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Abstract 

There is now considerable evidence supporting the notion that sleep, diet, and 

physical activity can benefit mental health and well-being individually. Previous literature 

suggests young adults who sleep between seven- to nine-hours-per-night have reduced 

depressive symptoms and anxiety, along with elevated mood, when compared to participants 

sleeping fewer than seven or greater than nine hours per night. Furthermore, following a 

healthy diet has also been associated with improvements in mood and well-being, whereby 

individuals who regularly adhere to a Mediterranean diet show elevated mood and a reduced 

risk of depression. Finally, regular physical activity has also been associated with greater 

mental health and well-being, whereby regular aerobic exercise at moderate intensity has 

been shown to reduce symptoms of major depressive disorder and anxiety. However, health 

behaviours do not occur in isolation, and instead tend to cluster together. Yet, research 

considering the way all three behaviours combine to predict mental health and well-being is 

still in its infancy. Therefore, the aim of the present thesis was to investigate the combined 

relationship between sleep, diet and physical activity in predicting mental health and well-

being outcomes, in two separate cross-sectional studies, both with young adults aged 17-25 

years old. Study 1 was a large scale, cross-sectional survey of 1533 participants from New 

Zealand and the United States. Study 2 was a 13-day micro-longitudinal survey based study 

of 783 participants from New Zealand. Both studies measured multiple self-reported lifestyle 

behaviours, such as sleep quality and quantity, consumption of fruit and vegetables, and 

physical activity habits, along with several measures of mental health (depressive symptoms 

and negative mood) and well-being (life satisfaction, flourishing and positive mood). Study 1 

also measured anxiety and vitality. Results of Study 1 supported past research, that when 

tested in isolation, each health behaviour was associated with greater mental health and well-

being. However, when tested against each other in regression models, sleep quality was the 
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strongest predictor of all mental health and well-being outcomes. Diet and physical activity 

were weaker, relatively equal and still statistically significant predictors. Two trends were 

observed where raw fruit and vegetable consumption moderated the relationship between 

sleep quality, and both vitality and flourishing. Study 2 showed similar results, where each 

health behaviour was associated with greater mental health and well-being when tested in 

isolation. Furthermore, when tested against each other in regression models, sleep quality was 

again the strongest predictor of all mental health and well-being outcomes. Both diet and 

physical activity were relatively equal, weak predictors of mental health and well-being. No 

significant moderation effects were observed. These results suggest that sleep quality may be 

the strongest predictor of mental health and well-being, meaning intervention research should 

focus on sleep quality interventions among young adults.  
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Introduction 

 

In 1947, the World Health Organization (WHO) made a radical change to their 

definition of health, moving away from the biomedical model, where health was defined by 

the body’s ability to function, and onto a biopsychosocial model of health, stating health is a 

“state of complete physical, mental and social well-being, and not merely the absence of 

disease or infirmity” (WHO, 1948, p1). This new definition of health highlighted the 

connection between physical health and mental well-being, and started a gradual shift toward 

the model of health care we use today (WHO, 2001).  

Alongside this shift in our understanding of health, is the recognition that physical 

lifestyle behaviours are important contributors to health and well-being (Prendergast, 

Mackay, & Schofield, 2016). Healthy lifestyles such as getting high quality sleep, eating 

well, exercising, and reducing stress and alcohol and drug use not only have advantages to 

physical health such as improved cardiovascular outcomes (Morledge et al., 2016; 

Nahrendorf & Swirski, 2015), reduced risk of certain cancers (Katzke, Kaaks,& Kühn, 2015), 

lower risk of obesity (Yoneda, Ohuo, & Oki, 2016), and greater immune function (Christ & 

Latz, 2019), they also have many advantages to mental health such as reduced risk of 

depression (Raboch, Ptacek, Vnukova, & Tkacova, 2017) and anxiety (Nho, & Yoo, 2018), 

as well as increasing the ability to cope with stress (Huppert, 2009), and increasing 

psychological well-being (Bassett, Lupis, Gianferante, Rohleder, & Wolf, 2015; Carr et al., 

2013; Catalan-Matamoros, Gomez-Conesa, Stubbs, & Vancampfort, 2016; Conner, Brookie, 

Richardson, & Polak, 2015; Conner, Brookie, Carr, Mainvil, & Vissers 2017; Francis et al., 

2019; Galambos, Dalton, & Maggs, 2009; Lallukka, et al., 2018; McMartin et al. 2013; 

Mujcic & Oswald 2016; Pilcher, Ginter, & Sadowsky, 1997; Smith & Blumenthal, 2013; 

Wallace, Boynton, & Lytle, 2017). 
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The goal of this thesis is to better understand the role of lifestyle behaviours in mental 

health and well-being.  Specifically, my thesis focuses on the three health behaviours of 

sleep, diet and physical activity – which appear to be three pillars for optimal mental health. 

While each of these behaviours has been shown to individually benefit mental health and 

well-being across correlational, longitudinal, and intervention studies (Bassett et al., 2015; 

Carr et al., 2013; Catalan-Matamoros et al., 2016; Conneret al., 2015; Conneret al., 2017; 

Francis et al., 2019; Galambos et al., 2009; Lallukka, et al., 2018; McMartin et al. 2013; 

Mujcic & Oswald 2016; Pilcher et al., 1997; Smith & Blumenthal, 2013; Wallace et al., 

2017), to date, there is limited research examining how the three health behaviors combine to 

predict mental health and well-being. Because the behaviours have predominantly been 

analyzed in isolation, there is limited understanding of the combined effects of the 

behaviours, possible compensatory relationships between behaviours, or which behaviour 

may be the most beneficial to mental health and well-being. Understanding this will help to 

inform possible targets of intervention for improving mental health and well-being.  

In the following sections, I will define mental health and well-being. I will then 

review the individual evidence for each health behaviour of sleep, diet and physical activity. 

Finally, I will discuss the limited evidence examining the combined effects of the three health 

behaviours on mental health and well-being, and provide an overview of my hypotheses and 

studies contained in this thesis. 

Mental Health and Well-being 

Mental health is defined by the WHO as “a state of well-being in which the individual 

realizes his or her own abilities, can cope with the normal stresses of life, can work 

productively and fruitfully, and is able to make a contribution to his or her community” 

(WHO 2015, p.1). This definition of mental health highlights the importance of physical, 

mental and social well-being, and shows that mental health exists on a continuum from ill-
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being to well-being. Ill-being categorizes the more negative states of mental health, often 

considered “languishing”, ranging from states such as depression, anxiety, stress, confusion 

and anger, all the way to a neutral midpoint, which could be considered “normative” (Keys, 

2002; Keyes, Dhingra, & Simoes, 2010). On the other end of the continuum, well-being 

categorizes the more positive states of mental health, such as happiness, enjoyment, vitality, 

purpose in life, peacefulness, fulfillment and an overall state of “flourishing” (Keys, 2010).  

This definition of mental health existing on a continuum moves away from older 

approaches in healthcare, simply aiming to rid the body of disease, and onto a more modern 

model which aims to promote optimal physiological, psychological and social health and 

well-being. This definition of mental health informs my thesis, where I aim to examine how 

the three pillars of health (sleep, diet and physical activity) can contribute toward a state of 

optimal well-being (i.e., contributing to vitality, fulfillment, and flourishing), over and above 

possible benefits to ill-being (i.e., ameliorating negative mood, depression, and anxiety). 

Accordingly, in the two studies that I conducted as part of my thesis, I included 

psychometrically validated measures of well-being (Life Satisfaction, Flourishing, Vitality 

and Positive Mood), and validated measures of illbeing (Negative Mood, Depressive 

Symptoms and Anxiety). 

The Role of Sleep in Mental Health and Well-being  

 Sleep plays a vital role in both mental and physical health across the life-span, with 

approximately one third of each day dedicated to sleep (Samson & Nunn, 2015). A study 

published by the National Sleep Foundation suggested that healthy adults need approximately 

7-8-hours sleep per night, while healthy young adults need approximately 7-9-hours sleep per 

night (Hirshkowitz et al., 2015). Both inadequate and disrupted sleep has been shown to 

negatively influence mental and physical health, and are risk factors for both depression and 

anxiety (Alfano, & Gamble, 2009; Harvey, 2011). 
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Empirical evidence supporting the importance of sleep on physical and mental health 

is increasing. High sleep quality has been associated with numerous health outcomes, such as 

improved memory and cognition (Benitez, & Gunstad, 2012; Paavonen et al., 2010; 

Tempesta, De Gennaro, Natale, & Ferrara, 2015), improved immune function (Hall et al., 

1998), reduced anxiety and depressive symptoms (Augner, 2011; Pillai, Steenburg, Ciesla, 

Roth, & Drake, 2014), improved skin function and slower rates of aging (Oyetakin‐White et 

al., 2015), improved digestion (Goldsmith & Levin, 1993; Ranjbaran et al., 2007), and 

improved mood (Saunders, Fernandez-Mendoza, Kamali, Assari, & McInnis, 2015). Sleep 

impairments are also associated with decreases in physical and mental health, whereby 

insomniac individuals have been found to have reduced quality of life (Kyle, Morgan, & 

Espie, 2010), increased risk of hypertension (Vgontzas, Liao, Bixler, Chrousos, & Vela-

Bueno, 2009), increased risk of inflammatory disease and all-cause mortality (Irwin, 

Olmstead, & Carroll, 2016) and impaired memory consolidation (Backhaus et al., 2006). 

Within the general population, around 30% report symptoms of insomnia, while a further 10-

20% report trouble sleeping (Ohayon, 2002). Specific to psychological health, insomnia is 

present in around 90% of individuals diagnosed with depression (Motivala, Levin, Oxman, & 

Irwin, 2006). Furthermore, insomnia is often one of the earliest symptoms of depression, 

occurring before a depression diagnosis around 40% of the time (Taylor, Lichstein, Durrence, 

Reidel, & Bush, 2005).  

‘Sleep hygiene’ education was originally developed for the treatment of mild to 

moderate insomnia (Hauri, 1991), and has had some success at reducing sleep problems 

among this population (Friedman, Zeitzer, & Mumenthaler, 2010). However, up until 

recently, the effectiveness of sleep hygiene education had not been tested among the general 

population (Irish, Kline, Gunn, Buysse, & Hall, 2015). Sleep hygiene is a set of behavioural 

and environmental recommendations designed to improve and promote healthy sleep (Irish et 
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al., 2015).  Most sleep hygiene initiatives relate to physical activity, sleep timing, stress 

management, noise reduction, and avoidance of alcohol, nicotine, caffeine and daytime 

napping (Irish et al., 2015). Sleep problems are becoming a growing concern to public health 

as the consequences of poor sleep are becoming more well known. Therefore, 

implementation of sleep hygiene education among the general population may be a useful 

tool for reducing illness associated with poor sleep.  

In order to fully comprehend the relationship between sleep and mental health and 

well-being, the difference between sleep quantity and sleep quality must be understood. Sleep 

quantity refers to the number of hours slept per night, and may be measured as either meeting 

the required hours of sleep per night, or not (Hays & Stewart, 1992). In contrast, sleep quality 

is a subjective measure of how well a person feels they slept, and is usually measured through 

an indication of refreshment, latency, duration, efficiency, disturbance, sleep medication use 

and daytime sleep dysfunction (Krystal & Edinger, 2008). Sleep quantity was originally 

believed to be the most important aspect of sleep. However, it is important that both sleep 

quantity and sleep quality are assessed when measuring sleep, as sleep quality has been 

shown to be associated with an array of positive health benefits, and improved mental health 

and well-being (Bassett, Lupis, Gianferante, Rohleder, & Wolf, 2015; Lallukka, et al., 2018; 

Pilcher, Ginter, & Sadowsky, 1997; Galambos, Dalton, & Maggs, 2009; Wallace, Boynton, 

& Lytle, 2017) 

Sleep Quantity. Sleep duration is an important component of measuring sleep. The 

number of hours slept each night has been shown to influence both physical and mental 

health, and therefore national health guidelines recommend healthy adults sleep between 7-8-

hours per night, while healthy young adults should sleep between 7-9-hours per night 

(Hirshkowitz et al., 2015). Differences among susceptibility to sleep deprivation have been 
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observed among young adults compared to adults (Duffy, Willson, Wang, & Czeisler, 2009; 

Schwarz et al., 2019).  

One study sought to investigate the difference in sleep deprivation between young 

(ages 18-29-years-old) and older (65-76-years-old) adults (Duffy et al., 2009). Participants 

attended an inpatient sleep clinic for five days, where circadian rhythm, alertness and 

sustained attention were recorded. The first three days were used for baseline measurements, 

and for the participants to become habituated to the sleep clinic conditions. Following the 

baseline days, participants maintained monitored wakefulness for 26-hours under 

semirecumbent bed rest in constant dim light. Alertness was measured half hourly using the 

Karolinska Sleepiness Scale (KSS), which ranged from (1) ‘very alert’, to (9) ‘very sleepy.’ 

Attention was measured every two hours using a reaction time task (The Psychomotor 

Vigilance Task). Electroencephalogram (EEG) and electrooculogram (EOG) were also used 

to measure circadian rhythm and attentional failures. The results showed that young adults 

were more negatively impaired by sleep restriction compared to older adults. Specifically, the 

younger adults rated themselves as sleepier, had slower reaction times, and were more likely 

to fall asleep compared to older adults. This study provides some support for the notion that 

sleep deprivation does not impact all age groups to the same degree, and that young adults 

may be particularly at risk of the consequences of sleep deprivation. However, this study did 

not look at the specific impact of sleep deprivation on mental health and well-being.  

Recent evidence now suggests that young adults are more susceptible to mood 

impairment following sleep deprivation compared to older adults (Schwarz et al., 2019). 

Young (18-30-years-old) and older (60-72-years-old) adult participants were both 

randomised into either a sleep as usual or total sleep deprivation condition. Participants all 

completed sleep diaries and wore actigraphs for three days prior to their test session. On the 

day of their test session, sleep as usual participants slept the night in their own home, and 
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were instructed to sleep for at least 7 hours, waking at 8.00am at the latest, before returning 

to the laboratory for their test session. Participants in the total sleep deprivation condition 

remained awake in the laboratory all night, and were asked to rate their stress and sleepiness 

hourly, and completed a battery of cognitive tests every other hour. Subjective sleepiness was 

measured using the KSS, while stress was measured using a single item scale where (1) is 

‘very relaxed’ and (9) is ‘very stressed’. Positive affect, mood, and consequences of sleep 

loss were all measured using the Positive and Negative Affect Schedule (PANAS), Profile of 

Mood States (POMS), and Consequences of Sleep Loss Scale, respectively. Regardless of 

age, sleep deprived participants reported feeling more sleepy, cold and stressed, and had 

lower vigour and positive affect. However, younger sleep deprived participants showed an 

increased response to negative affect, depression, confusion, tension, anger, fatigue, total 

mood disturbance, hunger, cognitive attenuation, and irritability, compared to the older sleep 

deprived participants. These results again support the notion that younger participants may be 

at increased risk of the negative consequences of sleep deprivation. The results also show that 

younger adults are less able to modulate the emotional effect of sleep deprivation, compared 

to older adults. This suggests that research considering the impact on sleep deprivation may 

not always generalise to the entire adult population.  

While sleep deprivation has been associated with poorer mental health outcomes, so 

too has oversleeping (Kaneita et al., 2006; Kaneita et al., 2007; Steptoe, Peacey, & Wardle, 

2006). A U-shape relationship between sleep quantity and mental health has been observed 

among Japanese adolescents (Kaneita et al., 2007). Specifically, adolescents who slept fewer 

than seven or greater than nine hours per night had poorer general mental health, measured 

through a 12-item general health questionnaire, compared to adolescents who slept between 

seven to nine hours per night. Sleep disturbances and long sleep duration have also been 

positively associated with increased inflammation, measured through C-reactive 
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protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor α (TNFα) (Irwin, Olmstead, & 

Carroll, 2016). Electrophysiological, biochemical and molecular genetic studies suggest that 

IL-6 and TNFα are sleep regulatory cytokines, as they support the regulation of spontaneous 

sleep–wake behaviour (Opp, 2005). Furthermore, these same cytokines have been observed 

in patients with mood disorders, such as depression, who have difficulty initiating sleep 

(Motivala, Sarfatti, Olmos, & Irwin, 2005). Emerging evidence now suggests that the 

mechanisms through which both the innate and adaptive immune systems interact with 

neurotransmitters and neurocircuits may influence the risk for depression (Miller & Raison, 

2016). 

Sleep Quality. While sleep quantity is associated with increased depression and 

negative affect among clinical populations, sleep quality appears to be a greater predictor of 

mental health and well-being among the general population (Bassett et al., 2015; Galambos et 

al., 2009; Lallukka, et al., 2018; Pilcher et al., 1997; Wallace et al., 2017). Sleep quality has 

been shown to be a better predictor of health, affect balance, satisfaction with life, and 

feelings of tension, depression, anger, fatigue, and confusion among young adults who sleep 

within the recommended hours of sleep per night, compared to sleep quantity (Pilcher et al., 

1997). Sleep quality was measured using the Pittsburgh Sleep Quality Index Scale, Stanford 

Sleepiness Scale and Epworth Sleepiness Scale while mental health and well-being were 

measured using the Profile of Mood States Questionnaire, The Satisfaction with Life Scale, 

The Bradburn Affect Balance Scale, and The Cornel Medical Index Scale. These results 

suggest that among non-clinical populations, sleep quality has important implications for 

mental health, and should be considered by health care professionals.  

Furthermore, a study of university students living in a campus dormitory provided 

further support for the association between sleep quality and mental health and well-being 

(Sepehrmanesh, 2016). In this study, 100 students with a sleep disorder and 100 students 
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without a sleep disorder were selected by randomized sampling to participate in this case-

control study. Sleep quality was measured using the Pittsburgh Sleep Quality Index Scale, 

and general health was measured using the General Health Questionnaire. Sleep quality 

significantly predicted both overall mental and physical health, along with symptoms of 

anxiety and depression for both groups. Moreover, participants with a sleep disorder did have 

significantly more health problems, and were more likely to have had suicidal thoughts. 

These results provide further support for the notion that sleep quality plays an important role 

in mental health among young adults.  

More recently, low sleep quality, duration and efficiency were all shown to contribute 

toward increased risk of depression and anxiety, along with gastrointestinal problems 

(Slavish, Taylor & Lichstein, 2019). A total of 771 participants between the ages of 20-98 

years participated in a 14-day epidemiological study, investigating intra-individual variability 

in sleep and mental health conditions. Fourteen days of sleep diaries were used to measure 

sleep duration, sleep quality and sleep efficiency, while depression and anxiety were 

measured using the 21-item Beck Depression Inventory (BDI). Lower total sleep time, sleep 

quality and sleep efficiency each corresponded with increased odds of having depression or 

anxiety. These results again support the notion that high sleep quality may contribute toward 

improved mental health, and should be considered alongside sleep quantity.  

Longitudinal research also supports the notion that poor sleep quality may contribute 

to poorer mental health. A two-year study of Japanese adolescents aged 13-years old at 

baseline, revealed sleep disturbance may be associated with later onset of poor mental health 

status (Kaneita et al., 2009). Specifically, recent onset of poor mental health status was 

statistically significantly associated with both recent onset sleep disturbance, and long-term 

sleep disturbance. Furthermore, recent onset sleep disturbance was also statistically 

significantly associated with recent onset of poor mental health status and long-term poor 
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mental health status. These results suggest that both sleep disturbance and mental health are 

tightly yoked, and can increase each other’s onset risk. 

Finally, intervention research also suggests improving sleep quality can reduce 

depressive symptoms and increase overall health status among older adults in southern 

Taiwan (Chen et al., 2009). A six-month silver yoga intervention was implemented among 

128 older adults aged 62-65 years-old, designed to improve sleep quality. Sleep quality was 

measured through the Pittsburgh Sleep Quality Index, and depressive symptoms were 

measured through the Taiwanese Depression Questionnaire. Finally, health status was 

measured through the Chinese version of the SF-12 Health Survey. Results from the three-

month follow-up revealed that sleep quality and overall health were both significantly 

improved among individuals engaging in regular silver yoga sessions, when compared to the 

waitlist control group. Furthermore, a six-month follow-up revealed these differences were 

maintained. These results could suggest that improvements in sleep quality may contribute 

toward improvements in overall health, and reduce depressive symptoms among older adults. 

However, it is unclear whether improvements in health was a result of the improved sleep 

quality, increased physical activity, or both.  

The Role of Diet in Mental Health and Well-being  

There is now a growing body of research suggesting diet may be a second modifiable 

lifestyle behaviour that underlies mental health and well-being. Research has shown regular 

adherence to a healthy diet is associated with reduced risk of depression and improved mood 

(Molendijk, Molero, Sánchez-Pedreño, Van der Does, & Martínez-González, 2018).  

Specifically, adhering to a Mediterranean diet (MedDiet), categorized by consumption of 

fruit, vegetables, fish, nuts, legumes, whole grain, low fat dairy, olive oil and antioxidants, 

may be protective against depressive disorders (Sánchez-Villegas et al., 2009). One study 

showed adherence to the MedDiet among 2718 Mediterranean adults aged 65-years and over 
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was associated with reduced depression, while low adherence to the MedDiet was commonly 

observed among depressed individuals (Masana et al., 2018). Furthermore, longitudinal 

analysis of 15,980 adults all initially free of depression reveled adhering to the MedDiet was 

associated with reduced depression risk over a ten-year period (Fresán et al., 2019). Higher 

consumption of both fruit and nuts were also shown to reduce the risk of developing 

depression (Fresán et al., 2019). Randomized-control-trials (RCTs) have provided further 

support for this relationship, showing reduced depression, anxiety, negative affect, better 

coping and improved quality of life in participants randomly assigned to eat a MedDiet, 

following a three-month intervention, when compared to control participants (Parletta et al., 

2019). Furthermore, these diet and mental health improvements were sustained at six-month 

follow-up (Parletta et al., 2019).  

Conversely, regular consumption of a typical Western diet, categorized by 

consumption of refined grains, high sugar intake, processed and fried foods, has been 

associated with poorer mental health outcomes (Jacka et al., 2010), and increased risk of 

depression (Akbaraly et a., 2009). Cross-sectional studies on adolescent (Jacka et al., 2010), 

adult (Jacka et al., 2011) and elderly populations (German et al., 2011) have demonstrated 

associations between diet quality and depression, existing over and above family and 

socioeconomic factors. Furthermore, longitudinal analysis has revealed regular consumption 

of a Western diet is associated with increased risk of mental health problems such as 

depression and anxiety among adolescents aged 14-17-years-old (Oddy et al., 2018). 

Depressive symptoms have also been positively associated with consumption of sweet foods 

among women aged 40-65-years-old (Jeffery et al., 2009). Similarly, consumption of fast-

foods (burgers, hot-chips, pizza) and processed pastries (muffins, croissants, doughnuts) have 

been shown to increase the risk of depression over a six-year period (Sánchez-Villegas et al., 

2012). Jacka et al. (2010a) also found support for the diet-depression link, demonstrating that 
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poor diet quality was associated with symptoms of depression in adolescents between age 11 

and 14-years old. In a sample of 7114 adolescents, dietary questionnaires were used to gather 

information on participants’ eating behaviours, and a shortened Mood and Feelings 

questionnaire was used to measure depression. The results demonstrated an association 

between poor diet quality and depression in adolescents, even when controlling for socio-

economic status (SES), parent’s education, family environment, family management, family 

conflict, attitudes to eating, physical activity levels and body-mass-index (BMI). This finding 

implies that lower adherence to recommended dietary intake guidelines and greater 

consumption of unhealthy, processed foods, which are lacking in nutritional value, is 

associated with increased risk of self-reported depressive symptoms in adolescents. Finally, a 

meta-analysis of 21 studies found an association between diet quality and depression risk 

across ten countries (Li et al., 2017). Specifically, high consumption of red or processed 

meat, sweets, refined grains, potatoes, high fat gravy, and high fat dairy products, along with 

low consumption of fruit and vegetables, was associated with increased risk of depression (Li 

et al., 2017).   

Western diets are often high in omega-6 and deficient in omega-3 fats (Simopoulos, 

2002), largely due to relatively low consumption of oily fish, and preference for corn and soy 

oils high in short chain omega-6 linoleic acid (Hibbeln, Nieminen, Blasbalg, Riggs, & Lands, 

2006). Excessive consumption of polyunsaturated fatty acids (PUFA) and a high omega-

6/omega-3 ratio, as is typical in Western diets, has been associated with numerous negative 

health outcomes, including anxiety and depression (Simopoulos, 2002). Meta-analyses have 

further confirmed this relationship, with depressed patients showing significantly lower levels 

of essential omega-3 fatty acids (eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), 

and total ω-3 EFA) compared to healthy controls (Lin, Huang, & Su, 2010). Interestingly, 
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there was no significant difference in omega-6 fatty acids (arachidonic acid (AA) or total ω-6 

PUFAs), compared to healthy controls (Lin, Huang, & Su, 2010).  

Fruit and Vegetable Consumption. There is now research showing that high 

consumption of fruit and vegetables (FV) is associated with lower anxiety and depressive 

symptoms (Kuczmarski et al., 2010; Brody et al., 2002) along with improved psychological 

well-being (Conner et al., 2017; McMartin et al. 2013; Mujcic & Oswald 2016; Carr et al., 

2013). Well-being is an umbrella term encompassing many positive elements of 

psychological functioning including; happiness, calmness, peacefulness, cheerfulness and 

vitality (Keyes, 2002). Increased consumption of fruits and vegetables has been associated 

with increases in happiness, well-being and life satisfaction longitudinally, supporting the 

idea that there is a prospective relationship between fruit and vegetable intake and wellbeing 

(Mujcic & Oswald, 2016). Interestingly, while physical health benefits from consuming high 

quantities of FV may be slow to develop, psychological health benefits may be more 

immediate (Carr et al., 2013). 

One study examined the relationship between FV consumption and well-being over a 

two-week period (Conner, Brookie, Richardson, & Polak, 2015). Participants reported greater 

well-being on days where they ate more FV compared to days where they ate less FV. 

Furthermore, vegetable consumption alone was found to predict greater daily well-being 

(measured by flourishing, creativity, and curiosity), as well as reduced negative affect. The 

authors concluded that while both fruit and vegetables were associated with positive changes 

in well-being, vegetables had a stronger effect. Furthermore, the within person design of this 

study showed well-being fluctuated as a function of FV consumption, although a causal 

relationship cannot be determined.  

Intervention research has further demonstrated the positive benefits of fruit and 

vegetable consumption on improvements on mood (Carr et al., 2012). In a six-week 
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intervention study, 35 young male adults screened to have low baseline blood vitamin C 

levels (< 50 µmol/l) were given either half a kiwifruit per day or two kiwifruits per day, in 

order to investigate the potential benefits of consuming kiwifruit on enhancing mood. A 

Profile of Mood States questionnaire was used both at baseline and following the intervention 

to measure mood. A decrease in mood disturbance and depression was observed in 

participants in the two kiwifruits per day condition who were low in mood at baseline, but not 

for the half kiwifruit per day condition, which suggests a potential dose effect.  

Furthermore, an intervention study by Conner, Brookie, Carr, Mainvil, and Vissers 

(2017), found that young-adults aged 18-25-years who underwent a 14-day fruit and 

vegetable intervention (FVI) showed increased flourishing, vitality and motivation, all 

markers of improved well-being (Conner et al., 2017). Participants were randomized into 

either a diet as usual control condition, an ecological momentary intervention (EMI) 

reminding students to increase their intake of FV through text-message and providing a 

voucher to purchase FV, or a fruit and vegetable intervention (FVI) providing students with 

two additional fresh FV to consume per day. The authors found that providing the young-

adult participants with fresh FV, rather than simply reminding them to increase consumption, 

was sufficient in improving participants’ well-being.  

Research examining the therapeutic impact of dietary intervention on depression is 

still in its infancy, however, two studies have now provided support for the use of dietary 

interventions in the treatment of depression. Firstly, a 12-week randomized control trial 

known as the ‘SMILES’ study was designed to investigate whether a dietary intervention 

could help improve depressive symptoms among adults diagnosed with moderate to severe 

depression (Jacka et al., 2017). Half of the participants were randomized into the dietary 

treatment condition, where they received seven individual sessions with a clinical dietitian to 

eat more healthy Mediterranean-style foods, while the control condition attended social 
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support sessions of the same time and length. Participants who received the dietary 

intervention had a significant reduction of depressive symptoms compared to the control 

group. This was the first study to show that dietary improvements may be a useful and 

effective treatment for moderate to severe depressive symptoms.  

More recently, a three-week dietary intervention showed that increasing diet quality 

among 114 young adults aged 17-35-years with elevated depressive symptoms resulted in a 

significant reduction of depressive symptoms, compared to the control group who maintained 

their normal diet (Francis et al., 2019). This was the first study to examine the use of diet as a 

treatment for depression among young adults, and the results suggest dietary interventions 

may be a promising and feasible treatment for depression and depressive symptoms among 

young adults. Young adulthood is a time where risk of mental disorders and poorer well-

being increases (Sawyer et al., 2001; Wu et al., 2015). Unfortunately, New Zealand young 

adults have a particularly high prevalence of mental disorders (Connolly, Zervos, Barone II, 

Johnson, & Joseph, 2016; Garisch, & Wilson, 2015), and have the highest rate of youth 

suicide in the developed world (Kõlves, & De Leo, 2016; Snowdon, 2017; Stubbing, & 

Gibson, 2019), meaning dietary interventions that may successfully reduce depression among 

young adults may help to reduce these statistics.  

Emerging evidence is now suggesting that the benefits received from fruit and 

vegetables may be altered by the way we prepare them. Brookie, Best, and Conner (2018) 

found raw FV consumption, as opposed to cooked or processed FV consumption, 

significantly predicted greater mental health outcomes, when controlling for demographic, 

health and social covariates. Specifically, raw FV consumption predicted lower depressive 

symptoms, higher positive mood, life satisfaction and increased flourishing, compared to 

consumption of cooked or processed FV. There is evidence that raw FV contain greater levels 
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of micronutrients when compared to cooked or processed FV (Severi, Bedogni, Manzieri, 

Poli, & Battistini, 1997), which could explain this finding.  

Furthermore, a recent systematic review of ten studies which examined the effects of 

vegetable consumption on mental health found that consuming and exceeding the 

recommended amount of FV each day was associated with increased well-being (Tuck, 

Farrow & Thomas, 2019). The review examined 10 studies with prospective or experimental 

data, with an overall sample size of 33,645 participants. Of the three studies examining fruit 

and vegetable consumption individually, two studies provided support for vegetable 

consumption having superior effects on mental health and well-being compared to fruit 

consumption, while one study revealed fruit consumption was superior to vegetable 

consumption. While a clear relationship between greater FV consumption and well-being was 

observed, the relationship between FV consumption and mental health was inconsistent. 

However, the studies used in this review did not examine the difference between raw and 

cooked FV consumption, which might be more specific to mental health than well-being.  

Consumption of Unhealthy Foods. High sugar consumption, through sweet foods and 

drinks, has been regularly associated with poorer mental health and well-being (Akbaraly et 

al., 2009; El Ansari, Adetunji, & Oskrochi, 2014; Jacka et al., 2010; Oddy et al., 2018; 

Westover & Marangell, 2002; Yu et al., 2015). Consumption of unhealthy foods, such as 

sweets, has been significantly associated with increased perceived stress among female 

college students, and increased depressive symptoms among both male and female college 

students (El Ansari et al., 2014). Furthermore, a cross-sectional survey of Chinese adults 

revealed regular consumption of soft drinks was significantly associated with increased 

depressive symptoms (Yu et al., 2015). High dietary glycaemic index and high consumption 

of added sugars have both also been associated with increased odds of developing depression 

among postmenopausal women (Gangwisch et al., 2015). However, while this research 
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demonstrates there is an association between sugar consumption and depressive symptoms, it 

is unclear whether this is causal, or a result of reverse causation, whereby low mood increases 

sugar intake.  

A recent study has sought to examine the role of reverse causation as a possible 

explanation for the association between sugar consumption and depression (Knüppel, 

Shipley, Llewellyn, & Brunner, 2017).  Prospective analysis over five-years revealed that 

men who were in the highest tertile for sugar consumption had a 23% increased odds of 

developing common mental disorder, compared to those in the lowest tertile, even after 

controlling for health behaviours, diet related factors and sociodemographic factors. 

Furthermore, neither development of common mood disorder nor depression predicted diet 

changes in both males and females, which did not support the reverse causation hypothesis. 

This research supports the idea that sugar consumption has adverse effects on mental health, 

and that a diet low in refined sugars may contribute toward greater mental health.   

Mechanisms Linking Diet and Mental Health. Several biological mechanisms behind 

the association between diet and depression have been suggested. First, the consumption of 

carbohydrates, which convert to glucose in the bloodstream, has been associated with 

increased blood inflammatory markers, such as proinflammatory cytokine interleukin 6 (IL-

6), which may contribute to depression (Calder et al., 2011; Kivimäki et al., 2014). Blood 

concentrations of inflammatory markers are increased following the consumption of a meal, 

however unhealthy eating patterns are associated with further increased concentrations of 

inflammatory markers when compared to healthy eating patterns (Calder et al., 2011). One 

study examined the risk of inflammation on the development of depression over a 10-year 

period (Kivimäki et al., 2014). IL-6 was measured in 1992, 1997 and 2003, and mental 

disorders were measured using the general health questionnaire in 1997, 2003 and 2008. 

Compared to participants with low IL-6 in 2003, participants with high IL-6 in 2003 had an 
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increased risk of developing depression at follow-up five years later. Furthermore, 

participants who had high IL-6 in 1992 and 1997 were found to have increased odds of 

having developed an additional mental disorder at either the 2003 or 2008 follow-up. These 

results suggest that chronic inflammation may contribute to the development of mental 

disorders.  

A second mechanism by which poor diet is thought to influence depression is through 

the growth factor brain derived neurotrophic factor (BDNF). Low levels of BDNF are 

believed to facilitate hippocampal atrophy and neurogenesis observed in depression (Sen, 

Duman, & Sanacora, 2008). Furthermore, individuals with major depressive disorder have 

been shown to have abnormally low levels of BDNF (Sen et al., 2008). While an association 

between sugar consumption and BDNF has not yet been observed in humans, several studies 

have shown high sugar consumption leads to a decrease in BDNF among rodents (Gainey et 

al., 2016; Heyward et al., 2012; Molteni, Barnard, Ying, Roberts, & Gomez-Pinilla, 2002). 

Specifically, rodents placed on a diet designed to resemble a typical western diet, consisting 

of high quantities of refined sugars and saturated fats, showed significantly lower levels of 

hippocampal BDNF after eight weeks (Molteni et al., 2002) and twenty-three-weeks 

(Heyward et al., 2012).  

A third mechanism by which sugar intake may influence depression is the addictive 

potential of sugar. Sugar consumption results in the release of opioids and dopamine within 

the bloodstream, and has been associated with addiction (Avena, Rada, & Hoebel, 2008). 

Furthermore, dopaminergic neurotransmission is known to be diminished in individuals with 

depression (Dunlop, & Nemeroff, 2007). Therefore, it is possible that dopaminergic 

neurotransmission mechanisms may connect frequent sugar consumption with depression 

(Dunlop, & Nemeroff, 2007). 
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A fourth mechanism linking diet to mental health and well-being is through the 

nutrients that influence brain neurotransmitter function related to mood (Kennedy 2016; 

Kennedy et al., 2010). Micronutrients within fruits and vegetables, such as vitamin B and C, 

are cofactors in synthesis of several neurotransmitter processes related to serotonin, 

norepinephrine, and dopamine, all of which contribute to mood (Kennedy 2016). 

Furthermore, vitamin C also plays a role in the formation of the myelin sheath, which 

increases the speed of neurotransmission, meaning vitamin C is important for cognitive 

function (Kennedy 2010).  

A final mechanism linking diet to mental health and well-being is the gut brain axis 

(Dash, Clarke, Berk, & Jacka, 2015). The gut brain axis is a bidirectional message 

transformation pathway linking the brain and the gut (Liang, Wu, Hu, Wang, & Jin, 2018). 

The brain and gut are connected through pathways such as the immune system, the HPA axis 

and nerves (Forsythe, Sudo, Dinan, Taylor, & Bienenstock, 2010). Emerging evidence 

suggests the human microbiome plays a powerful role in the prevention and development of 

mental disorders (Evrensel, Ünsalver, & Ceylan, 2019; Liang et al., 2018; Liang, Wu, & Jin, 

2018). Specifically, bacteria within the gut can release metabolites, toxins and 

neurohormones which can change eating behaviour and mood (Evrensel & Ceylan, 2015; 

Evrensel et al., 2019). Gut bacteria may also upregulate responsiveness to stress, increasing 

susceptibility to depression (Evrensel & Ceylan, 2015; Evrensel et al., 2019). However, stress 

and depression have also been shown to increase stress hormones, inflammation and 

autonomic alterations, which can negatively alter gut bacteria (Carvalho et al., 2013; Dash et 

al., 2015). While faecal microbiota transplantation has been used to improve gut microbiota, 

pre-and-probiotic consumption, along with dietary and lifestyle improvements have also been 

shown to improve the microbiota (Liang et al., 2018). 
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The Role of Physical Activity in Mental Health and Well-being  

Physical activity is a third modifiable health behaviour that can improve mental health 

and well-being. Regular physical activity is not only good for physical health, it also 

improves mental health (Catalan-Matamoros, Gomez-Conesa, Stubbs, & Vancampfort, 2016; 

Smith & Blumenthal, 2013). Randomised control trials (RCT’s) have now shown that regular 

physical activity at a moderate intensity may aid in the treatment of mental disorders such as 

depression. However, physical activity also has benefits within non-clinical populations, with 

research suggesting regular physical activity improves mental well-being within the general 

population. Furthermore, regular physical activity may help to prevent the development of 

disease and mental disorders. 

Physical activity intensity is measured in metabolic equivalents (METs) per minute, 

where one MET is equivalent to the amount of oxygen consumed at rest (Kim et al, 2019). 

Moderate intensity physical activity is equivalent to four METs, and is defined as activities of 

a moderate intensity that somewhat increase an adult’s breathing and heart rate (Kim et al., 

2019). Examples of moderate intensity physical activity include carrying light loads, playing 

doubles tennis, or cycling at a regular pace (Kim et al., 2019). Vigorous intensity physical 

activity equivalent to eight METs, and is defined as physical activity which requires hard 

physical effort and significantly increases an adult’s breathing compared to their normal rate 

(Kim et al., 2019). Examples of vigorous intensity physical activity are heavy lifting, 

aerobics, fast cycling or running (Kim et al., 2019). 

Physical Activity and Mental Health. The use of physical activity in the treatment of 

mental disorders has received increasing support over the past decade. Physical activity is 

now considered by many to be a safe and effective way to reduce depressive symptoms 

(Catalan-Matamoros et al., 2016). A meta-analysis of eleven RCTs found physical activity 

interventions to significantly reduce depressive symptoms when compared to a non-
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intervention control, among adolescents aged 13-to-17-years-old (Carter, Morres, Meade, & 

Callaghan, 2016). Furthermore, a second meta-analysis of eight RCTs also found a 

significant moderate reduction in depressive symptoms among a clinically depressed sample 

of adolescents, when compared to a non-exercise control condition (Radovic, Gordon, & 

Melvin, 2017). A systematic review of three meta-analyses examining RCTs found that when 

compared to control, physical activity significantly reduced depressive symptoms in older 

adults across all three meta-analyses (Catalan-Matamoros et al., 2016). More recently, a 

further systematic review of 42 reviews and meta-analyses suggested there is partial evidence 

for a causal association between physical activity and depression among young adults 

(Biddle, Ciaccioni, Thomas, & Vergeer, 2019). Adolescents and young adults who received a 

physical activity intervention showed reduced depressive symptoms, however, according to 

criteria established by Hill (2015), the quality of intervention was assessed as low (Biddle et 

al., 2019).  

Physical Activity and Well-being. Physical activity has also been associated with 

improved well-being among non-clinical populations. Physical activity releases endorphins 

within the body, which help to promote well-being and feelings of euphoria, and increase 

mood and energy (Fox, 1999). Physical activity and physical activity interventions have 

shown significant improvements in health and well-being among the general population 

(Penedo, & Dahn, 2005). Specifically, individuals who engage in regular physical activity 

have been shown to have increased well-being and quality of life (Brehm & Iannotta, 1998; 

Penedo, & Dahn, 2005; Saxena, Van Ommeren, Tang, & Armstrong, 2005). Furthermore, 

interventions designed to increase physical activity have shown significant improvements in 

well-being and improvements in mood when compared to a non-exercise control group 

(Abdin, Welch, Byron-Daniel, & Meyrick, 2018; Devereux-Fitzgerald, Powell, Dewhurst, & 

French, 2016).  
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Three physical activity interventions have provided support for the association 

between increased physical activity and greater well-being. First, a ten-week walking 

intervention among previously inactive, non-academic university employees found 

significant improvement in well-being following the intervention (Thøgersen-Ntoumani, 

Loughren, Taylor, Duda, & Fox, 2014). The intervention consisted of three weekday group –

lead walks, and two weekend, self-initiated, 30-minute walks per week, for 10-weeks. 

Vitality, general health, positive and negative affect, and subjective work performance were 

all measured prior and post the intervention. Following the intervention, significant increases 

in subjective health, vitality, and work performance were all observed, along with decrease in 

fatigue. The study shows that a lunchtime walking programme may be sufficient to improve 

well-being within working adults; however, group walking might have had positive benefits 

through greater social connection.   

Second, a six-week waitlist control intervention examined the effectiveness of a 

weekly 60-minute yoga session among previously inactive university employees (Hartfiel, 

Havenhand, Khalsa, Clarke, & Krayer, 2011).  Employees were randomised into either a Dru 

Yoga group, where they attended one session taught by an experienced Dru Yoga teacher 

each week for six-weeks, or were placed on a waitlist. The yoga intervention significantly 

increased mood and psychological attitudes, along with improvements in confidence, clear 

mindedness, energy, composure and elation. The results suggested that even a small increase 

in physical activity may improve well-being among previously inactive working individuals.  

Finally, a four-month health program intervention was delivered across ten sedentary 

work places within Australia (Freak-Poli, Wolfe, Wong, & Peeters, 2014). The health 

intervention was based around the World Health Organization’s recommended target of 

achieving 10,000 steps per day. Participants were provided a pedometer and instructed to 

reach 10,000 steps each day, with weekly encouragement emails being sent. Well-being was 
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measured at baseline, following the four-month intervention, and again eight months later by 

the World Health Organization Five (WHO-5). Well-being was significantly increased 

following the four-month intervention, and maintained at follow-up eight-months later. 

Furthermore, of the 25% of the sample who had poor well-being at baseline, 49% had 

positive well-being immediately following the intervention, which was maintained at follow-

up. This intervention suggests that physical activity can improve well-being among those 

who already report satisfactory well-being, and also among individuals with low well-being 

at baseline.  

Conversely, low levels of physical activity and increased sedentary behaviour has 

been associated with poorer mental well-being among adolescents (Ussher, Owen, Cook, & 

Whincup, 2007). A cross-sectional survey of 2623 adolescents ages 13-to 16-years-old from 

the United Kingdom investigated adolescents’ physical activity levels, sedentary behaviours 

(such as videogame play and television usage), and well-being as measured by the strengths 

and difficulties questionnaire (Ussher et al., 2007). Sedentary behaviour and low levels of 

physical activity were both significantly associated with poorer mental well-being for both 

boys and girls. Furthermore, a systematic review of 32 articles revealed sedentary behaviour 

was associated with poorer mental health and well-being, along with increased depressive 

symptoms, in adolescents aged 13-19-years-old (Hoare, Milton, Foster, & Allender, 2016). 

Greater screen time was also associated with poorer mental health scores. Specifically, poorer 

mental health was observed among adolescents who used screens more than three hours per 

day, compared to adolescents participating in screen time less than two hours per day.  

Physical Activity as Prevention. Not only has physical activity been shown to relieve 

depressive symptoms among clinical populations (Biddle et al., 2019; Carter et al., 2016; 

Radovic et al., 2017), and improve mood and well-being among non-clinical populations 

(Brehm & Iannotta, 1998; Penedo, & Dahn, 2005; Saxena et al., 2005), research suggests 
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physical activity may actually prevent the development of mental disorders (Alexandrino-

Silva et al., 2019; Bernaards et al., 2006; Kim et al., 2019; Licas et al., 2011; Morgan & Bath, 

1989; Pascoe & Parker, 2019; Wise, Adams-Campbell, Palmer, & Rosenberg, 2006). 

Evidence now suggests that engagement in regular physical activity is negatively associated 

with subsequent risk of depression (Åberg et al., 2012; Bäckmand, Kaprio, Kujala, & Sarna, 

2003; Pascoe & Parker, 2019). Specifically, highest levels of physical activity 

(>90minutes/day) were associated with the lowest risk of developing depressive symptoms 

within a 10-year prospective analysis of almost 50,000 American women (Lucas et al., 2011). 

This suggests regular physical activity at a moderate intensity may be protective of 

depressive symptoms. More recently, a cohort analysis of 107,901 Korean adults revealed a 

positive relationship between physical activity and depression (Kim et al., 2019). 

Specifically, participants achieving 1200-3000 METs of physical activity per week showed 

reduced risk of depression and depressive symptoms, when compared to participants 

achieving 0-600 METs per week (Kim et al., 2019). Furthermore, a 10% lower risk of 

depression or depressive symptoms was observed among individuals achieving 1200-1800 

METs per week (Kim et al., 2019). Interestingly, achieving over 3000 METs per week did 

not significantly reduce risk of depression or depressive symptoms, suggesting a potential 

dose effect. The results suggest that maintaining a physically active state, compared to 

maintaining a sedentary state, may be protective against depressive symptoms.   

Mechanisms Linking Physical Activity and Mental Health. While a clear 

understanding of the mechanisms behind the association between physical activity and 

mental health has not been observed, several theories have been suggested. First, similar to 

diet, physical activity has been associated with increased brain derived neurotrophic factor 

(BDNF) in rats (Cotman & Engesser-Cesar, 2002). Low levels of BDNF are believed to 

facilitate hippocampal atrophy and neurogenesis observed in depression (Sen, Duman, & 
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Sanacora, 2008), while individuals with major depressive disorder usually have lower levels 

of BDNF (Sen et al., 2008). Compared to rats who remained sedentary, rats who ran 500-

meters between two- and seven-days-per-week had a 20% increase BDNF levels (Cotman & 

Engesser-Cesar, 2002). Furthermore, 30-minutes of high intensity physical activity has been 

shown to significantly increase serum BDNF in human adolescents, compared to adolescents 

who participated in low intensity physical activity (Hötting, Schickert, Kaiser, Röder, & 

Schmidt-Kassow, 2016). 

Second, research has shown regular physical activity enhances brain activity in both 

young (Hillman, Snook, & Jerome, 2003) and older adults (Hillman, Belopolsky, Snook, 

Kramer, and McAuley, 2004). High intensity physical activity has been shown to improve 

cognitive control when compared to sedentary activity among young adults (Phillips et al., 

2019). Furthermore, 20-minutes of yoga has been shown to produce improvement in 

cognitive control equal to 20-minutes of moderate aerobic activity (Moore, Peterson, & 

Welsh, 2019). Similarly, improvements in both cognitive performance and mood have been 

observed in male but not female participants following three, one minute stair climbing 

intervals, when compared to participants previous non-exercise control session (Stenling, 

Moylan, Fulton, & Machado, 2019). Similar findings have been observed among older adults, 

where moderate to highly active adults had increased P3 amplitude, an event related potential 

associated with memory and attentional processes, compared to sedentary adults (Hillman et 

al., 2004). These results suggest physical activity may promote improved neural activity and 

plasticity among both younger and older adults.  

Third, there may be evidence to suggest that regular physical activity regulates 

hypothalamic-pituitary-adrenal (HPA) axis activity (Schuch et al., 2016). Physical activity is 

associated with an increase in cortisol, a marker of HPA activity, which helps to regulate the 

bioenergetics system, and increases blood glucose through gluconeogenesis (Fuqua, & Rogol, 
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2013). It has been suggested that the antidepressant effect of physical activity may be a result 

of this normalisation of the HPA axis (Portugal et al., 2013; Wegner et al., 2014). Physical 

activity also promotes the release of atrial natrurietic peptide (ANP), which is involved in 

HPA suppression, and protective against coronary heart failure (Schuch et al., 2016). 

Research has shown that physical activity among individuals with both major depressive 

disorder and coronary heart disease can both improve depressive symptoms and decrease the 

risk of heart failure (Blumenthal et al., 2012). It is therefore suspected that ANP may link this 

bidirectional relationship, mediating both the improvement of depressive symptoms and 

cardiovascular health (Schuch et al., 2016). 

Examining the Health Behaviours Together 

While there has been a considerable amount of research examining each of the three 

health behaviours individually, research examining all three behaviours together is very 

limited. From the research presented above, it is apparent that each health behaviour 

contributes individually to mental health and well-being, however the combination effect of 

all three behaviours together is less understood.  Health behaviours tend to cluster together, 

whereby individuals who eat healthy foods also tend to physical engage in activity more and 

sleep better (Spring, Moller, & Coons, 2012). However, by analysing each health behaviour 

individually, we disregard this covariation among behaviours and limit our understanding of 

which health behaviour may be most beneficial to mental health and well-being, or what the 

combined effects of each health behaviour are, or possible compensatory relationships 

between behaviours. For example, a compensatory relationship would occur if a healthy diet 

could combat the effects of poor sleep or vice versa.  

Several studies have examined the combined relationship between two out of the 

three health beaviours. For example, studies have tested links between diet and physical 

activity (Appelhans et al., 2012; Burks & Keeley, 1989; Gomez-Pinilla, 2008; Jacka & Berk, 
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2013; Sorensen, Anderssen, Hjerman, Holme, & Ursin, 1999), physical activity and sleep 

(Chen et al., 2009; Feng, Du, Ye, & He, 2014; Singh, Clements, & Fiatarone, 1997; Tanaka 

et al., 2002; Wu et al., 2015), and sleep and diet (Blunden, Milte, & Sinn, 2011; Peuhkuri, 

Sihvola, & Korpela, 2012). Specifically, when examining diet and physical activity, while 

both health behaviours have been shown to be associated with reduced depressive symptoms, 

an unhealthy diet has been shown to be a stronger predictor of depressive symptoms when 

compared to physical activity, among a sample of 161 obese women diagnosed with major 

depressive disorder (Appelhans et al., 2012). Furthermore, when considering the relationship 

between physical activity and sleep, a physical activity intervention has been shown to 

improve both sleep quality and depressive symptoms among a sample of 32 adults aged 65-

years or older (Singh et al., 19997). However, the study did not examine whether the physical 

activity intervention directly reduced depressive symptoms, or whether this occurred as a 

result of improved sleep quality. Additionally, a cross-sectional analysis of 1106 Chinese 

university students revealed high physical activity was associated with better sleep quality, 

and fewer depressive symptoms (Feng et al., 2014), but again, did not examine which health 

behaviour was the strongest predictor of depressive symptoms. High diet quality has also 

been associated with greater self-rated sleep quality, and more normative sleep quantity. 

Specifically, adherence to a MedDiet has been associated with better sleep quality, and 

reduced risk of changes in sleep duration among adults aged 60-years and over (Campanini, 

Guallar-Castillón, Rodríguez-Artalejo, & Lopez-Garcia, 2017), however this study did not 

measure mental health or well-being.  

Furthermore, there is some evidence to suggest interactive or compensatory effects 

between combinations of the two health behaviours. A randomised control trial of 128 

previously inactive adults over the age of 60-years found significant interactions between a 

physical activity intervention and sleep quality, sleep latency and depressive state (Chen et 
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al., 2009). Specifically, a six month silver yoga intervention revealed that sleep quality and 

overall health were both significantly improved among individuals engaging in regular silver 

yoga sessions, when compared to the waitlist control group three months into the 

intervention. Furthermore, a six-month follow-up revealed these differences held. These 

results suggest that sleep quality and physical activity may interact to contribute toward 

improvements in overall health, and reduce depressive symptoms among older adults. 

However, to date, there is limited research examining this relationship among younger adults.  

Other research suggests compensatory relationships between sleep quality and unhealthy 

eating (liu et al., 2017). Liu et al found that high sleep quality buffered the effect of workday 

job demands on evening unhealthy eating behaviours. Specifically, high sleep quality the 

night before reduced unhealthy eating behaviours on days where employees had higher work-

demands, suggesting sleep quality may protect against negative consequences associated with 

increased stress or resource drain (Liu et al., 2017). However, while high sleep quality 

protected against unhealthy food consumption following high work-demands, it did not 

promote healthy food consumption following high work-demands, possibly because healthy 

food consumption may require more effortful behaviour regulation.   

Very few studies have analysed all three behaviours together. A recent study 

examined which clusters of self-care behaviours (fruit and vegetable consumption, physical 

activity, as well as low levels of alcohol consumption and smoking) were associated with 

sleep quality and mental health through a cross-sectional survey of 355 Australian University 

Students aged 18-24 (Di Benedetto, Towt, & Jackson, 2019). Poorer adherence to 

recommendations around the health behaviours (such as poorer sleep quality, diet and 

physical activity) were individually associated with poorer mental health. High sleep quality 

was negatively associated with poorer mental health scores, and positively associated with 

physical activity. Fruit consumption was also positively associated with physical activity, 
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however, no significant relationship between sleep quality and diet was observed. Clustering 

analysis also revealed that the “healthiest” cluster contained individuals who had levels of 

sleep quality above the study average, along with high fruit consumption and physical 

activity frequency, less binge drinking, smoking and sedentary behaviour. However, this 

cluster had below average levels of vegetable consumption, which contradicts previous 

findings showing that vegetable consumption is significantly associated with mental health 

and well-being (Conner et al., 2014). Clustering analysis also revealed that the “unhealthiest” 

cluster had the poorest sleep quality, highest level of depressive symptoms and anxiety, along 

with fruit consumption and physical activity below government recommendations, and more 

binge drinking and sedentary behaviour. This study supports the notion that the health 

behaviours are often tightly linked together. However, this study did not measure which 

behaviour was the strongest predictor of the mental health measures, so we cannot make 

conclusions about which behaviour may be most important. Furthermore, this study only 

measured depressive symptoms and anxiety, and did not consider well-being. This is 

important as each of the health behaviours have not only been individually associated with 

reductions in negative mental health symptoms (Akbaraly et al., 2009; El Ansari, Adetunji, & 

Oskrochi, 2014; Carter et al., 2016; Catalan-Matamoros et al., 2016; Jacka et al., 2010; 

Motivala et al., 2006; Oddy et al., 2018; Schwarz et al., 2019 Westover & Marangell, 2002; 

Yu et al., 2015), but have also been associated with greater flourishing, life satisfaction, 

curiosity, creativity, and vitality, all markers of well-being (Bassett et al., 2015; Boynton, & 

Lytle, 2017; Brehm & Iannotta, 1998; Carr et al., 2012; Conner et al., 2014; Conner et al., 

2017; Francis et al., 2019; Jacka et al., 2017; Lallukka, et al., 2018; Pilcher, Ginter, & 

Sadowsky, 1997; Saxena et al., 2005; Wallace, Penedo, & Dahn, 2005).  
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Overview of Current Studies 

There is now considerable evidence supporting the idea that sleep, diet, and physical 

activity can benefit mental health and well-being individually. However, research considering 

all three behaviours together is still in its infancy. Further research is needed to determine 

which of the three health behaviours can most strongly predict mental health and well-being, 

and their possible higher-order relationships, including possible compensatory patterns. This 

is important as the results can advise further lifestyle based interventions. The current thesis 

aims to address this research gap, by investigating the combined relationship between sleep, 

diet and physical activity to predict mental health and well-being outcomes in two separate 

cross-sectional studies, both with young adults ages 17-25 years old. This population was 

selected due to the increased risk of mental health outcomes, and unhealthy behaviours. 

Previous research has shown young adults are at increased risk of mental disorders 

(Connolly, Zervos, Barone II, Johnson, & Joseph, 2016; Garisch, & Wilson, 2015), and tend 

to develop more unhealthy lifestyle behaviours (Prochaska, Spring, & Nigg, 2008). Study 1 is 

a cross-sectional study of 1536 young adults aged 18- to 25-years-old, from both New 

Zealand and the United States. Study 2 is a second cross-sectional daily diary study of 796 

young adults ages 17-25 from New Zealand. The hypotheses, methods, and measures for both 

studies are conceptually identical, but there was some variation in the measures used across 

studies, which is why they were not combined for analysis. Also, testing two separate 

samples provides an opportunity to replicate findings, which is important for scientific 

validity (Shrout & Rodgers, 2018).   

 This thesis has three hypotheses. The first hypothesis is that I will replicate previous 

cross-sectional findings, further supporting the individual associations between sleep, diet 

and physical activity on mental health and well-being. When these variables are tested alone, 

I predict that better sleep, diet and physical activity will each significantly predict greater 
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satisfaction with life, flourishing, vitality and positive mood, and significantly predict lower 

negative mood, depression and anxiety.  Extensive literature has suggested adequate sleep is 

individually associated with greater mental health and well-being (Bassett et al., 2015; Chen 

et al., 2009; Duffy et al., 2009; Lallukka, et al., 2018; Pilcher et al., 1997; Galambos et al., 

2009; Kaneita et al., 2007; Saunders et al., 2015; Schwarz et al., 2019; Sepehrmanesh, 2016;  

Wallace et al., 2017; Saunders et al., 2015). Furthermore, while there has also been extensive 

research examining the role of both diet (Brody et al., 2002; Carr et al., 2013; Conner et al., 

2017; Conner et al., 2015; Fresán et al., 2019; Jacka et al., 2010; Kuczmarski et al., 2010; 

McMartin et al. 2013; Mujcic & Oswald 2016; Molendijk et al., 2018; Oddy et al., 2018; 

Parletta et al., 2019) and physical activity (Catalan-Matamoros et al.,2016; Carter, Morres, 

Meade, & Callaghan, 2016; Freak-Poli et al., 2014; Hartfiel  et al., 2011; Kim et al., 2019; 

Smith & Blumenthal, 2013; Thøgersen-Ntoumani et al., 2014) on mental health and well-

being, these results have been mixed. Specifically, literature examining the role of physical 

activity on mental health and well-being has varied, with studies suggesting strong significant 

effects of physical activity on mental health and well-being (Catalan-Matamoros et al.,2016; 

Carter, Morres, Meade, & Callaghan, 2016; Freak-Poli et al., 2014; Hartfiel  et al., 2011; Kim 

et al., 2019; Smith & Blumenthal, 2013; Thøgersen-Ntoumani et al., 2014), while others have 

shown this effect to be non-significant (Biddle & Asare, 2011; Biddle et al., 2019). For this 

reason, the second hypothesis is that when tested together, sleep quality would be the 

strongest predictor of mental health and well-being, followed by diet and physical activity. 

The third hypothesis is that in participants where sleep quality is low, diet or physical activity 

will have a stronger connection to depression and anxiety, and may be better able to buffer or 

compensate for poor quality sleep. This is based on research demonstrating interactive effects 

between combinations of each health behaviour, suggesting potential compensatory 

relationships between each health behaviour.  
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 Multiple control variables encompassing physical health and demographic covariates 

were used. Specifically, gender, age, ethnicity, socioeconomic status (SES), study population 

(New Zealand or United States), and employment were used as demographic control 

variables. Body mass index (BMI), medical condition, mood medication, supplement use, 

vegetarian status, food allergies, alcohol consumption and smoking status were used as 

physical health control variables. As the current study was aiming to examine which lifestyle 

behaviour is the strongest predictor of mental health and well-being, the selection of 

appropriate control variables is paramount. Medical conditions can impact mood and well-

being, where individuals who have pre-existing medical conditions or those who are taking 

mood medications tend to have lower mental health and well-being compared to individuals 

free of medical conditions. Furthermore, vegetarian status, supplement use and food allergies 

might impact dietary measurement, and therefore also need to be controlled for.  

 Understanding the degree to which each lifestyle behaviour predicts mental health and 

well-being is important, as it can inform further lifestyle interventions. For example, if the 

current study shows that sleep is in fact the strongest predictor of mental health and well-

being, further interventions could prioritize sleep improvement within young adults.  

Study 1 

Method 

The current study was a correlational cross-sectional design with data collected via an 

online survey. This study was approved by the University of Otago Department of 

Psychology (Category B Ethics #D17/158), with oversight by the University of Otago Ethics 

Committee. 
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Participants 

The participants were 1536 young adults between 18 and 25-years-old (M = 21.90, SD 

= 2.29). Recruitment and data collection occurred during the months of April and May of 

2017, 2018 and 2019 (2017: n = 429; 2018: n = 356; 2019: n = 751). Participants were 

recruited either through the University of Otago Department of Psychology experiment 

participation programme (n = 430) or via Amazon Mechanical Turk (MTurk; n = 1106). 

MTurk is a crowd sourcing internet marketplace that allows researchers to recruit large 

numbers of participants based in the United States of America, with the participants asked to 

perform tasks in exchange for payment set by an employer (US$1.50). In contrast, the 

University of Otago Psychology participants received one course credit following completion 

of the internet based survey.  

For a participant to enrol in our study, they had to meet specific inclusion criteria. All 

participants were required to be within ages of 18 to 25-years-old at the time of participation. 

Specific to the MTurk participants, they had to be living in the United States, pass all 

attention checks that were dispersed throughout the survey, and have a Human Intelligence 

Task (HIT) approval rating of greater than 90%. Furthermore, to ensure unique responses, 

MTurk workers who had taken the survey in previous years could not retake the survey. 

These exclusion criteria resulted in 551 participants who were excluded from our final data, 

specifically, failing to pass attention checks (n = 500), had incomplete data (n = 23), 

displayed a response bias (n = 12), or were missing key variables (n = 16).  

Procedure 

This study was advertised across both the University of Otago Psychology 

Department and MTurk experimental participation website, as a ‘Lifestyle of Young Adults 

Survey’ throughout 2017, 2018, and 2019. Following signup, psychology participants were 
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emailed a Qualtrics link to the online survey, while interested MTurk participants were 

instantly redirected to the Qualtrics link on which to complete the survey.  

The first page of the survey showed study information and a consent form, explaining 

the types of questions that would be asked about lifestyle behaviours, and mental health and 

well-being. Participants were instructed that their responses would remain anonymous and 

that the survey would take approximately 30 minutes to complete. Participants were also 

instructed they could withdraw from participating at any time without any disadvantage to 

themselves. If participants were happy to proceed, they were asked to provide consent by 

agreeing to participate in the survey. Participants who did not agree to participate were 

diverted to a thank-you message and were not included in the sample. For the MTurk survey, 

two attention checks were presented randomly throughout the survey, designed to reduce the 

number of inattentive and ‘AI robot’ respondents. Those who did not pass these attention 

checks were not able to continue the survey, were ineligible for payment (US$1.50 on 

completion), and not included in the final sample. There were no attention checks in the 

Psychology student survey as this was not standard protocol at the time of data collection. 

Psychology participants were emailed a debriefing form which they completed to gain course 

credit following their completion of the survey.  

Measures 

Demographics measures. Section one of the survey asked questions about participants 

age (18-25 years), gender (male, female, or gender diverse), ethnicity (e.g., Caucasian/White, 

African-American/Black, Asian, Hispanic, mixed/other), education level, employment status, 

accommodation, and both childhood and adult socioeconomic status (SES) status 

(Griskevicius, Delton, Robertson, and Tybur, 2011). See Appendix A for the full list of 

survey items.   
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Physical health measures. Section two of the survey asked participants about their 

physical health and lifestyle behaviours.  

Sleep quantity and sleep quality were assessed using two items from the Basic Nordic 

Sleep Questionnaire (Partinen & Gislason, 1995). Sleep quantity was assessed with the 

question ‘In a typical week, how many hours do you usually sleep per night?’, with response 

options ranging from 0 to 20 hours. Sleep quality was assessed with the question ‘When you 

wake up from sleeping, how refreshed do you feel?’, with the response options ranging from 

‘Never refreshed’ (0) to ‘Very refreshed’ (4).   

Physical activity was assessed using a single item by Milton, Bull, and Bauman 

(2009). This question asked participants ‘In a typical week, on how many days have you done 

a total of 30 minutes or more of physical activity, which was enough to raise your breathing 

rate?’. The question description stated participants should exclude housework or physical 

activity that is part of their job, and gave examples of types of physical activity participants 

should include. Response options ranged from 0 to 7 days a week.  

Body mass index was measured through questions about participant’s height and 

weight, with response options available in both metric and imperial units. Body mass index 

was then computed by dividing weight in kilograms by the square of height in meters 

(Nuttall, 2015). 

Health conditions were measured by participants using a series of tick boxes to 

indicate whether they had any of 12 common conditions, specifically: Type 1 and 2 diabetes, 

hypertension, history of cancer, coeliac disease, osteoporosis, disordered eating behaviours, 

cardiovascular disease, anaemia, endometriosis/polycystic ovarian syndrome, chronic fatigue 

syndrome, irritable bowel syndrome, and Crohn’s disease. Participants were also given the 

option of ‘other’ where they could describe any health condition not already mentioned, and a 

‘no health conditions’ response choice.  
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Dietary habits. Section three of the survey included multiple dietary measures of both 

healthy and unhealthy food consumption. The dietary assessment used in this study was an 

adaptation of the methods used in similar research by Mujcic and Oswald (2016) and Lesani 

et al. (2016).  

Depending on participant answers, a total of up to three questions were asked about a 

range of food groups based on their typical consumption in a week (specifically, raw fruit, 

cooked fruit, raw vegetables, cooked vegetables, legumes, nuts, oils, fast food, chocolate, 

candy, hot chips, and soda consumption). The three questions were as follows (using “raw 

fruit” as the example food group): (1) ‘How many days in a typical week do you consume 

raw fruit?’, (0 days to 7 days/ week) (2) ‘On a day when you consume raw fruit, how many 

servings do you have?’ (insert response range), and (3) ‘What type of raw fruit do you 

usually eat?’ Examples of the food group (e.g., raw fruit) and serving sizes were provided 

(see Appendix A). If participant ate a particular food 1 to 7 days per week, they were then 

asked the second and third questions about typical daily servings and specific types of foods 

eating.  

Section four asked questions about other dietary habits, such as the purchasing, 

preparation, and cooking of food. Response options included ‘I mainly eat at my University 

Hall’, ‘I mainly buy food and cook as a flat or group’, ‘I mainly purchase food and prepare it 

myself’, ‘I mainly purchase and prepare it with my partner’, ‘my parents prepare my food’, or 

‘other’. Vegetarian status was measured using a question from the Australian Longitudinal 

Study of Women’s Health (Baines, Powers, Brown, 2007), listing the main food groups (red 

meat, pork, poultry, fish, dairy, other animal products, or other) and asking participants if 

they excluded any of these from their diet for health or ethical reasons. Food allergy status 

was also assessed through a list of common dietary allergies (dairy, eggs, peanuts, tree nuts, 

wheat, soy, shellfish or fish, other, or no food allergy), where participants were asked to 
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indicate if any of the food allergies applied to them. Alcohol consumption was assessed 

through participant’s indication of how many days in a typical week they consumed alcohol 

with response options ranging from 0 to 7 days-per-week. If participants selected one day or 

more, they were then asked how many standard drinks per day were typically consumed 

when they drank, with a drop-down response option ranging from 1 to 40+ standard drinks.  

Medication and vitamin use. Section five contained questions about medication and 

vitamin use. Participants were asked to specify whether they were taking any prescription 

anti-depressant or mood stabilising medication through a ‘yes/no’ response. The same 

‘yes/no’ question format was used to ask about participant’s use of multi-vitamin and/or 

mineral supplements, vitamin C supplements, vitamin B supplements, and fish oil 

supplements (assessed in 2018 and 2019 only). Example brands of each supplement were 

given for each question. Smoking frequency was also measured with the response options 

being ‘I don’t smoke now’, ‘Less than once a month’, ‘At least once a month’, ‘At least once 

a week’, or ‘At least once a day’.  

Well-being and Mental health. The final section of the survey contained seven well-

being and mental health measures. Participants were instructed that they could skip questions 

if at any stage they felt uncomfortable answering.   

The Satisfaction with Life Scale (SWLS; Diener, Emmons, Larsen, & Griffin, 1985) 

was used to measure life-satisfaction, a eudaemonic element of well-being. The SWLS 

contained five statements such as “The conditions of my life are excellent” and “So far I have 

gotten the important things I want in life”, which were answered on a Likert scale ranging 

from 1 (Strongly Disagree) to 7 (Strongly Agree), for “how you personally feel at this time in 

your life”. Responses to the five statements were averaged (Cronbach’s α = 0.942). 

The Flourishing Scale (Diener et al., 2010) was used to measure the flourishing aspect 

of eudaemonic well-being. This scale contained eight statements such as “I lead a purposeful 
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and meaningful life”, and “I am engaged and interested in my daily activities”. Participants 

indicated their agreement with each item on a Likert Scale ranging from 1 (Strongly 

disagree) to 7 (Strongly agree). Responses to the eight statements were averaged (Cronbach’s 

α = 0.937).  

A Vitality Subscale was the third measure of well-being. This subscale was taken 

from the SF-36, a health and wellness questionnaire (Ware & Sherbourne, 1992). The vitality 

subscale contained four items: ‘Typically, do you feel full of life?’, ‘Have a lot of energy?’, 

‘Feel tired?’, and ‘Feel worn out?’ Participants responded from 0 (None of the time) to 5 (All 

of the time). The final two items were reverse coded and then the four items were summed 

(Cronbach’s α = 0.669).  

Positive and negative mood were measured using a scale based on the affective 

circumplex (Russell & Barrett, 1999). Each item in this 24-item scale varied by activation 

(high/medium/low) and valence (positive/negative). Twelve items measured positive affect 

(specifically, enthusiastic, excited, energetic, joyful, happy, cheerful, pleasant, good, relaxed, 

calm, content, satisfied), and a further 12-items measured negative affect (specifically, 

hostile, stressed, irritable, angry, anxious, annoyed, nervous, tense, hopeless, unhappy, 

dejected, and sad). The items were presented in a random order (fixed across participants), 

and participants responded to each of these “Typically, do you feel…” questions using a 

Likert scale that ranged from 0 (None of the time) to 4 (Most of the time). An overall positive 

mood score (mean of the 12 positive mood items; α = 0.952), and an overall negative mood 

score (mean of the 12 negative mood items; α = 0.912) was calculated.  

Depressive symptoms were measured using the Centre for Epidemiological 

Depression Scale (CESD; Radloff, 1977). This scale contained 20 items related to feelings 

‘In the last week, including today’. Examples included ‘I was bothered by things that usually 

don’t bother me’, and ‘I felt that I could not shake off the blues even with the help of my 
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family or friends’. Response options ranged from 0 to 3, respectively: (0) ‘Rare or none of 

the time (<1 day)’, (1) ‘Some or a little of the time (1-2 days)’, (2) ‘Occasionally or a 

moderate amount of the time (3-4 days)’, and (3) ‘Most or all of the time (5-7 days)’. To 

calculate the single depressive symptoms score for each participant, items were reverse coded 

as necessary and then summed (α = 0.936).  

Anxiety was measured using the Hospital Anxiety and Depression Scale – Anxiety 

Subscale (HADS; Zigmond & Snaith, 1983). The HADS contained seven items relating to 

anxiety participant’s felt ‘in the last week, including today’. Items included “Worrying 

thoughts go through my mind” and “I get sudden feelings of panic”. Response options ranged 

from 0 to 3, specifically; (0) ‘Definitely’, (1) ‘Usually’, (2) ‘Not often’, and (3) ‘Not at all’. 

To create the overall measure of anxiety for each participant, reverse scoring was applied for 

item 4 and all items were summed (α = 0.875).  

Data Preparation  

Based on exclusion criteria, 551 participants were excluded from the original sample 

of 2087. This resulted in a final sample of 1536 participants.  

The following variables were computed for data analyses. Overall SES was obtained 

by combining childhood SES and Adult SES (α = 0.844). BMI was computed by dividing 

weight in kilograms by the square of height in meters. For each food category, an average 

daily food serving was calculated by multiplying question (1) ‘How many days in a typical 

week do you consume this food?’ by question (2) ‘On a day when you eat this food, how 

many servings do you have?’, divided by seven (e.g., if a participant reported eating raw fruit 

four days a week, and two servings, this would be calculated as: 4 x 2 = 8 weekly servings/7 

days = 1.14 daily servings). Total raw ‘fruit and vegetable’ (FV) intake was computed by 

combining raw fruit and raw vegetable consumption, with the same done for the cooked FV 

intake variable. All of the raw and cooked FV daily items were also summed to compute an 
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overall daily FV intake variable. Daily servings of both chocolate and candy were summed to 

compute a combined Sweets variable.  Weekly alcohol consumption was calculated by 

multiplying question (1) ‘How many days in a typical week do you consume alcohol?’ with 

question (2) ‘How many standard drinks do you typically consume?’  

Furthermore, categorical items were dummy coded and continuous variables were 

centered for use in the regression analysis. The top five ethnicity categories were created 

using a set of four dummy codes with White ethnicity as the reference group (vs. Asian, 

Black, Hispanic, and Mixed/Other). Gender was also dummy coded, with male gender as the 

reference group (vs. Female and Gender Diverse), as pairwise comparisons revealed 

significant (p = <.001) mean differences for gender groups among the negative mental health 

measures (women and gender diverse scoring higher in negative mood, depressive symptoms 

and anxiety than men). Employment status was dummy coded with those who were 

employed or studying as the reference group (vs. those who were unemployed). Smoking was 

dummy coded to separate those who identified as non/infrequent smokers (0) from those who 

identified as regular smokers (1; e.g., smoking at least 1/week or 1/day). Health condition, 

mood medication use, food allergy, and vegetarian status were all dummy coded to indicate 

absence (0) or presence (1) of health conditions, mood medication use, food allergies, or 

vegetarianism, respectively. 

Pursuant to the hierarchical linear regression analyses, as there were a large number 

of potential covariates, each model was iteratively assessed to identify (and use) only those 

covariates that affected the final model. Specifically, covariates were excluded from the final 

model if they did not statistically predict the dependent variable, or had a standardised beta 

coefficient less than 0.10, or did not alter the amount of variance explained, indicating that 

model fit was not reduced. 
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Results  

Descriptive Statistics  

Descriptive statistics for the participants’ demographic characteristics are found in 

Table 1. The total sample consisted of 1536 young adults from both New Zealand (n = 430) 

and the United States (n = 1106). The sample included 68.7% females, 29.6% males, and 

1.7% identifying as gender diverse. Participants reported a range of diverse ethnic 

backgrounds (38.2% ethnic minorities). Participants were 18 to 25 years old as required for 

participation in this study, with the mean age being 21.90 years (SD = 2.29). Participants’ 

average BMI score was 24.88 (SD = 5.99), which was just within the normal range (18.5 – 

24.9). Participants average SES score was 4.03 (SD = 1.29), with the scale ranging from 1 to 

7, where higher scores represent higher prosperity levels. The majority (92.2%) of 

participants attended or completed university level education, with 9.3% of the sample being 

unemployed. The majority of the participants were free of health conditions (70.9%), with 

14.4% using antidepressants, 5.2% identifying as vegan/vegetarian, 16.8% having a food 

allergy, and 6.1% smoking regularly.   

Descriptive statistics for the health, diet, mental health and well-being measures are 

found in Table 2. On average participants reported sleeping approximately seven hours per 

night (with a range between two and twenty hours per night), and rated their sleep quality 

around the ‘a little or somewhat refreshed’ level (1.67), specifically: (0) never refreshed, (1) 

a little or somewhat refreshed, (2) moderately refreshed, (3) mostly refreshed, and (4) very 

refreshed. Participants reported engaging in physical activity approximately three days per 

week on average, with a range from zero to seven days per week. Participants reported eating 

an average of approximately three servings of fruit and vegetables per day (3.13), which was 

below New Zealand’s recommended five servings per day (Rekhy & McConchie, 2014), but 

consistent with previous research within the young adult population (Chung & Hoerr, 2005; 
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Laska, Larson, Neumark-Sztainer, & Story, 2012). However, there was a large range within 

the sample regarding fruit and vegetable consumption, from zero to nineteen servings per 

day. Average daily consumption of hot chips, fast food, sweets, and soda was relatively low 

for the sample (all below one serving per day). Average weekly alcohol consumption was 

approximately five standard drinks per week, with individual consumption ranging from 0 to 

84 standard drinks per week. The overall well-being of the sample was moderate, with most 

scores reflecting a neutral level of well-being across the sample. The average life satisfaction 

score was 4.27 (where 1 is worst possible life and 10 is best possible life). Flourishing was 

rated slightly higher, where the average score was 5.04 (where 1 is strongly disagree and 7 is 

strongly agree). Average vitality across the sample was also rated neutral, with a score of 

10.15 out of a possible 20, with higher scores corresponding to increased vitality. 

Furthermore, participants reported being in a state of positive mood ‘some of the time,’ with 

an average rating of 2.15 out of a possible 4, with higher scores corresponding to a more 

positive mood. For negative mood, participants reported being in this state on average ‘a little 

of the time,’ with an average rating of 1.50 out of a possible 4, where higher scores 

corresponded to a more negative mood. The sample overall showed elevated depressive 

symptoms, with an average CES-D rating of 18.88, with scores above 16 indicating risk of 

clinical depression. Anxiety ratings in this sample were also moderately high, with an 

average rating of 7.12, where scores over 7 on the HADS signal elevated risk of anxiety.  
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Table 1.  

Descriptive Statistics for Participant Characteristics (n = 1536)  

 Mean (SD) Minimum Maximum 

Age 21.90 (2.29) 18.00 25.00 

BMI 24.88 (5.99) 8.92 57.81 

SES (combined)  4.03 (1.29) 1.00 7.00 

Note. BMI = Body Mass Index, computed from self-reported height and weight; SES = 

socioeconomic child and socioeconomic adult combined; IBS = Irritable Bowel Syndrome. 

PCOS = Polycystic Ovarian Syndrome.  

Variables Categories n (% of sample) 

Sample MTurk 1106 (72%) 

 Psychology Students 430 (28%) 

Gender Female 1055 (68.7%) 

 Male 455 (29.6%) 

 Gender Diverse 26 (1.7%) 

Ethnicity (Top 6) White 949 (61.8%) 

 Asian 129 (8.4%) 

 Mixed 149 (9.7%) 

 Black 86 (5.6%) 

 Other 157 (10.2%) 

 Hispanic 66 (4.3%) 

Education Attended tertiary undergrad 803 (52.3%) 

 Completed tertiary undergrad 320 (20.8%) 

 Completed tertiary higher 106 (6.9%) 

 Attending tertiary higher 115 (7.5%) 

 Did not complete high school 5 (0.3%) 

 Completed high school 187 (12.2%) 

Employment Full or part-time work 759 (49.4%) 

 Full or part-time student 961 (62.6%) 

 Unemployed 143 (9.3) 

Health Conditions  No health conditions 1089 (70.9%) 

 Other 195 (12.7%) 

 Mixed medical condition 128 (8.3 %) 

 Anaemia 110 (7.2 %) 

 Disordered eating behaviours 92 (6.0 %) 

 IBS or Crohn’s Disease 75 (4.9%) 

 Endometriosis/PCOS 36 (2.3%) 

 Asthma 44 (2.1%) 

 Hypertension 30 (2.0 %) 

 Chronic Fatigue Syndrome 27 (1.8%) 

 History of Cancer 21 (1.4 %) 

 Mental Disorder 28 (1.3%) 

 Coeliac Disease 10 (0.7%) 

 Diabetes (Type 1 or 2) 6 (0.4 %) 

 Cardiovascular Disease 4 (0.3 %) 

Antidepressant use Yes 300 (14.4%) 

Food exclusion Vegetarian/Vegan 109 (5.2%) 

 Food Allergy 258 (16.8%) 

Smoker Yes 94 (6.1%) 
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Table 2.  

Descriptive Statistics for Health, Diet, Mental Health and Well-Being Measures (n = 1536) 

 Mean (SD) Minimum Maximum 

Sleep quantity (hours/night) 7.23 (1.39) 2.00 20.00 

Sleep quality  1.67 (1.01) 0.00 4.00 

Days of physical activity/week 2.95 (1.95) 0.00 7.00 

FV servings/day  3.13 (2.30)  0.00 19.00  

Raw FV servings/day 2.08 (1.76) 0.00 14.00 

Cooked FV servings/day 1.05 (1.01)  0.00 8.57 

Hot chips servings/day 0.33 (0.45) 0.00 6.00 

Fast food servings/day 0.26 (0.38) 0.00 5.00 

Sweets (chocolate and candy)/day 0.69 (0.90) 0.00 7.86 

Soda consumption/day 0.51 (1.01)  0.00 7.00 

Alcohol consumption/standards per week 4.93 (7.95)  0.00 84.00 

Life satisfaction 4.27 (1.52)  1.00 7.00 

Flourishing  5.04 (1.19) 1.00 7.00 

Vitality  10.15 (2.80) 0.00 20.00 

Positive mood 2.15 (0.82)  0.00 4.00 

Negative mood 1.50 (0.79) 0.00 4.00 

Depressive symptoms 18.88 (12.74) 0.00 58.00 

Anxiety  7.12 (4.76)  0.00 21.00 

Note. Food variables expressed in standard serving sizes; FV = Fruit and Vegetable.  
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A correlation matrix of the lifestyle behaviours is presented in Table 3. Sleep quantity 

had a positive significant correlation with sleep quality, and a weak negative significant 

correlation with daily soda intake but was not significantly correlated with any other 

variables. However, sleep quality was strongly positively significantly correlated with 

physical activity, daily fruit and vegetable servings, and daily raw fruit and vegetable 

servings, moderately negatively significantly correlated with fast food and sweets, and 

weakly negatively significantly correlated with hot chips and soda. Physical activity was 

positively significantly correlated with sleep quality and fruit and vegetable consumption 

(both raw and cooked), negatively significantly correlated with hot chip and soda 

consumption, and weakly negatively significantly correlated with fast food consumption. 

Fruit and vegetable consumption was positively significantly correlated with sleep quality, 

physical activity, and raw and cooked fruit and vegetable consumption, moderately positively 

significantly correlated with sweets, and moderately negatively significantly correlated with 

soda. All of the unhealthy diet variables (hot chips, fast food, sweets and soda) were 

positively significantly correlated with each other.  

A correlation matrix of the mental health and well-being measures is presented in 

Table 4. All of the positive well-being measures (life satisfaction, flourishing, vitality, and 

mood) were strongly positively significantly correlated with each other. All of the negative 

mental health measures (negative mood, depressive symptoms, and anxiety) were also 

strongly positively significantly correlated with each other. Each of the negative mental 

health measures were strongly negatively significantly correlated with the positive well-being 

measures. 
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Table 3.  

Bivariate Correlations between Lifestyle Behaviours (Sleep, Physical Activity and Diet) (n = 1536) 

 Note. *p < .05, **p < .01, ***p < .001; Sweets = Chocolate and Candy combined; FV = Fruit and Vegetables.  

 

 

 

 

 

 

 

 

 

 

 1 2 3  4 5 6 7 8 9 10 

Sleep Quantity (1) - 0.257*** 0.019 0.013 0.015 0.004 -0.047 -0.041 -0.026 -0.058* 

Sleep Quality (2)  - 0.183*** 0.120*** 0.132*** 0.043 -0.055* -0.077** -0.075** -0.056* 

Physical Activity (3)   - 0.347*** 0.352*** 0.173*** -0.080*** -0.062*  0.011 -0.133*** 

FV servings/day (4)    - 0.909*** 0.684***  -0.017 -0.046  0.102** -0.086** 

Raw FV servings/day (5)     - 0.318*** -0.047 -0.088**  0.025 -0.117*** 

Cooked FV servings/day (6)      -  0.043 0.051  0.153*** -0.023 

Hot Chips (7)        - 0.455***  0.316***  0.220*** 

Fast Food (8)        - 0.281*** 0.246*** 

Sweets (9)           -  0.092*** 

Soda (10)          - 
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Table 4.  

Bivariate Correlations between the Mental Health and Well-Being Measures (n = 1536) 

 

     1     2       3         4       5     6       7 

Life Satisfaction (1) - 0.740*** 0.321*** 0.701*** -0.576*** -0.663*** -0.500*** 

Flourishing (2)  - 0.364*** 0.781*** -0.601*** -0.698*** -0.504*** 

Vitality (3)   - 0.425*** -0.223*** -0.270*** -0.184*** 

Positive Mood (4)    - -0.604*** -0.716*** -0.562*** 

Negative Mood (5)     - 0.785*** 0.755*** 

Depressive Symptoms (6)      - 0.768*** 

Anxiety (7)       - 

Note. *p < .05, **p < .01, ***p < .001; Depressive symptoms measured by CES-D; Anxiety measured by HADS.  
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Testing for Individual Associations 

A correlation matrix of the lifestyle behaviours with mental health and well-being 

measures is presented in Table 5. The individual correlations were all in predicted directions, 

and were mostly consistent with past research. Sleep quality was the strongest predictor of all 

seven outcomes; people with higher sleep quality reported greater life satisfaction, vitality, 

flourishing and positive mood, and lower negative mood, depression, and anxiety. Physical 

activity was the second strongest predictor of the mental health and well-being variables, 

showing similar (but weaker) relationships than sleep quality. Raw fruit and vegetable intake 

was the third strongest predictor showing patterns similar to that of physical activity.  

Moreover, raw fruit and vegetables was the stronger predictor of better health and well-being 

than overall or cooked FV. Sleep quantity was the fourth strongest predictor of the outcomes, 

and much less important than sleep quality. Finally, the unhealthy foods were also in 

predicted directions, where hot chip and soda consumption all predicted poorer mental health 

and well-being, although the relationships were descriptively weaker than for fruit 

consumption.  

A correlation matrix of the control variables with mental health and well-being 

measures is presented in Table 6. Greater well-being was correlated with younger age, better 

education, being employed, higher SES, lower BMI, fewer health conditions, less mood 

medication use and greater vitamin C use.  More mental health issues were associated with 

being female, lower education, unemployment, lower SES, higher BMI, more health 

conditions and use of mood medications.   
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Table 5.  

Bivariate Correlations between Sleep, Physical Activity, and Diet Variables with Mental Health and Well-Being Measures (n = 1536) 

 

 Life 

Satisfaction 

Flourishing Vitality Positive 

Mood 

Negative 

Mood 

Depressive 

Symptoms 

Anxiety 

Sleep Quantity 0.138** 0.098*** 0.042 0.126*** -0.132*** -0.175*** -0.169*** 

Sleep Quality 0.379*** 0.252*** 0.175*** 0.482*** -0.403*** -0.468*** -0.393*** 

Physical Activity 0.196*** 0.202*** 0.196*** 0.269*** -0.175*** -0.187*** -0.126** 

FV servings/day 0.168*** 0.181*** 0.139*** 0.236*** -0.083** -0.103*** -0.054* 

Raw FV servings/day  0.194*** 0.214*** 0.131*** 0.252*** -0.120* -0.146*** -0.081*** 

Cooked FV servings/day 0.044 0.037 0.087** 0.097*** 0.022 0.021 0.019 

Hot Chips  -0.099*** -0.105*** 0.015 -0.039 0.105*** 0.075** 0.059* 

Sweets -0.007 -0.031 -0.021 0.005 0.103**** 0.099*** 0.097*** 

Soda Consumption  -0.122*** -0.127*** -0.071** -0.118*** 0.104*** 0.107*** 0.113*** 

Note. *p < .05, **p < .01, ***p < .001; Sweets = Chocolate and Candy combined; FV = Fruit and vegetables. 
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Table 6.  

Bivariate Correlations between Covariates and the Mental Health and Well-Being Measures (n = 1536) 

 

 Life 

Satisfaction 

Flourishing      Vitality  Positive 

Mood 

Negative 

Mood 

Depressive 

Symptoms 

     Anxiety 

Age -0.105*** -0.114*** -0.115 -0.147*** -0.027 0.016 0.023 

Gender 1  -0.018 0.014 0.039 -0.060* -0.163*** 0.146*** 0.191*** 

Ethnicity2 0.011 0.030 0.040 0.037 0.024 0.022 0.018 

Education 0.137*** 0.181*** 0.139*** 0.236*** -0.083** -0.103*** -0.054* 

Unemployment 3 -0.117*** -0.098*** -0.104*** -0.118*** 0.036 0.040 0.053* 

Sample 4  -0.053*** -0.157*** -0.137*** -0.192*** 0.002 0.041 0.050 

SES  0.550*** 0.410*** 0.216*** 0.425*** -0.307*** -0.389*** 0.316*** 

BMI  -0.181*** -0.146*** -0.106*** -0.172*** 0.090*** 0.152** 0.104*** 

Health Conditions -0.177*** -0.185*** -0.099** -0.242*** 0.280*** 0.328*** 0.316*** 

Mood Medications -0.170*** -0.140*** -0.112 -0.231*** 0.220*** 0.242*** 0.243*** 

Multivitamin use -0.007 0.014 0.023 -0.010 0.009 0.037 0.019 

Vitamin C use 0.081*** 0.068*** 0.100*** 0.105*** -0.006 -0.018 0.043 

Vitamin B use 0.041 0.033 0.064* 0.065* -0.010 0.012 -0.007 

Alcohol servings/week 0.038 0.019 0.044 0.078** 0.046 0.013 0.006 

Regular Smoking  -0.041 -0.053 0.003 -0.021 0.032 0.077** 0.057* 

Note. *p < .05, **p < .01, ***p < .001; BMI = body mass index; SES = Socioeconomic status; Health Conditions = number of health 

conditions reported.  1 0 Males; 1 Females /Gender Diverse; 2 0 White; 2 Asian/Mixed/Black/Other/Hispanic; 3 0 Unemployed; 1 Employed 

Fulltime/Employed Part Time/ Full time Student/ Part time Student; 4 0 Psychology; 1 Mturk sample.



HEALTH BEHAVIOURS, MENTAL HEALTH AND WELL-BEING 

 

 51 

Regression 

A hierarchical linear regression using the lifestyle variables to predict the four well-

being variables is presented in Table 7. Model 1 includes only the covariates whereas Model 

2 adds the health behaviours to determine if they predict the outcomes over and above the 

covariates. As indicated in Table 7 Model 2, when controlling for the demographic and health 

covariates, sleep quality was the strongest lifestyle predictor of well-being, with better sleep 

quality associated with more positive feelings regarding life satisfaction, and greater 

flourishing, vitality, and positive mood. Physical activity was the second strongest predictor 

of well-being, showing significant unique relationships with all four outcomes. Raw fruit and 

vegetable consumption was the third strongest predictor of the well-being outcomes, except 

for vitality (thus it was removed from the model with no change in model fit observed). 

Interestingly, greater consumption of cooked FV predicted lower life satisfaction and 

flourishing, which was in the opposite direction found for raw FV. Also, unexpectedly, 

greater hot chip consumption was associated with greater vitality and positive mood, 

although this relationship was weak. The lifestyle behaviours accounted for a unique and 

statistically significant 5.8% of the variance in life satisfaction, 10.2% in flourishing, 4.2% in 

vitality, and 15.3% in positive mood. 
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Table 7.  

Hierarchical Regression Model Predicting the Well-being Variables (n = 1536) 

 
 Life Satisfaction 

Standardized B  
Flourishing 

Standardized B 
Vitality 

Standardized B 

Positive Mood 

Standardized B 

Model 1 - covariates only     

Gender - Female  0.044* 0.070** 0.061* -0.008 

Gender - Diverse  -0.027 -0.029 -0.020 -0.057* 

Age 0.015 -0.007 -0.028 0.001 

Ethnicity - Asian -0.091*** -0.077** -0.024 -0.057* 

Ethnicity - Black -0.066** 0.047* 0.008 0.029 

Ethnicity - Hispanic -0.053** -0.057* -0.032 -0.054* 

Ethnicity - Mixed/ Other -0.027 0.007 0.046† 0.018 

Employment # # -0.044† # 

SES 0.514*** 0.376*** 0.178*** 0.360*** 

Sample # # # -0.060† 

BMI -0.078*** -0.068* -0.051* -0.075** 

Medical Condition  -0.062** -0.046† # -0.084*** 

Mood Medication -0.069** -0.113*** -0.090*** -0.160*** 

Supplement Use # # 0.055* 0.053* 

Alcohol  # # # # 

Regular Smoker # # # # 

R2 0.332*** 0.207*** 0.076*** 0.244*** 

F change (df)      68.793 

(11,1524) 

 36.076 

(11,1524) 

 10.440 

(12,1523) 

 37.752 

(13,1522) 

Model 2 - adding health behaviours   

Gender - Female  0.063** 0.098*** 0.093*** 0.024 

Gender - Diverse  -0.011 -0.005 0.001 -0.031 

Age 0.000 -0.023 -0.046† -0.003 

Ethnicity - Asian -0.083*** -0.064** -0.018 -0.041* 

Ethnicity - Black -0.080*** 0.032 -0.008 0.007 

Ethnicity - Hispanic -0.054** -0.059** -0.033 -0.053* 

Ethnicity – Mixed/ Other -0.025 0.011 0.046† 0.014 

Employment # # -0.032 # 

SES 0.440*** 0.281*** 0.125*** 0.237*** 

Sample # # # -0.095** 

BMI -0.054* -0.031 -0.027 -0.032 

Medical Condition  -0.040 -0.020 # -0.048* 

Mood Medication -0.050* -0.084*** -0.073** -0.125*** 

Supplement Use  # # 0.046† 0.028 

Alcohol # # # # 

Regular Smoker # # # # 

Sleep Quantity # # # # 

Sleep Quality 0.225*** 0.270*** 0.165*** 0.363*** 

Physical Activity  0.052* 0.128*** 0.113*** 0.098*** 

Raw FV 0.069* 0.084** # 0.100*** 

Cooked FV  -0.042* -0.060** # # 

Hot Chips Daily # # 0.065** 0.043* 

Sweets # # # # 

Soda # # # # 

R2 change with covariates 0.058*** 0.102*** 0.042*** 0.153*** 

F change (df) with 

covariates 
35.933 (4,1520) 56.114 (4,1520) 24.349 (3,1520) 96.586 (4,1518) 

Note. SE = Standard Error; FV = Fruit and vegetable; BMI = Body Mass Index; SES = Socioeconomic Status; 

Continuous measures were all centered; # = not significant; † p < .10, *p < .05; **p < .01; ***p < .001
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 A hierarchical regression using the lifestyle variables to predict negative mental 

health outcomes (negative mood, depressive symptoms, anxiety) is presented in Table 8. As 

shown in Table 8, sleep quality was again the strongest predictor of all three negative mental 

health outcomes, after controlling for all other demographic and health covariates. People 

who reported greater quality sleep also had lower negative mood, fewer depressive 

symptoms, and less anxiety than people with poorer quality sleep. People who ate more raw 

fruit and vegetables and engaged in regular physical activity also had lower negative mood 

and fewer depressive symptoms, than people who consumed fewer raw fruit and vegetables 

or exercised infrequently or not at all. However, both raw fruits and vegetables and physical 

activity had no significant association with anxiety, so were excluded from that model.  

Conversely, unhealthy food consumption was a significant positive predictor of the negative 

mental health outcomes, whereby sweets consumption predicted all mental health outcomes, 

soda consumption predicted negative mood and anxiety, and hot chip consumption predicted 

negative mood. Interestingly, while consumption of cooked fruits and vegetables statistically 

significantly predicted depressive symptoms, cooked fruits and vegetable consumption did 

not significantly predict negative mood or anxiety, and was excluded from both models. 

Overall, the lifestyle behaviours accounted for a unique and statistically significant 9.0% of 

the variance in negative mood, 11.4% for depressive symptoms, and 7.9% for anxiety. 

Sleep quantity significantly predicted both depressive symptoms and anxiety, 

however no relationship was found for any other variables. Further curve estimation analysis 

revealed a ‘U-shape’ relationship for both depressive symptoms and anxiety, whereby 

participants depressive symptoms and anxiety was elevated when quantity of sleep was 

outside the recommended range of sleep per night (between 7-9-hours). Figures 1 and 2 

illustrate the relationship between sleep quantity with both depressive symptoms and anxiety 
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(respectively), where the reference line indicates the cut-off for increased risk of clinical 

depression or anxiety.  
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Table 8.  

Hierarchical Regression Model Predicting Negative Mood, Depressive Symptoms and Anxiety (n = 

1536). 

 Negative Mood 

Standardized B 

Depressive Symptoms 

Standardized B 

Anxiety 

Standardized B 

Model 1- covariates only    

Gender - Female 0.101*** 0.055* 0.122*** 

Gender - Diverse 0.064** 0.075** 0.067** 

Age -0.082* -0.067* -0.049* 

Ethnicity - Asian 0.079** 0.049* 0.008 

Ethnicity - Black -0.035 -0.008 -0.053* 

Ethnicity - Hispanic 0.047* 0.059* 0.028 

Ethnicity - Mixed/ Other 0.021 0.008 -0.038 

SES -0.278*** -0.336*** -0.281*** 

Sample 0.007 -0.035 # 

BMI 0.047† 0.086*** # 

Medical Condition 0.126*** 0.159*** 0.153*** 

Mood Medication 0.158*** 0.160*** 0.166*** 

Supplement Use # # # 

Alcohol Weekly 0.078** # # 

Regular Smoker # 0.079*** #  

R2 0.179*** 0.247*** 0.193*** 

F change (df) 25.528 (13,1520) 38.252 (13,1520) 36.403 (10,1523) 

Model 2- adding health behaviours   

Gender - Female 0.08** 0.027 0.101*** 

Gender - Diverse 0.049* 0.057** 0.061** 

Age -0.083** -0.068* -0.033 

Ethnicity - Asian 0.077** 0.045* 0.016 

Ethnicity - Black -0.021 0.004 -0.036 

Ethnicity - Hispanic 0.049* 0.056** 0.028 

Ethnicity - Mixed/ Other 0.019 0.005 -0.042† 

SES -0.185*** -0.232*** -0.193*** 

Sample 0.038 0.012 # 

BMI 0.013 0.055* # 

Medical Condition 0.089*** 0.123*** 0.116*** 

Mood Medication 0.132*** 0.134*** 0.148*** 

Supplement Use # # # 

Alcohol Weekly 0.053* # # 

Regular Smoker # 0.052* # 

Sleep Quantity # -0.048* -0.064** 

Sleep Quality -0.278*** -0.313*** -0.257*** 

Physical Activity -0.058* -0.048* # 

Raw FV -0.050* -0.066** # 

Cooked FV # 0.073** # 

Sweets Daily 0.062** 0.056** 0.063*** 

Hot Chips Daily 0.062** # # 

Soda Daily 0.045† # 0.056* 

R2 change with covariates 0.090*** 0.114*** 0.079*** 

F change (df) with 

covariates 
31.242 (6,1514) 45.024 (6,1514) 41.254 (4,1519) 

Note. SE = Standard Error; FV = Fruit and vegetable; BMI = Body Mass Index; SES = 

Socioeconomic Status; Continuous measures were all centered; † <0.10, *p < .05; **p < .01; ***p < 

.001; # = No significant effect on model fit, so was removed from model.
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Figure 1. Linear and Curvilinear Relationship between Hours of Sleep per Night (Sleep Quantity) and 

Depressive Symptoms 

 

 

 
Figure 2. Linear and Curvilinear Relationship between Hours of Sleep per Night (Sleep Quantity) and 

Anxiety 
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Moderation Analysis  

 

Moderation analyses was run using the ‘Hayes Process version 3.4’ plugin on SPSS, 

to test whether there were significant interactions between any of the health behaviours 

(sleep, raw FV consumption and physical activity) and the mental health and well-being 

outcomes (life satisfaction, flourishing, vitality, positive mood, negative mood, depressive 

symptoms and anxiety). No statistically significant interactions were observed for any 

combination of the variables; however, two trends were observed. Specifically, Figure 3 

shows how sleep quality had a tendency to interact with raw FV consumption to predict 

flourishing (B = -0.215, SE = 0.114, t = -1.883, p = 0.060). When sleep quality is high, people 

were flourishing and their raw FV intake did not matter much. However, when sleep quality 

was low, raw FV intake contributed to their flourishing.  This suggests that raw FV intake 

may mitigate some of the negative effects of having poor sleep, but not completely 

compensate for it. A somewhat different relationship was observed for vitality. Figure 4 

shows how sleep quality interacted with raw FV consumption to predict vitality (B = 0.509, 

SE = 0.284, t = 1.791, p = 0.073).  Here, we see a trend suggesting a synergistic effect that 

people with high sleep quality and high raw FV intake felt the most vital.  
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Figure 3. Sleep Quality Interacting with Raw Fruit and Vegetable Consumption to Predict Flourishing 

 

 

 

 

 
Figure 4. Sleep Quality Interacting with Raw Fruit and Vegetable Consumption to Predict Vitality 
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Discussion 

The results of Study 1 supported the first hypothesis that, when tested individually, 

sleep, diet and physical activity will significantly predict each of the well-being measures. 

Sleep quality was the strongest predictor of all seven-mental health and well-being measures, 

with better sleep quality being associated with greater life satisfaction, flourishing, vitality, 

and positive mood, and reduced negative mood, depressive symptoms and anxiety. This 

finding suggests that sleep quality is an important predictor of both mental health and well-

being, and should be considered in medical assessments of mental health and well-being. 

Further hierarchical linear regression analysis revealed partial support for the second 

hypothesis that sleep would be the strongest predictor of mental health and well-being, 

followed by diet and physical activity. Sleep quality was the strongest predictor of the mental 

health and well-being outcomes, statistically significantly predicting all seven outcomes, 

supporting the first part of this hypothesis, even after extensive adjustment for demographic 

and other health covariates. Furthermore, while sleep quantity did have a linear and 

curvilinear relationship with depressive symptoms and anxiety in the controlled regression 

models, sleep quality was a much stronger predictor of the mental health and well-being 

measures when compared to sleep quantity. This finding that sleep quality was a stronger 

predictor of mental health and well-being is consistent with previous research (Pilcher et al., 

1997), and supports the idea that sleep quality should be considered along-side sleep quantity 

within medical assessments.  

Physical activity was also a significant predictor of mental health and well-being, 

whereby individuals who were more active had greater life satisfaction, flourishing, vitality 

and positive mood, and reduced negative mood, depressive symptoms and anxiety, 

supporting the first hypothesis. However, contrary to the second hypothesis, both diet and 

physical activity were both weak and relatively equal predictors of mental health and well-
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being. When controlling for extensive demographic and health covariates, individuals who 

were more active had greater life satisfaction, flourishing, vitality and positive mood, along 

with reduced negative mood and depressive symptoms, but not anxiety. This finding is 

consistent with previous research showing that physical activity can help to improve well-

being (Brehm & Iannotta, 1998; Penedo, & Dahn, 2005; Saxena et al., 2005) and prevent 

mental disorders (Biddle et al., 2019; Carter et al., 2016; Radovic et al., 2017).  

Similar to physical activity, FV consumption also showed significant relationships 

with most of the mental health and well-being measures. Interestingly, raw fruit and 

vegetable consumption appeared to be a stronger predictor of mental health and well-being 

when compared to cooked fruit and vegetables. Specifically, people with greater raw fruit and 

vegetable consumption reported greater life satisfaction, flourishing and positive mood, along 

with less negative mood, and depressive symptoms. The association with anxiety was no 

longer significant in the controlled regression models. Furthermore, consumption of cooked 

FV significantly negatively predicted both life satisfaction and flourishing. This is an 

interesting finding, and suggests that food preparation may play a role in the benefits of FV 

consumption on mental health and well-being. Several studies have shown cooking or sun 

drying FV may reduce the availability of micronutrients within the food (Adzersen, Jess, 

Freivogel, Gerhard, & Bastert, 2003; Musa, & Ogbadoyi, 2102a; Musa, & Ogbadoyi, 2102b), 

which could be a potential mechanism behind this finding.  

Among the unhealthy food groups, soda consumption was the strongest predictor of 

negative mental health and well-being, however consumption of hot chips and sweets were 

each predictive of negative mental health and well-being also. Consumption of unhealthy 

foods was a weaker predictor of positive mental health and well-being when compared to 

consumption of FV, suggesting mental health and well-being interventions aiming to increase 

FV consumption rather than reduce unhealthy food consumption may be the most successful. 
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However, when controlling for extensive demographic and health covariates, sweets and hot 

chip consumption were stronger predictors of negative mood than both raw FV and activity. 

A similar relationship was seen for anxiety, whereby sweets and soda consumption predicted 

increased anxiety, just behind sleep quantity. Interestingly, in the controlled regression 

models, consumption of unhealthy foods, appear to be greater contributors of negative mental 

health than healthy diet and physical activity contribute to reducing negative mental health 

symptoms.  

Moderation analysis revealed no statistically significant interactions between any of 

the health behaviours and the mental health and well-being outcomes. There was however a 

trend for raw FV to both buffer the impact of poor sleep on flourishing and augment the 

benefit of good sleep on vitality. However, these observed patterns were only trends, which 

does not lend confidence to the patterns. Furthermore, they were only partially consistent 

with the third hypothesis, that diet and physical activity would moderate the relationship 

between sleep quality and depression or anxiety. Specifically, diet (but not physical activity) 

moderated the relationship between sleep quality and flourishing.  

The finding that sleep quality rather than quantity predicts mental health and well-

being outcomes is consistent with previous research (Bassett et al., 2015; Lallukka, et al., 

2018; Pilcher et al., 1997; Galambos et al., 2009; Wallace et al., 2017). Sleep quality has 

been associated with numerous physical and mental health outcomes, such as improved 

memory and cognition (Benitez, & Gunstad, 2012; Paavonen et al., 2010; Tempesta, De 

Gennaro, Natale, & Ferrara, 2015), improved immune function (Hall et al., 1998), reduced 

anxiety and depressive symptoms (Augner, 2011; Pillai, Steenburg, Ciesla, Roth, & Drake, 

2014), improved skin function and slower rates of aging (Oyetakin‐White et al., 2015), 

improved digestion (Goldsmith & Levin, 1993; Ranjbaran et al., 2007), and improved mood 

(Saunders, Fernandez-Mendoza, Kamali, Assari, & McInnis, 2015). The results from the 
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present study further support extant research, showing that high sleep quality significantly 

predicted higher well-being (measured through life satisfaction, flourishing, vitality and 

positive mood), and low sleep quality significantly predicted negative mental health 

symptoms (measured through negative mood, depressive symptoms and anxiety). These 

results suggest that interventions to improve sleep quality among young adults could improve 

mental health and well-being within this age group.  

Interestingly, sleep quantity was found to predict both depressive symptoms and 

anxiety, although this relationship was weaker than that observed for sleep quality. On 

average, participants who slept between eight and thirteen hours per night had fewer 

depressive symptoms, and were below the threshold of sixteen points on the CESD equating 

to elevated risk of clinical depression. However, participants who slept fewer than eight hours 

or more than thirteen hours per night showed elevated depressive symptoms, and had an 

elevated risk of clinical depression. A similar relationship was observed for anxiety, whereby 

participants who slept between seven and fifteen hours per night had fewer symptoms of 

anxiety on average, and scored below a seven on the HADS, signalling lower risk of anxiety. 

However, participants who slept fewer than seven or more than fifteen hours per night were 

observed to be at elevated risk of anxiety on average. These results are consistent with 

previous research, which found a similar U-shape relationship between sleep quality and 

depressive symptoms among Japanese adolescents (Kaneita et al., 2006; Kaneita et al., 2007). 

Specifically, adolescents who slept fewer than seven or greater than nine hours per night had 

poorer mental health, measured through a 12-item general health questionnaire, compared to 

adolescents who slept between seven to nine hours per night. However, as our study was a 

correlational design, we are unable to determine causality.  

The finding that raw rather than cooked FV consumption predicted greater well-being 

and reduced negative mental health symptoms is also supported by previous research. Similar 
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to the present study, Brookie, Best and Conner (2018) found that consumption of raw rather 

than cooked or processed FV predicted greater life satisfaction, flourishing and positive 

mood, as well as reduced depressive symptoms. However, it should be noted that there was 

some overlap in the participants reported in Brookie et al. (2018) and the present analysis 

sample – specifically, the 422 participants reported in Brookie et al were also included in the 

analysis sample for my Study 1. However, I included an additional 1,114 participants 

showing that the association is stable and persists with a larger sample size.  

FV are known to be an excellent source of human daily micronutrient needs (Rimm, 

2002), however, several studies have shown cooking or sun drying FV may reduce the 

availability of micronutrients within the food (Adzersen, Jess, Freivogel, Gerhard, & Bastert, 

2003; Musa, & Ogbadoyi, 2102a; Musa, & Ogbadoyi, 2102b). Specifically, cooking green 

leafy vegetables has been shown to significantly (p < 0.05) reduce vitamin C concentration 

and mineral elements (Fe, Cu, Mg, Na and K), while sun drying green leafy vegetables has 

been shown to significantly (p < 0.05) reduce β-carotene concentration (Musa, & Ogbadoyi, 

2102a). Furthermore, cooking green leafy vegetables longer than five-minutes also lead to a 

significant (p < 0.05) decrease in β-carotene concentration (Musa, & Ogbadoyi, 2102a). This 

research provides a potential explanation as to why raw but not cooked FV positively 

predicted improved mental health and well-being. In fact, consumption of cooked FV was 

actually predictive of reduced life satisfaction, flourishing and increased depressive 

symptoms, although this statistically significant relationship was weak.  

Although it would be good to distinguish raw from cooked FV in future research, the 

association between raw FV and mental health and well-being in the present study mostly 

accounted for the beneficial relationship between FV consumption and each outcome 

measure. It is also important to note that raw FV intake was strongly correlated with overall 

FV intake. These findings are consistent with previous research demonstrating that a diet 
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high in FV is associated with improved mental health and well-being (Conner, Brookie, Carr, 

Mainvil, & Vissers, 2017; Conner, Brookie, Richardson, & Polak, 2015; Kingsbury et al., 

2016; Sutliffe, Carnot, Fuhrman, Sutliffe, & Scheid, 2018; White, Horwath, & Conner, 

2013).  

The finding that greater physical activity was associated with improved mental well-

being, a more positive mood, and fewer depressive symptoms is again consistent with 

previous research (Landers, & Arent, 2007; Lubans et al., 2016; Peluso, & Andrade, 2005; 

Stephens, 1988; Wu, Tao, Zhang, Zhang, & Tao, 2015). However, the present study found 

physical activity to be a relatively weak, although still significant predictor of mental health 

and well-being. Furthermore, as the present study was correlational, we are unable to 

determine a causal effect of physical activity on mental health and well-being. Individuals 

with anxiety and depression have been shown to exercise less than those without mental 

health conditions (Paluska, Schwenk, 2000), suggesting that the results of the present study 

could be due to a lack of physical activity among individuals with depression and anxiety, 

rather than because exercise directly reduces symptoms of depression and anxiety.  

The present study is one of the first to examine the predictive effect of sleep, diet and 

physical activity at the same time. Previous studies have extensively examined each of the 

three health behaviours individually, but few have examined all three together. This is 

important, as health behaviours often do not occur in isolation, but rather are tightly clustered 

together (Conry et al., 2011; French, Rosenberg, & Knuiman, 2008; Griffin, Sherman, Jones, 

& Bayl-Smith, 2014) and should be examined as such.  

Strengths and Limitations 

The present study has several strengths. First, this study is novel in that it analysed all 

three health behaviours (sleep, diet and physical activity) together, rather than analysing each 

behaviour individually. As a result, this was one of the first studies to examine which of the 
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three health behaviours is the most influential to mental health and well-being. A second 

strength of this study was the size and diversity of the sample, with 1536 participants from 

diverse ethnic backgrounds and two geographic locations (New Zealand and United States). 

Thus, the results of this study are more generalizable. However, a weakness was that all 

health behaviours were measured using retrospective questionnaires, asking about “typical 

week” behaviours. This study relied on participants accurate recall of their health and 

lifestyle behaviours over the past week, which could lead to inaccurate reporting. When 

asked to recall past behaviour, individuals may unintentionally report inaccurate information, 

as a result of recall bias, or under or over estimating true values (Chen, 1986). It could also be 

possible participants report inaccurate information through a desire to conform to ‘normal’ 

values (particularly around fruit and vegetable consumption, where healthy consumption of 

5+ servings per day is regularly publicised).  A better approach when using self-reports 

would be to use a daily diary design to have people report on their health behaviours each day 

for a representative period of time. Study 2 was designed to address that limitation.    

Furthermore, the Cronbach’s alpha for vitality was low (Cronbach’s α = 0.669), 

which is a limitation as it gives less confidence in the measure. This could be one possible 

reason why the relationship between the health behaviours and vitality was weak. 

Furthermore, this study reflects participant’s responses at one point in time; therefore, 

we are unable to investigate the effects of daily health behaviours on mental health and well-

being. A better approach would be to measure participants health behaviours over a period of 

time, creating a more reliable and accurate measure of each health behaviour. Study 2 was 

designed to address this limitation. 

Conclusion 

Study 1 replicated and supported previous research revealing the individual benefit of 

sleep, diet and physical activity on mental health. Furthermore, the current study provided a 
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more detailed understanding of the combined relationship of sleep, diet and physical activity. 

Sleep quality was found to be the largest predictor of both mental health and well-being, 

while fruit and vegetable consumption and physical activity appeared to predict mental health 

and well-being equally. Unhealthy diet, measured through consumption of sweets, soda and 

hot chips, appeared to be a greater predictor of negative mental health outcomes, compared to 

well-being. Furthermore, food preparation appears to influence mental health benefits 

received, whereby raw fruit and vegetable consumption was associated with greater mental 

health and well-being compared to cooked fruit and vegetable consumption. The results of 

Study 1 suggest lifestyle interventions targeting sleep, diet and physical activity may be 

successful at promoting optimal health and well-being. However, before making this 

conclusion, replication of these findings and patterns is required, particularly using better 

self-report measures of health behaviours in daily life. That was the purpose of Study 2.  
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Study 2 

Method  

The study was a correlational daily diary design with data collected through internet-

based surveys and in clinic assessments. This study was approved by the University of Otago 

Ethics Committee  (Ethics #10/177).  

Participants 

The sample consisted of 783 participants (72.3% female) aged between 17-25-years-

old (M = 19.73, SD = 1.73), who were recruited from the University of Otago to take part in 

the ‘Daily Life Study’. Participants identified as European (n = 78%), Asian (n = 10.9%), 

Maori or Pacific Islander (n = 5.2%), Indian (3.7%) of mixed ethnicity (0.4%) or other (n = 

1.8%). All participants were required to be within ages of 17 to 25-years-old at the time of 

participation, and own a smartphone. Initially, 1500 participants were recruited into the study 

between the years 2011 and 2014, however, 717 participants from 2011-2012 were excluded 

from analysis for missing key diary data not included in the first two years of the study, 

leaving a final sample of 783 participants included in the analysis.  

Procedure 

Participants attended an initial laboratory session where they completed informed 

consent. They were then presented with a computerized survey containing demographic 

measures such as age, gender, and ethnicity; health measures such as smoking use, alcohol 

consumption, medication use and vitamin/mineral supplement use; and mental health and 

well-being measures such as life satisfaction, flourishing, positive mood, negative mood, and 

depressive symptoms. A trained research assistant then measured the participants’ height and 

weight twice to ensure accuracy to determine body mass index (BMI). Participants then 

received training of how to complete the daily diaries they would begin the following day. 
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Participants were to complete daily diaries each day for 13-days, between 3pm and 8pm. 

They were sent a link to the daily survey by email. The daily diaries included self-report 

questions measuring previous night’s sleep quantity and quality, and food consumption and 

physical activity that day. There were also measures of daily mood and daily well-being in 

the daily survey but these were not analysed for this Master’s thesis.     

Measures 

 Demographic Measures. Demographic information was collected during the initial 

laboratory session. Data was collected on participants age (17-25 years), gender (male or 

female), ethnicity (e.g., Caucasian/White, Asian, Maori, Pacific Islander, other), and 

childhood socioeconomic (SES) status (see Griskevicius, Delton, Robertson, and Tybur, 

2011). See appendix B for the full list of survey items.  

Health Behaviour Measures. These health behaviours were all measured in the daily 

diary questionnaire. Sleep quantity and sleep quality were assessed daily using the Basic 

Nordic Sleep Questionnaire (Partinen & Gislason, 1995). Both sleep quantity and quality 

were assessed using the same questions described in Study 1. 

Physical activity was assessed daily using a single item by Milton, Bull, and Bauman 

(2009). This question asked participants ‘How many minutes of physical activity, which was 

enough to raise your breathing rate, have you engaged in today?’. The question description 

stated participants should exclude housework or physical activity that is part of their job, and 

gave examples of types of physical activity participants should include. Response options 

ranged from 0 to 400 minutes per day. 

Diet was assessed daily using four food consumption questions modified from 

questions in the New Zealand National Nutrition Survey 1997 (NNS'97: 

Russell et al., 1999). Participants were asked to report the number of servings eaten today of 

(1) fruit (fresh, frozen, canned, or stewed, but excluding fruit juice and dried fruit), (2) 
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vegetables (fresh, frozen or canned, not including juice or hot chips), (3) hot chips (potato 

fries, wedges or kumara chips), (4) sweets (lollies, chocolate or other confectionary items) 

and (5) soda (Coke, lemonade, Pepsi or other sugar drinks). Participants were given examples 

of what constituted one standard serving size as specified in the NNS'97 

(Russell et al., 1999). Unfortunately, as this study was an archival study from data collected 

in 2013 and 2014, raw and cooked FV were not assessed separately at that time. Participants 

were asked to report how many servings of each food group they had consumed since waking 

up on a scale ranging from none, <1 serving, 1 serving, 2 servings, 3 servings or 4 or more 

servings, which were recorded as 0, 0.5, 1, 2, 3, and 4.  

Well-being and Mental Health. Five well-being and mental health measures were 

taken during the initial laboratory session;  The Satisfaction with Life Scale (SWLS; Diener, 

Emmons, Larsen, & Griffin, 1985; Cronbach’s α = 0.831),  The Flourishing Scale (Diener et 

al., 2010; Cronbach’s α = 0.886),  positive and negative mood were measured using a scale 

based on the affective circumplex (Russell & Barrett, 1999; mean of the 9 positive mood 

items Cronbach's α = 0.901; mean of the 9 negative mood items Cronbach's α = 0.877), and 

The Centre for Epidemiological Depression Scale (CESD; (Radloff, 1977; (α = 0.676). Each 

measure was assessed in the same way described in Study 1. As this study was an archival 

study from data collected in 2013 and 2014, vitality and anxiety scales were not included in 

Study 2, meaning Study 2 consisted of a total of five outcome measures, rather than seven 

that were included in Study 1. 

Additional covariates. In a follow up survey at study termination, participants 

answered another questionnaire that included questions related to medication and vitamin 

use.  A full copy of this survey can be found in Appendix C. Participants were asked to 

specify whether they were taking any prescription anti-depressant or mood stabilising 

medication through a ‘yes/no’ response. The same ‘yes/no’ question format was used to ask 
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about participant’s use of other prescription medications, multi-vitamin and/or mineral 

supplements, vitamin C supplements, vitamin D supplements, and iron supplements. 

Example brands of each supplement were given for each question. Smoking frequency was 

also measured with the response options being ‘I don’t smoke now’, ‘Less than once a 

month’, ‘At least once a month’, ‘At least once a week’, or ‘At least once a day’.  

Alcohol consumption was measured daily, asking the participants to report how many 

standard drinks they consumed the night before.  

BMI calculated using the formula kg/m2, from height and weight measurements 

recorded in clinic by trained research assistants.  

Childhood SES was measured by three questions, each rated on a scale from (1) 

strongly disagree to (7) strongly agree, where higher scores correspond to higher ratings of 

wealth. The questions were as follows; (1) My family usually had enough money for things 

when I was growing up, (2) I grew up in a relatively wealthy neighbourhood, (3) I felt 

relatively wealthy compared to other kids in my high school. The overall SES score used for 

analysis was calculated by averaging all three questions together.   

Data Preparation  

The following variables were computed for data analyses. The three childhood SES 

questions were averaged to give overall childhood SES score used for analyses (α =0.824). 

BMI was computed by dividing weight in kilograms by the square of height in meters. Fruit 

consumption and vegetable consumption were combined to give an overall daily fruit and 

vegetable (FV) score. Daily consumptions of each food category were averaged across the 13 

days, to give a total average daily score. The same procedure was applied to sleep quantity, 

sleep quality, physical activity, and alcohol consumption, whereby the daily score was 

averaged across the 13 days to give a total average score for each measure.  
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Categorical items were dummy coded and continuous variables were centered for use 

in the regression analysis. The top four ethnicity categories were created using a set of three 

dummy codes with White ethnicity as the reference group (vs. Asian, Maori/Pacific Islander, 

and Other). Smoking was dummy coded to separate those who identified as non/infrequent 

smokers (0) from those who identified as regular smokers (1; e.g., smoking at least 1/week or 

1/day). Mood medication use, vitamin D use, iron supplement use, and multi vitamin use 

were all dummy coded to indicate absence (0) or presence (1) of mood medication use, 

vitamin D use, iron supplement use, and multi vitamin use, respectively. 

Pursuant to the hierarchical linear regression analyses, as there were a large number 

of potential covariates, each model was iteratively assessed to identify (and use) only those 

covariates that affected the final model. Therefore, covariates were excluded from the final 

model if they did not statistically predict the dependent variable, or had a standardised beta 

coefficient was less than 0.10, or did not alter the amount of variance explained, indicating 

that model fit was not reduced. 

Results 

Descriptive Statistics 

 Descriptive statistics for the participants’ demographic characteristics is found in 

Table 9. The total sample consisted of 783 young adults aged 17 to 25 years old as required 

for participation in this study, with the mean age being 19.73 years (SD = 1.73).  The sample 

included 72.3% females, and 27.7% males. Participants reported a range of diverse ethnic 

backgrounds (22% ethnic minorities). Participants’ average BMI score was 23.93 (SD = 

4.33), which was in the normal range. Participants average childhood SES score was 4.87 

(SD = 1.36), with the scale ranging from 1 to 7, where higher scores represent higher 
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prosperity levels. A small portion of the sample used antidepressants (5%), other prescription 

medications (10.9%), and smoked regularly (6.3%).   

Descriptive statistics for the health, diet, mental health and well-being measures are 

found in Table 10. On average participants slept approximately 7.51 hours per night (with a 

range between 3.93 and 10.42 hours per night), and rated their sleep quality around the ‘a 

little or somewhat refreshed’ level (1.46), specifically: (0) never refreshed, (1) a little or 

somewhat refreshed, (2) moderately refreshed, (3) mostly refreshed, and (4) very refreshed. 

Participants exercised approximately 32 minutes per day on average, with a range from 0 to 

396.46 minutes per day. Participants ate an average of almost five servings of fruit and 

vegetables per day (4.88), which was nearly at New Zealand’s recommended five servings 

per day (Rekhy & McConchie, 2014), although slightly higher than previous research within 

the young adult population (Chung & Hoerr, 2005; Laska, Larson, Neumark-Sztainer, & 

Story, 2012). However, there was a large range within the sample regarding fruit and 

vegetable consumption, from 0.09 to 13.67 servings per day. Average daily consumption of 

hot chips, sweets, and soda was relatively low for the sample (all below 1.3 servings per day). 

Average daily alcohol consumption was approximately one standard drink per day, with 

individual consumption ranging from 0 to 9 standard drinks per day. The overall well-being 

of the sample was moderate, with most scores reflecting a neutral level of well-being across 

the sample. The average life satisfaction score was 4.90 (where 1 is worst possible life and 10 

is best possible life). Flourishing was rated slightly higher, where the average score was 5.60 

(where 1 is strongly disagree and 7 is strongly agree). Furthermore, participants reported 

being in a state of positive mood ‘most of the time,’ with an average rating of 3.29 out of a 

possible 4, with higher scores corresponding to a more positive mood. For negative mood, 

participants reported being in this state on average ‘a little of the time,’ with an average rating 

of 1.90 out of a possible 4, where higher scores corresponded to a more negative mood. The 
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sample overall had relatively few depressive symptoms, with an average CES-D rating of 

14.50, with scores above 16 indicating risk of clinical depression. 
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Table 9.  

Descriptive Statistics for the Sample of Young Adults (n = 783)  

 Mean (SD) Minimum Maximum 

Age 19.73 (1.73) 17.00 25.00 

Childhood SES   4.87 (1.36) 1.00 7.00 

BMI 23.93 (4.33) 13.43 57.24 

Note. SES = socioeconomic status; BMI = body mass index.  

 

 

Table 10.  

Descriptive Statistics for Health, Diet, Mental Health and Well-Being Measures (n = 783) 

 Mean (SD) Minimum Maximum 

Sleep quantity (hours/night) 7.51 (0.86) 3.93 10.42 

Sleep quality  1.46 (0.67) 0.00 3.85 

Minutes of physical activity/day  32.14 (29.71) 0.00 396.46 

FV servings/day  4.88 (2.28)  0.09 13.67  

Hot chips servings/day 0.56 (0.44) 0.00 2.65 

Sweets (chocolate and candy)/day 1.29 (0.68) 0.00 4.14 

Soda consumption/day 0.57 (5.5)  0.00 3.80 

Alcohol standards/day 1.05 (1.27)  0.00 9.00 

Satisfaction with Life 4.90 (1.17) 1.20 7.00 

Flourishing 5.60 (0.80)  1.63 7.00 

Positive mood 3.29 (0.51)  1.33 4.67 

Negative mood 1.90 (0.58) 1.00 3.89 

Depressive Symptoms 14.50 (0.50) 0.00 50.00 

Note. Food variables expressed in standard serving sizes. FV = Fruit and Vegetables.  

 

 

Variables Categories n (% of sample) 

Sample 2013 401 (51.2%) 

 2014 382 (48.8%) 

Gender Female 566 (72.3%) 

 Male 217 (27.7%) 

Ethnicity (Top 6) European 611 (78%) 

 Asian 85 (10.9%) 

 Māori/Pacific Islander 41 (5.2%) 

 Indian 29 (3.7%) 

 Mixed 3 (0.4%) 

 Other 14 (1.8%) 

Antidepressant use Yes 39 (5%) 

Other Medication use Yes 85 (10.9%) 

Smoker Yes 49 (6.3%) 
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A correlation matrix of the lifestyle behaviours is presented in Table 11. Sleep 

quantity had a positive statistically significant correlation with sleep quality, and a negative 

statistically significant correlation with daily hot chip and soda intake, but was not 

statistically significantly correlated with any other variables. However, sleep quality had a 

positive statistically significant correlation with physical activity and fruit and vegetable 

consumption, and had a negative statistically significant correlation with soda intake. 

Physical activity had a positive statistically significant correlation with sleep quality and fruit 

and vegetable consumption, but was not significantly correlated with any of the unhealthy 

food measures. Fruit and vegetable consumption was positively related to sleep and physical 

activity, and negatively related to soda. All of the unhealthy diet variables (hot chips, sweets 

and soda) were correlated with each other.  

A correlation matrix of the mental health and well-being measures is presented in 

Table 12. Similar to study 1, all of the positive well-being measures (life satisfaction, 

flourishing, and positive mood) were strongly positively statistically significantly correlated 

with each other. Both negative mental health measures (negative mood and depressive 

symptoms) were also strongly positively statistically significantly correlated with each other. 

Each of the negative mental health measures were strongly negatively statistically 

significantly correlated with the positive well-being measures.  
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Table 11.  

Bivariate Correlations between Health Behaviours (Sleep, Physical Activity and Diet) (n = 783) 

  Note. * p < .05, ** p < .01, *** p < .001. Sweets = Chocolate and Candy combined.  
 
 

Table 12.  

Bivariate Correlations between Mental Health and Well-being Measures (n = 783) 

 

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

 1 2 3  4 

 

5 6 7 

Sleep Quantity (1) - 0.197*** -0.063 -0.052 -0.090* 0.009 -0.133*** 

Sleep Quality (2)  - 0.133*** 0.156*** -0.043 0.043 -0.112** 

Physical Activity 

(3) 

  - 0.170*** -0.006 -0.035 -0.018 

FV servings/day 

(4) 

   - -0.012 -0.029 -0.105** 

Hot Chips (5)     - 0.135*** 0.382*** 

Sweets (6)      - 0.129*** 

Soda (7)       - 

 1 2 3  4 5 

Life Satisfaction (1) - 0.604*** 0.484*** -0.366*** -0.532*** 

Flourishing (2)  - 0.567*** -0.456*** -0.572*** 

Positive Mood (3)   - -0.286*** -0.505*** 

Negative Mood (4)    - 0.599*** 

Depressive 

Symptoms (5) 

    - 
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Testing for Individual Associations 

A correlation matrix of the control variables and the health behaviours with mental 

health and well-being measures is presented in Table 13. The individual correlations were 

predominantly all in predicted directions, and mostly consistent with past research and with 

Study 1. Greater well-being was correlated with younger age, lower BMI, higher SES, and 

less mood and other medication use. More mental health issues were associated with lower 

SES, higher BMI, more use of mood medications, iron supplements, and smoking regularly. 

Sleep quality was the strongest predictor of all seven outcomes: people with higher sleep 

quality reported greater life satisfaction, flourishing and positive mood, and lower negative 

mood and depression. Fruit and vegetable consumption was the second strongest predictor of 

the mental health and well-being variables, with physical activity third, both showing similar 

(but weaker) relationships than sleep quality. Sleep quantity was the fourth strongest 

predictor of the outcomes, and less important than sleep quality. Finally, the unhealthy foods 

were also mostly in predicted directions, where hot chip, sweets and soda consumption each 

predicted poorer mental health and well-being, although the relationship was weaker than for 

fruit consumption.  
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Table 13.  

Bivariate Correlations between the Control Variables and Health Beahviours with Mental 

Health and Well-Being Measures (n = 783) 

 
 Life 

Satisfaction 

Flourishing Positive 

Mood 

Negative 

Mood 

Depressive 

Symptoms 

Age -0.045 0.022 -0.026 -0.016 -0.080* 

BMI -0.106** -0.112** -0.011 0.074* 0.100** 

SES 0.174*** 0.127*** 0.147*** -0.037 -0.144*** 

Mood Medications -0.196*** -0.186*** -0.151*** 0.259*** 0.309*** 

Other Medications -0.028 -0.048 -0.042 0.083* 0.099** 

Vitamin D use -0.029 0.022 -0.048 0.034 0.032 

Iron Supplement use -0.009 -0.009 -0.044 0.055 0.085* 

Multivitamin use 0.002 0.001 -0.006 0.049 0.009 

Alcohol consumption 0.043 0.007 -0.025 0.028 -0.022 

Smoking Status -0.122** -0.117*** -0.090* 0.119*** 0.104** 

Sleep Quantity 0.069 0.072* 0.056 -0.075* -0.146*** 

Sleep Quality 0.277*** 0.308*** 0.358*** -0.219*** -0.354*** 

Physical Activity 0.090* 0.063 0.167*** -0.023 0.079* 

FV servings/day 0.097** 0.219*** 0.183*** -0.075* -0.083** 

Hot Chips -0.012 -0.049 -0.074* 0.022 0.045 

Sweets 0.014 0.014 -0.014 0.065 0.010 

Soda -0.082* -0.104** -0.058 0.062 0.123** 

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

Hierarchical linear regressions using the lifestyle variables to predict the three well-

being variables are presented in Table 14. As indicated in Table 14, when controlling for the 

demographic and health covariates, sleep quality was the strongest lifestyle predictor of well-

being, with better sleep quality associated with more positive feelings regarding life 

satisfaction, greater flourishing, and more positive mood. Raw fruit and vegetable 

consumption was the second strongest predictor of flourishing, and third strongest predictor 

of positive mood, but did not statistically significantly predict life satisfaction (thus it was 

removed from the model with no change in model fit observed). Physical activity was the 

second strongest predictor of positive mood and life satisfaction (behind sleep quality), but 

did not statistically significantly predict flourishing (thus it was removed from the model with 

no change in model fit observed). Sleep quality, hot chip consumption, sweets consumption 

and soda consumption all did not statistically significantly predict any of the well-being 

variables (thus they were removed from the model with no change in model fit observed). 

The lifestyle behaviours accounted for a unique and statistically significant 6.4% of the 

variance in life satisfaction, 10.1% in flourishing, and 12.8% in positive mood. 
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Table 14.   

Hierarchical Regression Model Predicting Well-Being Measures (n = 783) 

 
 Life Satisfaction 

Standardized B 

Flourishing 

Standardized B 

Positive Mood 

Standardized B 

Model 1- covariates only    

Gender 0.074* 0.075* # 

Age # # # 

Ethnicity - Asian  -0.102** -0.061t -0.131*** 

Ethnicity – Maori/Pacific Islander -0.019 0.078* 0.027 

Ethnicity - Other  -0.048 -0.037 -0.039 

SES 0.166*** 0.134*** 0.151*** 

Year  # # # 

BMI -0.082* -0.095** # 

Mood Medication  -0.201*** -0.182*** -0.161*** 

Vitamin D use # # # 

Iron Supplement use # # # 

Multi Vitamin use # # # 

Alcohol consumption/day # # # 

Regular Smoker  -0.092** -0.087* -0.073* 

R2 0.104*** 0.086*** 0.070*** 

F change (df)  11.237 (8, 774) 9.099 (8, 774) 9.790 (6, 776) 

Model 2 – adding health behaviours  

Gender 0.109 0.094** # 

Age # # # 

Ethnicity - Asian  -0.092** -0.046 -0.112** 

Ethnicity – Maori/Pacific Islander -0.022 0.076* 0.026 

Ethnicity - Other  -0.034 -0.009 -0.009 

SES 0.135*** 0.096** 0.110** 

Year  3 -0.087** # 

BMI -0.078* -0.150*** # 

Mood Medication  -0.176*** # -0.124*** 

Vitamin D use -0.093** # # 

Iron Supplement use # # # 

Multi Vitamin use # # # 

Alcohol consumption/day # # # 

Regular Smoker -0.093** -0.073* -0.071* 

Sleep Quantity # # # 

Sleep Quality 0.243*** 0.263*** 0.299*** 

Physical Activity 0.062† # 0.107** 

FV Consumption  # 0.150*** 0.099** 

Hot Chip Consumption # # # 

Sweets Consumption # # # 

Soda Consumption # # # 

R2 0.064*** 0.101*** 0.128*** 

F change (df)  29.545 (2,772) 47.696 (2, 772) 41.263 (3, 773) 

Note. FV = Fruit and vegetable, SES = Socioeconomic Status. Continuous measures were all centered.  

† <0.10* p < .05; ** p < .01; *** p < .001 
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Hierarchical regressions using the lifestyle variables to predict negative mental health 

outcomes (negative mood and depressive symptoms) are presented in Table 15. As shown in 

Table 15, sleep quality was again the strongest predictor of both negative mental health 

outcomes, after controlling for all other demographic and health covariates. People who 

reported greater quality sleep also had lower negative mood and fewer depressive symptoms 

than people with poorer quality sleep. Sleep quantity was the second strongest predictor of 

depressive symptoms, whereby poorer sleep quality was associated with increased depressive 

symptoms, however it did not significantly predict negative mood (thus it was removed from 

the model with no change in model fit observed). Physical activity, FV, hot chip, sweets and 

soda intake all did not significantly predict either negative mental health outcome, and were 

each removed from the model with no change in model fit observed. Overall, the lifestyle 

behaviours accounted for a unique and statistically significant 3.3% of the variance in 

negative mood and 9.2% for depressive symptoms. 

Further curve estimation analysis revealed a ‘U-shape’ relationship between sleep 

quantity and depressive symptoms only, whereby if quantity of sleep was outside the 

recommended range of sleep per night (between 7-9-hours) there was greater depressive 

symptoms experienced by participants. Figure 5 illustrates the relationship between sleep 

quantity and depressive symptoms, where the reference line indicates the cut-off for 

increased risk of clinical depression.  

 

 

 

 

  



HEALTH BEHAVIOURS, MENTAL HEALTH AND WELL-BEING 

 

 82 

Table 15.   

Hierarchical Regression Model Predicting Mental Health Measures (n = 783) 

 
 Negative Mood 

Standardized B 

Depressive Symptoms 

Standardized B 

Model 1   

Gender 0.087* 0.084* 

Age # -0.091** 

Ethnicity - Asian  # # 

Ethnicity – Maori/Pacific Islander # # 

Ethnicity - Other  # # 

SES # -0.163*** 

Year  0.057† # 

BMI # # 

Mood Medication  0.243*** 0.304*** 

Vitamin D use # # 

Iron Supplement use # # 

Multi Vitamin use # # 

Alcohol consumption/day # # 

Regular Smoker  0.105** 0.083* 

R2 0.089*** 0.141*** 

F change (df)  18.885 (4, 778) 25.530 (5, 777) 

Model 2   

Gender 0.066† 0.047 

Age # -0.073* 

Ethnicity - Asian  # # 

Ethnicity – Maori/Pacific Islander # # 

Ethnicity - Other  # # 

SES # -0.119*** 

Year  0.051 # 

BMI # # 

Mood Medication  0.226*** 0.278 

Vitamin D use # # 

Iron Supplement use # # 

Multi Vitamin use # # 

Alcohol consumption/day # # 

Regular Smoker 0.101** 0.073* 

Sleep Quantity # -0.084** 

Sleep Quality -0.183*** -0.283*** 

Physical Activity # # 

FV Consumption  # # 

Hot Chip Consumption # # 

Sweets Consumption # # 

Soda Consumption # # 

R2 0.033*** 0.092***  

F change (df)  28.905 (1, 777) 46.553 (2, 775) 

Note. FV = Fruit and vegetable, SES = Socioeconomic Status. Continuous measures were all centered.  

† <.10* p < .05; ** p < .01; *** p < .001 
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Figure 5. Linear and Curvilinear Relationship between Hours of Sleep per Night (Sleep 

Quantity) and Depressive Symptoms 

 

Moderation Analysis  

Moderation analyses were run using the ‘Hayes Process version 3.4’ plugin on 

SPSS, to test whether there were significant interactions between any of the health 

behaviours (sleep quantity, sleep quality, physical activity, FV consumption), and the 

mental health and well-being outcomes (life satisfaction, flourishing, positive mood, 

negative mood, and depressive symptoms). No statistically significant interactions or 

trends were observed for any combination of the variables.  

 

Discussion 

Study 2 revealed the individual benefit of sleep, diet and physical activity on 

mental health and well-being, both supporting and replicating previous research. 

Additionally, Study 2 added to existing literature, giving further understanding of the 
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combined relationship of sleep, diet and physical activity. The results of Study 2 

supported the first hypothesis that, when tested individually, sleep, diet and physical 

activity will significantly predict each of the well-being measures. Sleep quality was the 

strongest predictor of all five-mental health and well-being measures, with better sleep 

quality indicative of greater life satisfaction, flourishing, and positive mood, and 

reduced negative mood and depressive symptoms. This finding provides further support 

for the idea that sleep quality is perhaps the most important predictor of mental health 

and well-being, when compared to diet and physical activity. The results of the 

hierarchical linear regression analyses partially support the second hypothesis that sleep 

quality would be the strongest predictor of mental health and well-being, followed by 

diet and then physical activity. Sleep quality was the strongest predictor of the mental 

health and well-being outcomes, statistically significantly predicting all five outcomes, 

supporting the first part of this hypothesis, even after extensive adjustment for 

demographic and other health covariates. Furthermore, while sleep quantity did have a 

significant linear and curvilinear relationship with depression, and significantly 

predicted greater flourishing along with less negative mood and depressive symptoms, 

sleep quality was a much stronger predictor of all mental health and well-being 

measures in the controlled regression models. These results are consistent with previous 

research (Bassett et al., 2015; Lallukka, et al., 2018; Pilcher et al., 1997; Galambos et 

al., 2009; Wallace et al., 2017), and further support the idea that medical assessments 

should consider sleep quality along-side sleep quantity.  

Contrary to the second hypothesis both diet and physical activity were weak and 

relatively equal predictors of mental health and well-being. FV consumption showed 

significant (although weaker) relationships with all five-mental health and well-being 
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measures. In the controlled regression model, FV consumption only significantly 

predicted flourishing and positive mood, and did not significantly predict life 

satisfaction, negative mood or depressive symptoms, thus it was removed from the 

model with no change fit observed. This finding is interesting, and suggests FV 

consumption may play a greater role in promoting well-being, as opposed to preventing 

ill-being or depression. 

Among the unhealthy food groups, soda consumption was the strongest 

predictor of poor mental health and well-being, whereby people who consumed more 

soda showed significantly reduced life satisfaction and flourishing, and more depressive 

symptoms. Consumption of hot chips was also significantly associated with reduced 

positive mood. Sweets consumption was not significantly associated with any mental 

health or well-being measure. However, in the controlled regression model, 

consumption of unhealthy foods (hot chips, sweets and soda), did not statistically 

significantly predict any mental health and well-being outcome. Consumption of 

unhealthy foods was a weaker predictor of mental health and well-being when 

compared to consumption of FV, suggesting mental health and well-being interventions 

aiming to increase FV consumption, rather than reduce unhealthy food consumption, 

may be most successful.  

Physical activity was also a significant predictor of mental health and well-

being, whereby individuals who were more active had greater life satisfaction and 

positive mood, along with reduced depressive symptoms, further supporting the notion 

that physical activity may promote greater mental health and well-being. However, in 

the controlled regression model, physical activity was found to be a weak predictor of 

mental health and well-being, only significantly predicting positive mood (although a 
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trend for predicting life satisfaction was also observed). This finding contradicts 

previous research, which suggests individuals who are more physically active may have 

greater well-being (Brehm & Iannotta, 1998; Penedo, & Dahn, 2005; Saxena et al., 

2005) and fewer mental disorders (Biddle et al., 2019; Carter et al., 2016; Radovic et al., 

2017).  

Moderation analysis revealed no statistically significant interactions between 

any combination of the health behaviours, and the mental health and well-being 

outcomes. These results do not support the third hypothesis, that diet and physical 

activity would moderate the relationship between sleep quality and depression or 

anxiety.  

The results from the present study further support past research (Bassett et al., 

2015; Lallukka, et al., 2018; Pilcher et al., 1997; Galambos et al., 2009; Wallace et al., 

2017), showing that high sleep quality significantly predicted higher well-being 

(measured through life satisfaction, flourishing, and positive mood), and low sleep 

quality significantly predicted negative mental health symptoms (measured through 

negative mood and depressive symptoms). These results suggest that interventions to 

improve sleep quality among young adults could improve mental health and well-being 

within this age group.  

Curve estimation analysis revealed a U-shape relationship between sleep 

quantity and depressive symptoms. On average, participants who slept between six- and 

ten-hours-per-night had fewer depressive symptoms, and were below the threshold of 

sixteen points on the CESD equating to increased risk of clinical depression. However, 

participants who slept fewer than six hours or more than ten hours per night showed 

increased depressive symptoms, and had an increased risk of clinical depression. These 
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results are again consistent with previous research, which found a similar U-shape 

relationship between sleep quality and depressive symptoms among Japanese 

adolescents (Kaneita et al., 2006; Kaneita et al., 2007). The present study was 

correlational, meaning a causal relationship between sleep quantity and depressive 

symptoms cannot be established, however these results suggest that targeted 

interventions to improve sleep quantity among individuals with higher quantities of 

depressive symptoms may contribute toward a reduction of depressive symptoms.  The 

finding that greater fruit and vegetable consumption was associated with elevated well-

being is consistent with previous research (Brookie et al., 2018; Conner et al., 2015; 

Conner et al., 2017; Kingsbury et al., 2016; Sutliffeet al., 2018; White et al., 2013). 

However, fruit and vegetable consumption only significantly predicted flourishing and 

positive mood in the current study, after controlling for demographic and health 

covariates. This suggests that high FV consumption may be more predictive of 

improved well-being, but may not counteract negative mood or depressive symptoms. 

However, longitudinal research has shown adherence to a Mediterranean or vegetarian 

diet were both associated with reduced risk of developing depression at a 10-year 

follow-up, although a threshold effect was observed (Sánchez-Villegas et al., 2015). 

Specifically, individuals who maintained a Mediterranean or vegetarian diet for a 

moderate amount of time had reduced depressive symptoms when compared to lower 

adhering individuals; however, there was no extra benefit observed among individuals 

with high adherence compared to those with moderate adherence.  

The current sample had a moderate to high average consumption of fruit and 

vegetables, consuming just below the recommended daily servings of fruit and 

vegetables (M = 4.88, SD = 2.28), reported having a low mood ‘a little of the time’ on 
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average, and had relatively few depressive symptoms, with an average CES-D score of 

14.50 out of a possible 60, with scores above 16 indicating increased risk of clinical 

depression. Therefore, it could be possible that no significant effect of FV consumption 

on negative mood or depressive symptoms was observed within the current sample, as 

FV consumption was relatively high, and negative mood and depressive symptoms were 

relatively low. Previous research has found significant improvement in mood following 

a dietary intervention among participants screened to have low mood, prescribing two 

kiwifruits per day for two weeks (Carr et al., 2013). This suggests that the mood 

improvements observed in previous research following FV consumption might be most 

prominent among individuals with low baseline mood. Furthermore, recent research has 

found that consumption of raw rather than cooked or processed FV predicted greater life 

satisfaction, flourishing and positive mood, as well as reduced depressive symptoms 

(Brookie et al., 2018), suggesting that the way FV are prepared may influence the 

psychological benefits received. This finding was also replicated in Study 1. The current 

study did not examine the way in which FV were prepared, as it was an archival study, 

and this data was not available, however it could be possible that raw FV are more 

protective against depressive symptoms when compared to cooked FV. Although, as 

indicated by Study 1, consumption of raw FV mostly accounted for the beneficial 

relationship between FV consumption and each outcome measure, and consumption of 

raw FV and overall FV were strongly correlated.  

The finding that greater physical activity was associated with improved mental 

well-being is again consistent with previous research (Landers, & Arent, 2007; Lubans 

et al., 2016; Peluso, & Andrade, 2005; Stephens, 1988; Wu, Tao, Zhang, Zhang, & Tao, 

2015). However, the present study found physical activity to be a relatively weak 
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predictor of well-being, significantly predicting positive mood and showing a trend for 

predicting life satisfaction, but not significantly predicting any other mental health or 

well-being outcome. These findings are somewhat inconsistent with previous literature, 

which suggest physical activity may be reduce depressive disorders and anxiety 

(Knapen et al., 2015; Rebar et al., 2015; Schuch et al., 2016; Schuchet al., 2017). 

Specifically, across 25 randomised control trials, regular aerobic exercise at moderate 

intensity, ideally supervised by an exercise professional, has been shown to reduce 

symptoms of major depressive disorder and anxiety (Schuch et al., 2016). However, a 

recent longitudinal study among 303 adults aged between 42 and 50-years-old found 

that while mental well-being positively predicted physical activity frequency, physical 

activity frequency did not predict mental well-being (Kekäläinen, Freund, Sipilä, & 

Kokko, 2019). Furthermore, individuals with depression or anxiety have been shown to 

engage in less physical activity than those without mental health conditions (Paluska, 

Schwenk, 2000), meaning the results of the present study could be due to limited 

physical activity among individuals with depression and anxiety. Therefore, 

improvements in mental health resulting from physical activity may be most noticeable 

among previously inactive individuals with depressive or anxiety disorders.   

Strengths and Limitations 

The present study has several strengths. First, this study was novel in that it 

analysed all three health behaviours (sleep, diet and physical activity) together. As 

health behaviours tend to cluster together (Conry et al., 2011; French et al., 2008; 

Griffin et al., 2014), this study was able to examine the degree to which each behaviour 

predicts mental health and well-being. A second strength of this study was the use of 

near to real-time smartphone tracking to record participants lifestyle behaviours. 
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Participants were asked to report on their sleep, diet and physical activity each day 

through surveys sent directly to their smartphone, meaning errors in recall accuracy 

were reduced. This is important, as previous studies have examined the lifestyle 

behaviours using single questionnaires, requiring participants to recall their lifestyle 

behaviours days or weeks earlier, which can lead to errors in recall accuracy (Bertrand 

and Mullainathan, 2001). A third strength of the study was the micro-longitudional 

design, whereby participant behaviour was tracked daily for 13 days. This is a strength 

as we were able to gather a more accurate picture of each participants lifestyle 

behaviours over the study period, as opposed to gathering information through one 

single questionnaire. A final strength of this study was the size and diversity of the 

sample with 783 participants from diverse ethnic backgrounds. Thus, the results of this 

study are more generalizable. However, this study is not without several limitations. 

First, as the surveys were administered between 3pm and 8pm each day, some of the 

survey responses excluded evening meals. Future research should consider 

implementing the survey following the completion of all meal consumption each day. 

Second, as this was a secondary analysis of a larger dataset, some of the measurements 

used were not optimal. Specifically, questions examining the benefits of different food 

groupings, such as fruits versus vegetables were not measured, meaning we do not 

know whether one food group may be more beneficial than others. Furthermore, 

questions about types of FV were not included, and therefore we cannot make 

conclusions about what types of FV may be most beneficial. Additionally, questions 

about food preparation were also not included, and therefore we could not examine the 

different benefits of raw versus cooked FV. Third, although the study used near to real-

time reporting, the self-report nature of this study is still a limitation. Self-report 
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measures may lead to inflated recollection of behaviour, as participants want to conform 

to the recommended or ideal behaviour frequencies, and therefore report these over their 

true behaviour frequencies (Bertrand and Mullainathan, 2001). 

Conclusion 

Study 2 revealed the individual benefit of sleep, diet and physical activity on 

mental health and well-being, both supporting and replicating previous research. 

Additionally, Study 2 added to existing literature, giving further understanding of the 

combined relationship of sleep, diet and physical activity, measured over a 13-day 

period. Sleep quality was found to be the strongest predictor of all mental health and 

well-being measures, while fruit and vegetable consumption and physical activity were 

both weak and relatively equal predictors of mental health and well-being after 

controlling for demographic and health covariates. Unhealthy diet, measured through 

the consumption of sweets, soda and hot chips, did not significantly predict mental 

health or well-being, after controlling for covariates. The results of Study 2 suggest 

lifestyle interventions designed to target the promotion of sleep quality among young 

adults may be successful at promoting optimal mental health and well-being. With this 

in mind, it must be noted that lifestyle behaviours tend to travel together, meaning it is 

important to consider the combined effect of each behaviour when designing lifestyle 

interventions to promote optimal mental health and well-being.  

General Discussion 

Previous research has highlighted the mental health and well-being benefits 

received from maintaining adequate sleep quality and quantity, following a healthy diet 

and engaging in regular physical activity (Bassett et al., 2015; Carr et al., 2013; Catalan-
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Matamoros et al., 2016; Conner et al., 2015; Conner et al., 2017; Francis et al., 2019; 

Galambos et al., 2009; Lallukka, et al., 2018; McMartin et al. 2013; Mujcic and Oswald 

2016; Pilcher et al., 1997; Smith & Blumenthal, 2013; Wallace et al., 2017). However, 

while each behaviour has been individually associated with improvements to mental 

health and well-being, until now, there has been limited research examining how the 

three health behaviors combine to predict mental health and well-being. Therefore, the 

aim of the present thesis was to investigate the combined relationship between sleep, 

diet and physical activity in predicting mental health and well-being outcomes in two 

separate cross-sectional studies, both with young adults aged 17-25 years old. 

Across two studies, totalling over 2,319 young adults, I found strong support for 

my first hypothesis that when tested individually, sleep, diet and physical activity will 

significantly predict differences in mental health and well-being. I also found support 

for my second hypothesis, that sleep would be the strongest predictor of mental health 

and well-being, followed by diet and physical activity. When considered side-by-side, 

sleep quality was found to be the strongest predictor of the mental health and well-being 

variables. Physical activity and diet were quite similar in their strength of prediction.  

Importantly, these patterns occurred even when controlling for extensive covariates 

such as gender, age, ethnicity, SES, year of sample, sample population (Psychology or 

MTurk), BMI, medication use, medical conditions, supplement use, smoking status and 

alcohol consumption. (N=11 covariates in Study 1; N=12 covariates in Study 2).  

Sleep quantity was less important than sleep quality; however, sleep quantity did 

have an additional curvilinear pattern that was consistent with prior research. Across 

both studies, a U shape relationship was observed between sleep quality and depressive 

symptoms, with Study 1 also finding a similar U shape relationship between sleep 
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quantity and anxiety (anxiety was not measured in Study 2). Participants who slept 

within the recommended range of 7-9-hours of sleep per night were below the cut off of 

sixteen points on the CESD equating to elevated risk of clinical depression, and scored 

below a seven on the HADS, signalling lower risk of anxiety. However, participants 

who identified sleep hours outside this range showed elevated symptoms of depression 

and anxiety, and had an elevated risk of clinical depression or anxiety.  

Finally, there were no statistically significant interactions between any of the 

health behaviours and the mental health and well-being outcomes in either study. In 

Study 1, there were two trends -- whereby diet moderated the relationship between sleep 

quality and flourishing, and was therefore partially consistent with the third hypothesis, 

that diet and physical activity would moderate the relationship between sleep quality 

and each outcome measure, but this did not replicate in Study 2. The other trend found 

in Study 1, whereby diet moderated the relationship between sleep quality and 

flourishing, was also not replicated. Thus, as only a main effect was observed, this 

suggests while sleep, diet and physical activity are often clustered together, they may 

not interact to further predict mental health and well-being.  

 While this thesis demonstrated that sleep quality appears to be the strongest 

predictor of mental health and well-being among young-adults, this does not mean diet 

and physical activity do not contribute toward optimal mental health and well-being. 

Interestingly, all three health behaviours (sleep, diet and physical activity) were 

correlated with each other across both studies. However, these correlations were not 

particularly strong, suggesting that they are not all just tapping into the same index 

measuring a ‘healthy person’.  While there was some variation across participants, such 

that some participants who slept well also ate well and engaged in regular physical 
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activity, this was not by any means a 1:1 correspondence. While health behaviours often 

cluster together, whereby people who sleep well may also have better quality diets, or 

exercise more frequently (Conry et al., 2011), this may not always be the case, meaning 

interventions targeting all three health behaviours may be most successful in promoting 

mental health and well-being. University students have been identified as a population 

at risk of elevated mental health disorders, with extremely high reports of mental health 

problems and psychological distress reported (Stallman, 2010). Health promotion 

interventions targeting sleep, diet and exercise around university campuses may help to 

promote optimal mental health and well-being within this population, as targeting one 

individual behaviour may not always produce a positive flow on effect to other health 

behaviours.  

 

Implications 

Study 1 and Study 2 have both contributed to a further understanding of the 

importance of lifestyle behaviours in mental health and well-being. Of particular 

interest was the finding that, across both studies, sleep quality remained the strongest 

predictor of all mental health and well-being outcomes. This finding enhances our 

understanding of previous research (Bassett et al., 2015; Lallukka, et al., 2018; Pilcher 

et al., 1997; Galambos et al., 2009; Wallace et al., 2017), which suggested that sleep 

quality may be equally as important as sleep quantity in relation to mental health and 

well-being. In fact, the present studies both suggested that sleep quality may be a 

stronger predictor of mental health and well-being when compared to sleep quantity. 

Therefore, interventions to improve sleep quality among young adults could improve 

overall mental health and well-being within this age group. This is of particular 
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importance, as young adults have particularly high prevalence of mental disorders 

(Adolescent Health Research Group 2008), so understanding potential mechanisms 

behind these mental disorders may inform treatment decisions. Increasing knowledge 

about sleep hygiene may be an effective method of improving overall sleep quality 

among young adults (Brown, Buboltz Jr, & Soper, 2002; Irish, Kline, Gunn, Buysse, & 

Hall, 2015; Kloss et al., 2016; Stepanski & Wyatt, 2003). Research within clinical 

populations has shown that increasing knowledge about sleep hygiene was successful in 

the treatment and management of insomnia (Stepanski & Wyatt, 2003). Furthermore, 

research within nonclinical populations have also demonstrated an increase in sleep 

quality following sleep hygiene promotion among university students (Brown et al., 

2002; Irish et al., 2015; Kloss et al., 2016), suggesting sleep hygiene promotion may 

contribute toward improving mental health and well-being among university students. 

Interestingly, both studies found a U-shape relationship between sleep quantity 

and depressive symptoms and Study 1 also found a U-shape relationship between sleep 

quantity and anxiety. Specifically, among individuals who slept within six and fourteen 

hours per night on average, depressive symptoms and anxiety were both below the cut 

off for a clinical diagnosis. However, among individuals who slept fewer than six, or 

greater than fourteen hours per night, depressive symptoms and anxiety scores both 

extended above the cut off for clinical diagnosis. It is understood that both depression 

and anxiety are associated with atypical sleep hours (Taylor, Lichstein, Durrence, 

Reidel, & Bush, 2005), however the relationship between mental health and sleep is 

complex, and the direction of the relationship is still unclear. Research has shown 

people with insomnia have a ten-fold risk of developing depression or anxiety compared 

to those who get adequate sleep (Taylor et al., 2005). Furthermore, a longitudinal study 
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found difficulty initiating sleep was statistically significantly associated with the 

prevalence of depression three years later among 4,997 elderly Japanese individuals 

(Yokoyama et al., 2010). While a causal relationship between sleep and negative mental 

health outcomes cannot yet be established, research suggests sleep difficulties are 

associated with an increased risk of developing depression or anxiety (Taylor et al., 

2005), meaning further research evaluating interventions to promote healthy sleep 

practices could help reduce the occurrence of depression and anxiety.  

Study 1 and 2 both demonstrated that greater fruit and vegetable consumption 

was associated with increased well-being, which is consistent with previous research 

(Brookie et al., 2018; Conner et al., 2015; Conner et al., 2017; Kingsbury et al., 2016; 

Sutliffeet al., 2018; White et al., 2013). Study 1 also considered food preparation habits, 

and found raw rather than cooked FV consumption predicted greater well-being and 

reduced negative mental health symptoms, which is also supported by previous research 

(Brookie et al., 2018). Furthermore, consumption of cooked FV was actually predictive 

of reduced life satisfaction, flourishing and increased depressive symptoms, although 

this relationship was weak, but significant. This suggests that the way FV are prepared 

may influence the psychological benefits received. However, food preparation habits 

were not measured in Study 2, as it was designed retrospectively, and fruit and 

vegetable consumption only significantly predicted flourishing and positive mood, after 

controlling for demographic and health covariates. This suggests that high FV 

consumption may be more predictive of improved well-being, but may not counteract 

negative mood or depressive symptoms. While Study 2 did not examine the way in 

which FV were prepared, results from Study 1 and 2 suggest it could be possible that 
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raw FV are more protective against depressive symptoms when compared to cooked 

FV.  

The patterns for unhealthy food consumption only partially replicated prior 

research linking an unhealthy “western” junk food diet to mental health issues. Sweets 

consumption predicted greater negative mood, depressive symptoms and anxiety in 

Study 1, while hot chip consumption predicted greater negative mood, and soda 

consumption predicted greater anxiety, but the associations were not replicated in Study 

2 when diet was tracked on a daily basis. It could be possible that the more sophisticated 

measurement of diet used in study two contributed to eliminating this relationship. 

Tracking diet at a daily level could result in more accurate reports of serving size, 

meaning it is possible the results reported in Study 1 could be due to an under or over 

estimation of junk food consumption. This could suggest that the negative impact of 

consuming an unhealthy diet may be smaller than initially thought, and perhaps 

increasing consumption of healthy foods may be more beneficial than reducing 

consumption of unhealthy foods. Although there is still ample high-quality evidence 

supporting a link between poor diet quality and poorer mental health (Akbaraly et a., 

2009; German et al., 2011; Jacka et al., 2010; Jeffery et al., 2009; Li et al., 2017; Oddy 

et al., 2018; Sánchez-Villegas et al., 2012), meaning it would be unwise to conclude this 

based on this finding alone.  

Another possible reason for why FV and unhealthy foods were not reliably 

related to depressive symptoms may be due to the way diet was measured overall. Both 

Study 1 and 2 measured FV consumption, as well as consumption of unhealthy foods 

such as sweets, soda and hot chips, but did not consider other markers of a healthy diet 

such as nuts, whole grains or oils. This is important, as emerging evidence now suggests 
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a Mediterranean diet, defined by high consumption of fruit, vegetables, fish, nuts, 

legumes, whole grain, low fat dairy, olive oil and antioxidants, may be protective 

against depressive disorders (Parletta et al., 2019). Specifically, a randomized control 

trial of adults aged 18- to 65-years-old diagnosed with depression found following a 

Mediterranean diet for three months, along with omega-3 supplementation, led to 

significant reductions in depression and improved mental health, when compared to a 

control condition. Furthermore, greater adherence to the Mediterranean diet, 

consumption of nuts, and high diversity of vegetable consumption were each associated 

with greater reductions in depressive symptoms and improved mental health (Parletta et 

al., 2019). As a result, future research should consider including a full measure of a 

healthy diet, ideally modeled off a Mediterranean diet, as opposed to only measuring 

individual consumption of FV and unhealthy foods. 

Longitudinal research has also revealed micronutrient levels are associated with 

increases in mood, wellbeing and reduced stress (Rucklidge et al., 2012). A 28-day 

micronutrient intervention found reduced stress and improved mood and well-being 

following treatment with B vitamins, vitamin C, calcium, magnesium and zinc, three 

months after the devastating magnitude 6.3 earthquake in Christchurch, New Zealand 

(Rucklidge et al., 2012), suggesting micronutrients play a role in improving mental 

health and well-being. Furthermore, treatment with micronutrients has been shown to 

reduce the psychological symptoms associated with Premenstrual Syndrome (PMS), 

and improve patient quality of life (Retallick-Brown, Blampied, & Rucklidge, 2020). 

Therefore, micronutrients within FV might be one potential mechanism behind the 

relationship between FV consumption and improved mental health and well-being that 

was not considered in the present study. Further research should consider including a 
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measurement of participants micronutrient levels, which may be more accurate than 

measuring self-reported FV consumption.    

Similar to diet, physical activity was associated with greater mental health and 

well-being across Study 1 and 2, which is consistent with previous research (Brehm & 

Iannotta, 1998; Landers, & Arent, 2007; Lubans et al., 2016; Penedo, & Dahn, 2005; 

Peluso, & Andrade, 2005; Saxena, Van Ommeren, Tang, & Armstrong, 2005; Stephens, 

1988; Wu, Tao, Zhang, Zhang, & Tao, 2015). However, across Study 1 and 2, physical 

activity was found to be a relatively weak predictor of mental health and well-being 

after adjustment for demographic and other health covariates, which is inconsistent with 

previous research. The use of physical activity as a treatment for mental health disorders 

such as depression and anxiety is debated within the literature, with studies showing 

significant effects of physical activity on reducing symptoms of major depressive 

disorder and anxiety (Knapen, Vancampfort, Moriën, & Marchal, 2015; Rebar et al., 

2015; Schuch et al., 2016; Schuch, Morres, Ekkekakis, Rosenbaum, & Stubbs, 2017), 

while others suggest the effect of physical activity as treatment for depression or anxiety 

is small, or non-significant (Biddle & Asare, 2011). However, a more recent meta-

analysis revealed that when taking into account symptom heterogeneity, regular aerobic 

exercise at moderate intensity, ideally supervised by an exercise professional, has been 

shown to reduce symptoms of major depressive disorder across 25 randomised control 

trials, leading Schaugh et al, (2016) to conclude that physical activity is an effective 

evidence based treatment for depression. However, individuals with depression or 

anxiety have been shown to engage in less physical activity than those without mental 

health conditions (Paluska, Schwenk, 2000), meaning the results of the present study 

could be due to limited physical activity among individuals with depression and 
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anxiety. As such, improvements in mental health resulting from physical activity may 

be most noticeable among previously inactive individuals with depressive or anxiety 

disorders.  

The present studies have been some of the first to examine the relationship 

between multiple health behaviours and mental health and well-being. This is important, 

as each behaviour does not occur in isolation, and typically occur in clusters. Therefore, 

an intervention designed to address one specific health behaviour may spill over, 

producing positive changes in additional health behaviours (Fleig, Kerschreiter, 

Schwarzer, Pomp, & Lippke, 2014). For example, a dietary intervention may also lead 

to improvements in sleep, as diets rich in whole grains, fiber, fruits and vegetables have 

been associated with increased sleep quality, longer sleep duration and less insomnia 

(Zuraikat & St-Onge, 2020). Additionally, a sleep quality intervention may further 

improve diet, as poor sleep quality has recently been linked with both a greater intake 

and lower-quality diet among females, compared to participants with greater sleep 

quality (Zuraikat, Makarem, Liao, St-Onge, & Aggarwal, 2020).  

This relationship highlights the notion that no health behaviour occurs in 

isolation, with each behaviour needing to be considered within a wider framework, with 

the possibility of spillover effects (Dolan & Galizzi, 2015). As such, future research 

should consider possible compensatory or dynamic relationships between each health 

behaviour at a daily level.  

When examining compensatory and synergistic relationships, Study 1 found two 

trends; that raw FV would both buffer the impact of poor sleep on flourishing and 

augment the benefit of good sleep on vitality. However, these observed patterns were 

only trends, which does not lend confidence to the patterns. Furthermore, these were not 
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replicated in Study 2, which used better measures of the health behaviours. This 

suggests there are only main effects of each health behaviour predicting mental health 

and well-being, not interactions. However, the present thesis did not test any dynamic 

models to track how these behaviours covary over time. It could be possible that diet on 

day 1 may contribute to sleep quality the following evening, which then contributes to 

improved diet quality on day 2, continuing on in a spiral of continued wellness. Further 

research could consider unpacking possible dynamic relationships between the three 

health behaviours.  

Finally, the present study demonstrated that sleep, diet and physical activity are 

all important contributors to mental health and well-being, however, I did not 

investigate mechanisms behind this relationship. Several possible mechanisms could be 

contributing to this relationship, linking all three behaviours together. First, poor quality 

sleep, diet and physical activity have all been associated with increased blood 

inflammatory markers, such as proinflammatory cytokine interleukin 6 (IL-6), which 

may contribute to depression (Ford, 2002; Irwin, Olmstead, Ganz, & Haque, 2013; 

Simpson & Dinges, 2007; Calder et al., 2011; Kivimäki et al., 2014). Longitudinal 

research has demonstrated that individuals with high levels of IL-6 are at an increased 

risk of developing depression over a ten-year perioid compared to individuals with low 

levels of IL-6, suggesting that chronic inflammation may contribute to the development 

of mental disorders. (Kivimäki et al., 2014). Second, diet and physical activity have 

both been been associated with increased brain derived neurotrophic factor (BDNF) in 

rats (Cotman & Engesser-Cesar, 2002). Low levels of BDNF are believed to facilitate 

hippocampal atrophy and neurogenesis observed in depression (Sen, Duman, & 

Sanacora, 2008), while individuals with major depressive disorder usually have lower 
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levels of BDNF (Sen et al., 2008). While an association between sugar consumption and 

BDNF has not yet been observed in humans, rodents placed on a diet designed to 

resemble a typical western diet showed significantly lower levels of hippocampal 

BDNF after eight weeks (Molteni et al., 2002) and twenty-three-weeks (Heyward et al., 

2012). Furthermore, 30-minutes of high intensity physical activity has been shown to 

significantly increase serum BDNF in human adolescents, compared to adolescents who 

participated in low intensity physical activity (Hötting, Schickert, Kaiser, Röder, & 

Schmidt-Kassow, 2016). Finally, a third potential mechanism linking the health 

behaviours to mental health and well-being may be the gut-brain axis. The gut brain 

axis is a bidirectional message transformation pathway linking the brain and the gut 

(Liang, Wu, Hu, Wang, & Jin, 2018), connected through pathways such as the immune 

system, the HPA axis and nerves (Forsythe, Sudo, Dinan, Taylor, & Bienenstock, 

2010). Emerging evidence suggests the human microbiome plays a powerful role in the 

prevention and development of mental disorders (Evrensel, Ünsalver, & Ceylan, 2019; 

Liang et al., 2018; Liang, Wu, & Jin, 2018). Sleep, diet and physical activity all 

influence the gut-brain axis, where by adequate sleep (Poroyko et al., 2016), healthy 

diet (Clapp et al., 2017), and regular physical activity (Clark & Mach, 2016) have been 

shown to improve the microbiota (Liang et al., 2018). 

 

Strengths and Limitations 

Both Study 1 and 2 had large sample sizes, with a total sample totalling over 2,319 

young adults across the two studies. Furthermore, both studies were ethnically diverse, 

with Study 1 also encompassing two geographic locations (New Zealand and United 

States).   
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However, these studies had several limitations. First, both studies were a cross-

sectional survey design, thus causality cannot be established between health behaviours, 

and mental health and well-being.  

Second, measuring diet through single, self-report questions is a limitation, 

which could lead to errors in recall and memory of food serving size. This thesis relied 

on participants accurate recall of their health and lifestyle behaviours over the past 

week, which could lead to inaccurate reporting. Furthermore, self-report measures may 

lead to inflated recollection of behaviour, as participants want to conform to the 

recommended or ideal behaviour frequencies, and therefore report these over their true 

behaviour frequencies. Despite this, the present study found behaviours reported by the 

young adults to be consistent with that of previous research among this population 

(Chung & Hoerr, 2005; Laska, Larson, Neumark-Sztainer, & Story, 2012; Parker, 

Schmitz, Jacobs Jr, Dengel, & Schreiner, 2007), suggesting that this data collection 

method may be sufficient, although not preferred.   

A third limitation is the sleep questionnaire used. As this thesis was designed 

using archival data, the present studies only used two questions from the Basic Nordic 

Sleep Questionnaire, which focused on sleep quality and quantity, rather than using all 

21. The full questionnaire askes about a range of sleep complaints, including difficulties 

initiating and maintaining sleep, subjective sleep quality, the use of medication to 

induce sleep, excessive daytime sleepiness, napping, snoring, and general sleep habits. 

Future research should consider using the full questionnaire, in order to better 

comprehend the nature of the relationship between sleep and mental health and well-

being. 
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A fourth limitation of this study is the subjective measurement of sleep, diet and 

physical activity. Although clear descriptions of what constituted sleep, serving size, 

and physical activity were given, self-report of these health behaviours can still vary 

between participants. Sleep quality is subjective, and therefore is suitable to be 

measured in such a way. However, sleep quantity, diet and physical activity would be 

better measured in a more objective way, using accelerometer data to track hours of 

sleep and physical activity, and using biomarker data to detect micronutrients within the 

participants blood.  

A fifth limitation limitation is that I only analysed FV consumption together, 

where previous research suggests fruit and vegetables may predict in different ways 

(Conner et al., 2015). Specifically, Conner et al., (2015) found that while fruit and 

vegetable consumption additively contributed to positive changes in eudaemonic well-

being, vegetable consumption played a stronger role.  As the current studies were 

designed retrospectively, and the surveys had already been created, this limitation could 

not be addressed in this thesis. However, future research should consider analysing fruit 

and vegetable consumption individually, in order to tease out any possible benefits of 

different food groupings.  

A sixth limitation is that the regression models used in this analysis controlled 

for the shared variance between sleep, physical activity, and diet – so any shared 

variance between them was excluded from the multiple regression analyses. Therefore, 

this thesis has only shown the unique contributions of each health behaviour. Future 

research examining the clusters of health behaviours should consider using more 

sophisticated models that model the underlying common variance possibly as an 

additional predictor.  
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A seventh limitation is the strong connection between sleep and mental health, 

whereby sleep problems are often a symptom of mental health issues. Specifically, the 

CESD includes a question about sleep difficulties, which raises concerns about possible 

overlap between this health predictor and an indicator of mental distress. However, the 

present thesis also found links between sleep and negative mood, which does not 

include sleep problems in its measurement. With this in mind, future research needs to 

better unpack this relationship, in order to determine whether sleep is a symptom of, or 

a precursor to, mental health issues.  

Finally, the present thesis did not test any dynamic models to track how these 

behaviours covary over time. It could be possible that there are complex, dynamic 

relationships between two or more health behaviours, whereby physical activity on day 

1 could improve sleep that night, which could improve diet the next day and so on in an 

upward spiral of health and well-being. This type of analysis could be possible in the 

dataset of Study 2, and would be an appropriate next step in this series of research.  

Conclusion 

While previous research has considered the individual benefits of sleep, diet and 

physical activity on mental health and well-being, few studies have considered the 

combined effect of all three behaviours. Health behaviours rarely occur in isolation, but 

may instead cluster together (Conry et al., 2011; French, Rosenberg, & Knuiman, 2008; 

Griffin, Sherman, Jones, & Bayl-Smith, 2014), and therefore should be examined as 

such. The present thesis is one of the first to examine the predictive effect of sleep, diet 

and physical activity at the same time. The results of this thesis suggest that although all 

three health behaviours are important, sleep quality appears to be the most notable 

predictor of mental health and well-being. Future research that aims to improve sleep 
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quality among young adults could have the largest impact in improving overall mental 

health and well-being within this age group. This is of particular importance, as young 

adults have particularly high prevalence of mental disorders (Adolescent Health 

Research Group, 2008), and often report inadequate, poor quality sleep (Wolkow, 

Dickinson, Rajaratnam & Drummond, 2018; Zitting et al., 2018). Although sleep was 

the strongest predictor of mental health and well-being, there is still evidence that diet 

and physical activity make incremental contributions to mental health and well-being. 

As such, diet and physical activity should not be overlooked in further intervention 

research, particularly because of potential spill over effects from each health behaviour. 

Sleep, diet and physical activity should now be thought of as tools for promoting 

optimal mental health and well-being, particularly among young adult populations 

where prevalence of mental disorders is high, and well-being can be sub-optimal 

(Adolescent Health Research Group, 2008). Recognising that physical health 

behaviours are important contributors to health and well-being will help promote a 

“state of complete physical, mental and social well-being, and not merely the absence of 

disease or infirmity” (WHO, 1948, p1). The present thesis may provide some evidence 

and guidance that health behaviours not only improve mental health and well-being 

among populations with pre-existing mental health conditions, but also suggests health 

behaviours may be a tool to promote optimal mental health and well-being among the 

general population. 
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Appendix 

Appendix A –  

***SURVEY*** 

 

DEMOGRAPHIC CHARACTERISTICS 

 

First, we would like to ask you some demographic questions.  Throughout the survey, if you 

feel uncomfortable answering any question, feel free to skip that question. 

 

How old are you?   [AGE]  

Response options: Pull down ≤ 17 to 26+ (coded 17 to 26) [if they select ‘17’ or ‘26+’, then 

they will be told they are not eligible to complete the remainder of the survey, as we are 

only recruiting 18 to 25 year olds] 

 

What is your gender? [GENDER] 

___0__Male 

 __1___Female 

 __2___Gender Diverse [Please describe (optional): _______________] 

 

How would you describe your ethnicity? Please select all boxes that apply to you. 

[ETHNICITY1 to ETHNICITY12] 

 Select all that apply 

Aboriginal  

African  

Asian  

Black/African-American/African-

British 

 

Caucasian/White/European origin  

Hispanic/Latino  

Indian  

Māori  

Native American  

Pacific Islander  

Persian/Arabic  

Other – please describe [Free text] 
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What type of accommodation do you currently live in? [ACCOM]  

_1_ University Residential Hall or Dormitory  

_2_ Flatting / sharing an apartment or house with others 

_3_ Parental home 

_4_ In a home you own 

_5_ Boarding 

_6_ In a studio room 

_7_ Living with a spouse / partner  

_8_ Other: Please 

describe_____________________________________[ACCOMOTHER] 

 

Which of the following best describes the area you live in? [URBANRURAL] 

_0_ Urban 

_1_ Suburban 

_2_ Rural 

_3_ Unsure – please describe (Free Text) 

 

Please describe your level of education [EDUC]: 

___1___ Did not complete high school 

___2___ Completed high school 

___3___ Currently attending University, Polytechnic, or other tertiary institution for 

undergraduate degree 

___4___ Completed undergraduate degree at University, Polytechnic or other tertiary 

institution. 

___5___Currently attending University, Polytechnic, or other tertiary institution for higher 

degree  

___6___ Completed higher degree at University, Polytechnic or other tertiary institution 

 

What is your current employment status?   [EMPLOY1-EMPLOY5] 

 Select all that apply 

Full-time student   

Part-time student  

Full-time work  

Part-time work  

Unemployed  

 

INSTRUCTIONS. We would like to learn more about your CHILDHOOD economic 

background. If your parents were divorced/separated or permanently stopped living together 

before you were 18 years old, please answer the following questions for the household in which 

you spent the most time as a child.   

 

  Strongly 

Disagree 

 

1 

Disagree 

 

 

2 

Slightly 

Disagree 

 

3 

Neither 

Agree or 

Disagree 

4 

Slightly 

Agree 

 

5 

Agree 

 

 

6 

Strongly 

Agree 

 

7 
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SES1 My family 

usually had 

enough 

money for 

things when I 

was growing 

up. 

       

SES2 I grew up in a 

relatively 

wealthy 

neighborhood. 

       

SES3 I felt 

relatively 

wealthy 

compared to 

the other kids 

in my high 

school. 

       

  

INSTRUCTIONS. How is your current economic situation?  

 

  Strongly 

Disagree 

 

1 

Disagree 

 

 

2 

Slightly 

Disagree 

 

3 

Neither 

Agree or 

Disagree 

4 

Slightly 

Agree 

 

5 

Agree 

 

 

6 

Strongly 

Agree 

 

7 

SES4 I have enough 

money to buy 

things I want. 

       

SES5 I don't need to 

worry too 

much about 

paying my 

bills. 

       

SES6 I don't think I'll 

have to worry 

about money 

too much in 

the future. 

       

 

 

LIFESTYLE FACTORS 

 

This section includes questions related to various lifestyle factors and health.  

 

HEALTH 

How is your health in general? Would you say it is: 

5. Very good 

4. Good 

3. Fair 

2. Bad, or 

1. Very bad 

 



HEALTH BEHAVIOURS, MENTAL HEALTH AND WELL-BEING 

 

 140 

SLEEP 

Basic Nordic Sleep Questionnaire (Partinen & Gislason, 1995)  

In a typical week, how many hours did you usually sleep per night? [SLEEP]. 

Response options: 0-20 hours.  

 

When you wake up from sleeping, how refreshed do you feel? [SLEEPQUAL]  

Never 

refreshed 

A little or 

Somewhat 

refreshed 

Moderately 

refreshed 

Mostly 

refreshed 

 

Very 

refreshed 

0 1 2 3 4 

 

EXERCISE. 

Physical Activity (Milton, Bull & Bauman, 2009.) 

In a typical week, on how many days have you done a total of 30 minutes or more of physical 

activity, which was enough to raise your breathing rate? This may include sport, exercise, and 

brisk walking or cycling for recreation or to get to and from places, but should not include 

housework or physical activity that is part of your job. [ACTIVITY] 

Response options: 0 days a week to 7 days a week  

 

 

ATTENTION CHECK 1 [ATTN1] 

Participating in sports can be a fun and popular way to increase physical activity. This 

question is checking that you are reading the instructions. To show that you have read these 

instructions, please ignore the question below and instead select the answer 'other' and type 

the word 'attention' into the text box. 

 

Which of the following team sports do you play? 

*all variables coded as 0, other coded as 1. 
 

Basketball  

Tennis  

Football  

Hockey  

Athletics  

Other Free text 

 

 

HEIGHT AND WEIGHT. 

What is your weight? 

______ kg or ______ lbs.  

[pull down menu 25 kg to 150 kg]   

[pull down menu 50 lbs. to 300 lbs.]   

 

What is your height? 

______ cm or ______ ft.   

[pull down menu 120 cm to 215 cm] 

[pull down menu 4”0’ feet/inches to 7”0’ feet/inches 

 

 

Do you have any of the following health conditions?  [CONDITION1 – CONDITION10; 

CONDITIONOTHER] 
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 Select all that apply 

Diabetes (Type 1)  

Diabetes (Type 2) – adult onset 

 

 

Coeliac Disease  

Hypertension  

History of cancer  

Osteoporosis  

Endometriosis   

Disordered eating behaviours  

Cardiovascular disease  

Anemia  

Chronic Fatigue Syndrome  

Irritable Bowel Syndrome or Crohn’s 

Disease 

 

Other – please describe [Free text] 

No health conditions  

 

Dietary Habits: 

 

This section includes questions about the foods you eat.   

 

 

Think about a typical week for you. This should include both weekdays and weekends, and be 

a typical week in the place where you spend a majority of your time each year. For the 

following questions, think about what you eat in a typical week. 

 

ATTN2 

How many days in a week do you drink coffee? This question is checking that you are 

reading the instructions. To show that you have read these instructions, please select the 

answer '8 days per week'. 
Response options: 0 days per week to 8 days per week 

- If 8 days per week is not selected, survey is terminated. 

 

 RAWVEG1 – RAWVEG2 

1. How many days in a week do you eat raw vegetables? For example salads, carrots etc.  Do 

not include vegetable juice. 

Response options: 0 days per week to 7 days per week 
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If 1-7 then: 

2. On a day when you eat raw vegetables, how many servings of raw vegetables do you usually 

eat? 

1 serving = 1 cup of salad or 1 large carrot 

 

Response options: 1 – 7+ servings 

 

3. What types of raw vegetables do you usually eat? Please select all that apply. 

[RAWCARROT – RAWONION; RAWVEGOTHER] 

 

 Select all that apply 

Carrot  

Tomato  

Lettuce  

Spinach or other leafy greens e.g. kale, 

bok choy, silver beet  

 

Broccoli  

Cucumber  

Cabbage  

Capsicum / Bell pepper  

Beetroot / Beets  

Celery  

Mushrooms  

Red onion  

Avocado  

Other (please specify) [Free text] 

 

COOKVEG1 – COOKVEG2 

1. How many days in a week do you eat cooked, frozen, or canned/tinned vegetables? For 

example vegetables cooked in a curry or stew; roast, boiled or steamed vegetables; 

canned/tinned tomatoes, green beans; frozen veggie mixes. (Do not include hot chips/French 

fries, kumara chips or deep fried potatoes; Do not include legumes such as baked beans, kidney 

beans, chick peas etc.).  

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

2. On a day when you eat cooked, frozen, or canned/tinned vegetables, how many servings of 

cooked, frozen, or canned/tinned vegetables do you usually eat? 

1 serving = ½ cup of cooked or frozen vegetables or ½ tin of canned vegetables etc. 

Response options: 1 - 7+ servings 

 

3. What types of cooked, frozen, or canned/tinned vegetables do you usually eat? Please select 

all that apply. [COOKPOTATO – COOKVEGMIX; COOKVEGOTHER] 

 Select all that 

apply 

Potatoes  

Kumara   

Carrots  
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Tomatoes (canned/tinned)  

Tomatoes (cooked)  

Onions/leeks  

Corns  

Cauliflower  

Broccoli  

Asparagus  

Zucchini / Courgette  

Eggplant /  Aubergine  

Beetroot / Beets  

Mushroom  

Pumpkin  

Butternut squash   

Green Beans  

Capsicum or Bell Pepper  

Spinach or other leafy greens e.g. kale, bok choy, silver beet  

Mixed frozen vegetables  

Other (please specify) [Free text] 

 

 

LEGUMES1 – LEGUMES2 

1. How many days in a week do you eat legumes? For example baked beans, kidney beans, 

peas, lentils. 

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

2. On a day when you eat legumes, how many servings of legumes do you eat? 

Response options: 1-7+ servings 

 

3. What type of legumes do you usually eat? Please select all that apply. [BAKEDBEANS – 

CHILIBEANS; LEGUMESOTHER] 

 

 Select all that apply 

Baked beans  

Kidney beans  

Chick peas  

Lentils  

Peas  

Chili beans  

Other (please specify) [Free text] 

 

 

VEGJUICE1 - VEGJUICE2 

1. How many days in a week do you drink vegetable juice? For example tomato juice, carrot 

juice; do not include fruit juice. 

Response options: 0 days per week to 7 days per week 
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2. On a day when you drink vegetable juice, how many servings of vegetable juice do you 

drink? 

1 serving = 250ml vegetable juice. 

Response options: 1 - 7+ servings 

 

RAWFRUIT1 –RAWFRUIT2 

1. How many days in a typical week do you eat raw fruits? For example banana, apple, orange, 

kiwi fruit, berries. Please include any frozen fruit if eaten raw (such as in smoothies). Do not 

include fruit juice or dried fruit. 

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

2. On a day when you eat raw fruits, how many servings of raw fruits do you usually eat? 

1 serving = 1 apple or 1 banana or 2 kiwifruit or 1/2 cup of berries (fresh or frozen) 

Response options: 1-7+ servings 

 

3. What types of raw fruits do you usually eat? Please select all that apply. [RAWBANANA – 

RAWGRAPES; RAWFRUITOTHER] 

 

 Select all that apply 

Banana  

Apple  

Orange, Mandarin, Tangerine  

Stone fruit (peach, nectarine, apricot, plum)  

Pear  

Berries (fresh)  

Berries (frozen but eaten raw)  

Kiwi fruit  

Grapes  

Grapefruit  

Mango  

Other (please specify) [Free text] 

 

 

 

COOKFRUIT1- COOKFRUIT2 

1. How many days in a typical week do you eat cooked or canned/tinned fruits? For example 

stewed apple or tinned peaches  

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

2. On a day when you eat cooked or canned/tinned fruits, how many servings of cooked or 

canned/tinned fruits do you usually eat? 

1 serving = ½ cup of cooked fruits or ½ tin of canned fruits etc. 

Response options: 1 – 7+ servings 

 

3. What types of cooked canned/tinned fruits do you usually eat? Please select all that apply. 

[COOKPEACH – COOKPINEAPPLE; COOKFRUITOTHER] 
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 Select all that apply 

Peaches  

Apricots  

Plums  

Pears  

Berries  

Apples  

Pineapple  

Other (please specify) [Free text] 

 

 

 

 

FRUITJUICE1 - FRUITJUICE2 

1. How many days in a typical week do you drink fruit juice? 

Response options: 0 days per week to 7 days per week 

 

2. On a day when you drink fruit juice, how many servings of fruit juice do you drink? 

1 serving = 250ml fruit juice. 

Response options: 1  - 7+ servings 

 

Fast Food 1-3 [FAFO1-3] 

1. How many days in a typical week do you eat fast-food? E.g. McDonalds, Subway, Burger 

King.  

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

2. On a day when you eat fast-food, how many servings of fast-food do you eat? 1 serving = 

burger combo or one foot long Subway or one medium pizza. 

Response options: 1-7+ servings 

 

3. What types of fast food do you usually eat? This question is an attention check. Please select 

the answer 'other' and type the word 'attention' into the text box.  

 

McDonalds  

Subway  

Burger King or Hungry Jacks  

KFC or Red Rooster  

Wendys  

Pizza (Pizza Hut, Dominoes etc.)  

Chipotle  

Taco Bell  

Donuts (Dunkin’ Donuts or Krispy Kreme 

etc.) 

 

In-N-Out Burger  

Carl’s Jnr  

Other Free text 
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CHOC1 – CHOC2 

1. How many days in a week do you eat chocolate? (e.g., chocolate bars or blocks, chocolate 

slices or baked goods, chocolate desserts, including ice cream) 

Response options: 0 days per week to 7 days per week 

  

If 1-7 then: 

2. On a day when you eat chocolate, how many servings of chocolate do you eat? 

1 serving = one medium chocolate bar or 5 squares of chocolate from a large block 

Response options: 1 – 8+ servings 

 

CANDY1 – CANDY2 

3. How many days in a typical week do you eat candy or lollies? For example fruit bursts, 

gummy bears, sour snakes, liquorice, jubes, barley sugars. Do not include chocolate candies. 

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

4. On a day when you eat candy or lollies, how many servings of lollies or candy do you eat? 

1 serving = ½  handful of gummy bears or 5 fruit bursts or 1 medium stick of liquorice 

Response options: 0 days per week to 7 days per week 

 

HOTCHIPS1 – HOTCHIPS2 

5. How many days in a typical week do you eat hot chips, French fries, kumara chips or 

wedges? 

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

6. On a day when you eat hot chips, French fries, kumara chips or wedges, how many 

servings of hot chips, French fries, kumara chips or wedges do you eat? 

1 serving = one cup or 1 small/regular fast food serving or ½ scoop of takeaway hot chips. 

Response options: 1 – 7+ servings 

 

SODA1 – SODA2 

7. How many days in a typical week do you drink soda? (Include diet or low calories types) 

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

8. On a day when you drink soda, how many servings of soda do you drink? 

1 serving = 250mL 

Response options: 1 – 7+ servings 

 

OILYFISH1 – OILYFISH2 

9. How many days in a week do you eat fresh or tinned oily fish? For example salmon, 

herring, mackerel, sardines etc. 

Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

10. On a day when you eat oily fish, how many servings of oily fish do you usually eat? 

1 serving = 1 palm size piece of fish or 1 small can of fish 

Response options: 1 – 7+ servings 

 

OTHERFISH1 – OTHERFISH2 

11. How many days in a week do you eat fresh or tinned non-oily fish? For example tuna, 

snapper, gurnard, blue cod etc. 
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Response options: 0 days per week to 7 days per week 

 

If 1-7 then: 

12. On a day when you eat non-oily fish, how many servings of non-oily fish do you usually 

eat? 

1 serving = 1 palm size piece of fish or 1 small can of fish 

Response options: 1 – 7+ servings 

 

Choose from the following situations that best describes the purchasing, preparation, and 

cooking of your food [FOODPREP] 

_1_ I mainly eat at my University Residence Hall / Dormitory 

_2_ I mainly buy food and cook as a flat, apartment, or in a group  

_3_ I mainly purchase food and prepare it myself 

_4_ I mainly purchase food and prepare it with my partner 

_5_ My parents mainly prepare my food 

_6_ other: please describe_____________________________[FOODPREPOTHER] 

 

Do you currently have any food allergies, to the extent that you exclude the food group from 

your diet? Please select all that apply. [ALLERGY1-ALLERGY7; ALLERGYOTHER] 

 

 Select if allergic to: 

Dairy  

Eggs  

Peanut  

Tree nut  

Wheat  

Soy  

Shellfish or fish  

Other (please specify) [Free text] 

No food allergies  

 

Vegetarian Status (from the Australian Longitudinal Study on Women’s Health (Baines, 

Powers, Brown, 2006.) 

Do you exclude any of these food groups from eating for health, ethical, or religious reasons? 

 

 Select if you exclude from diet: 

Red meat (beef, lamb)  

Pork  

Poultry (chicken, turkey)  

Fish  

Other animal products (milk, cheese, eggs)  

Dairy (milk, yogurt, cheese, ice cream)  

Other (please specify) [Free text] 

[NOREDMEAT, NOPORK, NOCHICK, NOFISH, NOANIMAL, NODAIRY should be ‘1’ 

if they tick the box, and ‘0’ if they don’t tick it] NOOTHER 

 

ALCOHOL1 – ALCOHOL2 

In a typical week, on how many days do you consume alcohol? 

Response options: 0 days per week to 7 days per week 

 

When you consume alcohol, how many standard drinks do you usually consume? 

Drop down 1 to 40+. 
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Medication and Supplements: 

 

This section incudes questions related to medication and vitamin use.  

 

1. Are you currently taking any prescription anti-depressant or mood stabilizing medications? 

[MEDMOOD] 

YES   NO  (1 = yes; 0 = no) 

 

2. Are you currently taking any multivitamin and/or mineral supplements, e.g. Blackmores 

sustained release multi, Centrum multivitamin & mineral supplement, Thompson's Multifort? 

[MULTSUP] 

YES NO 

 

3. Are you currently taking any vitamin c supplements, e.g., Thompson’s Vitamin C, Ester C, 

Healtheries Vit C? [VITCSUP] 

YES NO 

 

4. Are you currently taking any B Vitamin supplements, e.g., Blackmores Executive B Stress 

Formula, Healtheries B Complex Supreme? [VITBSUP] 

YES NO 

 

5. Are you currently taking any fish oil supplements, e.g. Blackmores Odourless Fish Oil, 

Nutra-life Fish Oil, Healtheries Fish Oil, Thomson’s Salmon Oil? [FISHSUP] 

YES         NO 

 

6. How often do you currently smoke cigarettes (rolled or filtered)? [SMOKE] 

I don't smoke now (0) 

Less than once a month (1) 

At least once a month (2) 

At least once a week (3) 

At least once a day (4) 

 

 

WELL-BEING AND MOOD MEASURES 

 

This section includes questions related to well-being and mood. If you feel uncomfortable 

answering any question, feel free to skip that question. 

 

Life Satisfaction.  

Cantril Self-Anchoring Scale (Cantril, 1965) 

INSTRUCTIONS. Below is a ladder with steps numbered from zero at the bottom to 10 at the 

top. The top of the ladder represents the best possible life for you and the bottom of the ladder 

represents the worst possible life for you (so far). On which step of the ladder would you say 

you personally feel you stand at this time in your life? [LIFESATIS]. 
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10 Best possible life  

9  

8  

7  

6  

5  

4  

3  

2  

1  

0 Worst possible life 

 

Satisfaction with Life Scale (Diener, Emmons, Larsen & Griffin, 1985) 

INSTRUCTIONS. Below are five statements that you may agree or disagree with. Using the 1-

7 scale below, indicate how you personally feel at this time in your life. Please be open and 

honest in your responding.  

SWL1-SWL5 

 

 

 

Happiness Measure. 

INSTRUCTIONS. In general, how happy or unhappy do you usually feel? Select the number 

from the scale below that best describes your average happiness. [HAPPY]. 

 

10 Extremely happy (feeling ecstatic, joyous, 

fantastic!)  

9 Very happy (feeling really good, elated!) 

8 Pretty happy (spirits high, feeling good.) 

7 Mildly happy (feeling fairly good and somewhat 

cheerful) 

6 Slightly happy (just a bit above neutral) 

5 Neutral (not particularly happy or unhappy) 

 Strongly 

disagree 

Disagree Slightly 

disagree  

Neither  

Agree 

nor  

Disagree 

 

Slightly 

Agree  

Agree Strongly 

Agree 

  

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

In most ways my life 

is close to my ideal. 

       

The conditions of my 

life are excellent. 

       

 

I am satisfied with 

my life. 

       

So far I have gotten 

the important things I 

want in life. 

       

If I could live my life 

over, I would change 

almost nothing. 
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4 Slightly unhappy (just a bit below neutral) 

3 Mildly unhappy (just a little low) 

2 Pretty unhappy (somewhat ‘blue’, spirits down) 

1 Very unhappy (depressed spirits, very low) 

0 Extremely unhappy (utterly depressed, completely 

down) 

 

Flourishing Scale (Diner, Wirtz et al. 2010). 

INSTRUCTIONS. Below are 8 statements with which you may agree or disagree. Using the 1–

7 scale below, indicate your agreement with each item by indicating that response for each 

statement. [FS1-FS8] 

 Strongly 

Disagree 

Disagree Slightly 

Disagree 

Neither 

Agree or 

Disagree 

Slightly 

Agree 

Agree Strongly 

Agree 

  

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

I lead a 

purposeful and 

meaningful life. 

       

My social 

relationships are 

supportive and 

rewarding. 

     

 

 

 

  

I am engaged 

and interested 

in my daily 

activities. 

       

I actively 

contribute to the 

happiness and 

well-being of 

others. 

       

I am competent 

and capable in 

the activities 

that are 

important to 

me. 

       

I am a good 

person and live 

a good life. 

       

I am optimistic 

about my 

future. 

       

People respect 

me. 

       

 

 

SF-36 Vitality Subscale  

VITAL1-VITAL4 
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Typically, do you: 

 

 None of 

the time 

0 

A little of 

the time 

1 

Some of 

the time 

2 

A good 

bit of the 

time 

3 

Most of 

the time 

4 

All of the 

time 

5 

… feel full of life?       

… have a lot of 

energy? 

      

… feel worn out? 

(R) 

      

… feel tired? (R)       

 

 

MOOD CHECKLIST. 

MOOD1-MOOD30 

 

Typically, do you feel: 

 

  None of 

the time 

0 

A little of 

the time 

1 

Some of the 

time 

2 

A good bit 

of the time 

3 

Most of 

the time 

4 

MOOD1 happy 0 1 2 3 4 

MOOD2 tense 0 1 2 3 4 

MOOD3 angry 0 1 2 3 4 

MOOD4 enthusiastic 0 1 2 3 4 

MOOD5 relaxed 0 1 2 3 4 

MOOD6 sad 0 1 2 3 4 

MOOD7 excited 0 1 2 3 4 

MOOD8 nervous 0 1 2 3 4 

MOOD9 dejected 0 1 2 3 4 

MOOD10 driven 0 1 2 3 4 

MOOD11 cheerful 0 1 2 3 4 

MOOD12 calm 0 1 2 3 4 

MOOD13 unmotivated 0 1 2 3 4 

MOOD14 engaged 0 1 2 3 4 

MOOD15 pleasant 0 1 2 3 4 

MOOD16 energetic 0 1 2 3 4 

MOOD17 unhappy 0 1 2 3 4 

MOOD18 content 0 1 2 3 4 

MOOD19 annoyed 0 1 2 3 4 

MOOD20 hopeless 0 1 2 3 4 

MOOD21 satisfied 0 1 2 3 4 

MOOD22 joyful 0 1 2 3 4 

MOOD23 lazy 0 1 2 3 4 

MOOD24 good 0 1 2 3 4 

MOOD25 motivated 0 1 2 3 4 

MOOD26 anxious 0 1 2 3 4 

MOOD27 irritable 0 1 2 3 4 
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MOOD28 stressed 0 1 2 3 4 

MOOD29 hostile 0 1 2 3 4 

MOOD30 inspired 0 1 2 3 4 
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Creativity. 

How creative of a person are you? Creativity includes coming up with novel or original ideas; 

expressing oneself in an original and useful way; or spending time doing artistic activity (art, 

music, painting, writing, etc.) [CREATIVITY]   

 

Very 

Slightly or 

Not at all 

A little Moderatel

y 

Very much Extremely 

1 2 3 4 5 

 

Curiosity and Exploration Inventory-II (CEI-II: Kashdan et al., 2009) 

INSTRUCTIONS. Rate the statements below for how accurately they reflect the way you 

generally feel and behave. Do not rate what you think you should do, or wish you do, or things 

you no longer do. Please be as honest as possible.  

CEI1 – CEI10 

 

  Very 

Slightly 

or Not 

at All 

A 

Little 

Moderately Very 

much 

Extremely 

  1 2 3 4 5 

1. I actively seek as much 

information as I can in 

new situations.  

     

2. I am the type of person who 

really enjoys the 

uncertainty of everyday 

life. 

     

3. I am at my best when 

doing something that is 

complex or challenging. 

     

4. Everywhere I go, I am out 

looking for new things or 

experiences. 

     

5. I view challenging 

situations as an 

opportunity to grow and 

learn. 

     

6. I like to do things that are 

a little frightening. 

     

7. I am always looking for 

experiences that 

challenge how I think 

about myself and the 

world. 

     

8. I prefer jobs that are 

excitingly unpredictable. 

     

9. I frequently seek out 

opportunities to 
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challenge myself and 

grow as a person. 

10. I am the kind of person 

who embraces unfamiliar 

people, events, and 

places. 

     

 

 

 

Depression Measure: Centre for Epidemiological Studies Depression Scale (CES-D; 

Radloff, 1977). 

INSTRUCTIONS. The 20 items below refer to how you have felt in the last week, including 

today. Choose the appropriate button.  

 

CESD1 – CESD20 

 

1. I was bothered by things that don’t usually bother me. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

2. I did not feel like eating; my appetite was poor. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

3. I felt that I could not shake off the blues even with the help of my family or 

friends. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

4. I felt that I was just as good as other people. (R) 

0  Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

5. I had trouble keeping my mind on what I was doing. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

6. I felt depressed. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 
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2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

7. I felt everything I did was an effort. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

8. I felt hopeful about the future. (R) 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

9. I thought my life had been a failure. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

10. I felt fearful. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

11. My sleep was restless. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

12. I was happy.  (R) 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

13. I talked less than usual. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

14. I felt lonely. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 
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15. People were unfriendly. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

16. I enjoyed life. (R) 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

17. I had crying spells. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

18. I felt sad. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

19. I felt that people disliked me. 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

20. I could not get "going". 

0 Rarely or none of the time (< 1 day) 

1  Some or a little of the time (1 - 2 days) 

2  Occasionally or a moderate amount of the time (3 - 4 days) 

3  Most or all of the time (5 - 7 days) 

 

Anxiety Measure: Hospital Anxiety and Depression Scale – Anxiety Subscale (HADS, 

Zigmon & Snaith, 1983). 

INSTRUCTIONS. The 7 items below refer to how you have been feeling in the last week, 

including today. Choose the appropriate button. 

 

HADS1 – HADS7 

 

1. I feel tense or ‘wound up’ 

0 Not at all 

1  From time to time, occasionally 

2  A lot of the time 

3  Most of the time 

 

 

2. I get sort of frightened feeling as if something awful is about to happen 
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0 Not at all 

1  A little, but it doesn’t worry me 

2  Yes, but not too badly 

3  Very definitely and quite badly 

 

 

3. Worrying thoughts go through my mind 

0 Only occasionally 

1  From time to time, but not too often 

2  A lot of the time 

3  A great deal of the time 

 

 

4. I can sit at ease and feel relaxed (R) 

0 Definitely 

1  Usually 

2  Not often 

3  Not at all 

 

 

5. I get a sort of frightened feeling like ‘butterflies’ in the stomach 

0 Not at all 

1  Occasionally  

2  Quite often 

3  Very often 

 

 

6. I feel restless as I have to be on the move 

0 Not at all 

1  Not very much 

2  Quite a lot 

3  Very much indeed 

 

 

7. I get sudden feelings of panic 

0 Not at all 

1  Not very often 

2  Quite often 

3  Very often indeed 

 

Perceived Stress: The Perceived Stress Scale (PSS). 10 items measuring the perception of 

stress (Cohen, 1983).  

 

INSTRUCTIONS. The following 10 questions ask about your feelings and thoughts 

during the past month. In each question, you will be asked how often you felt or thought 

a certain way. For each statement, please indicate if you have had these thoughts or 

feelings: never, almost never, sometimes, fairly often, or very often.  
 

 Never 

0 

Almost 

Never 

1 

Sometimes 

2 

Fairly 

Often 

3 

Very 

Often 

4 
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1. In the past month, how 

often have you been 

upset because of 

something that happened 

unexpectedly?  

     

2. In the past month, how 

often have you felt 

unable to control the 

important things in your 

life?  

     

3. In the past month, how 

often have you felt 

nervous or stressed? 

     

4. In the past month, how 

often have you felt 

confident about your 

ability to handle 

personal problems? 

     

5. In the past month, how 

often have you felt that 

things were going your 

way? 

     

6. In the past month, how 

often have you found 

that you could not cope 

with all the things you 

had to do? 

     

7. In the past month, how 

often have you been able 

to control irritations in 

your life? 

     

8. In the past month, how 

often have you felt that 

you were on top of 

things?  

     

9. In the past month, how 

often have you been 

angry because of things 

that happened that were 

outside of your control?  

     

10. In the past, how often 

have you felt that 

difficulties were piling 

up so high that you 

could not overcome 

them?  

     

 

 

Personality Measures: The Big Five Aspects Scale (BFAS). 100 item measure of 

neuroticism, extraversion, openness to experience, conscientiousness and agreeableness 

(DeYoung, Quilty, & Peterson, 2007). 
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INSTRUCTIONS. Lastly, here is a list of characteristics that may or may not describe you. 

Please select the number that best indicates the extent to which you agree or disagree with each 

statement below. Be as honest as possible, but rely on your initial feeling and do not think too 

much about each item. 

 

BFAS1 – BFAS100 

 Strongly 

Disagree 

 

1 

Disagree 

 

 

2 

Neither 

Agree or 

Disagree  

3 

Agree 

 

 

4 

Strongly 

Agree 

 

5 

1. I seldom feel blue      

2. I am not interested in 

other people’s 

problems 

     

3. I carry out my plans      

4. I make friends easily      

5. I am quick to 

understand things 

     

6. I get angry easily      

7. I respect authority 

easily 

     

8. I leave my belongings 

around 

     

9. I take charge      

10. I enjoy the beauty of 

nature 

     

11. I am filled with doubts 

about things 

     

12. I feel others’ emotions      

13. I waste my time      

14. I am hard to get to 

know 

     

15. I have difficulty 

understanding abstract 

ideas 

     

16. I rarely get irritated      

17. I believe that I am 

better than others 

     

18. I like order      

19. I have a strong 

personality 

     

20. I believe in the 

importance of art 

     

      

21. I feel comfortable with 

myself 

     

22. I inquire about others’ 

well-being 

     

23. I find it difficult to get 

down to work 
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24. I keep others at a 

distance 

     

25. I can handle a lot of 

information 

     

26. I get upset easily      

27. I hate to seem pushy      

28. I keep things tidy      

29. I lack the talent for 

influencing things 

     

30. I love to reflect on 

things 

     

31. I feel threatened easily      

32. I can’t be bothered 

with others needs 

     

33. I mess things up      

34. I reveal little about 

myself 

     

35. I like to solve complex 

problems 

     

36. I keep my emotions 

under control 

     

37. I take advantage of 

others 

     

38. I follow a schedule      

39. I know how to 

captivate people 

     

40. I get deeply immersed 

in music 

     

      

41. I rarely feel depressed      

42. I sympathise with 

others feelings 

     

43. I finish what I start      

44. I warm up quickly to 

others 

     

45. I avoid philosophical 

discussions 

     

46. I change my mood a lot      

47. I avoid imposing my 

will on others 

     

48. I am not bothered by 

messy people 

     

49. I wait for others to lead 

the way 

     

50. I do not like poetry      

51. I worry about things      

52. I am indifferent to the 

feelings of others 

     

53. I don’t put my mind on 

the task at hand 
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54. I rarely get caught up 

in the excitement 

     

55. I avoid difficult 

reading material 

     

56. I rarely lose my 

composure 

     

57. I rarely put people 

under pressure  

     

58. I want everything to be 

‘just right’ 

     

59. I see myself as a good 

leader 

     

60. I seldom notice the 

emotional aspects of 

pictures and paintings 

     

      

61. I am easily discouraged      

62. I take no time for 

others 

     

63. I get things done 

quickly 

     

64. I am not a very 

enthusiastic person 

     

65. I have a rich 

vocabulary 

     

66. I am a person whose 

moods go up and down 

easily 

     

67. I insult people      

68. I am not bothered by 

disorder 

     

69. I can talk others into 

doing things 

     

70. I need a creative outlet      

71. I am not embarrassed 

easily 

     

72. I take an interest in 

other people’s lives 

     

73. I always know what I 

am doing 

     

74. I show my feelings 

when I’m happy 

     

75. I think quickly      

76. I am not easily 

annoyed 

     

77. I seek conflict      

78. I dislike routine      

79. I hold back my 

opinions 

     

80. I seldom get lost in 

thought 
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81. I become overwhelmed 

by events 

     

82. I don’t have a soft side      

83. I postpone decisions      

84. I have a lot of fun      

85. I learn things slowly      

86. I get easily agitated      

87. I love a good fight      

88. I see that rules are 

observed 

     

89. I am the first to act      

90. I seldom daydream      

91. I am afraid of many 

things 

     

92. I like to do things for 

others 

     

93. I am easily distracted      

94. I laugh a lot      

95. I formulate ideas easily      

96. Can be stirred up 

easily. 

     

97. I am out for my own 

personal gain 

     

98. I want every detail 

taken care of 

     

99. I do not have an 

assertive personality 

     

100. I see beauty in 

things that others might 

not notice. 

     

 

 

 

Thank you for completing our survey.  

The goal of our project is to understand the relationship between different lifestyle factors 

(diet, exercise, sleep, etc.) and mental well-being. If you are concerned about your mental 

well-being for any reason, please contact your doctor or general practitioner (GP).  
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Appendix B – Daily Survey Deployed to Students in Study 2.  

DAILY SURVEY 

 

LAST NIGHT’S ACTIVITIES 

 

This section concerns what happened to you LAST NIGHT, AFTER you completed yesterday’s survey 

(or after 6:00 pm yesterday if this is your first day of the survey) until you went to sleep.   

 

 

  None 

 

0 

 A 

little 

 

1 

A moderate 

amount 

2 

A lot 

 

3 

A 

great 

deal 

4 

[NFUN] Overall, how much fun did 

you have LAST NIGHT? 

     

[NMEANING] Overall, how meaningful 

were your experiences 

LAST NIGHT? 

     

[NCREATE] Overall, how creative were 

you LAST NIGHT? 

Creativity includes coming 

up with novel or original 

ideas; expressing oneself in 

an original and useful way; 

or spending time doing 

artistic activities (art, 

music, painting, writing, 

etc.).  

 

     

[DENJOY, DPLEASURE removed in 2013 to save space] 

 

 

 

How many standard drinks of alcohol did you have LAST NIGHT?   

 

1 standard drink = 330ml can or bottle of normal strength (4%) beer/cider; 

one very small (100ml) glass of wine, or one small shot 

(30ml) of liquor/spirit, straight or in a mixed drink 

1.3 standard drinks = 330 ml bottle of darker/stronger beer or RTD (Ready to 

Drink)  

1.5 standard drinks = 440ml can of normal strength beer  

2.5 standard drinks = 750ml bottle of normal strength beer  

8 standard drinks = one bottle of wine   

 

 

Please round up or down to the nearest half number (e.g,. 4, 4.5, 5, etc).. Enter 0 if you did not drink. 

[NDRINK] ______ 

 

 

 

What time did you start drinking? Select ‘never’ if you did not drink last night [NDRINKST] 

[pull down menu]   

Never 
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3 pm  

4 pm 

5 pm 

6 pm 

7 pm 

8 pm  

9 pm 

10 pm 

11 pm  

12 am  

After 12 am 

 

What time did you stop drinking, i.e., when was your last drink? Select ‘never’ if you did not drink last 

night. [NDRINKEND] 

[pull down menu] 

Never 

3 pm 

4 pm 

5 pm 

6 pm 

7 pm 

8 pm  

9 pm 

10 pm 

11 pm  

12 am  

1 am 

2 am 

3 am  

4 am  

5 am 

6 am 

7 am 

After 7 am 

 

 

How many servings of fruit (fresh, frozen, canned or stewed) did you eat LAST NIGHT? Do not include 

fruit juice or dried fruit. 1 ‘serving’ = 1 medium piece of fruit (e.g. apple) or 2 small pieces of fruit or ½ 

cup stewed fruit 

eg. 1 apple + 2 small apricots = 2 servings  

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) 

[NFRUIT] 

 

 

How many servings of hot chips, French fries, wedges, or kumara chips did you eat LAST NIGHT? 

Think about dinner as well as snacks. 1 ‘serving’ = one cup or 1 small/regular fast food serving or ½ 

scoop of takeaway hot chips. 

eg, one scoop takeaways hot chips = 2 servings  

Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) [NCHIPS] 

 

 

How many servings of vegetables (fresh, frozen, or canned) did you eat LAST NIGHT? Do not include 

vegetable juices or hot chips. 1 ‘serving’ = 1 medium potato/kumara or ½ cup cooked vegetables or 1 

cup of salad.  

eg.  2 medium potatoes + ½ cup peas = 3 servings 

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) [NVEG] 
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How many servings of lollies, sweets, chocolate, or other confectionary items did you eat LAST 

NIGHT? 1 ‘serving’ = one regular sized chocolate bar (~50g) or 6 jet planes/chocolate eclairs (toffee), 

the amount that would fit into the palm of your hand. 

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) 

[NSWEETS] 

 

 

How many servings of regular soft drinks or energy drinks did you have LAST NIGHT? Include 

Coke, lemonade, ginger beer, V, Red Bull, Powerade, etc. Do not include ‘diet’ varieties, fruit 

juices/drinks, or flavoured waters like H2Go. 1 ‘serving’ = soft drink can (355ml). 

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 servings, 5 servings, 6 or more 

servings) [NSOFTDRK] 

 

[FRUIT – NSOFTDRK new in 2013 & 2014] 

[NPAC – Nighttime physical activity - removed in 2013 to save space] 

TODAY’S ACTIVITIES AND EXPERIENCES 

 

Now, we are interested in what you have experienced TODAY, from the time you woke up until now.   

 

 

INSTRUCTIONS: How much does each of the following words describe how you felt TODAY?  

 

Today, I felt… 
 

 

  Not at all Slightly Moderately Very 

much 

Extremely 

DMOOD1 happy 1 2 3 4 5 

DMOOD2 excited 1 2 3 4 5 

DMOOD3 nervous 1 2 3 4 5 

DMOOD4 dejected 1 2 3 4 5 

DMOOD5 irritable 1 2 3 4 5 

DMOOD6 cheerful 1 2 3 4 5 

DMOOD7 pleasant 1 2 3 4 5 

       

DMOOD8 calm 1 2 3 4 5 

DMOOD9 inspired 1 2 3 4 5 

DMOOD11 hostile 1 2 3 4 5 

DMOOD12 sad 1 2 3 4 5 

DMOOD13 angry 1 2 3 4 5 

DMOOD14 energetic 1 2 3 4 5 

DMOOD16 enthusiastic 1 2 3 4 5 

            

DMOOD17 unhappy 1 2 3 4 5 

DMOOD18 anxious 1 2 3 4 5 

DMOOD19 tense 1 2 3 4 5 

DMOOD20 motivated 1 2 3 4 5 

DMOOD21 engaged 1 2 3 4 5 

DMOOD23 content 1 2 3 4 5 

DMOOD26 relaxed 1 2 3 4 5 

Note: DMOOD10,15,22,24,25 removed from 2012 survey to save space. 
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INSTRUCTIONS: Please rate the extent to which you experienced any of the following physical states 

today: 

 

  

 

Not at 

all 

0 

 

A little 

1 

 

Somewha

t 

2 

 

Moderatel

y 

3 

 

Very 

4 

RUNDOW

N 
Felt physically “run down”       

COLD 
Felt like I had a cold or flu 

(not alcohol related)   
     

HANGOV

ER 

Had a hangover or felt sick 

from alcohol 
     

TIRED Felt tired      

CONCEN

T 

Had difficulty concentrating 

(e.g., on studying or an 

activity) 

     

REFRES

H 

Felt refreshed when I woke up 

this morning. 
     

 

 

 

Approximately how many hours did you sleep 

last night? [SLEEP] 

 

[pulldown 0, 1, 1 ½, 2, 2 ½… up to 15+] 

 

 (0,1,1.5,2,2.5,3,3.5, to 15, in numeric format) 

 

Overall, how much stress (e.g., because of hassles, demands, or other stressors) have you been under 

TODAY? 

 

 [DSTRESS] 

No Stress A little or 

some stress 

A moderate 

amount of 

stress 

A lot of stress A great deal 

of stress 

0 1 2 3 4 

 

Now, recall the most stressful event of the day TODAY, and then rate how stressful the event was: 

 

 [DEVSTRES]

  

Not very  

stressful 

 Moderately 

stressful 

 Very  

stressful 

0 1 2 3 4 

 

TODAY, do you feel you are on top of your responsibilities and commitments (e.g., course workload, 

job, etc)? 

[DWRKLD] 

Not at all 

on top of 

things 

A little  

on top  

Moderately 

on top  

Yes, definitely  

on top 

Very on top of 

things! 

0 1 2 3 4 
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Physical activity questions  

 
INSTRUCTIONS: Please think about the activities you did today at work, as part of your house and 

yard work, to get from place to place, and in your spare time for recreation, exercise or sport. Think about 

all the vigorous and moderate activities that you did. 

 

Vigorous physical activities refer to activities that take hard physical effort and make 

you breathe much harder than normal. 

 

Moderate activities refer to activities that take moderate physical effort and make you 

breathe somewhat harder than normal. 

 

Think only about those physical activities that you did for at least 10 minutes at a time. 

 

How much time did you spend doing vigorous and moderate physical activities TODAY? 

_____ minutes [DPAC] 

 

Please enter a number between 0 and 999. 

 

INSTRUCTIONS: Now think about what you’ve eaten today, since waking up this morning.  

 
How many servings of fruit (fresh, frozen, canned or stewed) did you eat TODAY? Do not include fruit 

juice or dried fruit. 1 ‘serving’ = 1 medium piece of fruit (e.g. apple) or 2 small pieces of fruit or ½ cup 

stewed fruit 

eg. 1 apple + 2 small apricots = 2 servings  

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) 

[DFRUIT] 

 

 

How many servings of hot chips, French fries, wedges, or kumara chips did you eat TODAY? Think 

about lunch and dinner as well as snacks. 1 ‘serving’ = one cup or 1 small/regular fast food serving or ½ 

scoop of takeaway hot chips. 

eg, one scoop takeaways hot chips = 2 servings  

Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) [DCHIPS] 

 

 

How many servings of vegetables (fresh, frozen, or canned) did you eat TODAY? Do not include 

vegetable juices or hot chips. 1 ‘serving’ = 1 medium potato/kumara or ½ cup cooked vegetables or 1 

cup of salad  

eg.  2 medium potatoes + ½ cup peas = 3 servings 

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) [DVEG] 

 

 

How many servings of lollies, sweets, chocolate, or other confectionary items did you eat TODAY? 1 

‘serving’ = one regular sized chocolate bar (~50g) or 6 jet planes/chocolate eclairs (toffee), the amount 

that would fit into the palm of your hand. 

 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 or more servings) 

[DSWEETS] 

 

 

How many servings of regular soft drinks or energy drinks did you have LAST NIGHT? Include 

Coke, lemonade, ginger beer, V, Red Bull, Powerade, etc. Do not include ‘diet’ varieties, fruit 

juices/drinks, or flavoured waters like H2Go. 1 ‘serving’ = soft drink can (355ml). 
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 Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 servings, 5 servings, 6 or more 

servings) [DSOFTDRK] 

 

[DFRUIT – DSOFTDRK new in 2013 & 2014] 

 

 

 

 

 

 

 

 

 

 

 

Thank you! 

 

You have completed today’s survey.   

 

Please close the browser window to ensure confidentiality of your 

responses. 
 

 

 

 

 

 

  

SUBMIT 
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Appendix C – Follow Up Survey Deployed to Students in Study 2 

 

FOLLOW UP SURVEY 

 

INSTRUCTIONS:  For this first set of questions, please try and remember how you felt during the last 

two weeks (the duration of the daily surveys and texting). For each of the following questions, please 

select the point on the scale that you feel is most appropriate in describing your experiences, on average, 

over the past two weeks. 

 

Circumplex Mood items 

 

 

During the last two weeks, I felt… 

 

  Not at all Slightly Moderately Very 

much 

Extremely 

RMOOD1 happy 1 2 3 4 5 

RMOOD2 excited 1 2 3 4 5 

RMOOD3 nervous 1 2 3 4 5 

RMOOD4 dejected 1 2 3 4 5 

RMOOD5 irritable 1 2 3 4 5 

RMOOD6 cheerful 1 2 3 4 5 

RMOOD7 pleasant 1 2 3 4 5 

       

RMOOD8 calm 1 2 3 4 5 

RMOOD9 inspired 1 2 3 4 5 

RMOOD11 hostile 1 2 3 4 5 

RMOOD12 sad 1 2 3 4 5 

RMOOD13 angry 1 2 3 4 5 

RMOOD14 energetic 1 2 3 4 5 

RMOOD16 enthusiastic 1 2 3 4 5 

       

RMOOD17 unhappy 1 2 3 4 5 

RMOOD18 anxious 1 2 3 4 5 

RMOOD19 tense 1 2 3 4 5 

RMOOD20 motivated 1 2 3 4 5 

RMOOD21 engaged 1 2 3 4 5 

RMOOD23 content 1 2 3 4 5 

RMOOD26 relaxed 1 2 3 4 5 

Note: DMOOD10,15,22,24,25 removed from 2012 survey to save space. 

 

 

 

During the last two weeks, I felt… 

 

  Not at all  Moderately  Extremely 

RAFF1 motivated 1 2 3 4 5 6 7 8 9 

RAFF2 positive 1 2 3 4 5 6 7 8 9 

RAFF3 energetic 1 2 3 4 5 6 7 8 9 
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RAFF4 negative 1 2 3 4 5 6 7 8 9 

RAFF5 tense 1 2 3 4 5 6 7 8 9 

 

 

 

 

During the last two weeks, I felt… 

 

  

 

Not at 

all 

0 

 

A little 

1 

 

Somewha

t 

2 

 

Moderatel

y 

3 

 

Very 

4 

RRUNDOW

N 
Felt physically “run down”       

RCOLD 
Felt like I had a cold or flu 

(not alcohol related)   
     

RHANGOV

ER 

Had a hangover or felt sick 

from alcohol 
     

RTIRED Felt tired      

RCONCEN

T 

Had difficulty concentrating 

(e.g., on studying or an 

activity) 

     

RREFRES

H 

Felt refreshed when I woke 

up in the mornings 
     

 

Engagement inventory, adapted from the student version by Schaufeli et al., 2002 

 

INSTRUCTIONS: Look at each statement and select the option that best fits how often you’ve felt that 

way in the last 2 weeks. 

 
  Not at all Occasionally Some of the 

time 

Often All of the 

time 

EIS1 

 

When I get up in the 

morning, I feel like going 

to class. 

0 1 2 3 4 

EIS2 When I’m doing my work 

as a student, I feel bursting 

with energy. 

0 1 2 3 4 

EIS3 As far as my studies are 

concerned I always 

persevere, even when 

things do not go well. 

0 1 2 3 4 

EIS4 I can continue studying for 

very long periods at a 

time. 

0 1 2 3 4 

EIS5 I am very resilient, 

mentally, as far as my 

studies are concerned. 

0 1 2 3 4 

EIS6 I feel strong and vigorous 

when I am studying or 

going to class. 

0 1 2 3 4 



HEALTH BEHAVIOURS, MENTAL HEALTH AND WELL-BEING 

 

 171 

EIS7 To me, my studies are 

challenging. 

0 1 2 3 4 

EIS8 My study inspires me. 0 1 2 3 4 

EIS9 I am enthusiastic about my 

studies. 

0 1 2 3 4 

EIS10 I am proud of my studies. 0 1 2 3 4 

EIS11 I find my studies full of 

meaning and purpose. 

0 1 2 3 4 

EIS12 When I am studying, I 

forget everything else 

around me. 

0 1 2 3 4 

EIS13 Time flies when I am 

studying. 

0 1 2 3 4 

EIS14 I get carried away when I 

am studying. 

0 1 2 3 4 

EIS15 It is difficult to detach 

myself from my studies. 

0 1 2 3 4 

EIS16 I am immersed in my 

studies. 

0 1 2 3 4 

EIS17 I feel happy when I am 

studying intensely. 

0 1 2 3 4 

 
 

 

Trait Wellbeing Measures 

 

Rosenberg Self-Esteem Scale (RSE; Rosenberg, 1965); Psychological Well-Being scale (PWB; Ryff 

& Keyes 1995); The Life Engagement Test (Scheier et al. 2006). 

 

 

INSTRUCTIONS: For this section, we would like to know more about your personality. Listed below is a 

series of statements that represent possible feelings that individuals might have about themselves. For the 

following questions, indicate the degree of your agreement or disagreement by clicking on the appropriate 

response. 

 
 

   Strongly 

Disagree 

1 

Disagree 

 

2 

Neutral 

 

3 

Agree 

 

4 

Strongly 

Agree 

5 

RSE1 1 I feel that I'm a person of 

worth, at least on an equal 

basis with others. 

     

PWB1 2 In general, I feel I am in 

charge of the situation in 

which I live. 

     

LET1 3 There is not enough 

purpose in my life. 

     

RSE2 4 I feel that I have a number 

of good qualities. 

     

PWB2 5 When I look at the story 

of my life, I am pleased 

with how things have 

turned out. 

     

LET2 6 To me, the things I do are 

all worthwhile. 
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RSE3 7 All in all, I am inclined to 

feel that I am a failure. 

     

PWB3 8 Maintaining close 

relationships has been 

difficult and frustrating 

for me.  

     

LET3 9 Most of what I do seems 

trivial and unimportant to 

me. 

     

RSE4 10 I am able to do things as 

well as most other people. 

     

PWB4 11 The demands of everyday 

life often get me down. 

     

LET4 12 I value my activities a lot.      

RSE5 13 I feel I do not have much 

to be proud of. 

     

PWB5 14 I live life one day at a 

time and don't really think 

about the future. 

     

LET5 15 I don't care very much 

about the things I do. 

     

RSE6 16 I take a positive attitude 

toward myself. 

     

PWB6 17 I am quite good at 

managing the many 

responsibilities of my 

daily life. 

     

LET6 18 I have lots of reasons for 

living. 

     

RSE7 19 On the whole, I am 

satisfied with myself.  

     

PWB7 20 I think it is important to 

have new experiences that 

challenge how you think 

about yourself and the 

world. 

     

PWB8 21 I like most aspects of my 

personality. 

     

RSE8 22 I wish I could have more 

respect for myself.  

     

PWB9 23 I tend to be influenced by 

people with strong 

opinions. 

     

RSE9 24 I certainly feel useless at 

times. 

     

PWB10 25 In many ways, I feel 

disappointed about my 

achievements in life. 

     

RSE10 26 At times I think I am no 

good at all. 

     

PWB11 27 People would describe me 

as a giving person, willing 

to share my time with 

others. 

     

PWB12 28 I have confidence in my 

opinions, even if they are 
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contrary to the general 

consensus. 

PWB13 29 I have not experienced 

many warm and trusting 

relationships with others. 

     

PWB14 30 Some people wander 

aimlessly through life, but 

I am not one of them. 

     

PWB15 31 For me, life has been a 

continuous process of 

learning, changing, and 

growth. 

     

PWB16 32 I sometimes feel as if I've 

done all there is to do in 

life. 

     

PWB17 33 I gave up trying to make 

big improvements or 

changes in my life a long 

time ago. 

     

PWB18 34 I judge myself by what I 

think is important, not by 

the values of what others 

think is important. 

     

  
 

 

 

Fawcett-Clark Pleasure Capacity Scale (Fawcett, Clark, Scheftner, & Gibbons, 1983) 

 

Instructions: Please read each statement carefully and decide how much the situation would give 

you pleasure at this moment by clicking on the appropriate response. Rate a situation as 

pleasurable if: you’d enjoy the situation; or the situation would lift your spirits; or the situation 

would be fun for you. If a situation doesn’t apply to you, try and imagine that it does anyway.   

 

FCPS1 - 14 

 

  

No 

Pleasur

e At 

All 

Mild 

Pleasur

e 

Modera

te 

Pleasur

e 

Great 

Pleasur

e 

Extrem

e & 

Lasting 

Pleasur

e 

1 
You sit watching a beautiful sunset in an 

isolated, untouched part of the world 
0 1 2 3 4 

2 

After much concentration and hard work 

you finally master a new skill on your 

own 

0 1 2 3 4 

3 

After vigorous physical exercise, you 

pause to catch your breath and relax your 

muscles 

0 1 2 3 4 

4 
You’re skiing down a mountain very fast 

while still in good control of yourself 
0 1 2 3 4 

5 
You are skillfully flying an airplane by 

yourself on a clear day. 
0 1 2 3 4 
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6 
You sit savouring a good meal of well-

prepared food. 
0 1 2 3 4 

7 

You finish a difficult and complicated 

task without having made a single 

mistake. 

0 1 2 3 4 

8 

Your work on fitness results in many 

compliments on how healthy and trim 

you’re looking. 

0 1 2 3 4 

9 
Someone gently begins to scratch your 

back. 
0 1 2 3 4 

10 

You take off on a trip to China, 

scheduled to visit all the places you’ve 

read and heard of. 

0 1 2 3 4 

11 
You find yourself at a lively party with 

many fascinating people. 
0 1 2 3 4 

12 

Someone who makes you feel loved 

wraps you in his\her arms and holds you 

close. 

0 1 2 3 4 

13 
You sit with friends close to a warm fire 

and roast marshmallows on a cold night. 
0 1 2 3 4 

14

. 

You find that one of your close friends is 

someone you can talk to about almost 

anything. 

0 1 2 3 4 
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Philadelphia Mindfulness Scale (PHLMS) [NEW IN 2013] 
Cardaciotto, L., Herbert, J. D., Forman, E. M., Moitra, E., & Farrow, V. (2008). The assessment of 

present-moment awareness and acceptance - The Philadelphia Mindfulness Scale. Assessment, 

15(2), 204-223. doi: 10.1177/1073191107311467 

 

INSTRUCTIONS. For each item, rate how often you experienced each of the following statements 

WITHIN THE PAST WEEK.  Please be as accurate and honest as you can be.      

   Never 

 

1 

Rarely 

 

2 

Sometimes 

 

3 

Often 

 

4 

Very 

Often 

5 

MIND1 1 I am aware of what 

thoughts are passing 

through my mind. 

     

MIND2 2 I try to distract myself 

when I feel unpleasant 

emotions. 

     

MIND3 3 When talking with other 

people, I am aware of 

their facial and body 

expressions. 

     

MIND4 4 There are aspects of 

myself I don’t want to 

think about. 

     

MIND5 5 When I shower, I am 

aware of how the water is 

running over my body. 

     

MIND6 6 I try to stay busy to keep 

thoughts or feelings from 

coming to mind. 

     

MIND7 7 When I am startled, I 

notice what is going on 

inside my body. 

     

MIND8 8 I wish I could control my 

emotions more easily. 

     

MIND9 9 When I walk outside, I 

am aware of smells or 

how the air feels against 

my face. 

     

MIND10 10 I tell myself that I 

shouldn’t have certain 

thoughts. 

     

MIND11 11 When someone asks how 

I am feeling, I can 

identify my emotions 

easily. 

     

MIND12 12 There are things I try not 

to think about. 

     

MIND13 13 I am aware of thoughts 

I’m having when my 

mood changes. 

     

MIND14 14 I tell myself that I 

shouldn’t feel sad. 

     

MIND15 15 I notice changes inside 

my body, like my heart 
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beating faster or my 

muscles getting tense. 

MIND16 16 If there is something I 

don’t want to think about, 

I’ll try many things to get 

it out of my mind. 

     

MIND17 17 Whenever my emotions 

change, I am conscious of 

them immediately. 

     

MIND18 18 I try to put my problems 

out of mind. 

     

MIND19 19 When talking with other 

people, I am aware of the 

emotions I am 

experiencing. 

     

MIND20 20 When I have a bad 

memory, I try to distract 

myself to make it go 

away. 

     

 

  

INSTRUCTIONS. This section includes questions related to medication, vitamin use, and skincare over 

the last two weeks. If you feel uncomfortable answering any question, feel free to skip that question. 

 

 

In the LAST 2 WEEKS, have you taken: 

 

 

1. any prescription anti-depressant or mood stabilizing medications? [MEDMOOD] 

YES  NO  (1 = yes; 0 = no) 

 

 

2. any other prescription medication EXCEPT pain relief, flu medication/decongestant, antifungal or 

antiviral medication, short-term antibiotics, or oral contraceptives: [MEDOTHER] 

YES NO 

 

 

3. an oral contraceptive? [CONT] 

YES NO    N/A – select if male  

If yes, please state the pill brand if known (e.g., Premia or Provera or any others) 

_____________________[CONTBRND] 

In the LAST 2 WEEKS, have you taken: 

 

4. any vitamin D supplements, either PURE OR COMBINED (but not a multivitamin and/or mineral 

supplement), e.g. cod liver oil, calcium with vitamin D? [VITDSUP] 

YES NO 
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If yes, please state the type of supplement and brand if known:  

_____________________[VITDBRND] 

How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon (5 ml))? 

[VITDFREQ] 

 

I have not taken         

 Vit D 

supplements in the 

last 2 weeks 

 

Once during 

the 2-week 

period 

Once 

per 

week 

2-3 times 

per week 

4-6 per 

week 

Once every 

day 

2 or more 

times per day 

0 1 2 3 4 5 6 

 

 

5. any iron supplements, either PURE OR COMBINED (but not a multivitamin and/or mineral 

supplement), e.g. Ferrogradumet, Floradix, Iron & vitamin C? [IRONSUP] 

YES NO 

If yes, please state the type of supplement and brand if known: [IRONBRND] 

_____________________ 

 

How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon (5 ml))? 

[IRONFREQ] 

 

I have not taken 

iron supplements 

in the last 2 

weeks 

 

Once during the 

2-week period 

Once 

per 

week 

2-3 times 

per week 
4-6 per week 

Once every 

day 

2 or more 

times per day 

 

 

6. any multivitamin and/or mineral supplements, e.g. Blackmores sustained release multi, Centrum 

multivitamin & mineral supplement, Thompson's Multifort? [MULTSUP] 

YES NO 

If yes, please state the type of supplement and brand if known: 

_____________________ [MULTBRND] 

How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon (5 ml))? 

[MULTFREQ] 

 

 

7. Have you donated blood in the past 4 months? [DONATE]  

 

I have not 

taken 

multivitamins 

in the last 2 

weeks  

 

Once during 

the 2-week 

period 

Once 

per 

week 

2-3 times 

per week 

4-6 per 

week 

Once every 

day 

2 or more 

times per 

day 
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No 
Yes, within 

last week 

 

Yes, within 

last two 

weeks 

Yes, within 

last month 

Yes, within 

last two 

months 

 

Yes, within 

last three 

months 

 

Yes, within 

last four 

months 

0 1 2 3 4 5 6 

 

 

8. Has your doctor ever told you that you have low iron levels? (This includes iron deficiency, iron 

deficiency anaemia) [IRONDIAG] 

 

YES NO 

 

9. How often do you currently smoke? [SMOKE] 

I don't smoke now (0) 

Less than once a month (1) 
At least once a month (2) 

At least once a week (3) 

At least once a day (4) 

 

Vegetarian Status (from the Australian Longitudinal Study on Women’s Health (Baines, Powers, 

Brown, 2006) 

10. Do you currently exclude any of the following food groups from your diet? (Check all statements that 

apply) 

 I do not  

eat red meat 

(beef, lamb, 

pork) 

 

I do not  

eat poultry 

(chicken, 

turkey) 

I do not  

eat fish 

I do not  

eat other animal 

products (milk, 

cheese, eggs) 

Check all 

statements that 

describes you: 

□ □ □ □ 

 [NOMEAT] [NOCHICK] [NOFISH] [NOANIMAL] 

 

[for NOMEAT to NOANIMAL, should be ‘1’ if they tick the box, and 0 if they don’t tick it.]  
 

 

 

[SUNBED and SUNTAN removed in 2013/2014 to save space.] 

 

 

 

INSTRUCTIONS: As you know, you’ve been reporting your experiences everyday for the last 

two weeks. Do you think these last two weeks were unusual in any way (i.e., did anything 

happen to affect your normal mood states) or were they typical, reflecting how you usually are? 

  

TYP  How unusual or typical were your daily experiences in these last two weeks?  

It was a very 

unusual 

 two-weeks 

 

Moderately 

unusual 

 

A little 

unusual 

 

A little 

typical 

 

Moderately 

typical 

It was a very 

typical two-

weeks 
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0 1 2 3 4 5 

 
 

 

 

 

 

 

 

Thank you! 

 

You have now completed the survey. 

 

Please notify your experimenter. 
 

 
 

SUBMIT 


