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Abstract 

 

Background: Moderate-to-vigorous physical activity (MVPA) and sleep duration are two 

crucial and important components in maintaining overall health. Although there are clear 

guidelines on both MVPA and sleep duration, it is distinctly shown throughout the 

literature that adolescents from around the globe commonly fall short of the 

recommendations. Recently, there has been a shift to moving the guidelines towards a 24 h 

approach. Despite this, there is limited research available which assesses both MPVA and 

sleep durations concurrently in adolescents. 

 

Objective: The purpose of this study was to describe the sleep and moderate-to-vigorous 

intensity physical activity, measured in adolescent females of the Survey of Nutrition, 

Dietary Assessment, and Lifestyles (SuNDiAL) project, and to investigate how average 

MVPA may affect average sleep from one day to the next. 

 

Design: Two hundred and thirty-eight adolescent females aged 15-18 y were recruited 

from high schools from eight different locations throughout New Zealand (NZ). 

Accelerometers (Actigraph GT3X) were used to assess MVPA and sleep duration.  

 

Results: Participants spent an overall mean time of 42.6 min and 7 h and 18 min each day 

in MVPA and sleep, respectively. Compared to the guidelines of at least 60 min of MVPA 

and 8-10 h of sleep per day, only 23% and 20% of participants meet the guidelines for 

MPVA and sleep, respectively. Time spent in MVPA was not associated with an increased 

sleep duration for that evening. Additionally, participants who accumulated a higher 

average of MVPA throughout the week, did not sleep longer compared to their counter 
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parts. These results suggest there is no meaningful association between MVPA and sleep 

duration.  

 

Conclusion: A large proportion of adolescent girls do not meet the physical activity and 

sleep guidelines. This suggests there is a need for interventions which target physical 

activity and sleep separately which would support this age group to undertake healthier 

practices which would therefore lead to more favourable health outcomes. 

 

Keywords: physical activity, sleep, adolescent, 24 h activity. 
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Preface 

 

This research was completed as part of the Survey of Nutrition, Dietary Assessment, and 

Lifestyles (SuNDiAL) project from the Department of Human Nutrition, University of 

Otago.  

The project investigated the dietary intakes, nutritional status, health status, lifestyles, 

motivations and attitudes towards food choice of male and female adolescents from high 

schools throughout NZ. There were two years of data collection where the first year 

involved the collection of data from females (2019), while the second year involved data 

collection of males (2020). The candidate was originally scheduled to take part in data 

collection from July 2020 and was going to present a thesis on the differences in physical 

activity between males and females. Unfortunately, due to Covid-19 restrictions, data 

collection was discontinued in March 2020 when the country went into level 4 lockdown, 

which meant the number of male participants who had completed physical activity 

measurement procedures was minimal. In March 2020, the candidate was removed from 

their professional placement during Semester One and began working on their thesis from 

home. As the research was impacted due to the lockdown, the candidate had to change 

their topic, from working with both female and male data to only working with data 

retrieved from the 2019 SuNDiAL collection. The candidate worked with Meredith Peddie 

via Zoom meetings throughout this process. The candidate conducted this thesis under 

supervision of Dr Meredith Peddie to fulfil requirements of the Master of Dietetics 

programme.  

 

The candidate was responsible for the following: 
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• Completing paper 5A which included two focuses: 1) Preparation for data 

collection including recruitment, anthropometry, 24 h recall, accelerometers and 

participant management, and 2) preparation for writing their thesis by beginning 

their literature review and understanding their thesis outline. 

• Completing a literature review on physical activity and sleep levels of adolescent 

females globally and within NZ. 

• Input into statistical analysis of the 2020 demographic data. 

• Development of tables and figures and interpretation of results. 

• Disseminating findings and writing this thesis.  

 

Primary investigators, Dr Meredith Peddie and Dr Jill Hazard were responsible for the 

following: 

• Study design. 

• Obtaining ethical approval. 

• Recruitment of schools. 

• Processing dietary and accelerometer data. 

• Provided guidance in the writing of this thesis. 
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1 Introduction 
 

Physical activity (PA) positively impacts on human health (1-3). Regular PA is associated 

with the prevention of cardiovascular disease (CVD), type two diabetes mellitus (T2DM), 

hypertension, some cancers and premature death (4). Moderate-to-vigorous physical 

activity (MVPA) has been found to have the most positive impact on reducing adverse 

health outcomes such as CVD and T2DM (5). Despite the clear guidelines for PA, many 

adolescents worldwide are not meeting these guidelines (6). Guthold et al used self-report 

to assess PA levels of adolescents from around the globe (6). A shocking 19% of 

adolescents have been found to meet the guidelines of 60 min of MVPA per day (6). 

Further still, data also reveals that females are more likely to be less physically active than 

males within this age group (6). Within NZ adolescents, self-report and accelerometery 

have shown poor adherence to these guidelines (7). 

Sleep also plays an important role in maintaining health and is an important indicator of 

health in adolescents (8-11). Inadequate sleep (<8 h per night) is associated with a higher 

body weight and is a contributor to adverse cardiovascular outcomes in adolescents (11). 

Like PA, in spite of guidelines (8-10 h per night), individuals, in particular adolescents, are 

not meeting these recommendations (8, 12-14).  

 

While the PA and sleep guidelines have existed separately for some time, there has been a 

recent shift to moving guidelines towards a 24 h approach. The Canadian guidelines for 

children and youth recommend 60 minutes of MVPA, 8-10 h of sleep, and less than 2 h of 

sedentary screen time per day. Despite this shift, there are very few studies available that 

measure sleep and PA simultaneously in the same sample, and fewer still that do not rely 
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on self-report to assess sleep duration (which is associated with limitations such as bias 

and inaccurate measurements).  

Research assessing adherence to sleep guidelines through using accelerometery and self-

report also prove that majority of adolescents around the globe are not meeting the 

recommended 8-10 h per night (8, 12-14). There is currently no research within NZ which 

utilises accelerometery to assess sleep durations of adolescents. Therefore, the purpose of 

this study was to measure the PA patterns, in particular MVPA, and sleep durations of NZ 

female adolescents and assess whether MVPA influences sleep using Actigraph 

accelerometery. 
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2 Literature Review 
 

This literature review summarises the fundamental literature on the importance of PA and 

sleep, and how they may interact, focusing particularly on adolescents.  It is divided into 

the following sections: 

• Section 2.1 – Defines the key terms used throughout the thesis 

• Section 2.2 – Discusses the links between physical activity, sleep and health 

• Section 2.3 – Outlines current guidelines for physical activity and sleep in 

adolescences 

• Section 2.4 – Describes how much physical activity and sleep are adolescents 

currently getting 

• Section 2.5 – Discusses the methodology involved in measuring physical activity 

and sleep 

• Section 2.6 –Discusses how physical activity and sleep may impact on each other 

 

2.1 Definitions 

2.1.1 Physical activity 

Physical activity is defined as “any bodily movement produced by skeletal muscles that 

results in energy expenditure” (15). Physical activity can be categorised into work or 

leisure activities (1). Leisure activities can further be broken down in sub-categories which 

could include sports, household chores, exercises and many other activities (1). It is 

important to note the difference between ‘physical activity’ and ‘exercise’. Exercise is a 

subcategory of PA and although the terms are often used interchangeably, their definitions 

are somewhat different, and they are not synonymous (1). ‘Exercise’ is defined as 
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“physical activity that is planned, structured, repetitive, and purposive in the sense that 

improvement or maintenance of one of more components of physical fitness is an 

objective” (1).  

 

2.1.2 Sleep 

Sleep is a key component in good health and wellbeing. Sleep can be described as a 

decreased responsiveness and interaction with external stimuli (16). Although it may seem 

as though it is a time of complete inactivity, the body and mind are actually active, 

undertaking processing, restoration and strengthening which are critical functions needed 

for health and wellbeing (17). 

 

2.1.3 Adolescent 

The World Health Organisation (WHO) defines adolescents as ‘individuals in the 10-19 

years age group’ (18).  

 

2.2 Physical activity, sleep and health 

2.2.1 Adults 

2.2.1.1 Physical activity 

A review on the health benefits of PA by Warburton et al confirmed that there is 

convincing evidence of the inverse relationship between an increase in PA and prevention 

of several chronic diseases, such as CVD, T2DM, cancer and premature death (4). Regular 

participation in PA was associated with a 20-30% reduction in risk of all-cause and 

cardiovascular-related death compared to those who did the least PA (19, 20). Physical 

activity has also shown positive impacts in people with diabetes through improving insulin 
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sensitivity, glycaemic control and the ability to reduce medication dose (21, 22). In a 

randomised controlled trial, exercise resulted in a 0.6% (95% CI -0.9 to -0.3; P<0.05) 

reduction in glycated haemoglobin levels over a 12 month time frame (23). Cancer patients 

have also found benefits through PA as their immune function has been found to improve 

and may be protective of chronic inflammation (24).  Mortality rates have also been found 

to be reduced in colon, prostate and breast cancer patients (25). For example, breast cancer 

patients who reported any form of PA after diagnosis had a 64% lower risk of death 

compared to those who were inactive (HR= 0.36; 95% CI, 0.17 to 0.73) (26). 

 

2.2.1.2 Sleep 

Sleep plays a vital role in maintaining health as it supports many bodily systems such as 

immune function, metabolism, cognition and emotional regulation (27). There is strong 

evidence that suggests insufficient sleep may have a significant impact on health 

conditions such as CVD, T2DM and obesity (28). There is concern that sleep deprivation 

can lead to weight gain in adults. A six-year longitudinal study in Quebec investigated the 

relationship between sleep duration, subsequent body weight and fat gain in 276 adults 

(29). This study found that adults with less sleep (short sleepers: 5-6 h per night) gained 

1.98 kg (95% CI: 1.16-2.82) or more, over six years, than adults who managed an average 

night sleep (7-8 hours per night) (29). Over the six years, the adults with less sleep were 

35% more likely to experience a 5 kg weight gain and had a 27% increased risk in 

developing obesity compared to average night sleepers (29).  

 



6 
 

2.2.2 Adolescents 

2.2.2.1 Physical activity 

There are several studies that show that PA in adolescents is associated with improved 

cardio-metabolic risk scores. A cross-sectional study of 548 adolescents was conducted to 

compare their cardio-metabolic risk score against a PA classification involving a 

combination of MVPA and sedentary behaviour (30). The results from this study show that 

those meeting the MVPA recommendations had a lower cardio-metabolic risk score 

compared to those who were inactive (p<0.05) (30). These results were similar to another 

cross-sectional study which assessed the association between PA intensity and duration 

and cardio-metabolic risk markers in children and adolescents (5). This study concluded 

that the high intensity PA made the most positive impact on reducing cardio-metabolic risk 

factors (5). Butte et al undertook another cross sectional study looking at children and 

adolescents that were non-overweight and overweight (31). The results found total activity 

counts were significantly lower in those children that were overweight compared to those 

that were not (p=0.002) (31). It was also found that activity was higher in boys than girls 

(P=0.001) and with an increase in age, there was a decline in PA participation (P=0.001) 

(31). With similar results found throughout these presented studies, it is fair to state that 

PA is positively associated with the health of adolescents. Many studies which track 

participants from adolescent to adulthood indicate that regular participation in PA at a 

younger age tends to predict higher participation in PA as an adult and helps to reduce the 

risk of adverse health outcomes as we age (32-35). 

 

2.2.2.2 Sleep 

Sleep is also another important indicator of health in adolescents.  Many studies have 

assessed the relationship between sleep quality and quantity of this age group and how this 
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affects their health. Chen et al undertook a cross-sectional study that reported that 

adolescents that sleep less are less likely to appreciate life, take responsibility for health, 

adopt a healthy diet, manage stress and exercise regularly (36). It was also found that those 

who get adequate sleep are 74% more likely to be a normal weight (36). As obesity has 

been found to contribute to adverse cardiovascular health outcomes, lack of sleep is also 

likely to negatively impact cardiovascular health of adolescents (9). Narang et al reports 

that adolescents with a higher sleep disturbance score (derived from the Pittsburgh Sleep 

Quality Index) had increased odds of being at high cardiovascular risk (p<0.001) (10). The 

results also showed that non-high density lipoprotein cholesterol was elevated and there 

was an increased odds of hypertension with a higher sleep disturbance (P<0.001 and 

p=0.05, respectively) (10). Less sleep has also been significantly associated with higher 

body weights and elevated blood pressure (P=0.026 and P<0.001 respectively) in college 

aged students (11). With these adverse health effects taking place within the years of 

adolescents, it is possible that lack of adequate sleep during this time could negatively 

impact the health of these individuals throughout adulthood. Poor sleep throughout 

adolescents may continue into young adulthood (37). Although there are limited studies 

tracking sleep habits at adolescence through to adulthood and the effect this has on health 

outcomes, one prospective birth cohort study assessed sleeping problems in early life 

against obesity in young adulthood (38). This study clearly identifies that if sleeping 

problems were present at ages 2-4 years, then a greater prevalence of obesity was found in 

young adulthood compared with those who did not have sleeping problems (38).  

 

2.3 Physical activity and sleep guidelines  

The Canadian Society for Exercise Physiology (CSEP) have developed 24 h movement 

guidelines which incorporate PA, sedentary behaviour and sleep (39, 40). These guidelines 
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are key as they recognise that in a 24 h period as one component is increased or decreased, 

other components must also shift to accommodate this change (39, 40). The CSEP states 

the importance of children and youth practicing healthy sleep hygiene, limiting sedentary 

behaviours and participating in a range of physical activities in a variety of intensities 

following these guidelines are associated with more favourable health outcomes (40). For 

example, better body composition, academic achievement and cognition and overall 

quality of life are just a few of the benefits from following such guidelines (40). Due to the 

CSEP creating an ideal framework for guidelines, the MOH NZ decided to use these 

Canadian Guidelines and adapt them for the NZ population (41). The NZ PA guidelines 

for children and young people (aged 5-17 years) reflect recommendations for MVPA, 

general movement, sleep and screen time (41). The guidelines state that a healthy 24 h 

includes quality uninterrupted sleep of 8 to 10 h (ages 14-17 years) per night, at least one 

hour (60 min) of MVPA, no more than two hours of recreational screen time, and general 

movement throughout the day with structured and unstructured light physical activities 

(41).  

 

2.4 How much physical activity are adolescents doing, and how 

much sleep are they getting? 

Despite the well-known evidence that PA is beneficial to health, adolescents are still found 

to be undertaking inadequate amounts. It is estimated that of 80% of adolescents are not 

meeting the PA guidelines worldwide (6). Table 1 summarises studies from around the 

globe including Australia, Europe, and NZ and reports that adolescents have been found to 

undertake anywhere from 24 to 58 min of MVPA per day (7,41-44). The table also 

expresses that anywhere from 19.0% to 49.2% of adolescents are meeting the PA 

guidelines (7, 41-45). In 2015 and 2016, a total of 41.7% of 15 to 17 year olds in New 
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Zealand were meeting the PA guidelines for adults (at least 30 min of brisk walking or 

moderate-intensity physical activity (or equivalent vigorous activity), accumulated in bouts 

of at least 10 min in duration, at least five days a week) (46).  

 

Table 2 summarises several studies which have measured sleep of adolescents from 

Canada, Brazil, China, America and NZ (8, 12-14, 47, 48). These studies have used 

methods such as ActiGraph and self-report. Results show that around 42% to 49% of 

adolescents from around the globe are meeting the guidelines for sleep (8, 12-14, 47). 

Statistics improve when looking at NZ research individually. The National Secondary 

Schools Youth Health Survey in 2001 reported that 79% of adolescents in NZ get an 

adequate amount of sleep and the average sleep time was found to be 8 h and 40 min (48). 

Over a decade later the NZ statistics provided from a self-reported survey show that over 

70% of adolescents are still getting the recommended amount of sleep (49).   

 

2.5 Measuring physical activity and sleep 

2.5.1 Physical activity 

2.5.1.1 Self-report 

It is necessary to use precise and detailed measurements in order to fully understand PA 

levels of adolescent females. While some studies use self-reporting as a method for 

participants to communicate their PA level, there are several limitations to this method. 

Self-reporting is subject to recall bias and is less accurate than the use of other 

measurement procedures, such as accelerometers (6, 43). Self-reporting is often done 

through questionnaires or surveys and may appropriately rank individuals within the study 

population, however, it will not be able to accurately quantify the amount of PA 

undertaken by each participant (50). Self-reporting does, however, come with some 
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strengths. This method can be cost effective as questionnaires or surveys can be sent to 

participants online. Self-report is also considered less burdensome to both the participant 

and the research team.  

 

2.5.1.2 Accelerometers 

Accelerometers are the most frequently used tools worldwide for measuring PA mainly 

due to their accuracy of assessing the duration, frequency and intensity (51). It has been 

found that the most-used brand of accelerometer for measuring PA  is the ‘Actigraph’ (52). 

There are several models of ‘Actigraph’ monitors used for measuring PA, including the 

most commonly used model: ActiGraph wGT3X-BT (53). It is recommended that 

accelerometers are worn for between 4 to 9 days, to capture an estimate of usual PA due to 

the differences that occur in PA between weekdays and weekends for most people (54). 

These lightweight devices, which can be worn in several places on the body (lower back, 

hip or wrist), measure the intensity of body movement as a magnitude of acceleration (53). 

This data is then translated into activity counts per minute (cpm) using proprietary 

algorithms (55). Cut-off points are applied to categorise the different intensities at which 

PA is undertaken (56). For example the Freedson cutpoints classify time spent sedentary as 

less than 150 cpm, time spent in light physical activity (LPA) is classified between 150 to 

1951 cpm and time spent in MVPA is classified as ≥ 1952 cpm, with all three intensity 

groups using cpm from the y-axis (56). However, other cutpoints are also commonly used, 

which can lead to differences in how time is allocated to different intensities between 

studies. The majority of cut points used with ActiGraph data are validated for hip wear. 

Persons using the ActiGraph are sometimes asked to wear the monitors for 24 h, which 

allows for quantification of all activity performed in each 24 h period (55).  Although these 

devices are the most widely used method of obtaining PA measurements, there are some 
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limitations. Accelerometers cannot be worn in the water and cannot measure activities that 

do not involve movement of the limb on which it is being worn, therefore, some activities 

such as swimming and strength training may not be accurately captured. Another 

limitation is that due to the ActiGraph not being able to assess the type of PA being 

undertaken and the body position of the subject, self-reported diaries must be used in order 

to capture the true events measured on the accelerometer (57).  

 

2.5.2 Sleep  

2.5.2.1 Polysomnography (PSG) 

Polysomnography (PSG) is a procedure that collects physiologic parameters to test sleep 

(58). PSG is considered to be the gold standard for measuring sleep, however, this process 

has been found to be expensive and time consuming (58, 59). Along with these limitations, 

a PSG test involves being admitted to a sleep laboratory, which does not necessarily 

represent real sleep habits of a participant (60, 61). This method is also difficult to conduct 

on a large scale (61). 

 

2.5.2.2 Self-report 

Similar to PA, self-reporting has been used in the past to measure sleep. Questionnaires 

often ask participants to report how long, on average, they think they sleep each night or 

how long they thing they slept the night before completing the questionnaire (12, 

47).There are some strengths to using this method to capture adolescent sleep patterns such 

as it being non-invasive with no need for each individual to be connected to a device. This 

method is, however, subject to recall bias, and relies on the respondant knowing exactly 

when they went to sleep meaning it has limited accuracy.  
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2.5.2.3 Accelerometers  

Alternatively, accelerometers are not only used for PA measurement but can also 

accurately measure sleep of individuals, therefore, allowing for measurement of the entire 

24 h period with one device (54). Rosenberger et al compared nine devices, one of which 

was the ActiGraph GT3X. The purpose of this study was to compare all nine devices for 

accuracy in 24 h activity measurement. The results showed that 24 h measurements should 

be captured using the GT3X+ device as it was found to be the most accurate device to 

monitor sleep (62). This 24 h measurement method is crucial for obtaining reliable and 

precise measurements which excludes the bias of self or parental reported sleep times.  

 

Some strengths of using accelerometers to collect sleep patterns include accuracy as the 

accelerometer is able to provide objective information of sleep habits within the 

individual’s natural sleep environment (63). Due to accelerometers being a lightweight 

device, the participant burden is low due to the ease of wear. Sleep is identified from 

accelerometer data using validated algorithms which, again, much like the cut points used 

to identify intensity of activity, several different algorithms have been developed, which 

provide slightly different estimates of sleep. Ideally the algorithm used should be validated 

for accelerometer placement (e.g. waist or hip) and age group being studied. Sadeh reports 

that complementary objective methods such as a sleep diaries should be used when 

assessed accelerometery data of participants to reduce uncertainties (64). This method 

provides clearer information beyond body movements recorded by the accelerometer alone 

(64). Some limitations of using accelerometers include the cost of each device and 

therefore the limitation of not being able to have large sample sizes using the devices at 

one time.   
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2.6 How physical activity and sleep impact on each other 

Physical activity and sleep have been found to influence one another which impacts health 

(65). A study by Ortega et al examined the associations of sleep duration and activity 

levels in Estonian and Swedish children (9-10 y) and adolescents (15-16 y) (66). They 

found that participants who slept longer than 10 hours spent more time being physically 

active than those who slept less (P<0.001) (66). Although this study used accelerometery, 

a precise and accurate measurement tool to gather PA data, tools used to collect sleep data 

were not as accurate (66). Sleep duration was calculated by the difference between self-

reported betimes and wake times, therefore, the data used was influenced by bias and 

inaccuracy (66). Another study by Khan et al with similar principles was undertaken on 

5560 children aged 10 to 11 years (67). Using self-reported PA levels and parent reported 

sleep times, the study’s results show that longer sleep duration was associated with higher 

levels of PA (67). Stone et al assessed how children maintaining the recommended amount 

of sleep is associated with increased PA (68). They used accelerometery to measure PA 

and used parent reported sleep times (68). They found that throughout the week, children 

who slept the least (<9 h) undertook less PA compared with those who had more sleep 

(>10 h) (68). Physical activity intensity was also higher for those who managed to get  

more than 9 h sleep a night (68).  

Although these presented studies show some links between PA and sleep in children and 

adolescents, there is limited research on the direct influence of sleep on PA and vice versa 

for adolescents alone. Furthermore, there is also limited research which utilises a 24 h 

accelerometer method for collecting both PA and sleep data from adolescent participants.  
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2.7 Summary   

Physical activity and sleep both play an important role in reducing the risk of adverse 

health outcomes. Adequate amounts of both in adolescence reduce the risk of negative 

health issues as we age. Despite the recommendations, 80% of adolescents worldwide are 

not meeting the PA guidelines and less than 50% of adolescents are meeting adequate 

sleep recommendations (6, 8, 12-14, 47, 48). Despite the MOH Statistics gathering 

information using surveys, questionnaires and self-reported data, there is limited research 

undertaken using 24 h accelerometery data to give accurate measures of sleep duration of 

NZ adolescents.  
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Table 1: MVPA minutes per day and prevalence (%) of those meeting the physical activity guidelines  

 Author/date Study Design Participants Measurement of PA MPVA (min/day) Prevalence (%) of 

meeting PA guidelines  
 

Loh et al 

(2020) 

 

Australia 

Cross-sectional 

study design 

n=417 

Adolescents 

aged 12-20 

years 

Hip-worn accelerometer 

(ActiGraph GT3X+) worn 

for eight consecutive days 

during waking hours 

An average of 

24.3min/day in MVPA 

outside school hours on 

weekdays. On any 

average weekend day, 

24.4min/day of MVPA 

was undertaken. 

NA 

In
te

rn
a
ti

o
n

a
l Froberg et al  

(2020) 

 

Sweden 

School-based 

cross-sectional 

Swedish 

national 

dietary survey 

n=3477 

Adolescents 

aged 11-12, 14-

15 and 17-18 

years 

Self-reported web 

questionnaires and hip-

worn accelerometers 

(ActiGraph GT3X and 

GT3X+) for seven 

consecutive days 

All ages of those who 

participated in 

organised PA undertook 

a mean of 55min/day 

37% of all ages met the 

recommendation and 

more boys did (48%) 

than girls (29%) 

 

Kalajas-Tilga 

et al  

(2019) 

 

Estonia 

School-based 

observational 

study 

n=397 Students 

aged 11-15 

years 

Waist-worn 

accelerometers (ActiGraph 

GT3X) worn for 4-7 days.  

Average of 

58.39min/day for those 

who provided 4 days of 

accelerometer data 

Only 25%of students met 

guidelines for 7 

measured days. 

 

Guthold et al  

(2019) 

 

146 countries  

Cross-sectional 

survey data 

from 298 

surveys  

n=1,600,000 

Students aged 

11-17 years 

Self-reported surveys  NA Only 19% of adolescents 

met the guidelines 

(Males=22.4% vs 

Females=15.3%) 

 

Ekelund et al 

(2012) 

 

Worldwide 

Pooled data 

from 14 

studies (1998-

2009) from 

ICAD  

n=20,871 

Children and 

adolescents aged 

4-18 years 

Accelerometers (Data 

from the ICAD was used) 

Mean time spent in 

MVPA for children was 

30min/day 

NA 
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Martinez-

Gomez et al 

(2010) 

 

10 European 

cities 

Cross-sectional 

study (The 

HELENA 

Study Group) 

N=2094 

Adolescents 

with a mean age 

of 14.7 years  

Accelerometers 

(ActiGraph GT1M) on 

lower back worn for seven 

consecutive days 

Mean MVPA of 58 

min/day for all 

adolescents (66min/day 

for boys compared to 

50min/day for girls) 

42% of normal-weight 

adolescents meet the 

guidelines, compared 

with 38.3% of 

overweight and 31.5% of 

obese adolescents 

meeting the guidelines  

N
ew

 Z
ea

la
n

d
 

Ministry of 

Health 

(2008/09) 

 

New Zealand 

New Zealand 

Stats, Social 

Indicators, 

Physical 

Activity 

Adolescents 

aged 15-17 

years 

NZ Physical Activity 

Questionnaire. PA 

calculated as time spent 

brisk walking + time spent 

doing moderate intensity 

activity (2x time spend 

doing vigorous activity)   

Self-reported survey 41.7% of 15-17 year 

old’s in total are found to 

be physically active 

(49.2% of males vs. 

33.6% of females) 

 

Ministry of 

Health 

(2008/09) 

 

New Zealand  

Key Findings 

of the National 

Survey of 

Children and 

Young 

People’s 

Physical 

Activity and 

Dietary 

Behaviours in 

New Zealand 

n=2503 

participants 

aged 5-24 years 

Self-reported 

computerised survey and 

accelerometers worn for 

seven consecutive days 

Mean MVPA for 5-9 

years 173.8min/day, 10-

14 years 92.4min/day, 

15-19 years 

41.1min/day, 20-24 

years 17.0min/day 

Approximately 2/3 of 

children and young 

people meet the 

guidelines. 

 

Abbreviations: PA = physical activity. MVPA = moderate-to-vigorous physical activity. n = number of participants. ICAD = International 

Children’s Accelerometery Database  

 

 



17 
 

Table 2: Measurement of sleep and sleep duration  

 Author/date Study Design Participants  Measurements of Sleep Results 

 

 Agathao et al 

(2020) 

 

Brazil 

Longitudinal 

study 

n=2743 school 

students aged 9-17 

years 

Two baseline questions: 1) In 

general, at what time do you 

go to sleep? And 2) In general, 

at what time do you wake up? 

Sleep obtained from difference 

in hours between start and end  

57.4% of the sample had 

adequate sleep (9-12 hours for 

6-12 years old and 8-10 hours 

for 13-18 years old). 34.3% had 

a short sleep duration and 

8.3% had a long sleep duration 

when compared to the 

guidelines. 

In
te

rn
a
ti

o
n

a
l 

Alves et al 

(2020) 

 

Brazil 

Cross-sectional 

study 

n=11,588 

Adolescents 

Self-reported questionnaire & 

Brazil-Portuguese version of 

the Epworth Sleepiness Scale 

modified for children and 

adolescents 

Short sleep duration (<8 hours) 

had a prevalence of 54.7%, 

Adequate sleep duration (8-10 

hours) had a prevalence of 

42.4% and long sleep duration 

(>10 hours) had a prevalence of 

3.3%. From all adolescents 

assessed, 42.2% meet the sleep 

guidelines. 

 

Chen et al 

(2014) 

 

China 

Cross-sectional 

survey 

n=4801 

Adolescents aged 11-

20 years 

Self-reported using the 

Adolescent Sleep Wake Scale 

51.0% of adolescents did not 

achieve recommended sleep 

duration through the weekdays. 

 Lin et al 

(2020) 

 

Canada 

Observational 

cohort study 

n=80 Adolescent girls 

aged 12-17 years 

Actigraph & Daily Sleep Log Participants averaged 7.9 hours 

sleep duration. Just under half 

(48.8%) meet the guidelines of 

at least 8 hours a night 

 Moore et al 

(2011) 

 

Cross-sectional 

study from a 

larger 

n=247 Adolescents Actigraph and sleep diary Average total sleep duration 

was 7.85 hours. Girls had a 

22.14 min more sleep time than 
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America community-

based cohort 

study 

boys. 
N

ew
 Z

ea
la

n
d

 

Dorofaeff et al 

(2006) 

 

New Zealand  

Cross-sectional 

study 

n=9567 Students aged 

13-17 years 

Self-reported through 

questionnaires for the National 

Secondary School Youth 

Health Survey (2001).  

21% of students reported 

inadequate sleep. The average 

amount of sleep reported was 8 

hours and 40 mins. Inadequate 

sleep increased from 15% to 

25% at the age of 13 to 17 years 

respectively.  

 Ministry of Health 

(2018/19) 

 

New Zealand  

NZ Statistics 

Indicator. 

Usually meets 

sleep duration 

recommendations 

n=about 252,000 aged 

10-14 years and about 

479,000 aged 15-24 

years 

Self-reported questionnaire 73.2% of 15-24 year olds and 

78.8% of 10-14 year olds meet 

the recommendations for sleep. 

 

Abbreviations: n = number of participants. 
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3 Objective Statement 
 

The aim of this study is to use 24 h accelerometry to measure activity patterns of sleep and 

PA of NZ adolescent females. 

 

The objectives of the study are: 

• Describe the sleep and PA behaviours of a sample of NZ adolescent females. 

• To evaluate how participants are meeting the sleep and physical activity guidelines 

for adolescents.  

• Determine whether sleep duration and PA are associated with one another in this 

sample of NZ adolescent females. 
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4 Methods 

4.1 Overall Study Design 

Data presented in this thesis was collected as part of the larger 2019 SuNDiAL (The Survey 

of Nutrition, Dietary Assessment and Lifestyles) Project. The SuNDiAL Project was a cross-

sectional, nationwide survey of NZ adolescent females aged 15 to 18 years, which had the 

primary aim of comparing the nutrient intakes, dietary habits, nutrition status, motivations 

and attitudes, and PA levels of a sample of vegetarian and non-vegetarian adolescent females 

in NZ. This thesis describes the sleep and physical activity measured in a subsample of 

participants who consented to wear accelerometers throughout their time in the SuNDiAL 

project and investigates the acute impact of PA on sleep. 

 

4.2 Participants 

4.2.1 Recruitment of schools  

The SuNDiAL data collection was undertaken entirely by second-year Master of Dietetics 

(MDiet) students. The Masters students were located throughout NZ in eight locations; 

Whangarei, Mount Manganui, New Plymouth, Wellington, Nelson, Christchurch, Wanaka 

and Dunedin. Schools in these regions were initially invited to participate via email. Two 

weeks after the initial invitation was sent, if no contact was received from the school, they 

were contacted via phone. If the required number of schools was not reached, then additional 

schools within the area were contacted and invited to participate. Written consent was 

provided from the schools that agreed to participate.   
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4.2.2 Recruitment of participants 

Information sessions were delivered to females aged 15-18 years within each school by the 

MDiet students. This session included descriptions of the study and the required commitment 

from each student. Printed information was also distributed. Those students who were willing 

to participate provided their email address or indicated interest through the study website 

(69). They were then sent a link to an online questionnaire (REDCap), through which consent 

was completed and a series of questions on socio-demographic and general health were 

asked. Any participants who were under the age of 16 were required to provide a parent’s 

email address so that parental consent could be obtained before the online questionnaire was 

sent to them.  

 

4.2.3 Eligibility criteria 

The inclusion criteria for the SuNDiAL study were adolescents who identify as females (15 – 

18 years), were enrolled in one of the participating secondary schools, and were able to speak 

and understand English. Participants were not eligible if they were pregnant.  

 

4.2.4 Ethics 

Ethical approval for this study was attained from the University of Otago Ethic Committee 

(Health): H19/004. The trial was registered with the Australian New Zealand Clinical Trials 

(ACTRN12619000290190). Online informed consent was obtained from all participants and 

from parents or guardians of those under the aged of 16 years.   
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4.3 Measurement procedures 

4.3.1 24 h dietary intake  

Dietary intake was assessed using two, non-consecutive 24 h diet recalls undertaken by a 

MDiet student. The first recall was completed face-to-face during the data collection visit 

within the schools, while the second recall was completed over video call. Diet recalls were 

entered into FoodWorks dietary analysis software (version 9, Xyris Software Australia) with 

the 2016 New Zealand Food Composition Database and nutrient data from commonly 

consumed recipes found in the 2008/09 New Zealand Adult Nutrition Survey.  Estimates of 

each nutrient of interest were adjusted to ‘usual intake’ using the Multiple Source Method 

(MSM) (70)  

 

4.3.2 Anthropometry 

Body weight was measured using calibrated body weight scales (one of Medisana PS420; 

Salter 9037 BK3R; Seca Alpha 770; or Soehnle Style Sense Comfort 400). Standing height 

was measured using a calibrated stadiometer (Seca 213 or Wedderburn).  Both measurements 

were undertaken following a standardised protocol with the participants wearing light 

clothing and no footwear and recorded to one decimal place. Both measurements were taken 

in duplicate, with a third measurement performed if the difference between the initial two 

measurements was ≥ 0.5 units. The two closest measurements were taken as the ‘true’ value. 

Body weight status was categorised by healthy, overweight or obese. Body mass index (BMI) 

was calculated using weight (in kg) divided by height (in m) squared. BMI z-scores for age 

and sex were calculated using the World Health Organisation (WHO) child growth standards 

(71).  
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4.3.3 Accelerometery 

Average daily 24 h activity was measured using an Actigraph GT3x+ accelerometer in those 

who consented to accelerometery. Participants were asked to wear accelerometers for seven 

days continuously (expect for water-based activities, or during full contact sports) on an 

elasticated belt around their waist so that the accelerometer was situated over their right hip. 

A daily wear time diary was used to record any times at which the device had been removed. 

If participants were undertaking activity while the accelerometer was removed (e.g. 

swimming or playing rugby) they were asked to record the duration and intensity of these 

activities within the diary (this was later imputed into PA data as ‘non-wear physical 

activity’). This seven day diary also included a daily sleep log, where participants recorded  

the time they got in to bed, the time they attempted to sleep, the time it took to fall asleep 

(min), the time they woke up and the time they got out of bed. Participants were expected to 

fill this diary out in the morning after waking.  

 

4.4 Data processing  

4.4.1 Wear time  

‘Wear-time’ was defined as time when the participant reported wearing the accelerometer in 

the wear-time diary. Days were only considered to be valid if wear time during waking hours 

totalled 10 h or more, and total wear time or wear time plus imputed PA totalled 20 h or 

more. Valid days also had to include at least 2 h of sleep. Participant’s data was only included 

in the analysis if there were at least three valid days of data available.  
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4.4.2 Data processing 

Following the return of all accelerometers and wear-time diaries to the University of Otago, 

the data was downloaded using Actilife software (Actigraph, Pensacola, Florida. Version 6). 

Data was saved in 15 second epochs and converted to a csv file and assessed using Stata 

(Stata Statistical Software: Release 16. College Station, Texas: StataCorp). Sedentary time 

was classified as any time less than 150 cpm using the y-axis. Light-intensity physical 

activity and MVPA was classified as time spent at 150 to 1951 cpm and at least 1952 cpm, 

respectively, again using the y-axis (56). Time spent in MVPA and sleep for each day of the 

week was presented as the median (IQR). The Sadeh algorithm was used to identify time 

spent asleep between self-reported attempted sleep and wake up times, and sleep is presented 

with each night’s sleep together (so that Monday’s sleep represents the sleep from Monday 

evening through until Tuesday morning) (72). ‘Non-wear time physical activity’ was 

manually imputed for each participant using self-reported intensities to define it as either 

light or MVPA.  

 

4.5 Statistical Analysis 

4.5.1 Sample Size 

The sample size of this study was determined based on the primary outcome of describing 

differences in nutrient intake and status between vegetarians and non-vegetarians. The overall 

sample size for the study included 300 high school students enrolled at 14 different high 

school throughout NZ. This sample size gave 80% power to the α =0.05 level to detect a 0.5 
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standard deviation difference in any continuous outcome variables between vegetarians and 

non-vegetarians, assuming a prevalence of vegetarianism of 20%.   

4.5.2 Statistical methods 

Participant anthropometric and demographic characteristics were analysed using Excel 

(Version 16.35). The median time spent in MVPA and sleep for each day of the week was 

calculated using Excel and expressed as medians with interquartile ranges for each day. 

Proportions of participants meeting MVPA and sleep guidelines were also calculated using 

excel and expressed as a percentage. The association between MVPA and sleep was analysed 

using Stata. The effects of MVPA during the day, on that evening’s sleep, was evaluated 

using a linear mixed model. This included BMI z-score as a predictor. A random participant 

effect was used to accommodate the non-independent observations of multiple days of wear 

being included for each participant.  
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5 Results  
 

Two hundred and seventy-three adolescent females consented to participate in the SuNDiAL 

project, of whom 238 consented to accelerometry. However due to a limited number of 

devices, missing data and exclusions based on valid accelerometry data, 119 participants are 

included in the analysis presented here (Figure 5.1).  

 

Figure 5.1: Study design and flow of participants throughout the study 
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5.1 Demographics 

Participants within the study ranged from 15 to 18 years. The mean BMI of the participants 

was 23 kg/m2, the majority of participants were of healthy weight, identified as NZ European 

and were from areas of low to medium deprivation (Table 5.1). 

 

Table 5.1: Anthropometric and demographic characteristics of participants  

Characteristics 

 

Participants (n=119) 

Age, n (%) 

15 years old 

16 years old 

17 years old 

18 years old  

 

9 (7.6) 

34 (28.6) 

54 (45.4) 

22 (18.5) 

Anthropometry, mean (SD)  

Height, cm 166 (7) 

Weight, kg 64 (11) 

BMI, kg/m2 23 (4) 

Weight status, n (%)1  

Healthy 75 (63.0) 

Overweight 27 (22.7) 

Obese 7 (5.9) 

Ethnicity, n (%)  

New Zealand European 89 (74.8) 

Maori 22 (18.5) 

Pacific 3 (2.5) 

Asian 4 (3.4) 

NZ Dep, n (%)2  

1-3 (low) 48 (40.3) 

4-7 (medium) 52 (43.7) 

8-10 (high)  18 (15.1) 

 

Abbreviations: n=number of participants, sd=standard deviation, kg/m2=kilograms per 

meters squared 
1Categorisation based on BMI for age and sex z-scores (71) 
2Derived from NZ Index of Deprivation (73) 

 

5.2 Time spent in each activity  

The overall mean (SD) of MVPA per day was 42.6 (23.6) min. The daily median amount of 

MVPA throughout the week range from the lowest value of 13 min on Sunday to the highest 

value of 43.5 min on Friday. The overall median (interquartile range) MVPA per day was 



 

28 
 

38.5 (26-58) min. Moderate-to-vigorous intensity physical activity exhibits a small amount of 

variation between Monday and Thursday (33.5 – 43.5 min respectively) (Figure 5.2). 

The overall mean of sleep per day was 7 h 18 min (65.3 min). The overall median of sleep 

per day was 7 h 23 min (6 h 48 min to 7 h 53 min). Time spent in sleep shows an increase in 

hours throughout the week. Participants slept for a median of 7 h 40 min on Friday and this 

increased to 7 h 56 min by Saturday. The lowest median recorded was on Wednesday (7 h 5 

min) (Figure 5.2).

 

Figure 5.2: Time spent in MVPA and sleep throughout the week  

5.3 Proportion of participants meeting the physical activity and sleep 

guidelines 

When assessing the overall mean of MVPA for each participant, 77% did not meet the 

guidelines for MVPA (60 min per day).  

Additionally, 80% of participants did not meet the sleep guidelines for their age group (8-10 

h). This includes one participant whose average sleep exceeded 10 h.  
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5.4 The association between moderate-to-vigorous intensity physical 

activity and sleep  

To assess whether girls who tend to be more physically active also tend to sleep more, mean 

(across the 7 days of wear time) MVPA and sleep are presented in Figure 5.3.  There was no 

evidence of a meaningful association.  

To assess whether MVPA acutely effected sleep, a mixed model regression was used to 

investigate the association between the amount of MVPA performed each day and the sleep 

that was accumulated that evening.  There was no evidence on a meaningful association 

(β=1.7 min; 95% CI -3.9 to 0.4, p=0.114).  

 

 

Figure 5.3: The association between MVPA and sleep time of participants. 
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6 Discussion 
 

There has been limited research undertaken regarding the PA and sleep durations of 

adolescent females, especially within NZ. This study, for the first time, presents device 

measured sleep and PA data from a sample of NZ adolescent females. The majority of the 

sample were not meeting the sleep (80%) or PA (77%) guidelines and MVPA did not appear 

to be meaningfully associated with sleep either generally or acutely in a day-to-day analysis. 

   

6.1 Amounts of moderate-to-vigorous intensity physical activity and 

sleep and proportion of those meeting the guidelines for adolescent 

females in New Zealand 

6.1.1 Moderate-to-vigorous intensity physical activity  

The current study reports that the median of MVPA of adolescent females throughout the 

week ranged from 13 to 43.5 min per day. Compared to the guidelines recommending 60 min 

of MVPA per day, the results showed that 77% of the participants assessed did not meet these 

guidelines. The amount of MVPA performed across weekdays (Monday to Friday) did not 

vary dramatically, however, less MVPA was performed on the weekend days (27 min on 

Saturday and 13 min on Sunday).  

Other research has used accelerometry to measure PA in NZ adolescents. For example, the 

MOH has found that NZ adolescents undertake 41.1 min of MVPA per day which is similar 

to the results found in the current study (45). This research also shows that approximately 

two thirds of children and young people met the guidelines of 60 min per day, however, there 

are some differences in study methods to collect this data (7). The MOH results include all 
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ages from 5 to 24 years and classed individuals as meeting the guidelines for MVPA if they 

were physically active for five days throughout the week (7). Due to this large age range, 

these results are not representative of adolescents alone and limit true comparisons with the 

results of the current study. 

Another study published in 2019 by Kek et al also utilised accelerometery to measure 

amounts of MVPA in NZ adolescents throughout the week (74). This study found that from 

Monday to Friday, adolescents were in MVPA for a mean of 58.5 min, while during weekend 

days, this dropped to a mean of 48.1 min (74). Only 24.6% of females met PA guidelines 

during the study, therefore providing similar findings to those reported in the current study 

(74). Pooled data from 14 studies from the International Children’s Accelerometry Database 

(ICAD) indicates that the mean time spent in MVPA for children aged 4 to 18 years was only 

30 min per day (44). The different age group used in this study may explain some of the 

disparity in results between the current study, although there is evidence of some global 

variation in adolescent PA levels.  Even if NZ adolescents are accumulating more MVPA 

than adolescents in other countries, the mean of 43 min per day is well below the 

recommended 60 min a day for this age group.  Clearly, interventions targeting increased 

MVPA in this age group are warranted.  

 

6.1.2 Sleep 

This study found that sleep durations of adolescent females within NZ ranged from 425 min 

(7 h 5 min) to 475.5 min (7 h 56 min) throughout the week. The duration increased slightly 

through the week with the longest duration found between Saturday evening and Sunday 

morning. The current study showed that 80% of NZ female adolescents did not meet the 

recommended 8-10 h per night.  
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Research on NZ adolescent sleep patterns using accelerometry are scarce. Much of the sleep 

research undertaken utilises self-report. In 2006, Dorofaeff et al found that 79% of NZ 

students self-reported adequate sleep with an average reported sleep duration of  8 h 40 min 

(48). Additionally the 2018/19, NZ Statistics Indicator (Usually meets sleep duration 

recommendations) is collected via self-reported questionnaire with the statistics showing that 

73.2% of this age group (15 – 24 years) believe they meet the recommendations for sleep (8-

10 h) (49). Other studies reported from around the globe utilise self-reported data also. 

Agathao et al recently published a study in Brazil, which assessed the sleep duration of 

n=2743 9 to 17 year old school students (47). They measured sleep through questionnaires 

and found that 57.4% of students obtained adequate sleep (47). Alves et al recently published 

a separate study in Brazil assessing almost 12,000 adolescents through self-reported 

questionnaires also (12). These results showed that only 42.4% of adolescents adhere to the 

8-10 h recommendations (12).  

It seems likely that the disparities between these studies and the current data are due to the 

differing methodologies. Self-report data is subject to social desirability bias that may lead to 

over estimation of sleep. We believe that when people are asked to report their sleep time, 

they report the period from when they attempted to sleep in the evening until when they got 

up the following morning. This may not represent true sleep that is being more closely 

quantified by the accelerometers used in the current study that use an algorithm to identify 

sleep after attempted sleep is reported. Therefore, it seems likely that this sample of NZ 

adolescent females are not getting adequate amounts of sleep, and previous studies conducted 

in NZ have likely produced overestimates of adolescent sleep.  
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6.3 Association between moderate-to-vigorous intensity physical 

activity and sleep 

This study suggests that more MVPA on a given day does not result in more sleep for that 

evening. This study also implies that those adolescents who accumulate more MVPA on 

average throughout the week compared to their counterparts, do not seem to have longer 

sleep durations. Sleep is therefore likely to be displaced by light activity or, more likely, by 

more sedentary time.  

The results of several studies have indicated associations between PA and sleep duration. For 

example, it has been found that children and adolescents who sleep longer than 10 h per 

night, spend more time being physical active (all intensities) the next day when PA is 

measured by accelerometry and sleep is measured by self-report (66). Several studies, that 

rely on self, or parent-reported sleep times have found similar results (75, 76). The large age 

range and disparities in PA and sleep assessment between these studies and the current study 

difficult.  However, it possible that PA is strongly associated with sleep in children, but it not 

in adolescents (66).  It is also possible that PA is associated with time spent in bed (measured 

by self-report) but not actual sleep duration (measured by accelerometry).  There is more 

research needed using 24 h accelerometry measurement in adolescents to find the 

associations between MVPA and sleep durations.  

 

6.4 Strengths and limitations 

There are several limitations that must be considered when interpreting the results of this 

study. Firstly, as the accelerometers were to be removed with water-based activities, such as 

swimming, certain activities, intensities and durations of these activities may not be recorded 
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precisely. Despite the wear time diaries, there may have been some under reporting in some 

participants.  

Another limitation to consider is that this study is not representative of the NZ population. 

Although, it is a nationwide study and therefore does include variation, the results are only 

representative of the sample population, those who volunteered to be studied. 

The current study does include several strengths that should be recognised. The study utilises 

24 h devise measurement of activity, which provides precise, accurate measurements of all 

participants. This particular method is not often used within research and should be 

considered for other research opportunities. Another strength includes the widespread data 

collection. The data for this study was collected from eight locations spread throughout NZ 

therefore providing opportunities for a variety of female adolescents to enrol in the study in 

comparison to studies that are limited to one location.  

 

6.5 Recommendations and considerations for future research 

There are several recommendations that should be considered for future research. Firstly, 

there is currently limited research being undertaken within the topic of adolescent PA and 

sleep. Studies that have been undertaken are limited by the precision of their data due to the 

use of self-report methods. Measurement of the entire 24 h period with a device such as an 

accelerometer should be considered in future research within this field to gather more 

knowledge of the PA and sleep durations and the associations between these two factors.  

Secondly, the current study is a cross-sectional design. Researchers should consider 

intervention studies to begin to disentangle a possible causal relationship between sleep and 

PA.  



 

35 
 

Thirdly, it is clear from the results of this study that despite the guidelines, many adolescents 

are not meeting their PA and sleep recommendations. Future interventions in this age group 

should consider targeting all the components of the 24 h day.   

6.6 Conclusion 

This study is first to measure MVPA and sleep in NZ female adolescents. 

This study highlights that NZ female adolescents are participating in MVPA levels well 

below the guidelines of 60 min per day and are sleeping for less hours than recommended. 

Continuation of inactivity and low sleep durations could have detrimental impacts on 

adolescent health and therefore lead to poor health outcomes in adulthood. It was found that 

participants who undertook more MVPA throughout the day, did not sleep more that evening, 

therefore showing no meaningful association between MPVA time and sleep time. More 

research is needed in 24 h measurement to more deeply understand associations between 

MPVA and sleep duration. In doing so, interventions should be developed that align more 

with the guidelines and focus on the whole 24 h of a day.  
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7 Application to Dietetic Practice 

7.1 Relevance of research to dietetic practice  
 
Dietitians work in vast range of different avenues promoting health and well-being for 

individuals and communities. There are always uncertainties when working within these 

different areas and this research gave me an increased understanding of how to navigate these 

situations. When I began my research project it was clear, with the restrictions of Covid-19, 

the original plans for this study would not be undertaken. The original research aim was to 

analyse and compare adolescent female’s and male’s physical activity durations. Due to the 

restrictions of Level 3 and 4 lockdown, an appropriate alternative aim was put in place to use 

the accelerometer data collected in 2019 to describe the physical activity and sleep durations 

of female’s adolescents. These changes to my research enabled me to experience adapting to 

an ever-changing world and, in relevance to dietetic practice, the uncertainties and constant 

change that come with this profession.  Not only were new objectives created, there was an 

adaption to navigating my way through my thesis journey while being isolated away from my 

supervisor and other research team members. This provided me with the experience of 

working with team members via online messaging and video platforms. Due to the 

uncertainties of the future with Covid-19 throughout the globe, it is unclear how long 

professions will be utilising the online approach in comparison to face-to-face engagement. 

This research experience has given me a head start on the potential future of managing clients 

online. I began managing my time around video calls and became more knowledgeable on 

how to manage and organise online meetings. This experience may become increasingly 

useful as time goes on with a new normal that we must adjust to with Covid-19 in our future. 

 



 

37 
 

The present study has helped to identify that adolescents throughout New Zealand are not 

meeting the current recommendations for both MVPA and sleep durations. As low MVPA 

and sleep durations put adolescents at higher risks of many adverse health outcome such as 

obesity and CVD, it is crucial to make it as easy as possible for adolescents throughout New 

Zealand to understand the importance of following recommendations. An example of how I 

can apply the findings of my research to my future dietetic practice would be to implement 

questions regarding physical activity and sleep durations within child and adolescent 

interactions. I would be able to gain a deeper understanding of the health of patients within 

this age group and could encourage following the recommendations for physical activity and 

sleep to all patients/clients. If I was to work within a public health role, I would encourage 

the implementation of guidelines which encompassed the full 24 h of a day. This would 

incorporate all aspects of the day such as MPVA and sleep together rather than separately. 

Findings from this particular study would be useful giving me a grounding source of 

information to aid in implementation of such guidelines.  

 

7.2 What this research experience has meant to me  

For me, the most important learning from this research project was the experience of being a 

part of a research team. Since my years as an undergraduate, I was certain that research was 

not a path I would travel down. The thought of research and writing a thesis seemed daunting 

and confusing. I couldn’t quite wrap my head around the process of undertaking research 

(deciding on a research aim and objectives, organising methods and data collection), 

however, since the introduction to the SuNDiAL project in 2019, I became at ease with the 

idea as the research team seemed to communicate incredibly well and support one another. 

As I began writing my thesis this year, I surprised myself at how much I enjoyed the process. 
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Although I used data from 2019, I was still able to help with organising some data collected 

this year. I found working alongside my supervisor to collate all the data needed to be very 

rewarding. I believe the entire research experience was invaluable to my learning of 

understanding what it means to be part of a research team. I have been convinced that my 

dietetic future may hold more work in the field of research. 
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Appendix A: Ethics proposal and approval letter 

 

  H19/004 

Dr J Haszard 

Department of Human Nutrition 
Division of Sciences 

Dear Dr Haszard, 

I am writing to let you know that, at its recent meeting, the Ethics Committee considered 
your proposal entitled “SuNDiAL Project 2019: Survey of Nutrition Dietary 

Assessment and Lifestyle Phase 1: Adolescent Females”. 
As a result of that consideration, the current status of your proposal is:- Approved 
For your future reference, the Ethics Committee’s reference code for this project is:- 
H19/004. 
The comments and views expressed by the Ethics Committee concerning your proposal 
are 
as follows:- 
While approving the application, the Committee would be grateful if you would respond 
to the following: 

Information Sheet 
A typing error was noted on the Information Sheet, under the heading “Is there any risk 

of discomfort or harm from participation?”, line 3, “some” should read “someone”. 

Consent Form 
Please amend the Consent Form to include an option for participants to indicate whether 
they would prefer for their blood samples to be disposed of using standard methods or 
with a 

Karakia. 
Please provide the Committee with copies of the updated documents, if changes have 
been necessary. 
The standard conditions of approval for all human research projects reviewed and 
approved by the Committee are the following: 
Conduct the research project strictly in accordance with the research proposal submitted 
and granted ethics approval, including any amendments required to be made to the 
proposal by the Human Research Ethics Committee. 

Academic Services 
Manager, Academic Committees, Mr Gary Witte 

4 February 2019 



 

46 
 

Inform the Human Research Ethics Committee immediately of anything which may 
warrant review of ethics approval of the research project, including: serious or 
unexpected adverse effects on participants; unforeseen events that might affect 
continued ethical acceptability of the project; and a written report about these matters 
must be submitted to the Academic Committees Office by no later than the next working 
day after recognition of an adverse occurrence/event. Please note that in cases of adverse 
events an incident report should also be made to the Health and Safety Office: 
http://www.otago.ac.nz/healthandsafety/

index.html 

Advise the Committee in writing as soon as practicable if the research project is 
discontinued. 
Make no change to the project as approved in its entirety by the Committee, including any 
wording in any document approved as part of the project, without prior written approval 
of the Committee for any change. If you are applying for an amendment to your approved 
research, please email your request to the Academic Committees Office: 
gary.witte@otago.ac.nz 

jo.farrondediaz@otago.ac.nz 

Approval is for up to three years from the date of this letter. If this project has not been 
completed within three years from the date of this letter, re-approval or an extension of 
approval must be requested. If the nature, consent, location, procedures or personnel of 
your approved application change, please advise me in writing. 
The Human Ethics Committee (Health) asks for a Final Report to be provided upon 
completion of the study. The Final Report template can be found on the Human Ethics 
Web 

Page http://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.html 

Yours sincerely, 

 

Mr Gary Witte 

Manager, Academic Committees 
Tel: 479 8256 
Email: gary.witte@otago.ac.nz 

 c.c. Assoc. Prof. L Houghton    Department of Human Nutrition 
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1. Project Summary 

 

The aim of the SuNDiAL project is to compare the nutritional status, dietary habits, health 

status, and attitudes and motivations for food choice of vegetarian and non-vegetarian 

adolescent women. There is very limited data about dietary intake and lifestyle in this age 

group who exhibit increasing interest in adopting vegetarian eating patterns. Three hundred 

females aged between 15 and 18 years will be recruited to participate from secondary schools 

throughout New Zealand between February 2019 and November 2020. Participants will 

complete two 24-hour diet recalls to provide an estimate of usual dietary intake, provide a 

blood sample for the analysis of biochemical status of key nutrients, wear an accelerometer 

for 7 days to provide an estimate of 24-hour activity (sleep, sedentary behaviour and physical 

activity), answer questions about their attitudes and beliefs about the foods they choose to 

eat (or not eat) and about their dietary habits.  Comparisons of these will be made between 

vegetarians and non-vegetarians using regression models for nutrient intake and status, and 

scores from questionnaires; and fractional multinomial logit models for 24-hour activity. 

Results will be used to inform public health policy about appropriate ways to follow a more 

plant-based approach to eating without increasing the risk of deficiency of nutrients such as 

iron and calcium, or inadvertently increasing saturated fat or sodium intakes.  

 

2. Background 
 

The recent publication by the EAT-Lancet Commission on healthy diets from sustainable food 

systems reports that substantial global dietary shifts to a more plant-based diet is required 

for health and sustainable food production [1]. Vegetarianism (not consuming meat, poultry 

or fish) is an increasingly popular eating pattern for many reasons, including the reduced 

impact on the environment compared to diets high in animal products [2], and the lower risk 

of non-communicable diseases associated with a plant based diet [3]. Indeed, vegetarians 

tend to have a body mass index (BMI) that is 1-2 kg/m2 lower than their otherwise comparable 

non-vegetarian peers, and exhibit less weight gain during adulthood [3]. Vegetarians also 

have a 24% lower risk of ischemic heart disease and a slightly lower risk of some cancers [3]. 

However, much of the data used to inform us about the health benefits of vegetarianism were 

collected prior to the 1990s [4, 5]. It is likely that recent increases in convenient, commercially 

produced vegetarian foods and meals, combined with the increased promotion of the 

unsubstantiated health benefits of foods such as coconut oil [6], have resulted in a modern 

vegetarian diet that is markedly different from that consumed prior to the 1990s. Therefore, 

it is imperative to examine the modern vegetarian-eating pattern to determine whether it 

continues to offer the health benefits it once did. 
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Even when a vegetarian is eating a diet that offers cardio-protective benefits, ensuring the 

nutritional adequacy of a meatless diet requires care. The dietary intakes of vegetarians, and 

particularly vegans (those who do not consume meat, poultry, fish, dairy or eggs) may be 

inadequate for some nutrients including iron, zinc, calcium, vitamin B12, and vitamin D, which 

could negatively impact their long-term health. Indeed, the bone mineral content of 

vegetarians tends to be ~4% lower than omnivores [3], potentially putting them at higher risk 

of fracture and the development of osteoporosis. In addition, the poorer absorption of iron 

from a vegetarian diet increases the risk of iron deficiency [7]. However, it is unknown how 

the modern vegetarian diet may exacerbate or protect against the risk of nutrient deficiencies 

in the current food environment. 

 

Despite the apparent increasing popularity of vegetarian diets we are currently reliant on 

commercial market research to give an indication of the rates of vegetarianism on New 

Zealand [8]. Surveys conducted in 2011 and 2015 indicate that rates of vegetarianism in New 

Zealanders in those aged 14 to 24 years exhibited the largest increase of any age group – from 

8.6% to 13.3% [8]. Adolescent females may be at risk of poor iron status even when following 

a diet that includes iron-rich meat. Furthermore, adolescents represent the future of this 

country, and may be an appropriate target for instigating the dietary shifts recommended by 

the EAT-Lancet Commission. These factors together make adolescent females an important 

population in which to begin an assessment of vegetarianism in New Zealand, examining the 

health correlates of a modern vegetarian diet, while also assessing the possible risks of 

nutrient inadequacy and deficiency. 

 

3. Aim of Study  
 
To compare the dietary intakes and habits, nutritional status, health status, motivations, 

attitudes, and lifestyles of vegetarian and non-vegetarian adolescent females in New 

Zealand.  

 

4. Objectives  
 

To describe the dietary intake of macronutrients, sugars, fibre, and key micronutrients 

(iron, zinc, B12, folate, iodine, fluoride, magnesium, riboflavin, and calcium) in a sample 

of adolescent females in New Zealand, and to make comparisons between vegetarians 

and non-vegetarians 

To describe the biochemical micronutrient status of key micronutrients (iron, zinc, 

vitamins A, B6, B12, folate, selenium, and thiamin) in a sample of adolescent females in 

New Zealand, and to make comparisons between vegetarians and non-vegetarians. 

To describe the 24-hour activity patterns (sleep, sedentary behavior and physical 

activity) in a sample of adolescent females in New Zealand, and to make comparisons 

between vegetarians and non-vegetarians 
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To determine the attitudes and motivations towards food choice/dietary patterns (e.g., 

the environment, animal welfare, health) in a sample of adolescent females in New 

Zealand, and to make comparisons between vegetarians and non-vegetarians 

To describe dietary habits in a sample of adolescent females in New Zealand and to make 

comparisons between vegetarians and non-vegetarians 

To describe the weight loss intentions and methods of adolescent females in New Zealand 

and to make comparisons between vegetarians and non-vegetarians 

 
 

5. Hypothesis  
 
We hypothesize that vegetarian adolescent females will differ from non-vegetarian females 

in terms of nutrient intake, micronutrient status, attitudes and motivations, and other 

lifestyle factors.  

 

6. Study Design  
 
Cross-sectional survey 
 

7. Study Setting/ Location  
 
A multi-centered study including at least 14 high schools across New Zealand, along with 

targeted recruitment of vegetarians. The localities in which data will be collected are 

determined by where data collectors (MDiet students) will be based in 2019 & 2020. In 2019 

these locations are:  

• Dunedin  

• Wellington  

• Christchurch  

• New Plymouth  

• Nelson  

• Whangarei  

• Tauranga  

• Wanaka  

 
After 6 months of data collection when 145 participants had completed the study, a decision 
was made to specifically target recruitment of vegetarians as only nine had enrolled in the 
study.  Therefore, in Dunedin, adolescent females who identify as vegetarian, but are not 
enrolled in a participating school will also be able to participate in the study.  
 

8. Study Population  

At least 300 female high school students between the ages of 15 to 18 years from across 

New Zealand. 
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9. Eligibility Criteria  
 
9a. Inclusion criteria  
 
Individuals who self-identify as female and are between 15 and 18 years of age, who are 

enrolled in one of the recruited high schools, or who identify as vegetarian living in Dunedin 

will take place, and who speak and understand English and are able to complete the required 

online questionnaires are eligible to participate.. 

 
9b. Exclusion criteria 
 
Participants will be asked not to participate in this study if they know that they are 
pregnant. 
 

 
10. Study Outcomes  
 
10a. Primary Outcomes 

 

Iron intake and biochemical iron status 

 
10b. Secondary Outcome(s) 
 

Intake and biochemical status of other nutrients 

Attitudes and beliefs around food choice, including dietarian identity, food choice 

motivations. 

Dietary habits 

BMI z-score 

24-hour activity patterns (time spent in sedentary behavior, physical activity and sleep) 

Weight loss intentions & methods  
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11. Study Procedures  
 
11a. Recruitment of participants 

 

There are two methods of recruitment: school-based recruitment and targeted 
recruitment. The school-based recruitment aims to recruit female adolescents with a 
broad range of dietary patterns, whereas the targeted recruitment aims to recruit female 
adolescents who identify as vegetarian. 
 

School-based recruitment 
 
First schools will be recruited and then students at that school will be invited to participate. 

High schools in the areas in which data collectors are based will be invited to participate.  

Initially an email invitation will be sent to schools with the largest female roll, from a range of 

deciles. The PIs (JH and MP) and/or the SuNDiAL coordinator (Tessa Scott) will initiate contact 

via email from November 2018. Schools that do not respond to the email within two weeks 

will be sent a second email, and will receive a follow-up phone call.  If email and phone contact 

does not result in the targeted number of schools enrolling in the study (one school per pair 

of data collectors) schools in the data collection area may be recruited via word of mouth.  

Interested schools will be phoned to provide information about the dates and times that suit 

them to have the research teams conducting data collection at the school, as well as 

information about the facilities and space that they can make available to the research team. 

 
Master of Dietetic students (the data collectors) will visit participating schools early in the 

term to initiate recruitment of students within the school.  This visit may include a 

presentation to school or year group assemblies, and may also involve providing the school 

with electronic and/or print information that can be circulated with school newsletters etc. 

 

School students who are interested in participating will be given the opportunity to provide 

their name, age, and email address after the in-school presentation, where information 

sheets will be available. Alternatively, school students who are will also be able to visit the 

study website (www.otago.ac.nz/sundial) where they will be able to read more information 

about the study, watch a short video about what is involved in participating, and read the 

information sheet. Individuals interested in participating can then provide their name, age, 

email address, and high school to the website.  An ID number will be assigned to the 

participant at this point and the SuNDiAL coordinator will email the participant a link to a 

REDCap questionnaire, where they will complete online consent, and answer a series of 

questions about demographics and health. Potential participants are free at any time to 

contact investigators via phone or email to ask questions about participating in the study.  

Where a participant is under 16 years of age, they will be asked to provide the email address 

of a parent/guardian, who will then be contacted via email, and asked to provide online 

consent for their daughter to participate before the link to the study is sent to the participant.   

http://www.otago.ac.nz/sundial
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Targeted recruitment 

Advertising for females aged 15 – 18 who identify as vegetarian will take place in Dunedin. 

Advertising will be in local papers and social media. Females who are interested in 

participating will be directed to the study website (www.otago.ac.nz/sundial), where they can 

view a video about the study, read the information sheet, and if they wish to participate they 

will provide their contact details (name and email address) so that a link to the online consent 

and enrolment forms can be sent to them. 

 
11b. Study procedure  
 
Once participants have completed online consent, and answered the initial demographic, 

vegetarianism, and health questions they can continue on to complete the rest of the online 

questionnaires or return to complete them later. These additional questionnaires assess 

dietary habits, and attitudes and motivations to food choice, as well as weight-loss intentions 

and methods.  These are administered on the web application REDCap and are completed in 

their own time.  

 

Participants will be contacted by data collectors (either by phone or email) to be scheduled 

to attend a visit with study investigators at school during school time (if they are part of the 

school-based recruitment group), or at the clinic after school (if they are part of the targeted 

recruitment group). During this visit participants will carry out a 24-hour dietary recall with 

one of the Master of Dietetics students (see 24 h recall protocol). Height, weight and ulna 

length will be measured in duplicate (see anthropometric protocol). It is expected that this 

part of the data collection visit will take approximately 60 minutes to complete.  

 

Individuals who consent to wear an accelerometer will be fitted with an Actigraph GT3x+ 

accelerometer to be worn on an elasticated belt over their right hip continuously for 24 hours 

a day for seven days (see accelerometer protocol). Participants wearing an accelerometer will 

also be asked to complete a sleep and wear time diary over the time which the accelerometer 

is worn, which will involve recording the times they went to bed and to sleep each night, and 

to record any time for which the accelerometer was removed for more than five minutes. 

Actigraphs and sleep & wear time diaries will be collected eight days after the initial visit by a 

data collector.  

 

A second 24-hour dietary recall will be undertaken over the phone or by video-call. This 

will take place the following weekend to capture the variation in dietary intake between 

days, including weekend days. Completion of this second dietary recall should take 

participants approximately 30 min. 

 

Participants who consent to providing a blood sample will have one collected by the trained 

phlebotomist/research nurse at an appointed time. Participants may also provide a urine 

http://www.otago.ac.nz/sundial
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sample (collection of biochemical samples may occur on a separate day to the 24 h recall 

depending on the availability of the phlebotomist).  
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11c. Measurement tools used  
 
Demographics, vegetarianism, and health status 

After the participant has given consent (and a parent or guardian has given consent if they 

are 15 years of age) then they will continue on to an online questionnaire assessing 

demographics, vegetarianism, and health status, such as whether they are diabetic and 

questions about their menstruation patterns (to estimate iron requirements). This is 

administered in REDCap. 

 

Dietary habits, weight-loss intentions & methods, attitudes and motivations for food choice 

Dietary habits, and attitudes and motivations for food choice will be assessed via 

questionnaires administered in REDCap.  These online questionnaires will be available for the 

participant to complete in their own time after they have consented. The majority of these 

questionnaires are based on previously validated questionnaires [9-14] where, if necessary, 

modifications (such as changing of country specific jargon) have been made to make them 

suitable for New Zealand female adolescents. 

 

Dietary intake 

Estimates of dietary intake will be calculated for each participant through the completion of 

two 24 recalls.  During each 24 recall participants will be asked to recall everything they eat 

from midnight to midnight the previous day.  Participants will be prompted to recall details 

such as brands of food items and cooking methods. Participants will be asked to estimate 

quantities using household measures, food models, and photographs of different portion 

sizes.  

The recalled foods and portion sizes will then be entered into FoodWorks 9 (Xyris Software 

Australia Pty Ltd) by the MDiet students to calculate the energy, macronutrients and 

micronutrients contained in the recalled diet. FoodWorks uses the most up-to-date and 

comprehensive food composition tables for New Zealand (FOODfiles 2018 (The New Zealand 

Institute for Plant & Food Research Limited)) which was enhanced by the inclusion of 

ANS0809 recipe calculated foods. The administration of a second 24-hour diet recall will allow 

for an estimation of ‘usual intake’, by using the MSM programme to adjust for the within-

person variation in intakes [15].  

 

Biological specimens  

A total of 10 ml of blood will be collected into two separate tubes (one 4ml and one 6 ml tube) 

by a trained phlebotomist. The 4 ml tube will be used to by a local laboratory affiliated with 

Southern Community Laboratories to perform a complete blood count, and measure Vitamin 

B12.  The 6 ml blood sample will be centrifuged within four hours of collection, by the local 

laboratory, before being aliquoted into 4 storage tubes and transported on ice to the 

Department of Human Nutrition at the University of Otago in Dunedin.  Samples will be stored 

at -80°C.  Once all blood samples have been collected, one aliquot from each participant will 
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be sent to the VitMin Lab in Germany for analysis of ferritin, soluble transferrin receptor, 

retinol binding protein, c-reactive protein and alpha-glycoprotein.  The remaining blood 

samples be retained in the Department of Human Nutrition, where they will be analyzed for 

plasma selenium and plasma zinc, thiamin, plasma folate, B6, Leptin, and IL-6. 

 

The urine sample provided by the participant will be transferred into a storage container and 

then transported on ice to the Department of Human Nutrition at the University of Otago in 

Dunedin by the local laboratory who is performing the processing of blood samples.  Samples 

will be stored at -20°C until analysis of iodine concentrations. 

 
The University of Otago, Department of Human Nutrition Micronutrient Laboratory will run 

the analyses for the biochemistry samples. 

 

24-hour activity 

24-hour activity patterns will be assessed using data collected using the Actigraph GT3x+. 

Data from each accelerometer will be downloaded using Actilife software and deposited 

electronically onto the password protected SuNDiAL folder on the University’s shared 

server.  Accelerometer data will then be transferred into Stata (StataCorp. 2017. Stata 

Statistical Software: Release 15. College Station, TX: StataCorp LLC) where it will be 

cleaned, wear time and sleep time will be entered, and age appropriate cutoffs used to 

identify time spent in sleep, sedentary behavior, as well as light, moderate and vigorous 

physical activity for each 24-hour period. 

 

Anthropometry 

All data collectors will be trained to measure height, weight, and ulna length according to 

study protocols, which are based on published protocols [16, 17]. Height will be 

measured in duplicate using stadiometers (Seca 213; and Wedderburn), weight will be 

measured in duplicate using scales (one of Medisana PS420; Salter 9037 BK3R; Seca 

Alpha 770; or Soehnle Style Sense Comfort 400) that have been calibrated by the research 

team. Ulna length will be measured in duplicate on the non-dominant side.  

 

11d. Data monitoring and Quality Control  

No formal data monitoring will take place. 

 

Data collection will be the responsibility of investigators under the supervision and 

direction of the PIs. The use of REDCap will minimize the need for extensive data entry 

and cleaning, although checks of each variable will be undertaken before statistical 

analysis takes place.   

 

Quality control will be ensured by developing standard operating procedures for all data 

collection, including: 
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• Anthropometry (height, weight, ulna length);  

• 24-hour dietary recall; 

• Collection of blood sample and urine samples;  

• Fitting the accelerometers; 

• Data entry into FoodWorks 

 

To further ensure the quality of the data collected, all data collectors (MDiet students) 

will have completed a six-week research methods paper in the previous year, led by the 

PIs. This focuses on preparing them for this research project.  A further two weeks of 

intensive training in data collection procedures will occur prior to data collection. Any 

additional data collectors (MSc or PhD students) will undergo the same training. 

The intensive training will be led by the PIs (Drs Jill Haszard and Meredith Peddie) with 

expertise brought in as needed (e.g., to teach about FoodWorks and food composition 

tables). This will cover obtaining informed consent, conducting research studies, dietary 

data collection and anthropometric measurements, handling biological samples, and 

fitting accelerometers. 

During data collection, the students will receive ongoing support from the study 

investigators.  

 
 

12. Statistical Considerations and Data Analysis 
 
12a. Sample size and statistical power 
 
A sample size of 300 high school students enrolled from 14 high schools gives 80% power 

to the α=0.05 level to detect a 0.5 standard deviation difference (a “moderate” difference) 

in continuous outcome variables between vegetarians and non-vegetarians, assuming a 

prevalence of vegetarianism of 20% and a design effect (for school clusters) of 1.5. 

 

12b. Statistical methods 
 
Statistical analyses will be carried out using Stata (StataCorp. 2017. Stata Statistical 

Software: Release 15. College Station, TX: StataCorp LLC). School clusters will be 

accounted for in all analyses using appropriate methodology (for example, with the 

survey command, a sandwich estimator, or as a random effect). Dietary intake estimates 

will be adjusted for ‘usual intake’ using the Multiple Source Method (MSM) [15]. 

Estimates of prevalence and means will be reported with 95% confidence intervals. A 

binary variable for vegetarianism will be created and comparisons between vegetarians 

and non-vegetarians will be carried out using appropriate regression models. All data 
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management and statistical analysis will be overseen by the study biostatistician, Dr Jill 

Haszard (PI).  

 
 

13. Ethical Considerations  
 
13a. Ethical Standards 
 
This study is conducted in full conformity with the current revision of the Declaration of 

Helsinki, or with the International Conference for Harmonization Good Clinical Practice 

(ICH-GCP) regulations and guidelines, whichever affords the greater protection to the 

participant, as well as the laws and regulations of New Zealand. All dietetic students are 

trained under the Code of Health and Disability Services Consumers' Rights 1996. They 

adhere to the New Zealand Dietitians' Board Code of Ethics. 

 
13b. Quality Assurance 
 
This research will be conducted by researchers who are highly skilled in the technical aspects 

of this research study, in particular dietary and nutritional assessment.  

 
13c. Risks/safety considerations 
 
Participant Burden: To reduce the respondent burden for the participant, questionnaires 

will be completed online in their own time. For those recruited through schools, 

completing the second dietary assessment questionnaire outside of school time will also 

minimize any further disruption to the participant’s school day.   

 

Blood sampling: There is a risk of discomfort, pain and bruising from the blood test. 

Participants will be informed of these risks, and an experienced nurse or phlebotomist 

will collect the blood samples and ensure strict aseptic technique is followed during blood 

collection to minimize any risk of infection. 

 

The data collectors will be briefed on health and safety policies and procedures at their 

respective schools and will comply with these for the duration of the study. Examples of 

such policy and procedure will include, but not be limited to: 

Emergency procedures 

Biological sample handling  

 

MDiet students have been vaccinated for Hepatitis B as a requirement for admission into 

the Dietetics program. 

 
 

Informed Consent Process 
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Information about the study will be provided to potential participants at either an in-

school presentation; and/or through the website, where an informative video about the 

study can be viewed and a detailed information sheet will be available. The information 

sheet will also be provided at the school presentation. Participants will be encouraged to 

discuss this with their family/whanau. Participants can enter their name, age, email 

address, and school on the website (or on a sign-up sheet at the school presentation) if 

they are interested in participating. At this point an ID number will be assigned to them 

and an email sent with a link to the consent form. If at any time potential participants 

have questions about the study they can contact the investigators via email or phone. 

Once participants have had all their questions answered they can provide consent by 

completing the consent form electronically. The participant (or their legally authorized 

representative) can withdraw consent at any time throughout the course of the study. 

Consent information will be stored electronically in REDCap. 

 
Participant Confidentiality 

Participant confidentiality is strictly held in trust by the investigators. This confidentiality 

is extended to cover testing of biological samples and to the clinical information relating 

to participants. 

 

Upon enrolment, participants will be assigned a unique identifying code, this is done 

automatically by REDCap.  To preserve confidentiality, during data collection all data will 

be recorded against this ID number.  The information linking the code to the participant’s 

identity will be stored in a separate password protected file that only the PIs (MP and JH) 

and the SuNDiAL coordinator will have access to. 

    

Responses to online questionnaires will be electronically linked to study ID numbers, as will 

accelerometer data.  Study ID number will also be written on all biological sample tubes and 

the recording sheets for anthropometry measurements and 24 h recalls. 

 

Follow-up 

Once the data from the study have been analysed, the participants will be provided with an 

overall summary of the results.  Participants are also free to request a copy of their individual 

data. All participants who provide a blood sample will also be provided with their biochemical 

haemoglobin, mean cell volume, mean cell haemogolbin, platelets, white blood cells, folate 

and B12 status, with a note about how to interpret these values.  If investigators identify a 

risk of anaemia in any participant they will be advised to see their general practitioner to 

speak to them about these results. 

 

Participating schools will also be provided with a summary of both the overall results as well 

as a summary of selected results obtained from their school (e.g. percentage of girls 

consuming breakfast, average number of servings of fruits and vegetables etc.) 
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If student investigators are concerned about an aspect of the nutritional or mental health of 

a study participant, they may suggest that the participant contact their school counsellor 

and/or nurse.  

 

Data Management 

Data will be collected as per Standard Operating Procedures and cleaned as per standard 

data entry procedures. Data quality checks will be run on all entered data to check for 

accuracy, consistency and completeness. The results database will be stored on the 

investigators’ computers, all of which are password protected.  A backup copy may also be 

stored on the University’s shared server space, but only the PIs (JH and MP) will have the 

password that will enable access to the data stored on the server.   

 

Information linking participant identity to their ID number will be stored in a separate 

password protected file that only the PIs (JH and MP) will have access to.  The only reason 

this information will be accessed once the study is completed is if the participant requests 

their individual results.  This file will be destroyed once all participants have been given the 

opportunity to request individual information.  The de-identified information collected as 

part of this research will be retained for at least 10 years in secure storage. 
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14. Outcomes and Significance  
 
As a result of the last national nutrition survey, conducted in 2008/09, vegetarianism has been 

identified as a priority area of nutritional concern by the Ministry of Health. This study will 

provide a meaningful investigation into the nutritional biochemical status and well-being of 

New Zealand female adolescents, who, as a population group are likely to have one of the 

highest rates of vegetarianism. We will be able to assess whether the ‘modern’ vegetarian 

diet consumed by adolescent females offers substantial benefits or risks over a non-

vegetarian eating pattern. The collection of biochemical data, along with dietary intake and 

beliefs and motives for adopting a vegetarian lifestyle will strengthen the outputs and aid in 

the description of the health benefits associated with vegetarianism, but also the 

identification of ‘at risk’ individuals, to support up-to-date government and health agency 

guidelines for adolescent women. 
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Appendix C: Accelerometer Sleep and Wear Time Diary 

 
 
 
 
 

 
 
 
 
 
 
 
 

Accelerometer Sleep and Wear Time Diary 
 

 
 
 

Accelerometer fitted: Day______________ Date___________ Time:_________ 
 
 

Accelerometer removed: Day______________ Date___________ Time:_________ 
 
  

PARTICIPANT ID:  
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Day One 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 
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***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 

 

Sleep Log 

Complete the morning of Day 2 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 
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Day Two 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 
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***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 

 
 

Sleep Log 

Complete the morning of Day 3 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 
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Day Three 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 
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***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 

 
 

Sleep Log 

Complete the morning of Day 4 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 
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Day Four 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 
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***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 

 

Sleep Log 

Complete the morning of Day 5 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 
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Day Five 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 
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***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 
 

 
 

Sleep Log 

Complete the morning of Day 6 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 
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Day Six 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 



 

78 
 

***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 

 

Sleep Log 

Complete the morning of Day 7 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 
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Day Seven 

Date  Day of the Week    Participant ID:  

During the day I removed the accelerometer (please complete using the 24 h clock eg. 1 pm = 13:00): 

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason   

Removal time  back on:   Reason  

Removal time  back on:   Reason  
      

During the day I did the following activity that might not have been recorded e.g swimming, biking 
or resistance activities (weights) (please complete using the 24 h clock eg. 1 pm = 13:00): 

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light*  ☐  Moderate**   ☐ Vigorous*** ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
      

Description of Activity  Time began:  Time ended:  

Intensity of activity: Light  ☐  Moderate   ☐ Vigorous ☐   
*Activities which do not markedly increase heart rate of breathing rate   
** Activities that elevate heart rate and breathing, but during which you can hold a conversation 
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***Activities that involve considerable exertion, and during which you are breathing so hard you can talk 

 
 

Sleep Log 

Complete the morning of Day 8 
     

What time did you lie down in bed last night 
(end of day one):   

 Record time (use 24 h clock) 

    

What time did you try to go to sleep?  
(turned off light/put down phone)  

Record time (use 24 h clock) 

 

About how long do you think it took you to fall 
asleep?  

Record minutes 

 

What time did you wake up this morning? 
(beginning of day two)  

Record time (use 24 h clock) 

    

What time did you get out of bed this morning? 
 
 

Record time (use 24 h clock) 

    

 
 
 
 
 
+* 


