo 

condition (p < 0.01) 

Abbreviations: C-FFQ = Caffeine Food Frequency Questionnaire; CI = Confidence Interval; FFQ = Food Frequency Questionnaire; KSD = Karolinska Sleep 
Diary; LSEQ = Leeds Sleep Evaluation Questionnaire; OR = Odds Ratio; PR = Prevalence Ratio; PSQI = Pittsburgh Sleep Quality Index 
*Serving was defined as an 8 oz (237 ml) serving of coffee, espresso, tea, soft drinks, hot chocolate, or 1.5 oz (43 g) of chocolate 
†Unit was defined as 200 ml of coffee or tea or 500 ml of caffeinated soft drinks (equivalent to ~50–100 mg of caffeine) 
‡Sleep quality was measured from the question, “During the past 12 months, how often have you been bothered or troubled by having trouble going to sleep 
or staying asleep?”. Possible responses to this question were ‘not at all’, ‘sometimes’, or ‘very much’.
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2.13 Summary of the Literature 

Sleep is fundamental to human health, well-being, functioning and performance (Hamilton 

et al., 2007; Luyster et al., 2012; Walker, 2009), yet anecdotal data suggests that sleep is 

becoming less of a priority than other waking commitments (Basner et al., 2007; Batten et 

al., 2020). Insufficient sleep (in both quantity and quality) has significant negative 

consequences on an individual (e.g., increased risk of chronic diseases), at both an 

interpersonal and societal level. Although many biological, lifestyle and sociocultural 

factors (Grandner, 2019; Ohida et al., 2001) have been associated with sleep health, 

caffeine has received more attention recently in light of its pervasive use and our society’s 

trend toward 24/7 living (Calamaro et al., 2009; Coveney, 2014). 

Although the benefits of caffeine consumption for improving cognition and performance 

are frequently highlighted, little is understood or acknowledged by the general population 

regarding caffeine’s adverse impacts, particularly on sleep. People might not be aware that 

in healthy adults caffeine has an average half-life of 4 to 6 hours (Benowitz, 1990; White et 

al., 2016), which means that its wake-promoting effects may last long after consumption 

and possibly past the period that it is wanted. Caffeine helps to prolong wakefulness 

through the blockade of adenosine (A1 and A2A) receptors in the brain (Nehlig et al., 1992; 

Van Galen et al., 1992) and consumption, particularly in the evening, has been shown to 

affect sleep timing, architecture and quality (see Clark & Landolt (2017) for a review).  

Young adulthood (ages 18–25) is a crucial developmental stage during which a number of 

lifestyle behaviours (e.g., stimulant/drug use) are established or reinforced (Stroud et al., 

2015), and may have a substantial influence on future health outcomes and quality of life 

(Harris, 2010). Young adults are believed to be more susceptible to restricting their sleep 

and accruing sleep debt (Lack, 1986; Phillips et al., 2017) as a result of biological (e.g., 

later circadian preference; Roenneberg et al., 2004) and environmental influences (e.g., 

increased academic and social demands; Wang & Bíró, 2021). In young adults, adverse 

repercussions linked to short and poor-quality sleep include lower academic performance 

(Chen & Chen, 2019), increased risk-taking behaviour (Rusnac et al., 2019) and worse 

mental health (Dickinson et al., 2018). 
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Study Aims 

The objective of this study is to fill in some of the gaps left by earlier investigations 

examining the link between caffeine consumption and sleep quality. Firstly, there is 

currently no available data on the sleep quality of New Zealand young adults and 

international research has shown significant variability in estimates of poor sleep quality in 

this demographic (Table 2.1). Moreover, a broader exploration of lifestyle circumstances 

(e.g., studying, working, or both) is required as the majority of research to date in the 

young adult population has primarily concentrated on university students (Aldhawyan et 

al., 2020; Becker et al., 2018a; Di Benedetto et al., 2020). Secondly, although caffeine’s 

dose- and time-dependent effects on sleep have been well documented in the laboratory 

setting (Carrier et al., 2007; Drake et al., 2013; Drapeau et al., 2006), the extent to which 

habitual intake affects sleep in naturalistic settings is less understood. Thirdly, earlier 

research on caffeine’s effects on sleep had been mostly focused on Western male adults 

(Clark & Landolt, 2017), therefore, more data is needed on diverse populations. Finally, to 

the author’s knowledge, only two other studies (Choi, 2020; Watson et al., 2016) have 

employed FFQs to estimate caffeine intake. In this study, the use of CaffCo will enable us 

to more accurately estimate caffeine intake due to its inclusion of a wide selection (product 

range, including volumes) of caffeinated foods and beverages in the New Zealand market 

as opposed to previous studies that only collected data on the number of caffeinated 

beverages consumed per day/week. 
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CHAPTER 3 RESEARCH STUDY MANUSCRIPT 

The following chapter is presented as a manuscript prepared for the peer-reviewed Journal 

Nutrients. The abstract must be limited to 200 words maximum, and there are no 

restrictions on the length of the main text, provided it is concise and comprehensive.  

Supplementary information can be found in Appendices D and E and results in Appendix F.  

3.1 Abstract 

Background: Short and poor-quality sleep are associated with reduced cognitive 

functioning, increased psychological distress and increased risk of developing chronic 

diseases. Young adults may be more prone to irregular sleep-wake schedules and may 

consume caffeine to mitigate the adverse consequences of sleep loss. Although caffeine is 

well known for its stimulating properties, its disruptive effects on sleep are often 

overlooked. Sleep quality data on New Zealand young adults (aged 18–25) is required to 

ascertain whether there is cause for concern.  

Aim: This cross-sectional study aimed to examine sleep quality in healthy young adults 

and the associations between sleep quality and caffeine consumption. 

Method: Validated online caffeine consumption and sleep quality questionnaires were 

administered to 192 young adults. 

Results: The majority of young adults (87.5%) slept fewer than 7 hours each night and 

poor sleep quality was commonplace (85.9%). Participants’ average daily caffeine intake 

was 159.6 mg·day-1, with coffee being the primary contributor. Caffeine consumption was 

not associated with sleep quality. Students were more likely to experience poor sleep 

quality than workers. 

Conclusions: Poor sleep quality is prevalent among New Zealand young adults, and 

further investigation is required to determine the causes. 

Keywords: caffeine, caffeine consumption, sleep quality, sleep health, young adults, New 

Zealand. 
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3.2 Introduction 

Sleep is essential for maintaining health, well-being and performance; but in today’s 

modern world, it is becoming increasingly difficult to prioritise as part of our daily routines 

(Basner et al., 2007; Batten et al., 2020). Sleep plays a vital role in several physiological 

and behavioural functions, including learning and memory consolidation (Gais & Born, 

2004; Walker et al., 2002), emotional regulation (Palmer & Algano, 2017; Vandekerckhove 

& Wang, 2017), brain metabolite clearance (Hladky & Barrand, 2017; Xie et al., 2013), 

immune responses (Besedovsky et al., 2012; Del Gallo et al., 2014) and hormone and 

energy balance (Kim et al., 2015; Spiegel et al., 2004). Total sleep deprivation can be fatal 

in both humans (Lugaresi et al., 1986) and animals (Rechtschaffen et al., 1989), and 

restricting sleep (<7 hours a night) elicits a multitude of cognitive and behavioural deficits, 

including reduced alertness, attention and vigilance (Banks & Dinges, 2007; Killgore, 

2010), increased daytime sleepiness (Giannotti et al., 2002), and increased stress 

responsivity and emotional sensitivity (Minkel et al., 2012; Rosales-Lagarde et al., 2012).  

Young adults may be more prone than middle-aged and older adults to experiencing and 

suffering from the adverse effects of sleep loss and poor-quality sleep. Researchers have 

suggested that this may be due to factors such as increased academic and social 

obligations that lead to irregular sleep-wake schedules (Taylor et al., 2013; Wang & Bíró, 

2021), and the adoption of unfavourable lifestyle behaviours that may affect sleep (e.g., 

increased alcohol consumption) (Li et al., 2020; Lohsoonthorn et al., 2013). Short and 

poor-quality sleep in young adults has been linked with lower academic performance 

(Chen & Chen, 2019; Gomes et al., 2011), increased risk-taking and sensation-seeking 

behaviours (Rusnac et al., 2019; Taghvaee & Mazandarani, 2022), increased risk of 

psychological problems such as depression and anxiety (Dickinson et al., 2018; Regestein 

et al., 2010) and increased suicidal ideation and attempts (Becker et al., 2018b; Vail-Smith 

et al., 2009).  

Although individual sleep needs may differ (Chokroverty, 2017; Watson et al., 2015), 

scientific experts recommend most young adults (aged 18–25 years) get between 7 to 9 

hours of sleep every night (Hirshkowitz et al., 2015). A meta-analysis (Youngstedt et al., 

2016) comprising 6,052 participants (aged 18–88 years) assessed sleep duration trends 

over the last 50 years found that young adults (aged 18–27) had a higher prevalence of 

short sleepers (<6 hours per night) than adults and older adults (28+ years). A recent New 
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Zealand study also found that more than one-third of adults (aged 18+) did not get the 

required amount of sleep (<7 hours) each night (Lee & Sibley, 2019). Researchers have 

suggested that cultural trends such as lengthy commutes, extended workdays, stimulant 

use and constant access to electronic devices (Luyster et al., 2012; Meredith et al., 2013; 

Ogilvie & Patel, 2018) are partly responsible for people limiting their sleep opportunity i.e., 

the amount of time they give themselves the chance to sleep.  

Caffeine is a well-known stimulant that achieves its effects mainly through the antagonism 

of adenosine A1 and A2A receptors in the brain (Fredholm, 1995; Nehlig et al., 1992). 

Individuals’ responses to caffeine can vary considerably depending on factors such as 

genetics, age, gender and caffeine habituation (Fredholm et al., 1999; Nehlig, 2018; Yang 

et al., 2010). It is generally accepted that low to moderate doses of caffeine, up to about 

300 mg·day-1 (McLellan et al., 2016), can improve cognition (McLellan et al., 2016; Nehlig, 

2010; Smith, 2002) and physical performance (Duncan et al., 2013; Graham, 2001). 

However, high doses (≥400 mg·day-1) may increase the risk of negative effects, such as 

restlessness, anxiety, irritability, muscle tremor, insomnia, nausea and gastrointestinal 

upset (Kaplan et al., 1997; Nawrot et al., 2003). Although sleep is arguably the biological 

function most sensitive to caffeine’s effects (Dews, 1982; Nehlig, 1999), the impact 

consumption has on people’s sleep quantity and quality could be the one that is most 

overlooked in our 24/7 culture (Basner et al., 2007; Coveney, 2014; Foster & Wulff, 2005). 

Strong evidence indicates that caffeine use prolongs sleep onset latency, reduces total 

sleep time and sleep efficiency, worsens perceived sleep quality and diminishes slow 

wave (deep) sleep (see Clark & Landolt (2017) for a review). Caffeine’s effects on sleep 

are generally dose- and time-dependent, with greater dosages and evening use, 

particularly before bedtime, instigating sleep-disrupting effects (Hindmarch et al., 2000; 

Karacan et al., 1976). 

It has been proposed that young adults, particularly university students, often consume 

more caffeine than the general public (Bertasi et al., 2021; Champlin et al., 2016). 

Numerous studies have reported that young adults typically use this stimulant to stay 

awake to study for an exam or complete a major project (Attila & Çakir, 2011; 

Lohsoonthorn et al., 2013; Malinauskas et al., 2007), as well as to combat sleepiness, 

increase energy, improve mood, alleviate stress, and boost concentration or performance 

(Attila & Çakir, 2011; Mahoney et al., 2019). With the surge in social media use in recent 

years (Villanti et al., 2017), there is also evidence to suggest that young people are 
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consuming caffeine to stay up later in order to use their electronic devices for longer 

(Calamaro et al., 2009). Data on young adults’ knowledge of caffeine, particularly its 

impact on sleep, is scarce. However, one study (Lee et al., 2009) found that some (27%) 

university students thought that caffeine could be used as a substitute for sleep. This is 

concerning because it may result in the stimulant being used improperly and causing 

accidental harm. 

To the author’s knowledge, research on sleep in young adults has mostly been conducted 

among university students and has not yet been examined in the New Zealand setting. 

Additionally, there are few studies examining how habitual caffeine consumption affects 

sleep compared to trials in the laboratory setting. Therefore, the present study aimed to 

determine the relationship between habitual caffeine consumption and sleep quality 

among New Zealand young adults. In particular, this research sought to (1) determine the 

prevalence of poor sleep quality among healthy young adults; (2) evaluate the 

associations between caffeine consumption and sleep quality; and (3) determine the 

differences in caffeine consumption between self-reported good and poor sleepers. 
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3.3 Materials and Methods 

3.3.1 Participants 

Participants were recruited via Massey University newsletters and media releases, social 

media, poster advertisements (Appendix A) displayed on the Massey University Albany 

Campus, and word of mouth. To be eligible for the study, participants had to be between 

18 and 25 years, be currently residing in New Zealand, be fluent in reading and writing 

English, be in good general health with no history of heart, neurological and/or psychiatric 

illness, have no current sleep problems, and not be engaged in shift work. The study was 

approved by the Massey University Human Ethics Committee: Southern A (Application 

21/11; see Appendix B for MUHEC approval letter). 

3.3.2 Procedures 

An information sheet (Appendix C) outlining the study’s objectives was sent to those who 

expressed interest, along with a disclaimer that implied consent would be obtained through 

completing and submitting the questionnaires. An online survey software was used to 

administer the questionnaires (Qualtrics, 2021), and data were collected between May and 

August 2021. Participants could gain access on their own devices via the survey link or 

QR code and complete the questionnaires at a time/location suitable for them. It was 

estimated that the questionnaires would take approximately 30 to 40 minutes to complete. 

Participants were provided with the option to enter a draw for a gift voucher upon 

completion of their questionnaires. 

3.3.3 Measures 

Pittsburgh Sleep Quality Index (PSQI) – The PSQI is a self-rated questionnaire that 

retrospectively evaluates sleep quality and disturbances over a one-month period (Buysse 

et al., 1988). It contains 19 items (note: question 10 relating to having a bed partner or 

roommate was removed from our version) which generate seven “component” scores, 

including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, 

sleep disturbances, use of sleep medication and daytime dysfunction. Each component is 

graded on a 4-point scale from ‘0’ to ‘3’, where ‘3’ indicates the greatest dysfunction. The 

sum of these scores produces a “global score”, ranging from 0 (no difficulties) to 21 
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(severe difficulties), distinguishing individuals as “good” (score < 5) or “poor” (score ≥ 5) 

sleepers. The PSQI is a robust and reliable instrument (Backhaus et al., 2002; Buysse et 

al., 1988; Carpenter & Andrykowski, 1998) for assessing sleep quality that has been 

extensively used in studies on young adult populations (Ahrberg et al., 2012; Becker et al., 

2018a; Carpi et al., 2022; Mah et al., 2018). See Appendix D.1 for the complete list of 

questionnaire items and Appendix D.2 for the scoring protocol. 

Caffeine Consumption Habits (CaffCo) Questionnaire – The CaffCo is a self-report 

questionnaire containing 49 sections that assess the caffeine intake patterns, influences 

on consumption and experiences of adults across eight caffeine sources (tea, coffee, 

chocolate, energy drinks, kola drinks, caffeinated ready-to-drink (RTD) alcoholic 

beverages, sports supplements and caffeine tablets) (Rowe et al., 2020). Demographic 

information, including age, gender, ethnicity, self-reported weight (kg) and height (cm), 

employment status, living situation and smoking status, were also collected. See Appendix 

E.1 for the complete list of questionnaire items. Participants’ daily caffeine intake was 

determined by matching product caffeine content information (Appendix E.2) with 

consumption frequency data retrieved from the questionnaire. A numerical factor was 

assigned to the consumption frequencies (“never” to “6+ times per day”) to measure daily 

caffeine intake. For instance, if a product was consumed once per week, the factor was 

1/7 = 0.143. The median value of the frequency range was utilised wherever one was 

provided (e.g., for products consumed 4–5 times per day, the factor would be 4.5). Each 

product in each source category was added to estimate the total amount of caffeine 

consumed. Similarly, to determine the estimated total daily caffeine intake, the sum of 

each caffeine source was added together (i.e., the total intake for coffee, tea, energy 

drinks, etc.). CaffCo is a validated and reliable tool to evaluate caffeine consumption 

patterns (Rowe et al., 2020) and effectively captures the variety of caffeinated products 

available in the present New Zealand market.  
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3.3.4 Data Analysis 

Classifications by groups – Participants were categorised into caffeine consumer 

groups, classified as low (<80 mg·day-1), moderate (80 – 400 mg·day-1), and high (>400 

mg·day-1), based on Food Standards Australia NZ classifications for intake (Australia New 

Zealand Food Authority Expert Working Group on Caffeine, 2000) and by sleep quality 

group, i.e., good sleeper (PSQI global score <5) or poor sleeper (PSQI global score ≥5) 

(Buysse et al., 1988). 

Body mass index (BMI) – For participants (n = 166) who provided self-reported weight 

(kg) and height (cm), a BMI (kg/m2) value was calculated. Using the World Health 

Organization (WHO) BMI cut-offs, individuals were categorised as being underweight 

(<18.5 kg·m2), normal weight (18.5 – 24.9 kg·m2), overweight (25.0 – 29.9 kg·m2), or 

obese (>30.0 kg·m2) (World Health Organization, 2018).  

Covariates – Demographic factors including gender, ethnicity, living situation and BMI, did 

not impact sleep quality other than employment status; as a result, they were not included 

as covariates. Smoking status was included as a covariate in our binary logistic models, 

even though there were no significant differences between groups in our sample, as 

several studies have indicated that smokers are more likely than non-smokers to have 

poor-quality sleep and sleep disturbances (Fatima et al., 2016; Gómez-Chiappe et al., 

2020; Liao et al., 2019; Mamun et al., 2020). 
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3.3.5 Statistical Analysis 

Questionnaire data was exported from Qualtrics into Microsoft Excel (2018) and screened 

for any missing or invalid information, and then imported into SPSS statistical software 

(Version 27, SPPS Inc., Chicago, IL) to perform statistical analysis. Outliers for the 

caffeine variables (>1.5 SD above the mean) were clarified with the participant and 

considered accurate and viable. All data were checked for normality using Shapiro–Wilk 

and Kolmogorov–Smirnov tests. Not normally distributed data that could not be log 

transformed were analysed using non-parametric tests. Participant characteristics were 

summarised using frequency and percentage for categorical variables and mean ± 

standard deviation (SD) for normally distributed data (e.g., age) and median [25th, 75th 

percentiles] (e.g., total caffeine intake, caffeine intake from beverages and sources, and 

sleep variables). 

Chi-square tests were used to assess differences in sleep quality by demographic 

variables. Spearman’s rank correlation was utilised to determine the relationship between 

total daily caffeine consumption and PSQI global score. Differences in PSQI global score 

and sleep subscales by caffeine consumer groups were analysed using Mann–Whitney U 

tests. For further analysis, binary logistic regression modelling was used to calculate odds 

ratios (OR) and 95% confidence intervals (95% CI) for predictors of poor sleep quality. In 

all tests, significance was determined if p < 0.05. 
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3.4 Results 
 

3.4.1 Participants 

Of the 771 people who expressed interest in the study, 489 met the inclusion criteria, and 

315 completed both the CaffCo and PSQI questionnaires. Post-hoc data cleaning 

identified five questionnaires with missing data, which were removed from the dataset. 

Due to a technical error in the survey, sleep efficiency could not be accurately calculated 

for 118 participants, and data from these participants were also excluded from analyses. 

The total study population analysed comprised 192 participants. The participant 

recruitment process is summarised in Figure 3.1. 

 
Figure 3.1 Flow diagram of participant recruitment and the inclusion/exclusion process of 
the study. 
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Technical error in the 
survey (n = 118) 
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3.4.2 Participant Characteristics 

Participant characteristics are summarised in Table 3.1. The study population was 

predominantly female (85.4%; mean reported age of 22 ± 2.2 years), European (79.2%), 

students (68.8%), non-smokers (85.9%), and flatting (48.4%) or living in a family home 

(41.1%) and had a BMI within the normal range (56.8%). Additional detail about participant 

age and ethnicity can be found in Appendix F (Table F.1 and Figure F.1, respectively). 

Table 3.1 Participant socio-demographic characteristics (n = 192). 

Variable n (%) 

Age, years, mean ± SD 22 ± 2.2 years 

Gender 
Female 

Male 
Non-binary/Other 

 
164 (85.4) 
24 (12.5) 
4 (2.1) 

Ethnicity† 
NZ European/European 

Māori 
Asian§ 

Pacific peoples¶ 
Other# 

 
152 (79.2) 
15 (7.8) 
51 (26.6) 
1 (0.5) 
2 (1.0) 

Living situation 
Flatting with others 

Living in a family home with others 
Living with partner 

Living alone 
Halls of residence 

 
93 (48.4) 
79 (41.1) 
12 (6.3) 
5 (2.6) 
3 (1.6) 

Employment Status 
Full-time employment 
Part-time employment 

Student 
Student with employment 

Unemployed 

 
50 (26.0) 
6 (3.1) 

81 (42.2) 
51 (26.6) 
4 (2.1) 

Body mass index (BMI) ♠, ‡ 

Underweight (<18.5 kg·m-2) 
Normal weight (18.5-24.9 kg·m-2) 

Overweight (25.0-29.9 kg·m-2) 
Obese (≥30.0 kg·m-2) 

 
8 (4.2) 

109 (56.8) 
34 (17.7) 
15 (7.8) 

Smoking status 
Non-smoker 

Smoker 

 
165 (85.9) 
27 (14.1) 

†Participants were able to select multiple ethnicities; hence total is greater than 100%. 
§Includes Southeast Asian, Filipino, Chinese, Korean, Japanese, Indian, Taiwanese, Vietnamese 
¶Includes Tongan. 
#Includes Middle Eastern, African. 
♠Participants who provided height and weight (n = 166). 
‡BMI cut-offs according to WHO categorisation (World Health Organization, 2018). 
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3.4.3 Total Caffeine Consumption and Sources 
Contributing to Intake 

 

Total Daily Caffeine Consumption by Source 

Estimated total daily caffeine consumption by source (mg·day-1) is shown in Figure 3.2. 

Participants’ median daily caffeine intake was 159.6 [Interquartile range (IQR) 78.5 – 

217.7] mg·day-1, and ranged from 0 to 848.2 mg·day-1. Coffee contributed the greatest 

amount to total daily caffeine intake, with a median reported intake of 84.0 [8.5 – 167.6] 

mg·day-1. There was a wide variation of intakes reported for coffee (0 to 395.5 mg·day-1) 

and energy drinks/shots (0 to 344.4 mg·day-1).  

 
Figure 3.2 Distribution of total daily caffeine intake by source (n = 192). 

Values more than 1.5 IQR from the end of the box are labelled as outliers (o).  
Values more than 3 IQR are labelled as extreme outliers, denoted by asterisks (*). 
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Caffeine Consumption Groups 

The majority of participants (70.8%) were moderate caffeine consumers (80 to 400 

mg·day-1), with 25.5% being low (<80 mg·day-1) consumers, and the remaining 3.6% 

classified as high caffeine consumers (>400 mg·day-1). Figure 3.3 shows a comparison of 

the intake ranges for the three caffeine intake groups (low, moderate, high). In order to 

conduct sleep analysis by caffeine consumption level, the high caffeine consumer group (n 

= 7) and the moderate caffeine consumer group (n = 136) were combined to form one 

group due to insufficient numbers in each group. In light of this, this group will hereafter be 

referred to as “moderate-to-high caffeine consumers” (n = 143).  

 
Figure 3.3 Distribution of total daily caffeine intake by consumer group (n = 192). 

Values more than 1.5 IQR from the end of the box are labelled as outliers (o).  
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Frequency of Consumption of Common Caffeine Sources  

Figure 3.1 shows the percentage of participants that consumed popular caffeine sources. 

The most frequently consumed sources of caffeine in the diet were chocolate (82.3%), 

coffee (78.6%), tea (57.3%) and kola drinks (55.7%). Almost half of the cohort (44.3%) 

indicated consuming energy drinks, and a small proportion indicated consuming pre-

workout/sports gels and caffeine tablets (12.5% and 8.3%, respectively). Only 1.6% of 

participants (n = 3) did not consume caffeine.  

 

Figure 3.4 Percentage of participants consuming common caffeine sources (n = 192). 
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3.4.4 Sleep Characteristics 

The results of the PSQI were analysed according to component scores and overall global 

score (Table 3.2). The majority (85.9%) of participants reported having poor sleep quality 

(global score ≥5), and 14.1% having good sleep quality (global score <5). The mean global 

PSQI score of the total sample was 7.79 ± 3.08 (distribution of PSQI global scores can be 

found in Figure G3). Nearly two-thirds (64.6%) of participants described their subjective 

sleep quality to be “fairly/very good”, and 43.2% indicated trouble falling asleep at night 

(>30 minutes). Only 12.5% of participants reported getting 7 or more hours of sleep per 

night, but most (69.3%) obtained 6–7 hours of sleep per night. On average, participants 

reported getting into bed at 10:10 p.m. and waking up at 7:30 a.m. Only about one-third of 

participants (30.2%) indicated having good sleep efficiency (≥85%). Most of the cohort had 

not used any sleep medication in the past month (90.6%) and reported no/low levels of 

sleep disturbances (77.6%) and no/low levels of daytime dysfunction (57.9%). 
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Table 3.2 Sleep quality in young adults based on the components of the PSQI (n = 192). 

PSQI Sleep Quality Components n (%) 
 

Global PSQI score and overall rating 
Good (global score < 5) 
Poor (global score ≥ 5) 

 
27 (14.1) 

165 (85.9) 

Subjective sleep quality 
Very good 
Fairly good 
Fairly bad 
Very bad 

 
14 (7.3) 

110 (57.3) 
60 (31.3) 
8 (4.2) 

Sleep latency 
<15 minutes 

16-30 minutes 
31-60 minutes 
>60 minutes 

 
31 (16.1) 
78 (40.6) 
49 (25.5) 
34 (17.7) 

Sleep duration 
>7 hours 
6-7 hours 
5-6 hours 
<5 hours 

 
24 (12.5) 

133 (69.3) 
32 (16.7) 
3 (1.6) 

Habitual sleep efficiency 
≥85% 

75-84% 
65-74% 
≤65% 

 
58 (30.2) 
60 (31.3) 
52 (27.1) 
22 (11.5) 

Sleep disturbances 
No sleep disturbance 
Low sleep disturbance 

Medium sleep disturbance 
High sleep disturbance 

 
7 (3.6) 

142 (74.0) 
39 (20.3) 
4 (2.1) 

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 

 
174 (90.6) 

12 (6.3) 
3 (1.6) 
3 (1.6) 

Daytime dysfunction 
No effect on daily work 
Low effect on daily work 

Medium effect on daily work 
High effect on daily work 

 
17 (8.9) 
94 (49.0) 
68 (35.4) 
13 (6.8) 
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3.4.5 Association Between Caffeine Consumption and 
Sleep Quality  

Differences in Total Daily Caffeine Consumption Between Good and Poor 
Sleepers 

Total daily caffeine consumption was non-significantly higher for poor sleepers than good 

sleepers, 143.1 [81.6 – 217.7] vs. 118.9 [65.1 – 205.3] mg·day-1, respectively (p = 0.452; 

Figure 3.4). For the various caffeine sources, there were no differences in intake according 

to sleep quality (p >0.05; refer to Appendix F, Table F.2). 

 
Figure 3.5 Total caffeine intake according to sleep quality (n = 192). 

Values more than 1.5 IQR from the end of the box are labelled as outliers (o).  
Values more than 3 IQR are labelled as extreme outliers, denoted by asterisks (*). 
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Relationship Between Total Daily Caffeine Consumption and PSQI Global 
Score 

There was no significant correlation between total daily caffeine consumption and PSQI 

global score (r = 0.037, p = 0.614; Figure 3.5) or any of the PSQI sleep components (sleep 

latency, duration, efficiency, disturbances, use of sleep medication, daytime dysfunction, 

or perceived sleep quality; p >0.05). Participants’ experiences with sleep disturbances are 

outlined in Appendix F, Figure F.4.   

 
Figure 3.6 Scatterplot showing the relationship between total daily caffeine consumption 
(mg·day-1) and PSQI global score (n = 192). 

Each blue circle represents a study participant aligning with their respective total daily caffeine intake (X-
axis) and PSQI global score (Y-axis). 

PSQI component scores were compared between caffeine consumer groups. There were 

no statistically significant differences in total and PSQI component scores between low 

and moderate-to-high caffeine consumers, with the exception of the usage of sleep 

medication. Compared to low caffeine consumers (0.00 ± 0.00), those who consumed 

moderate to high amounts of caffeine (0.19 ± 0.57) reported using sleep medication more 

frequently in the previous month (p = 0.009).  
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3.4.6 Predictors of Sleep Quality  

Predictors of sleep quality were assessed using a binary logistic regression model and 

summarised in Table 3.6. No association was found between caffeine consumption level 

(low versus moderate-to-high caffeine consumption) and sleep quality (p = 0.598). The 

only significant predictor of sleep quality in the model was employment status. Compared 

to working young adults, the odds of experiencing poor sleep quality were increased for 

both students with employment [90 vs 75%, OR = 3.07 (1.02 – 9.25)] and without 

employment [91 vs. 75%, OR = 3.52, 95% CI (1.32 – 9.42)]. Smoking status was not a 

significant predictor of sleep quality in this cohort (p >0.05). 
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Table 3.3 Predictors of sleep quality (n = 188¶). 

 Good sleep quality 
n (%) 

Poor sleep quality 
n (%) 

Univariate 
OR (95% CI) 

Multivariate adjusted†  
OR (95% CI) 

Caffeine consumption level 
Low 
Moderate to high 

 
8 (16.3) 

18 (12.9) 

 
41 (83.7) 
121 (87.1) 

 
Reference 

1.31 (0.53 – 3.24) 

 
Reference 

1.66 (0.63 – 4.34) 

Employment status 
Employed (full- or part-time) 
Students without employment 
Students with employment 

 
14 (25.0) 

7 (8.6) 
5 (9.8) 

 
42 (75.0) 
74 (91.4) 
46 (90.2) 

 
Reference 

3.52 (1.32 – 9.42) 
3.07 (1.02 – 9.25) 

 
Reference 

3.94 (1.42 – 10.94) 
3.11 (1.02 – 9.52) 

Smoking status 
Non-smoker 
Smoker 

 
24 (14.8) 

2 (7.7) 

 
138 (85.2) 
24 (92.3) 

 
Reference 

2.09 (0.46 – 9.41) 

 
Reference 

1.83 (0.39 – 8.55) 

Abbreviations: OR = odds ratio, CI = confidence interval. 
OR >1 indicates an increased likelihood of poor sleep quality and OR <1 indicates decreased likelihood of poor sleep quality. The base value against which 
variable groups are compared is noted where the word “Reference” is used. 
†Caffeine consumption, employment status, and smoking status were included in the model. 
¶Total n = 188 (n = 4 participants identified as unemployed and were removed from the analysis). 



 57 

3.5 Discussion 

This cross-sectional study examined caffeine consumption habits and sleep quality of New 

Zealand young adults (aged 18–25 years). We sought to determine the degree to which 

poor sleep quality affected this otherwise healthy population and whether there were any 

correlations between caffeine use and poor sleep quality. 

The majority (98.6%) of the study cohort reported consuming caffeine from one or more 

sources, with chocolate, coffee, tea and kola drinks being the most popular choices. 

Participants’ median daily caffeine consumption was 159.6 mg·day-1, which is similar to 

the average daily intake (169 mg·day-1) among the 19 to 30-year-old age group reported in 

the New Zealand 2008/9 Adult Nutrition Survey (University of Otago and Ministry of 

Health, 2011). Our findings indicate that young adults’ caffeine consumption has not 

changed significantly over the past decade and that New Zealanders (aged 18–25) have 

relatively moderate caffeine intakes when compared to estimates (155 to 850 mg·day-1) for 

the young adult population abroad (Mcllvain et al., 2011; Riera-Sampol et al., 2022). 

Consistent with national data (University of Otago and Ministry of Health, 2011), coffee 

contributed the most to total daily caffeine consumption (median daily intake of 84.0 

mg·day-1) compared to other popular sources such as chocolate, tea and kola drinks. This 

is not surprising given that these different sources contain significantly less caffeine than 

coffee (refer to Appendix E.2). A small proportion (4%) of individuals exceeded the 

recommended safe upper limit for daily consumption (≥400 mg·day-1), with the highest 

recorded intake being 848.2 mg·day-1. Education on the importance of sleep and the 

possible detrimental effects of caffeine consumption on sleep may be needed, specifically 

among university students with high caffeine intakes. 

 

This study found that 86% of participants experienced poor sleep quality, which is a major 

concern given that this problem had not previously been recognised in this demographic. 

Our results highlight that the prevalence of poor sleep quality among New Zealand young 

adults is at the higher end of the range (estimated to be between 38–87%) found in 

overseas research (see Table 2.1). Future research should examine the elements 

particular to the New Zealand setting further because it is well known that 

sociodemographic and cultural factors substantially impact people’s sleep health (Knutson, 

2013). It should be noted that the skewed gender composition (85% females) in the 
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current sample may have played a role in the high incidence of poor sleep quality found. 

Previous studies have shown that females are more likely than males to experience sleep 

problems (Lindberg et al., 1997; Oginska & Pokorski, 2006), such as difficulty maintaining 

sleep, as well as reporting poorer sleep quality, increased daytime sleepiness and waking 

feeling exhausted and unrested (Fatima et al., 2016; Madrid-Valero et al., 2017; Tang et 

al., 2017).  

This study was carried out during the COVID-19 pandemic, and research has 

demonstrated COVID’s adverse effects on sleep globally (see Neculicioui et al., (2022) for 

a review). One Canadian study (Ramos Socarras et al., 2021) found that young adults 

(aged 18–25) reported increased sleep problems following lockdown restrictions, including 

greater difficulty falling asleep, increased nocturnal and early morning awakenings, and 

nightmares. Similarly, a New Zealand study (Gibson et al., 2022) found that 45% of adults 

(aged 20–85) claimed their sleep quality had worsened following the country’s first 

lockdown in 2020. Less social interaction, physical inactivity and limited sunlight exposure 

(Gibson et al., 2022) were key contributing factors consistent with the body of research, 

emphasising the significance of social and environmental factors for sleep health (Hale et 

al., 2015). Thus, our study’s findings may have been impacted, at least partly, by the 

pandemic’s disruptions to personal and social routines. 

Irrespective of employment status, students were considerably more likely than workers to 

have poor sleep quality. These findings are consistent with the plethora of studies showing 

the high prevalence of poor sleep quality among university populations (Aldhawyan et al., 

2020; Becker et al., 2018a; Di Benedetto et al., 2020). However, the current study is 

unique in that it is one of the first to examine sleep quality among young adults in various 

contexts beyond the academic setting (e.g. students with employment, students without 

employment and workers). University timetables can have variable start and finish times 

around which students must fit in social, study and other commitments, in contrast to 

people who work professions that usually have regular hours (i.e., a 9 to 5 schedule). 

Variable timetables may be one of the key reasons behind students’ irregular sleep-wake 

schedules, especially during periods of high demand, such as examinations or when 

assignment deadlines are approaching (Ahrberg et al., 2012; Zunhammer et al., 2014).  

The majority of study participants (88%) reported getting less than the minimum 7 hours of 

sleep per night that is advised for young adults (aged 18–25) to achieve optimal health 
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and well-being (Hirshkowitz et al., 2015; Watson et al., 2015). A study (Peltzer & Pengpid, 

2016) examining sleep duration in 19,417 university students (aged 16–30) from 26 

countries reported that more than half the population (61%) obtained an adequate amount 

of sleep (>7 hours). Despite the somewhat broader age range in the study by Peltzer and 

Pengpid (2016), it is alarming that a significantly higher percentage of young adults in New 

Zealand are not meeting sleep recommendations. Although ethnic differences were not 

analysed in the current investigation, previous national research has highlighted that Māori 

(Paine & Gander, 2016) and Pacific peoples (Lee & Sibley, 2019) are at higher risk of 

short sleep. Therefore, future studies should investigate if such patterns also exist in the 

young adult population. 

Around 43% of the cohort in the current study reported having trouble falling asleep (>30 

minutes), and 22% said they had moderate to severe sleep disturbances. It is important to 

note that when individuals were questioned further about the causes of this, stress and 

anxiety were frequently mentioned. This is in line with research that demonstrates 

psychological distress (e.g., depression, stress and anxiety symptoms) is a significant 

predictor of poor sleep quality in young adults (Almojali et al., 2017; Carpi et al., 2022; 

Lund et al., 2010). The current data suggests that future initiatives to improve sleep in this 

demographic should concentrate on techniques to manage stress and anxiety.  

Research on the relationship between habitual caffeine consumption and sleep quality has 

been inconclusive (Table 2.2), and the results from this study corresponded with the 

findings of many others that found no correlation. However, similar to results from one 

Australian study (Watson et al., 2016), this study found that poor sleepers were more likely 

to have higher caffeine intakes on average than good sleepers. Researchers postulate 

that most people adjust their caffeine consumption based on their subjective (positive or 

negative) experiences with the stimulant (Nehlig, 2018; Stern et al., 1989). Therefore, our 

findings may more closely reflect consumer choice rather than provide evidence of 

caffeine’s impact on sleep. The current sample likely includes individuals who are aware of 

how caffeine affects their sleep and therefore choose to limit or control their intake, as well 

as those who are impacted but still choose to consume caffeine anyway. Further research 

is still required to determine how habitual caffeine use affects sleep quality in non-

laboratory environments. 
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In this study, moderate-to-high caffeine consumers reported being unable to sleep more 

often than low caffeine consumers (Appendix F, “Side Effects of Caffeine Consumption”). 

People may not recognise the connection between caffeine use and sleep if they can still 

fall and stay asleep at night. However, if a person’s sleep pressure exceeds their circadian 

drive to remain awake, they will always be able to fall asleep (Borbély et al., 2016). It is 

also feasible that caffeine use in this cohort had indirect effects on sleep that may have 

been overlooked. For example, three of the most commonly reported sleep disturbances 

among study participants were waking up in the middle of the night or early morning 

(51.5%), being unable to fall asleep within 30 minutes (44.8%) and having to get up to use 

the bathroom (36.4%) (Appendix F, Figure F.4). It is widely known that caffeine delays 

sleep onset and increases the number of night-time awakenings (Březinová, 1974; 

Karacan et al., 1976) and has a mild diuretic effect (Maughan & Griffin, 2003). Thus, more 

studies are required to fully comprehend how habitual caffeine consumption may impact 

directly and/or indirectly on sleep quality.  

Participants’ PSQI global scores showed a large spread (ranging from 1 to 16) even 

though the majority of respondents (71%) were classified as moderate caffeine consumers 

(consuming 80–400 mg·day-1). This illustrates the significant heterogeneity in sleep quality 

in our sample (Figure 3.5) and highlights the fact that sleep can be influenced by a variety 

of factors, from biological (chronotype, age, gender), to social (environment, income level, 

marital status), to lifestyle behaviours (diet and physical activity) (Knutson, 2013; Ohida et 

al., 2001). Further research is necessary to determine what other factors are affecting 

young adults’ sleep quality because the findings of this study suggest that caffeine use 

was not a significant driver of sleep quality.  

The findings from this study should be interpreted in the context of the study’s design and 

limitations. Firstly, using a convenience sample may have introduced volunteer bias. 

People who were more attentive to the researched domains (i.e., poor sleep quality) may 

have been more likely to participate, which could have impacted the outcomes. Secondly, 

the nature of the subjective data may be influenced by method, memory recall and social 

desirability biases. Thirdly, a technical error with the PSQI questionnaire prevented us 

from reliably estimating sleep efficiency for a large number of respondents (n = 118), and 

the smaller dataset as a consequence decreased the strength of the results. The findings 

may also not be generalisable to the broader population due to unbalanced gender and 

ethnic distributions and the selection of healthy individuals. However, the study also had 
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several advantages. Firstly, anonymous and validated (CaffCo and PSQI) questionnaires 

helped mitigate concerns about the self-reported data. Secondly, CaffCo improved 

accuracy by including various caffeine sources and being more precise about serving 

sizes than other methods of calculating caffeine consumption. Finally, the inclusion of 

workers and university students enhances the representation of the various life 

circumstances of this demographic. Future studies would benefit from implementing a 

multi-method (e.g., daily sleep diaries, wrist-actigraphy) and longitudinal design to 

determine the directional routes of the relationship between caffeine consumption and 

sleep using a larger and more representative sample. 

3.6 Conclusion 

Poor sleep quality is widespread (86%) among young adults in New Zealand, which prior 

to this study, was a previously unreported problem. Most participants consumed caffeine 

from one or more sources (98.6%), with coffee being the main contributor to total daily 

caffeine consumption. Participants’ median daily caffeine intake was 159.6 mg·day-1, 

which is equivalent to about two cups of instant coffee per day. No significant association 

was found between caffeine consumption and sleep quality. Students, independent of 

employment status, had a three-fold increased risk of poor sleep quality compared to 

working young adults. More research is required to elucidate the causes of poor sleep 

quality in young New Zealand adults. 
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CHAPTER 4 CONCLUSIONS AND 

RECOMMENDATIONS 

4.1 Summary of Results/Main Findings 

To the author’s knowledge, this is the first population study to examine the relationship 

between habitual caffeine consumption and sleep quality in New Zealand young adults.  

The study’s first objective was to determine the prevalence of poor sleep quality among 

young New Zealand adults. We found that the majority (85.9%) of young adults suffered 

from poor sleep quality (PSQI global score <5), and only 1 in 8 (12.5%) obtained the 

recommended seven or more hours of sleep every night. These results have identified a 

previously unreported problem: young adults in New Zealand are not achieving sufficient 

sleep; either in quantity or quality. Furthermore, the study showed that students, 

independent of employment status, were more likely to have poor sleep quality than 

workers. Young adulthood is a crucial period when established, or altered behaviour can 

significantly affect later life (Stroud et al., 2015); therefore, it is important to identify 

concerns early on before they manifest into serious problems. Further research on young 

adults’ sleep health is required, particularly on gender and ethnic differences and the 

potential causes of poor sleep quality. Identifying what contributes to poor sleep quality 

and who is most affected can help develop targeted interventions (e.g., education 

programmes). 

The second objective was to explore the association between caffeine consumption habits 

and subjective sleep quality. Caffeine consumption among young adults ranged from 0 to 

848 mg·day-1, with an average intake of 160 mg·day-1. A small proportion of participants 

(4%) consumed more caffeine than was considered safe (>400 mg·day-1; Nawrot et al., 

2003), indicating that further education may be needed to encourage better consumer 

decisions. There was no significant correlation between total daily caffeine consumption 

and sleep quality. The distribution of PSQI global scores ranged from 1 to 16 and showed 

a wide spectrum of sleep quality from very good to extremely poor. Given most 

participants (71%) were classified as moderate caffeine consumers (80–400 mg·day-1), 

this range of scores suggests that caffeine consumption was not a significant factor in 

determining sleep quality in the current study. Therefore, investigating other biological (e.g. 
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chronotype, gender, genes), lifestyle (e.g., diet, physical activity, stress) or social factors 

(e.g., social support, income level, environment) known to influence sleep quality 

(Knutson, 2013; Ohida et al., 2001) may be worthwhile.  

The final objective was to investigate whether there were any differences in caffeine intake 

between individuals with good sleep quality and those with poor sleep quality. Although 

the results were not statistically significant, the study found that poor sleepers tended to 

have higher caffeine intakes on average than good sleepers. Additionally, moderate-to-

high caffeine consumers were more likely than their counterparts to report having 

problems falling asleep after consuming the stimulant. It is important to note that this study 

did not consider the timing of caffeine ingestion relative to initiating sleep; it merely 

measured the amount consumed. Therefore, our results may more closely reflect 

consumer choices as opposed to the actual effects of caffeine, which have been well 

documented in the laboratory setting (Carrier et al., 2007; Drake et al., 2013; Drapeau et 

al., 2006). It’s possible that the young adults in our study are already aware of how 

caffeine affects their sleep and therefore manage their intake accordingly or that they 

habitually consume caffeine in a manner that has little to no noticeable impact on their 

sleep (i.e. early in the day). A larger study considering caffeine timing and dosage is 

needed to show caffeine’s actual effects on sleep timing and quality.  
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4.2 Strengths 

Three essential aspects of the current study set it apart from related earlier studies. Firstly, 

this study provides the first data on sleep quality among New Zealand young adults. 

Research conducted previously in this demographic showed that the estimated prevalence 

of poor sleep quality differs substantially between countries (refer to Table 2.1). It was 

crucial to determine the extent of the issue in our small but ethnically diverse nation, given 

that the New Zealand population may be subject to different sociodemographic and 

cultural influences. Prior sleep quality research in New Zealand has focused on particular 

aspects of sleep quality, e.g., nocturnal awakenings (Paine et al., 2005; Paine et al., 

2019), feeling refreshed upon waking (Paine et al., 2005) and sleep satisfaction (Wilsmore 

et al., 2013). However, using the Pittsburgh Sleep Quality Index (PSQI) to measure sleep 

quality allowed us to compare our results to other international studies that had also 

employed the same tool. The PSQI was used in one other New Zealand study (Gibson et 

al., 2022), although this investigation included a considerably larger age range of 

participants (20–85 years) and was conducted to assess the effects of the COVID 

pandemic on sleep. 

Secondly, previous research on young adults’ sleep quality has primarily focused on 

university students (Becker et al., 2018a; Li et al., 2020; Lohsoonthorn et al., 2013), 

whereas this study included participants from a variety of life contexts (e.g., students with 

and without jobs, as well as those who were employed). The fact that university 

populations might frequently comprise individuals ranging from late teens to older adults is 

an important consideration. It is well recognised that sleep parameters change over the 

course of a person’s life (Ohayon et al., 2004), and so too would lifestyle variables 

impacting sleep, such as sharing a bed with a partner or having a baby in the room. By 

defining young adulthood in our study as being between 18 and 25, we were able to 

mitigate these effects to some extent. Moreover, including workers and students in our 

sample may have helped to balance confounding factors distinctive to student lifestyles, 

such as varied class schedules.  

Finally, utilising the previously validated CaffCo questionnaire ensured that the variety of 

caffeine sources reflective of the current New Zealand market were evaluated. A caffeine 

food frequency questionnaire has only been used in a small number of studies (Choi, 

2020; Watson et al., 2016) examining the relationship between habitual caffeine use and 
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sleep quality, even though it is well known that caffeine content can vary significantly 

between sources and products (Desbrow et al., 2019; McCusker et al., 2003; Reissig et 

al., 2009). Additionally, the use of CaffCo enhanced the accuracy in estimating 

participants’ caffeine intakes by incorporating visual aids and serving size options in 

comparison to some earlier studies, which merely asked participants how many 

caffeinated beverages they consumed each day or week (Brick et al., 2010; Lemma et al., 

2012; Lohsoonthorn et al., 2013). 
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4.3 Limitations  

It is important to acknowledge the limitations of the current research. Firstly, using a 

convenience sample likely led to self-selection bias, with caffeine users and those more 

concerned with their sleep quality more inclined to participate. Additionally, method, 

memory recall and social desirability biases could have been introduced due to the self-

report and retrospective design of the CaffCo and PSQI questionnaires. Given that some 

studies have found discrepancies between subjective (e.g., questionnaires and sleep 

diaries) and objective measurements (e.g., polysomnography and actigraphy) of sleep 

parameters (Hughes et al., 2018; Lauderdale et al., 2008; Trajanovic et al., 2007), our 

results, which were based on subjective ratings of sleep quality, should be interpreted with 

care. Self-report techniques are susceptible to both extremes of sleep misperception 

(Trajanovic et al., 2007), with larger discrepancies often exhibited among individuals who 

complain of insomnia (Edinger et al., 2000) or a sleep disturbance (Hughes et al., 2018). 

Research has shown that people are more likely to overreport sleep duration (Lauderdale 

et al., 2008), underestimate sleep efficiency (Hughes et al., 2018) and miscalculate sleep 

onset in either direction (Lockley et al., 1999). However, there is no clear agreement on 

the differences between subjective and objective data in the literature. Therefore, 

researchers and practitioners are advised to use objective and subjective assessments to 

reduce tool limitations and inconsistencies (Zhang & Zhao, 2008), particularly when 

identifying people who may need sleep treatment (Hughes et al., 2018). 

The fact that a substantial proportion of participants (64% response rate) did not complete 

one or both questionnaires raises the possibility that some were discouraged by the 

survey’s length (30–40 minutes). Additionally, due to a technical error with the PSQI 

questionnaire, we could not accurately estimate sleep efficiency for a large number of 

respondents (n = 118). This resulted in a smaller dataset and reduced the power of the 

study’s findings. Moreover, variables known to impact sleep quality were not taken into 

account in this study, including psychological distress, alcohol consumption, physical 

activity and electronic device use before bed (see Wang & Bíró (2021) for a review), which 

may have confounded the results.  

It is also important to note that this study was conducted during the COVID pandemic, 

which significantly elevated stress and anxiety for many people. Although data collection 

(May–August 2021) did not occur during a lockdown, covid-related stress may have 
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adversely impacted people’s sleep timing or quality. However, we could not explore the 

possible influence of COVID in our analyses because we did not record personal or 

context-specific COVID experiences (such as exposure to infection or feelings of isolation 

and loneliness). We also did not consider any additional stress factors that may have 

temporarily impacted the participants’ sleep quality and/or caffeine intake, e.g., life events, 

student placements or project deadlines. However, efforts were made to avoid the final 

exam season, considering that prior research has shown sleep quality can change 

drastically during exam periods (Ahrberg et al., 2012; Zunhammer et al., 2014).  

Finally, the generalisability of the study’s findings to the broader population may be limited. 

We could not conduct gender analyses because of our sample's strong bias towards 

females (85% of participants). Furthermore, there was an insufficient representation of 

Māori and Pacific peoples in our dataset, though earlier research has shown that these 

groups are more likely than people of other ethnicities to experience short and poor-quality 

sleep (Paine & Gander, 2016; Paine et al., 2005). Shift workers and people with sleep 

problems were also not included in the sample; thus, results will not apply to these groups.  
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4.4 Use of Findings 

This study presents previously unreported, novel insights about young adults’ sleep quality 

in New Zealand. Because sleep is vital for health (Luyster et al., 2012), cognitive function 

(Walker, 2009), performance (Venter, 2012) and productivity (Swanson et al., 2011); our 

study’s finding that young adults frequently experience insufficient (quantity and quality) 

sleep has significant implications for educational institutions and workplaces. Individuals 

may be putting themselves and others at risk without even realising it, simply by not 

recognising the importance of sleep and the consequences that result when they don’t get 

enough. Young adults require more comprehensive sleep education, especially since 

some may not recognise the extent of the impairment in their functioning caused by a lack 

of sleep. 

This study also provides the most recent data on caffeine intake levels and patterns 

among young adults in New Zealand, as opposed to earlier national data from the 2008/9 

Adult Nutrition Survey, which is more than a decade old. Despite previous concerns that 

young adults are at increased risk of overconsuming (Bertasi et al., 2021; Reid et al., 

2016) or even misusing caffeine (Ferré, 2013), the current study findings show that the 

majority of participants consumed moderate doses (80–400 mg day-1), with only a small 

minority exceeding the safe upper limit (>400 mg day-1). However, it would still be 

beneficial to promote increased caffeine education, particularly in sharing knowledge 

about the dose of caffeine in products and the extent to which this might vary, to help 

young adults make better-informed decisions about their intake. 

In this study, moderate-to-high caffeine consumers were more likely to report greater 

difficulties falling asleep and experiencing poor sleep quality than low caffeine consumers. 

While caffeine is well known for its ability to improve cognition and performance, the 

general public needs to be made aware of its possible adverse effects, particularly on 

sleep. For example, prior research found that some young adults believed that caffeine 

could be used as a substitute for sleep (Lee et al., 2009). This highlights the need to 

promote high-quality education on sleep hygiene (or good sleep habit) practices, including 

elements that may affect sleep (e.g., cigarette smoking). 

Young adulthood is a pivotal developmental stage, and actions taken at this time can have 

significant long-term effects later in adulthood (Stroud et al., 2015). Given the prevalence 



 69 

of short and poor-quality sleep in this cohort, more education is needed for young adults in 

order to raise public awareness of the issue and, perhaps more importantly, to prevent it 

from worsening and becoming a more serious concern in later life, e.g., sleep disorders. 

The results of this study indicate that students may need to be targeted since they are 

substantially more likely than workers to have poor sleep quality. Furthermore, it may be 

advantageous to begin educating young people earlier about healthy sleep hygiene 

practices (such as in primary and secondary school), so that students can enter university 

or their place of employment in an educated and informed position. 
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4.5 Future Directions/Recommendations 

More research with larger sample sizes is required to corroborate our findings of the high 

prevalence of poor sleep quality found among young adults in this study. It would also be 

beneficial to conduct further study on the various sleep health dimensions (e.g., sleep 

timing, sleep efficiency), to provide a more complete understanding of what characterises 

and impacts young adults’ sleep. This will also help give a clearer indication of where 

interventions are most needed. For instance, analysing the disparities between weekday 

and weekend sleep may identify cases of social jetlag; as a result, the focus would be on 

fostering appropriate sleep hygiene habits such as sleep regularity. 

The relationship between habitual caffeine consumption and sleep quality was not 

significantly correlated. However, it still merits further investigation in light of trends that 

moderate-to-high caffeine consumers were more likely to experience poorer quality sleep 

and greater difficulty falling asleep than low caffeine consumers. Future studies may 

enhance our understanding of the relationship between caffeine and sleep and research 

could be improved by: 

• Employing objective measurements such as polysomnography or actigraphy, 

alongside self-report questionnaires, as part of a multi-method approach to evaluate 

sleep. The availability of objective data may aid in minimising biases and enhance 

the accuracy of findings. 

• Collecting information on the timing of caffeine use (e.g., using a prospective sleep 

diary), to enable further analysis of caffeine’s effects on sleep as opposed to 

participant choices. For instance, comparing the effects on sleep when consumed in 

the morning or afternoon vs. evening. 

• Exploring the role of chronotype concerning caffeine consumption, sleep timing and 

quality. 

• Gathering more specific data on participant characteristics to reduce the possibility 

of confounding effects, such as sociodemographic factors (e.g., income, marital 

status), health and well-being (e.g., social support, mental health) and sleep-related 

lifestyle behaviours (e.g., alcohol consumption, physical activity). 
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• Larger and more representative samples with an equal gender distribution and 

sufficient numbers of Māori/Pacifica participants to conduct further analyses on 

gender and ethnic differences.  

• Further investigation into participants’ knowledge of caffeine and its effects on 

sleep, such as the safe upper limit for caffeine intake. This might help determine 

what participants know and don’t know, thus indicating where education should be 

concentrated. 

Finally, further investigation is still needed to determine the causes of insufficient (quantity 

and quality) sleep among young adults in this country. Why, in particular, are there 

significant discrepancies between students and people with jobs? The numerous life 

circumstances we addressed in this study (e.g., students with and without jobs, part- or 

full-time employment) should be replicated in future research. This is the first study to 

provide information on sleep quality among young adults in New Zealand, underscoring 

the need for greater research focus on this subject. 
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Appendix C: Participant Information Sheet 

 
 

School of Sport & Exercise 

Private Bag 102904, North Shore City 0745, New Zealand T +64 9 443 9770 www.massey.ac.nz 

 

 

 
 

The Effects of Caffeine Consumption on Sleep Quality in 
New Zealand Young Adults 

 
Information sheet (Part 1) 

 

We invite you to complete an anonymous online survey to learn more about the impact of your 

caffeine consumption on sleep quality. This study is being conducted by researchers at the School of 

Sport, Exercise and Nutrition, and the School of Health Sciences at Massey University. 

 

What is the study about? 

Caffeine, particularly in the form of coffee, is the most widely consumed psychostimulant drug in the 

world. It is commonly used to fight fatigue and is believed to improve both concentration and 

performance. However, caffeine is also known to have poor effects on sleep including prolonging the 

time it takes to fall asleep, causing more disturbances, reducing total sleep time and increasing 

daytime sleepiness. With an increasing supply of caffeinated products on the market and a rise in 

chronic sleep problems in the population, this is highlighted as being an important area of research. 

There is currently very little information on the caffeine habits and prevalence of poor sleep quality 

among young adults in New Zealand. This study aims to fill this gap in our research knowledge. 

 

Who will participate? 

To participate, you need to be: 

• Currently living in New Zealand 

• Between the ages of 18-25 years old 

• Fluent in reading and writing in English 

• Willing to complete two questionnaires 

• Be in good general health with no current sleep problems or history of heart, neurological or 

psychiatric illness 

• Not working as a shift-worker 

 

What will you need to do? 

You will need to complete two online questionnaires that ask you about your caffeine intake, influences 

and experiences as well as your usual sleep habits. The questionnaires are anonymous, and your 

responses will be kept confidential. We expect the questionnaires to take approximately 30-40 minutes 

to complete, depending on what parts are applicable to you.  

To thank you for your time, you will have the opportunity to enter your details in a prize draw to win a 

$50 Westfield voucher. Email addresses will not be kept with survey data and will be destroyed after 

the prize draw has been made. 
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School of Sport & Exercise 

Private Bag 102904, North Shore City 0745, New Zealand T +64 9 443 9770 www.massey.ac.nz 

 

How will your data be looked after? 

Your data will only be used for research purposes and will be stored securely on password-protected 

computers in password-protected files, only viewable to the research team. In order to maintain 

confidentiality, a coding system will be used where each participant is given a unique identifier. This 

means that although you will not be anonymous to the research team, all data will be anonymised.  

If you feel concerned about your caffeine or other food and beverage consumption, please consult 
with your GP. Otherwise, Samaritans NZ is an organisation available for non-judgemental, confidential 
support to anyone in distress (04 473 9739). Alcohol Drug Helpline (0800 787 797) is a free, 
anonymous service available if you have concerns about your alcohol consumption. 
 

What are my rights? 

Completion and return of the questionnaires imply your consent. You have the right to decline to 

answer any particular question and/or may exit the survey at any time (up until submission).  

 

How can I be more involved in this study? 

At the end of the survey, more details will be provided on how you can be involved in Part 2 of the 
study. The research team are looking to collect and analyse sleep measures using sleep/wake activity 
watches (similar to a Fitbit). 

 
Project Contacts 

If you have any questions regarding this project, please contact the student researcher and/or one of 
the supervisors. 

Student Researcher 
Marjial Hermanoche (School of Sport, Exercise, and Nutrition) 
Email: caffcosleepstudy@gmail.com 
Mob:  
 
Supervisors 
A/Prof Kay Rutherfurd-Markwick (School of Health Sciences) 
Email: K.J.Rutherfurd@massey.ac.nz 
Phone: +64 (09) 213 6646 
 
Prof Ajmol Ali (School of Sport, Exercise and Nutrition) 
Email: A.Ali@massey.ac.nz 
Phone: +64 (09) 213 6414 
 
Prof Carol Wham (School of Sport, Exercise and Nutrition) 
Email: C.A.Wham@massey.ac.nz 
Phone: +64 (09) 213 6644 
 
Dr Karyn O’Keeffe (School of Health Sciences) 
Email: K.M.OKeeffe@massey.ac.nz 
Phone: +64 (04) 979 3260 
 
Committee Approval Statement 

This project has been reviewed and approved by the Massey University Human Ethics Committee: 
Southern A, Application 21/11.  If you have any concerns about the conduct of this research, please 
contact Dr Negar Partow, Chair, Massey University Human Ethics Committee: Southern A, telephone 
04 801 5799 x 63363, email humanethicsoutha@massey.ac.nz. 
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Appendix D: Pittsburgh Sleep Quality Index (PSQI) Questionnaire 

 

Pittsburgh Sleep Quality Index (PSQI) 

Instructions: The following questions relate to your usual sleep habits during the past 
month only. Your answers should indicate the most accurate reply for the majority of 
days and nights in the past month. Please answer all questions.  

1. During the past month, what time have you usually gone to bed at night?  
[   :   ] AM/PM 

2. During the past month, how long (in minutes) has it usually taken you to fall 
asleep each night?  

o ≤15 minutes 

o 16-30 minutes 

o 31-60 minutes 

o >60 minutes 

3. During the past month, what time have you usually gotten up in the morning? 
[   :   ] AM/PM 

4. During the past month, how many hours of actual sleep did you get at night? 
(This may be different than the number of hours you spent in bed.)  

o >7 hours 
o 6-7 hours 
o 5-6 hours 
o <5 hours 

5. During the past month, how 
often have you had trouble 
sleeping because you…  

Not during 
the past 
month 

Less than 
once a 
week 

Once or 
twice a 
week 

Three or 
more 
times a 
week 

a. Cannot get to sleep 
within 30 minutes 

    

b. Wake up in the middle 
of the night or early 
morning 

    

c. Have to get up to use 
the bathroom 

    

d. Cannot breathe 
comfortably 

    

e. Cough or snore loudly     

f. Feel too cold     

g. Feel too hot     
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h. Have bad dreams     

i. Have pain     

j. Other reason(s), please 
describe 

    

 

 Not during 
the past 
month 

Less than 
once a 
week 

Once or 
twice a 
week 

Three or 
more 
times a 
week 

6. During the past month, how 
often have you taken 
medicine to help you sleep 
(prescribed or “over the 
counter”)? 

    

7. During the past month, how 
often have you had trouble 
staying awake while 
driving, eating meals, or 
engaging in social activity? 

    

 
 
 

 No 
problem at 
all 

Only a 
very slight 
problem 

Somewhat 
of a 
problem 

A very big 
problem 

8. During the past month, how 
much of a problem has it 
been for you to keep up 
enough enthusiasm to get 
things done? 

    

 

 Very good Fairly 
good 

Fairly bad  Very bad 

9. During the past month, how 
would you rate your sleep 
quality overall? 
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Appendix D.2: PSQI Scoring  
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Appendix E: Caffeine Consumption Habits (CaffCo) Questionnaire 
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Appendix E.2: Caffeine Content Reference Values 

Table E Average caffeine content of food and beverages in New Zealand. 

Product Quantity of product *Estimated caffeine 
content (mg) 

Coffee 
- Decaffeinated, instant, 

dry powder1 
- Regular, instant, dry 

powder1 
- Plunger/ drip coffee1 
- Espresso, café variety1 

 
- Iced coffee5 

 

 
1 teaspoon 
 
1 teaspoon 
 
1 cup (250 mL) 
Single shot (30 mL) 
Double shot (55m L) 
1 serve (250 mL) 

 
1.9 
 
83 
 
100 
120 
210 
89.2 

Tea 
- Decaffeinated black tea1 
- Green tea1 
- Black tea1 

- Iced tea5 
 

 
250 mL made with 1 teabag 
250 mL made with 1 teabag 
250 mL made with 1 teabag 
1 glass (250 mL) 

 
4.7 
31 
57 
49.6 

Chocolate 
- Cocoa powder1 

 
- Milk chocolate1 

- Dark chocolate1 

 
1 teaspoon (5g) 
1 serve made with 15g 
100g 
100g 

 
1.9 
5.7 
19 
59 
 

Kola drinks 
- Regular †kola1 

- Diet †kola (diet, zero, 
max, etc)1 
 

 
100 mL 
100 mL 

 
11 
14 
 

Other caffeinated beverages 
- Caffeinated ready-to-

drink (RTDs)1,2 
 

- Energy drinks2 
- Energy shots2 

 

 
100 mL 
 
 
100 mL 
60 mL 

 
14 
 
 
31.2 
271 

Sports supplements 
- Sports gel2 
- Pre-workout3 

 
41 g 
1 serve made with 1-2 level 
scoops powder (6 - 25g) 

 
31.9 
240 
 
 

Caffeine tablets4 1 tablet  50-200 
 

1The New Zealand Institute for Plant and Food Research Limited and New Zealand Ministry of Health 
(2015). 
2Thomson and Jones (2013). 
3Supplements.co.nz (average content of 20 common products available). 
4NZmuscle.co.nz, newworld.co.nz (average content of 10 products available). 
5Caffeineinformer.com (average content in a 250ml serve). 
*Actual content for each specific product varies according to preparation techniques and brand. 
†‘Kola’ is used instead of ‘cola’ in order to differentiate from the popular brand and encompasses all kola-
type beverages. 
Table adapted from Stachyshyn (2017). 
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Appendix F: Supplementary Results 

Additional Participant Characteristics 

Table F.1 Age distribution* of participants (n = 192). 

Age (years) N (%) 
 

18  14 (7.3) 

19  19 (9.9) 

20  27 (14.1) 

21  27 (14.1) 

22  31 (16.1) 

23  21 (10.9) 

24  25 (13.0) 

25  28 (14.6) 

Total 192 (100) 
*Age differences in caffeine consumption and/or sleep quality were not analysed due to the narrow range 
comprised in the study population (18–25 years). 

 

 
Figure F.1 Study participants’ ethnicities (n = 192). 

N.B. Study participants were able to select multiple ethnicities; hence the total is greater than 100%. 
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Figure F.2 Ethnicities of study participants (n = 192) compared to the New Zealand (NZ) 

population (2018) (Statistics New Zealand, 2018a). 

N.B. When completing the census, people could select more than one ethnicity hence the total percentage is 

greater than 100%. The graph has been adjusted to compare results between the two populations. 

According to the most recent NZ Census (2018), 70.2% of the NZ population are 

European, 16.5% Māori, 15.1% Asian, 8.1% Pacific peoples and the remaining 1.5% 

constitute other ethnicities (Middle Eastern/ Latin American/ African). Whilst our study 

cohort was also predominantly NZ European (79.2%), it lacked notable representation 

from Māori, Pacific and ‘Other’ ethnic groups.  

Considering that most study participants were from Auckland, ethnic distributions were 

also compared to the Auckland Region 2018 census data, which reported 53.5% 

European, 11.5% Māori, 15.5% Pacific peoples, 28.2% Asian and 3.4% Other (MELAA) 

(Statistics New Zealand, 2018b). While the percentage of participants with Asian ancestry 

was more comparable (26.6% in our study), the ethnic distribution was still not 

representative of the broader New Zealand population. It was deemed unethical to 

conduct an ethnic analysis due to insufficient case numbers for each group. 
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PSQI Global Score Distribution  

 
Figure F.3 Distribution of PSQI global score in young adults (n = 192). 

The global PSQI score has a possible range 0–21. The distribution was slightly left-

skewed (skewness = 0.384) and platykurtic (kurtosis = -0.168). 
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Daily Caffeine Intake of Caffeine Sources by Sleep Quality  

Table F.2 Median daily caffeine intake (mg·day-1) from various sources by sleep quality (n 

= 192). 

Caffeine source 
(mg·day-1) 

All participants 
(n = 192) 

(mg·day-1) 

Good sleepers 
(n = 27) 

(mg·day-1) 

Poor sleepers 
(n = 165) 

(mg·day-1) 

Total caffeine 
intake 

142.1 [78.5, 217.7] 118.9 [65.1, 205.3] 143.1 [81.6, 217.7] 

Tea (green/black) 4.7 [0, 21.5] 7.0 [0, 15.9] 4.3 [0, 21.5] 

Coffee 84.0 [8.5, 167.6] 48.1 [9.7, 168.0] 86.1 [8.4, 166.6] 

Chocolate 6.6 [1.9, 10.1] 3.8 [2.1, 8.7] 6.8 [1.9, 10.3] 

Kola drinks 4.2 [0, 13.0] 2.2 [0, 17.7] 4.4 [0, 12.7] 

Energy 
drinks/shots 

0 [0. 13.9] 0 [0, 20.3] 0 [0, 12.4] 

Caffeinated 
alcoholic RTDs 

0 [0, 0] 0 [0, 0] 0 [0, 0] 

Pre workout/ 
sports gels 

0 [0, 0] 0 [0, 0] 0 [0, 0] 

Caffeine tablets 0 [0, 0] 0 [0, 0] 0 [0, 0] 
Values are medians [25th, 75th percentile]. 

There were no statistically significant differences in consumption by caffeine source 

between good sleepers and poor sleepers (p > 0.05). Coffee contributed the most to total 

daily caffeine intake for both good and poor sleepers, with median intakes of 48.1 mg·day-1 

and 86.1 mg·day-1, respectively. Energy drinks/shots, alcoholic RTDs, pre workout/ sports 

gels and caffeine tablets were the least consumed, with median daily intakes of 0 mg·day-1 

each. 
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Sleep Disturbances 

The main causes of reported sleep disturbances (based on the percentage of positive, 

experienced weekly responses) were waking up in the middle of the night or early morning 

(51.5%), being unable to fall asleep within 30 minutes (44.8%), having to get up to use the 

bathroom (36.4%) and feeling too cold (34.9%). ‘Other’ reasons cited by participants 

included stress/anxiety, overthinking, and noise (e.g., partner snoring).  

 
Figure F.4 Participants’ experiences with sleep disturbances (n = 192). 

 

Side Effects of Caffeine Consumption 

When asked about the negative effects experienced after consuming caffeinated products 

(CaffCo Questionnaire Q40), over one-third (38%) of participants reported being unable to 

sleep. There was a trend (p = 0.057) where those who consumed moderate to high 

amounts of caffeine daily were more likely to report this side effect than those who 

consumed little to no caffeine daily [42 vs. 27%; OR = 2.00, 95% CI (0.98, 4.10)]. 
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