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ABSTRACT 
Previous reports have demonstrated that children’s physical activity is typically intermittent in nature. Accelerometers are reliable and valid tools for quantifying the pattern of activity in children. However, in order to interpret accelerometer output it is necessary to apply appropriate accelerometer thresholds for classifying physical activity intensity. Currently multiple accelerometer thresholds are available in the literature and it is unclear which are the most appropriate or whether thresholds should be sample specific. Additionally, there is little information regarding how the pattern of activity in children varies across groups and how activity patterns relate to health.  
The overall aim of the thesis was to describe the pattern of habitual physical activity, using objectively-measured physical activity data, in relation to health outcomes in pre-adolescent boys. The first objective was to characterize the pattern of boys’ habitual physical activity, using objectively-measured physical activity data. The second objective was to investigate the relationship between habitual physical activity and specific aspects of the activity pattern and health outcomes in boys. The final objective was to investigate the effects of continuously- versus intermittently- accumulated physical activity on acute health outcomes in boys, using an intermittent activity protocol based on the measured pattern of habitual activity in boys. The first four studies used a sample of 54 boys, aged 8 to 10 years. The final study used a different sample of 10 boys, aged 9 to 11 years. Both samples were from the county of Devon, UK.

The first study of this thesis established sample-specific accelerometer-intensity thresholds through calibration research with ActiGraph accelerometers (counts·2s-1) in boys. The second study in the thesis demonstrated that relationships between time accumulated at different activity intensities and health (fatness, peak oxygen consumption and resting blood pressure) in boys were similar irrespective of whether sample-specific or published thresholds were employed as long as the threshold was at least equivalent to a brisk walk (i.e. >4 METs). However, the prevalence of children reported as meeting activity guidelines did differ according to thresholds employed.  Study three showed that, despite little difference between overweight and normal weight boys in overall activity, time spent sedentary and minutes of light, moderate and vigorous intensity activity accumulated, aspects of the activity pattern (frequency, intensity and duration of ≥4 s (short) and ≥5-min (long) bouts of ≥light, ≥moderate, ≥vigorous and ≥hard intensity activity) differed by weight status. Overweight boys accumulated fewer and shorter bouts of activity, particularly sustained bouts of activity which were of moderate intensity or greater. Study four examined the relationship between activity pattern and health in boys further, focusing on body fatness, aerobic fitness, blood pressure and microvascular function. Results demonstrated that summary measures of activity were negatively related to body fatness, and positively related with both aerobic fitness (i.e., total, moderate, vigorous and hard activity) and endothelial function (i.e., total and light activity). Time spent sedentary was negatively related to endothelial function. The frequency and duration of activity bouts of ≥moderate intensity and the intensity of all activity bouts (i.e., ≥light intensity) were most important for body fatness and aerobic fitness. The frequency of all bouts (short and long) of at least light intensity was most important for endothelial health. Finally, study five moved away from chronic measures of health and examined the acute physiological effects of the recommended daily amount of physical activity (60 minutes of physical activity of ≥moderate intensity) on postprandial lipaemia and microvascular function in boys the following day. Furthermore, the study aimed to assess whether the effects differed depending on whether the activity was accumulated continuously or in a manner more similar to the children’s typical activity patterns identified in studies 3 and 4. In contrast to findings from adolescents and adults, 60 minutes of >moderate intensity activity did not impact on postprandial lipaemia or microvascular function the following day in healthy, active boys, regardless of how it was accumulated. 
The results of the present thesis indicate that aspects of the activity pattern are significantly related to health in boys and differ according to type of day and weight status. Furthermore, the benefits of sporadically-accumulated activity are equally as strong as continuously-accumulated activity to body fatness, aerobic fitness and endothelial health in boys. Since children typically accumulate short, intermittent bouts of activity, the promotion of sporadic activity (i.e., in intervention research and current physical activity guidelines for children and youth) might increase enjoyment and adherence. The benefits of acute intermittent exercise (which simulates free-living activity) on postprandial lipaemia and microvascular function in inactive children with risk factors for cardiovascular disease should be investigated. Longitudinal investigations into the activity pattern of a much larger and more age-diverse sample of boys and girls are needed to determine whether any changes in aspects of the activity pattern might alter these and other health outcomes (i.e., cardiovascular risk factors). 
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LIST OF ABBREVIATIONS

-ve

-
Negative; refers to a negative charge as elicited through the 

iontophoresis technique

+ve

-
Positive; refers to a positive charge as elicited through the 

iontophoresis technique

ACh

-
Acetylcholine; used to assess endothelial function

AEE

-
Activity induced energy expenditure

AFM

-
Abdominal fat mass

ArteACC
-
Individualized activity-related time equivalent based on           




accelerometry; expressed in minutes per day

AUC

-
Area under the curve; statistical measure
BMI

-
Body mass index; represents weight (kg) divided by height (m2)

bpm

-
Refers to heart rate, in beats per minute

◦C

-
Refers to temperature, in degrees Celsius
CI

-
Confidence interval; statistical measure

cm

-
Centimetre
count

-
A dimensionless unit of accelerometer output related to the 

intensity of physical activity

counts.2s-1 
-
Refers to accelerometer counts per 2 seconds

counts.min-1 
-
Refers to accelerometer counts per minute

CSA

-
Computer Science and Applications accelerometer; now referred 

to as the MTI ActiGraph accelerometer (see definition of MTI)

CV

-
Coefficient of variation; expresses variation in data relative to the 

mean of the data set

CVD

-
Cardiovascular disease

DBP

-
Diastolic blood pressure

DXA

-
Dual energy X-ray absorptiometry; can be used to measure body 

composition 

EE

-
Energy expenditure

EYHS

-
European Youth Heart Survey

F

-
Statistical measure; the ratio of two mean squares

FM

-
Fat mass

FMD

-
Flow-mediated dilation

FMD%
-
Percent of flow-mediated dilation

g

-
Acceleration; expressed in metres per second squared (m/s2) or 

feet per second squared (ft/s2)

gm

-
Gram

GT1M

-
GT1M ActiGraph accelerometer; device used in this thesis

h or hr

-
Hours or hour

≥HARD

-
A measure that reflects the frequency, intensity and/or duration of 

≥4 s (short) and ≥5-min (long) bouts of greater than or equal to hard intensity physical activity
HDL-C
-
High-density lipoprotein cholesterol

HPA

-
Time in hard intensity physical activity; min·day-1
HR

-
Heart rate; expressed in beats per minute

Hz

-
Hertz; a measure that reflects the frequency of a periodic 

phenomenon in one second

ICC

-
Intra-class correlation coefficient; a measure of inter-device 

reliability

IOTF

-
Refers to International Obesity Task Force age- and sex-specific 

BMI thresholds for classifying overweight and obesity in children and youth aged 2-18 years
IQR

-
Inter-quartile range

kappa

-
Statistical measure; Cohen’s Kappa used to evaluate the percent 
agreement using the accelerometer threshold values developed via receiver operator characteristic (ROC) analysis
kcal

-
Kilocalories

Kg

-
Kilogram

km

-
Kilometres
km.hr-1

-
Kilometres per hour

LBM

-
Lean body mass

LDF

-
Laser Doppler Flowmetry; assesses vascular perfusion at one 

measurement site

LDI

-
Laser Doppler Imaging; assesses vascular perfusion across 

multiple measurement sites 

LDL-C

-
Low-density lipoprotein cholesterol

≥LIGHT
-
A measure that reflects the frequency, intensity and/or duration of 

≥4 s (short) and ≥5-min (long) bouts of greater than or equal to light intensity physical activity

LPA

-
Time in light intensity physical activity; min·day-1
mA

-
Micro-amps
mC

-
Micro-coulombs

MET

-
Metabolic equivalent; represents energy (oxygen expenditure), 

where 1 MET (i.e., in children; Harrell et al., 2005) is equivalent to a metabolic rate consuming 5.92 millilitres of oxygen per kilogram of body weight per minute 
mg

-
Milligram

min

-
Minutes

ml

-
Millilitre
mm

-
Millimetre
mm Hg
-
Millimetres of mercury; a reflection of blood pressure

≥MOD
-
A measure that reflects the frequency, intensity and/or duration of 

≥4 s (short) and ≥5-min (long) bouts of greater than or equal to moderate intensity physical activity 
MPA

-
Time in moderate intensity physical activity; min·day-1
>MPA 

-
Greater than or equal to moderate intensity physical activity
MVPAArteACC
-
Moderate to vigorous intensity physical activity, as defined by 

the individualized activity-related time equivalent based on 

accelerometry method; expressed in minutes per day

MPAPT

-
Moderate intensity physical activity, as defined by published 

thresholds; expressed in minutes per day
MPASST
-
Moderate intensity physical activity, as defined by sample-

specific thresholds; expressed in minutes per day 

mph

-
Miles per hour

MTI

-
Manufacturing Technology, Inc.; refers to the MTI ActiGraph 

accelerometer

MVPA

-
Moderate to vigorous intensity physical activity

MVPA·day-1 
-
Total amount of moderate to vigorous intensity physical activity 

per day; expressed in minutes

N

-
Statistical measure; refers to the number of participants in a 

sample

NHBPEP
-
National High Blood Pressure Education Program

NO

-
Nitric oxide; causes vasodilation

NW

-
Normal weight

OFTT

-
Oral fat tolerance test; used to assess postprandial lipid 

concentrations

OW

-
Overweight

P or p

-
Statistical measure that denotes significance

PC

-
Personal computer

PTs
-
Published thresholds; used to classify accelerometer 

data according to physical activity intensity

PU

-
Perfusion (flux) units; associated with laser Doppler imager and 
measurement of microvascular function

r or R2

-
Reliability coefficients; statistical measures that express 

correlation between two measures

RER

-
Respiratory quotient; reflects the rate of carbon dioxide produced 

to oxygen consumed

REE

-
Resting energy expenditure; expressed in kcal.min-1
rev·min-1
-
Revolutions per minute

RMR

-
Resting metabolic rate

ROC

-
Receiver operator curve; a type of statistical analysis

ROI

-
Region of interest; associated with laser Doppler imager and 

measurement of microvascular function

RT3

-
Refers to RT3 accelerometer, a triaxial accelerometer

s

-
Second

SB

-
Sedentary behaviour; min·day-1
SBP

-
Systolic blood pressure

SD

-
Standard deviation; statistical measure that reflects dispersion 

around the mean

SE

-
Standard error; statistical measure that reflects the standard 

deviation of a measure divided by the square root of the number of measurements

SNP

-
Sodium nitroprusside; used to assess smooth muscle function

SSTs

-
Sample-specific thresholds; used to classify accelerometer 

data according to physical activity intensity

TBF

-
Total body fat

TG

-
Triglycerides 

TPA

-
Total physical activity; counts·day-1
V

-
Volt; measure of activity monitor battery power

≥VIG

-
A measure that reflects the frequency, intensity and/or duration of 

≥4 s (short) and ≥5-min (long) bouts of greater than or equal to vigorous intensity physical activity

VM

-
Vector magnitude; refers to the sum of anteroposterior, vertical 

and mediolateral accelerations expressed by the RT3 accelerometer
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O2

-
Oxygen consumption; expressed in absolute terms (L·min-1) 

or relative to body mass (ml·kg-1min-1)
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&

O2max 
-
Maximum oxygen consumption; expressed in absolute terms 

(L.min-1) or relative to body mass (ml·kg-1min-1)
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&

O2peak 
-
Peak oxygen consumption; expressed in absolute terms (L·min-1) 

or relative to body mass (ml·kg-1min-1)

% 
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O2peak 
-
Percent of peak oxygen consumption

s
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O2peak 
-
Scaled oxygen uptake; to account for differences in body size, 

oxygen consumption is expressed relative to lean body mass (LBM) and raised to the power of 0.80

VPA

-
Time in vigorous intensity physical activity; min·day-1
>VPA

-
Greater than or equal to vigorous intensity physical activity 

>VPAArteACC
-
Greater than or equal to vigorous intensity physical activity, as 

defined by the individualized activity-related time equivalent based on accelerometry method; expressed in minutes per day

VPASST 
-
Vigorous intensity physical activity, as defined by sample-

specific thresholds; expressed in minutes per day 
>VPAPT
-
Greater than or equal to vigorous intensity physical activity, as 

defined by published thresholds; expressed in minutes per day

WC

-
Waist circumference

WD

-
Weekday

WE

-
Weekend

y

-
Years

YRBSS
-
Youth Risk Behaviour Surveillance System

CHAPTER ONE
INTRODUCTION
1.1 Research questions and rationale for studies

The habitual physical activity patterns of children are different from those of adults. One of the most detailed investigations into the nature of children’s activity is provided by Bailey and colleagues (1995), who used an observation system to quantify the duration, intensity and frequency of children’s free-living physical activity. Using a coding system calibrated against indirect calorimetry, the intensity of children’s activity was recorded every 3 seconds (s) over a 12-hour period for two weekdays and one weekend day. The frequent sampling of activity enabled authors to describe the “tempo” of physical activity, which was depicted as the rate and intensity of activity events and the intervals between activity events. On average, low and moderate intensity activity bouts lasted 6 s, while high intensity activity bouts lasted 3 s, with a mean duration of 20 s for all activity bouts (Berman et al., 1998). Approximately 95% of physical activity bouts lasted less than 15 seconds and only 0.1% were more than 1 minute (min) in length. There were no bouts of vigorous physical activity longer than 10 min. Rest intervals were shorter than 4 min and 15 s 95% of the time. Early accounts of the activity patterns of English children gathered through direct observation provided similar reports of little sustained physical activity of ≥moderate intensity 猁 ADDIN EN.CITE 
(Sleap and Warburton, 1992, 1996)
. Other researchers have also recognized that youth accumulate their activity in short sporadic bursts of time rather than more consistent bouts and therefore their activity is highly transitory (Saris, 1986). 

The sporadic nature of children’s movement patterns influences the various measurement approaches to assess physical activity. By nature, these movement patterns are particularly difficult to quantify. This is problematic since accurate and detailed physical activity data are essential to explore the relationship between physical activity, health, growth and development in children. The selection of the most appropriate physical activity measurement tool to adequately describe the physical activity patterns of children is therefore a challenge. Depending on the method chosen, researchers may either obtain an accurate picture of physical activity or find that the level of physical activity in that population is actually an under-representation or over-representation of the true value. One example would be the percentage of youth meeting the current physical activity recommendations for health benefits (Strong et al., 2005) which can differ considerably depending on whether physical activity is assessed using subjective or objective tools, or even between studies using the same objective tool, but differing methodologies or analytical methods (De Vries et al., 2009). 

Although direct observation has provided some valuable information regarding the pattern of children’s activity, the time-consuming nature of the method limits its use to small populations of children. Other methods have been considered. Questionnaires or alternative self-report techniques such as interview-administered recall, activity diaries and mail surveys can provide quick physical activity information from very large populations of children. However recall of short, transient activity bouts is difficult (especially moderate activity which is less memorable than vigorous (Riddoch et al., 2004)). The cognitive limitations of children in recalling activities accurately and quantifying the time-frame of activity (Pate, 1993) further limit the validity and therefore utility of self-reported physical activity. Accelerometers on the other hand provide a direct, objective measurement of physical activity and can be employed in studies involving large populations of children. An accelerometer quantifies one or more dimensions of movement of the body segment to which it is attached (Corder et al., 2008). The ActiGraph accelerometer (ActiGraph LLC, Pensacola, FL) is the most widely cited accelerometer in the literature for physical activity assessment in children. This device can be programmed to collect physical activity data at high frequencies (i.e., 1 s, 2 s, 5 s, 10 s epochs) and store these data over long periods of time, providing information on the activity pattern. Accelerometers, therefore, appear to be particularly appropriate for the quantification of sporadic and non-planned physical activity. Though clearly this is a very attractive tool for describing children’s physical activity patterns, the most appropriate way to describe, measure, and express accelerometer data remains unclear. These choices are important and can significantly affect the conclusions that arise from data (Masse et al., 2005).  
One such issue centres around translating accelerometer data into time spent in moderate to vigorous intensity physical activity, which is important in terms of existing physical activity guidelines for health in children. This requires the use of accelerometer-intensity thresholds, an array of which 爁 ADDIN EN.CITE 
(Freedson et al., 1997; Mattocks et al., 2007; Puyau et al., 2002; Reilly et al., 2003a; Sirard et al., 2005; Treuth et al., 2004)
 have been developed through calibration research. The available thresholds differ due to the nature of the samples and of the activities included in the calibration design. Some have questioned whether sample-specific thresholds are necessary (Reilly et al., 2008). Reilly et al. (2008) reported that ActiGraph output had little age- or size-related variation across a wide age/size range (i.e., children aged 3 to 10 years). By performing calibration research to generate sample-specific accelerometer-intensity thresholds, it becomes possible to empirically test the necessity of these thresholds and illustrate whether study outcomes (i.e., the proportion of children achieving physical activity recommendations for health; Strong et al., 2005) change when different thresholds are utilized. There currently exists some evidence of how the proportion of children meeting physical activity guidelines change with the application of different accelerometer thresholds for classifying moderate to vigorous intensity activity 欁 ADDIN EN.CITE 
(Cliff and Okely, 2007; De Vries et al., 2009; Guinhouya et al., 2006; Pate et al., 2006)
 and recently a recommended range of thresholds to classify moderate to vigorous intensity activity in children was proposed (Reilly et al., 2008). However, it is still unclear how relationships between activity and health outcomes in a group of children change when various thresholds are systematically employed to physical activity data.  Knowledge of the most appropriate thresholds to use in this population allows questions regarding relationships between activity patterns and health to be addressed. 
Overweight children tend to be less active than normal weight children 㸁 ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
, spend less time in activity of a moderate or greater intensity 찁 ADDIN EN.CITE 
(Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Trost et al., 2001; Trost et al., 2003)
 and accumulate fewer 5, 10 and 20 minute bouts of moderate to vigorous intensity physical activity per day (Trost et al., 2001). However, there is little information on sporadic activity patterns in children who differ according to weight status. For example, it is not known whether sporadic physical activity (i.e., the frequency, intensity and/or duration of short (>4 s) bouts of ≥light, ≥moderate, ≥vigorous and ≥hard intensity activity) differs between normal weight and overweight children. Based on evidence that activity in overweight children is lower particularly during times where there is more choice to be active (i.e., out of school hours) (Page et al., 2005), differences in activity pattern by weight status could be day-dependent. Since physical activity 爁 ADDIN EN.CITE 
(Riddoch et al., 2007; Rowlands et al., 1999; 2008a)
 and characteristics of the activity pattern (Rowlands et al., 2008a) vary across weekdays and weekend days, it is important to assess both weekdays and weekend days when investigating differences in the pattern of activity according to weight status. 
While there is evidence for low to moderate inverse relationships between total activity and/or total time accumulated in moderate to vigorous activity with body fatness (Dencker and Andersen, 2008), clustering of cardiovascular disease risk factors (Andersen et al., 2006) and blood pressure (Leary et al., 2008), and positive relationships with aerobic fitness in children (Dencker and Andersen, 2008), it is not known whether specific aspects of the activity pattern are as important, or more important, than the total activity. For example, the temporal characteristics of children’s activity could be related to how quickly children recover from exercise and therefore cardiovascular and metabolic health (Bailey et al., 1995). In addition, relationships between physical activity and novel indicators of health in children such as microvascular function have not been explored. It is therefore unclear whether specific characteristics of physical activity (i.e., total activity, activity intensity) and the activity pattern (the frequency, intensity and/or duration of short (>4 s) and long (>5-min) bouts of ≥light, ≥moderate, ≥vigorous and ≥hard intensity activity) are related to microvascular function in children (and if so, which activity characteristics are the strongest predictors) in addition to more traditional measures such as waist circumference (a measure of abdominal fatness), aerobic fitness, and blood pressure. 
As well as assessing the relationship between chronic measures of health and the pattern of physical activity, it is important to examine the acute physiological effects of the patterning of physical activity in children. If indeed evidence from the previous studies indicated that aspects of the activity pattern in children appear to be health protective, a novel exercise would be to construct an activity protocol that mimicked the natural activity patterns of children (determined in studies 3 and 4) and examine its potential for inducing significant acute improvements in aspects of children’s health. Previous research indicates that by meeting physical activity guidelines on a given day, adolescents can gain specific acute physiological benefits such as attenuated postprandial rises in triglyceride concentrations the following day 漁 ADDIN EN.CITE 
(Barrett et al., 2007; Tolfrey et al., 2008)
. There is no evidence as to whether children are able to accrue the same benefits. Barrett and colleagues (2007) and Tolfrey and colleagues (2008) examined the physiological benefits of 60 minutes of continuously-accumulated and/or intermittently-accumulated treadmill-based activity. However, it is questionable whether this type of activity truly reflects the habitual activity patterns of children. The impact of 60 minutes of moderate to vigorous intensity activity, using an activity protocol which is based on accurately measured patterns of activity in children, on postprandial lipaemia remains to be investigated. 
Whether an acute bout of physical activity alters microvascular reactivity in children is also unknown. It seems appropriate, therefore, to evaluate whether 60 minutes of moderate intensity physical activity could cause significant acute changes in microvascular reactivity both prior to, and following, consumption of a high-fat meal (i.e., oral fat tolerance test, OFTT) in a group of normal weight children. Whether the consumption of a high-fat meal causes significant changes in vascular reactivity from a fasted to postprandial state in normal weight children, and, whether any changes might be attenuated with previous-day exercise is also unknown yet especially interesting in terms of activity-health interventions in children. Regular structured physical activity has been shown to be effective in reversing endothelial dysfunction in obese children 搁 ADDIN EN.CITE 
(Watts et al., 2004b; Woo et al., 2004a)
. However, these findings are restricted to large blood vessels, with no apparent evidence for the role of structured or non-structured physical activity on the performance of the microcirculation in paediatric populations, especially those children who are normal weight and exhibit few if any cardiovascular risk factors.  
If activity-induced changes in postprandial lipaemia and microvascular function were to occur, a clear understanding of whether or not the magnitude of these changes differed according to the way in which activity was accumulated (i.e., continuously versus intermittently) could influence current physical activity guidelines for children. For example, if 60 minutes of previous-day ≥moderate intensity activity accumulated in longer, continuous bouts versus shorter, intermittent bouts elicited the same health benefits, then this supports recommendations for children to accumulate physical activity throughout the day. More emphasis on interventions which encourage spontaneous physical activity might then be appropriate. The potential for advanced knowledge of how the pattern of physical activity could be especially informative in relation to various health outcomes makes the proposed research important in the field of physical activity and health in children.
1.2 Objectives of the thesis
The first study in this thesis aimed to perform calibration research with the ActiGraph GT1M using high-frequency activity monitoring (2 second epochs) in boys aged 8 to 10 years in order to establish thresholds for the determination of time in sedentary behaviour and in light, moderate, vigorous and hard intensity physical activity. These thresholds were employed in the second study in this thesis.
The second study in this thesis aimed to examine whether relationships detected between physical activity intensity and health (waist circumference, aerobic fitness, blood pressure) in 8 to 10 year old boys differed according to accelerometer-intensity thresholds used (sample-specific thresholds (SSTs) developed in study 1, published thresholds (PTs) (Mattocks et al., 2007) or individualized thresholds as developed by the activity-related time equivalent based on accelerometry (ArteACC) method (Ekelund et al., 2003)). A second objective was to determine whether estimates of the quantity of physical activity (i.e., minutes of moderate to vigorous intensity physical activity per day) differed according to accelerometer-intensity thresholds used. Those thresholds which provided the strongest relationships with health outcomes were used to describe accelerometer data and quantify the pattern of activity in boys for all remaining studies in this thesis.
The third study in this thesis aimed to examine whether summary measures of physical activity (i.e., total activity, sedentary behaviour, time in light, moderate, vigorous and hard intensity activity) and/or the pattern of activity (i.e., frequency, intensity, duration of ≥4 s (short) and ≥5-min (long) bouts of greater than or equal to light intensity activity, greater than or equal to moderate intensity activity, greater than or equal to vigorous intensity activity and greater than or equal to hard intensity activity) differed according to a boy’s weight status (normal weight versus overweight), whether data were summarized for weekdays only or weekends only or an interaction of weight-status by type of day. Another objective was to determine the proportion of normal-weight and overweight boys aged 8 to 10 years accumulating ≥5-min bouts of ≥light intensity activity, ≥moderate intensity activity and ≥vigorous intensity activity across weekdays and weekend days. Discrepancies in the activity pattern between normal weight and overweight boys provided a rationale for investigating the pattern of physical activity in relation to waist circumference (an indicator of central adiposity), one of a number of health outcomes evaluated in study four. Discrepancies in the activity pattern by type of day indicated the necessity to include both weekdays and weekend days when assessing activity-health relationships in boys in study four.
The fourth study in this thesis aimed to characterize and quantify physical activity and inactivity in relation to waist circumference, aerobic fitness, blood pressure and microvascular function in 8 to 10 year old boys. Specifically, it aimed to examine whether aspects of the activity pattern were related to health outcomes when associations with summary measures of activity were present. Once correlations with the pattern of activity were established, the final aim of the thesis was to examine the acute effects of physical activity, accumulated continuously and in a pattern typical of children (i.e., sporadically/intermittently), on health outcomes in boys.  
Therefore, the final study in this thesis aimed to compare the effects of 60 minutes of continuously- or intermittently-accumulated moderate to vigorous physical activity on postprandial lipaemia and microvascular function the following day in 9 to 11 year old boys. The intermittent exercise protocol was based on the physical activity patterns identified in studies three and four and took place in a sports hall. The continuous exercise protocol consisted of treadmill exercise. This study also addressed the effects of each exercise protocol on microvascular function following a high-fat meal the next day.  
Data for the first four studies in this thesis were collected on a sample of 54 boys, aged 8 to 10 years. The final study used a different sample of 10 boys, aged 9 to 11 years. Both populations were from the county of Devon, UK. There were a few reasons for investigating the pattern of physical activity in relation to health outcomes in pre-adolescent boys. A major objective of the thesis was to investigate how aspects of sporadically-accumulated activity related to health outcomes in children. Young children, unlike older children, engage in active play (Burdette and Whitaker, 2005). Active play essentially follows an inverted-U developmental course, beginning in infancy, peaking in early childhood, declining in adolescence and largely absent in adulthood (Pellegrini and Smith, 1998). Therefore, pre-adolescent children are more likely to engage in short, sporadic bouts of activity throughout the day than older children. Accelerometer assessments of physical activity in children show that boys at every grade level accumulate more activity than girls, particularly vigorous intensity activity (Trost et al., 2002), and aspects of the pattern of activity differ according to gender (Rowland et al., 2008a). These findings suggest the categorization of children according to gender in the present thesis would have been necessary, demanding a larger sample size, or, reducing study power if one was not attained. Therefore, the decision was made to investigate how aspects of the activity pattern relate to health outcomes in a group of pre-adolescent boys. 
1.3 Dissemination of the studies to date

Studies one and five were laboratory-based while studies two, three and four measured habitual physical activity in the field, with the physiological measures taking place in the laboratory. Study one was presented at the British Association of Sport and Exercise Sciences Conference (Bath, UK, September 2007). Part of study three was presented at the Pediatric Work Physiology Conference, (Tallinn, Estonia, September 2007) and published as a peer-reviewed chapter in 2009 (Children and Exercise XXIV). Studies one and two were published in a peer-reviewed journal in 2009 (Journal of Sports Science and Medicine). Study three was submitted to a peer-reviewed journal in March 2009 (Preventive Medicine). Part of study four was presented at the 2nd International Congress on Physical Activity and Public Health (Amsterdam, NL, April 2008) and the complete work published in a peer-reviewed journal in 2009 (International Journal of Pediatric Obesity). Study five will be submitted to a peer-reviewed journal (Medicine and Science in Sports and Exercise) in May 2009.
CHAPTER TWO
LITERATURE REVIEW
2.1 Physical activity and health

The focus of this thesis is the pattern of activity in children and investigation of whether specific aspects of the activity pattern, or how activity is accumulated, are particularly pertinent to health. Therefore, a comprehensive review of: 1) how physical activity is defined and measured; and 2) how physical activity is related to health, follows.

2.2 Introduction to physical activity

Regular physical activity in childhood is related to improved health outcomes (Strong et al., 2005). It has been suggested that changes in habitual physical activity patterns and sedentary behaviour over time have likely offset the energy balance equation (Rennie et al., 2005), increasing body fatness and contributing to rising cases of childhood obesity worldwide (Wang and Lobstein, 2006). In the last few decades, significant inverse relationships between the level of regular physical activity and excess weight gain over time in children and youth have been documented 攁 ADDIN EN.CITE 
(Kesaniemi et al., 2001)
. The available evidence clearly implicates physical inactivity as a contributing factor in the development and maintenance of childhood obesity 椁 ADDIN EN.CITE 
(Crespo et al., 2001; Dietz and Gortmaker, 1985; Gortmaker et al., 1996; Parsons et al., 1999; Tremblay and Willms, 2003)
.  
Although there is general consensus that physical activity and sedentary behaviour contributes to childhood obesity by altering energy balance, the relative importance of different aspects of activity to obesity and other aspects of health is poorly understood (Rennie et al., 2005). In order to address this, it is important to first have an understanding of the distinction between physical activity, energy expenditure and sedentary behaviour.

2.2.1 Physical activity, energy expenditure and sedentary behaviour

2.2.1.1 Physical activity and energy expenditure
Physical activity is a complex multidimensional form of human behaviour that includes all bodily movement from fidgeting to participation in extreme sports such as triathlon or marathon running (Welk, 2002). Types of physical activity include spontaneous physical activity (i.e., activity of daily life), obligatory physical activity (i.e., activity necessary for survival) and voluntary physical activity (i.e., formal exercise) (Thorburn and Proietto, 2000). The major determinant of physical activity energy expenditure in present-day society is spontaneous physical activity, particularly so for children who are less likely than adults to engage in formal exercise. Spontaneous physical activity is extremely variable in adults (Ravussin et al., 1986) and there is evidence that low levels are associated with increased risk for weight gain (Esparza et al., 2000). Low levels of spontaneous physical activity may also have health consequences for children.   

Physical activity is associated with an increase in energy expenditure above a resting (basal) level and can therefore be defined as any bodily movement produced by the contraction of skeletal muscle that increases energy expenditure 漁 ADDIN EN.CITE 
(Kesaniemi et al., 2001)
. The amount of energy expended during a particular movement is proportional to the amount of muscle mass involved in that movement 搁 ADDIN EN.CITE 
(Kesaniemi et al., 2001)
. Physical activity (behaviour) and energy expenditure (an outcome of behaviour) are therefore two separate entities. 

Since physical activity is a multidimensional construct, it can be expressed and quantified a number of ways. For example, physical activity can be described according to surrounding environment and social conditions and characterized according to type, frequency, duration and intensity (Montoye, 2000). The type or mode of physical activity (recreational, obligatory or occupational, aerobic or anaerobic, continuous or intermittent, weight-bearing or non-weight bearing) refers to the specific activity in which the individual is engaged. The frequency of physical activity refers to the number of bouts of physical activity per unit of time, while the duration is the length of time in each activity bout. 

The dose of physical activity can be expressed according to absolute and/or relative intensity. Absolute intensity is the actual rate of energy expenditure over a specific time period and is typically expressed as oxygen uptake (
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O2; L.min-1), oxygen uptake relative to body mass (ml.kg-1min-1) and/or energy expenditure (kcal.min-1, kJ.min-1, MJ, kJ.kg-1). Absolute intensity can also be described according to multiples of resting energy expenditure using the metabolic energy turnover classification (MET). METs are defined as the ratio of work metabolic equivalent (5 kcal.L-1 of O2 consumed) to resting metabolic equivalent (3.5 ml of O2.kg-1min-1) or 1 kcal.kg-1hr-1. This formula allows the prediction of energy expenditure for different activities. Knowing the MET value associated with a given type of physical activity and individual body mass allows the energy cost of that activity to be estimated. Relative intensity accounts for differences in age, sex, body composition and aerobic fitness level between individuals (i.e., %
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O2peak). 
The Compendium of Physical Activities was created in 1993 and revised in 2000 and currently presents MET values for 605 specific activities for adults, categorized under 21 major headings 䌁 ADDIN EN.CITE 
(Ainsworth et al., 1993; Ainsworth et al., 2000)
. The values range from 0.9 METs (sleeping) to 18 METs (running at 10.9 mph). Adult MET values are not appropriate for use in children as children have an increased energy cost when performing the same or similar activities as adults. This higher energy cost is likely due to immature motor patterns and increased breathing rates (Rowland and Green, 1988) and the cost of manipulating objects which are proportionally larger, heavier and further out of reach for children than adults (Ridley and Olds, 2008). A compendium of energy costs for fifty-one activities for use with children with energy costs expressed as METs was recently provided (Ridley and Olds, 2008). In this review of the literature, it was suggested that adult MET values are currently the best technique to assign energy costs to children in most activities when measured values are not available. However, the authors noted that adult MET values should not be used to assign energy costs to children for continuous walking and running activities (Ridley and Olds, 2008). For these, support for the recommendations of Harrell et al. (2005) was given, who suggest that adult METs be multiplied by a child-specific resting metabolic rate (RMR) which is either measured or estimated.    
MET values are often used to express the intensity of physical activity according to intensity categories (i.e., light, moderate, vigorous, hard).  Although absolute intensity levels corresponding to MET values exist for children, there is considerable controversy over which are most appropriate. In most studies, moderate intensity is defined as ≥3 METs. However some believe a threshold of ≥5 METs is more suitable for children 㰁 ADDIN EN.CITE 
(Pate, 1998; Riddoch and Boreham, 1995)
. More recent evidence suggests ≥4 METs may be an appropriate threshold for describing ≥moderate intensity activity in children 縁 ADDIN EN.CITE 
(Harrell et al., 2005; Mattocks et al., 2007; Reilly et al., 2008; Treuth et al., 2004)
. 

Defining moderate intensity physical activity is particularly important for physical activity guidelines as the particular definition used affects adherence rates. The American College of Sports Medicine defines moderate intensity activity as “generally equivalent to a brisk walk, or activity that noticeably accelerates heart rate.” As some have alluded to, this is a relatively loose definition which is prone to different interpretations (De Vries et al., 2009). Consequently, there is interest in exploring the most appropriate thresholds for classifying ≥moderate intensity activity when describing children’s habitual physical activity in relation to health.  
2.2.1.2 Sedentary behaviour

Sedentary behaviour describes all activities that involve very low energy expenditure (i.e., when body movement is minimal). Typically, this would include activities of less than 1.5 METs. Like physical activity, sedentary behaviour can be characterized by time (amount of time spent in inactivity) and type. Sedentary behaviour can be measured using self-report tools (i.e., TV viewing questionnaires) and objective tools (i.e., time spent below a threshold level of movement can provide an indication of the amount of time children are sedentary per day). Sedentary behaviour is not the opposite of physical activity and it is possible for children to have high levels of both physical activity and sedentary behaviour (Katzmarzyk et al., 2008). Understanding the contribution of both behaviours, independent from one another, to health aspects in children is important.

2.3 Have physical activity levels in children and youth changed over time?
There is reason to believe that children in the UK are becoming less physically active and leading more sedentary lifestyles 㰁 ADDIN EN.CITE 
(Armstrong and Welsman, 1997; Fox, 2004; Fox and Riddoch, 2000; Sleap and Warburton, 1996)
. Children and youth today spend a large percentage of their time in sedentary pursuits. Evidence comes from reports of TV viewing which show that many children can watch as much as 90 minutes (Ekelund et al., 2006) to ≥120 minutes (Salmon et al., 2006) or ≥180 minutes (Eaton et al., 2006) of TV per day. Video game and computer use, now popular sedentary forms of entertainment, are also rising ㈁ ADDIN EN.CITE 
(Christakis et al., 2004; Eaton et al., 2006)
. National transportation surveys indicate that the number of children walking to school has declined over time (Gregory and Lowe, 2000; Roberts, 1996). Play time and discretionary time for children has also decreased. Reports in the U.S. suggest discretionary time declined by as much as 400 minutes per week and play time by as much as 500 minutes per week over less than two decades (Sturm, 2005). Since spontaneous physical activity is understood as the primary source of physical activity energy expenditure, compared to obligatory physical activity and voluntary physical activity (Thorburn and Proietto, 2000), this decline in time available for “active play” for children is worrying. 
Not all have reported a decline in children’s physical activity over time. Eaton et al. (2006) report that self-reported physical activity and sedentary behaviour data imply there have been no significant temporal changes in the prevalence of children meeting the current physical activity recommendations for health (Strong et al., 2005). However, the validity of self-reported physical activity data in children has been questioned (Corder et al., 2009); limitations of assessing physical activity via self-report will be discussed later in this thesis. The theory that physical activity levels in children have declined and sedentary behaviour increased over time with advances in modern technology has some indirect support through comparative work with groups who have refrained from adopting modern technology (i.e., Old Order Amish)  ADDIN EN.CITE 
(Bassett et al., 2007; Tremblay et al., 2005)
. As Old Order Amish children tend to have higher levels of activity and lower levels of obesity than children living in modern, industrialized societies 攁 ADDIN EN.CITE 
(Bassett et al., 2007; Tremblay et al., 2005)
, it is plausible that a decline in the physical activity and increase in the sedentary behaviour of children over time may be linked with the childhood obesity epidemic many countries now face. 

In recent years, empirical evidence supporting the theory that physical activity is beneficial for health in children has emerged (Strong et al., 2005). The evidence is still limited however in comparison to the extensive evidence that exists for adults. Boreham and Riddoch (2001) outline a number of possible reasons for this. For example, the lack of disease end points in children limits investigations to the determination of whether associations between physical activity and known risk factors for disease in adulthood occur in children (Boreham and Riddoch, 2001). In addition, the complexity of physical activity measurement in children (i.e., discrepancies in how physical activity is measured, classified, analyzed and described) exacerbates the difficulties of determining and quantifying relationships between activity and health. A more comprehensive understanding of how to measure physical activity and inactivity behaviour in children and describe data in relation to health outcomes is necessary for childhood obesity and health-related prevention and treatment initiatives. To accomplish this, researchers require methods that allow for accurate and reliable assessments of habitual physical activity behaviour. The complexity of physical activity in itself however presents many challenges to those who attempt to measure it.  
2.4 Measurement of physical activity in children 

The reliability and validity of a measure determines whether or not it will produce accurate data. Accurate techniques essentially provide researchers with the tools to effectively study, predict, and promote physical activity behaviour (Welk, 2002). For example, accurate measures assist researchers in gaining a greater understanding of the specific amounts of physical activity that are required to attain health benefits. Without these it is not possible to investigate the mechanisms through which health benefits can be attained. Researchers must have confidence in the measurement process to investigate theories of physical activity and determine the success of behavioural interventions in altering physical activity behaviour in children and youth. With accurate measurements, researchers are also able to illustrate the amount of physical activity required for children to achieve health benefits (important for prescribing and monitoring physical activity guidelines) and provide valid statistics on the number of children who are meeting guidelines for physical activity.
Physical activity assessment techniques for children must be socially acceptable, should not place excessive burden on the child and should influence the natural activity patterns of the child as little as possible (Armstrong and Welsman, 2006). Currently, there is no gold standard measure of physical activity, a reality that has hindered the designation of a universally accepted field assessment technique (Lamonte and Ainsworth, 2001). As a result, it is often difficult to make direct comparisons between studies that have utilized different measurement tools in assessments of physical activity. This in itself is an obstacle when attempting to reveal true physical activity levels in a population and compare those levels on an international basis. Booth (2000) presents the implications of this issue. He said:

The consequence of not having agreed standard measures, is that direct comparisons of the results of research projects are, at least, difficult and, at worst, invalid. We fall a long way short of enjoying the full benefits of communicating research results to each other when different measures are employed and the international research effort remains fragmented. The development and widespread adoption of one (or even a small number of related measures) would allow direct comparisons of research findings, regardless of the country in which they were conducted, and would catapult our knowledge, and practice, forward.

A number of different techniques have been used to assess physical activity in a variety of populations. Each technique has certain advantages and disadvantages that require consideration for appropriate selection. These techniques for assessing physical activity in children have been reviewed, and the strengths and weaknesses of each highlighted ⼁ ADDIN EN.CITE 
(Corder et al., 2008; Sirard and Pate, 2001)
. Some (but not all) techniques can also be used to measure sedentary behaviour. 
Measures of physical activity/inactivity can be classified into two distinct categories: subjective measures and objective measures. Subjective measures depend upon the ability of participants to recall and/or report their own physical activity/inactivity.  These measures include methods such as questionnaires, physical activity records, interviews, surveys and recall diaries. Proxy-reported methods may also be used for the assessment of physical activity and may be a more suitable subjective measure of activity in young children (Corder et al., 2008). Direct observation has been used to provide detailed information on activity levels of relatively small samples of children (e.g. Bailey et al., 1995). The quality of data from direct observation is highly dependent upon the researcher’s ability to observe and measure the behavioural aspects of physical activity/inactivity (Welk, 2002). Objective measures of physical activity/inactivity provide concrete data generally less affected by participant and/or researcher bias. Over time the application of these techniques has increased, which has led to increased production of new measurement tools and improvements in existing measurement tools for physical activity research. Some of these include indirect calorimetry, heart rate monitors, pedometers and accelerometers. For the purpose of this thesis, the main focus is on the discussion of accelerometry for assessing physical activity behaviour in children.

2.4.1 Subjective measures of physical activity, energy expenditure and sedentary behaviour
2.4.1.1 Self-report techniques

In past research, observational epidemiological studies of physical activity and health-related outcomes largely relied on various self-report methods such as self-administered questionnaires, interview-administered questionnaires, physical activity records, recall diaries and reports by proxy. There are a number of advantages to these techniques which help explain their popularity for use. Some of the greatest advantages are that they are inexpensive, can be administered quickly and present low participant burden, allowing data to be collected on a large sample size in an efficient manner (Sirard and Pate, 2001). Self-report techniques also present the opportunity to capture qualitative and quantitative information which is very important for describing physical activity behaviour in children. Despite these obvious advantages, these methods do have limitations. For example, self-reports rely on the ability of the participant to recall behaviour information accurately; this is particularly challenging for children due to a lower cognitive ability relative to adults (Sallis, 1991). Children may misinterpret questions posed to them or may deliberately misrepresent information, creating content validity problems (Welk, 2002). As a result, whether these can produce reliable and valid estimates of children’s physical activity is questionable (Corder et al., 2009). Self-report methods do not provide adequate description of the intensity and duration of physical activity (Pate, 1993) therefore describing patterns and/or bouts of physical activity within a certain day or over several days is not easy (Trost et al., 2002). 
The use of surveys (i.e., self or proxy-report) to measure sedentary behaviour is quite popular, as surveys can provide information on total time spent in low-intensity pursuits and the type of activity (Must and Tybor, 2005). Typically, TV viewing questionnaires (child/parent) are used 漁 ADDIN EN.CITE 
(Must and Tybor, 2005; Robinson, 2001)
. TV viewing is however only one form of sedentary behaviour. Screen time describes time spent watching TV or videos, playing video games and working at the computer. The relative proportion of total time spent on each of these activities changes during childhood and adolescence (Must and Tybor, 2005). Recent evidence suggests that computer/video game use is now starting to replace some of the total time spent watching television (Christakis et al., 2004). For these reasons, estimates of sedentary behaviour in children which are based on TV viewing alone are likely inappropriate. 

2.4.1.2 Direct observation techniques

Direct observation is used to measure the behavioural characteristics of physical activity. The main advantage of this technique is that it enables researchers to accurately describe what is taking place in the physical activity environment, generating both qualitative and quantitative information. Since physical activity categories are determined before data collection occurs, specific targeting of physical activity behaviours is possible (Welk, 2002). Direct observation can capture short-term activities and sudden changes in activity and therefore is particularly advantageous for providing information on the pattern of physical activity in children. The main disadvantages of this technique are the time and expense that are necessary for data collection. In order to increase confidence that accurate data are collected, observers must go through considerable training and evaluation before and during data collection. This helps to generate high between-observer and within-observer agreement (Welk, 2002). Another limitation of direct observation is that the presence of the observer may disrupt or change regular physical activity patterns, decreasing the reliability and validity of data collected (Welk, 2002). For these reasons, direct observation is typically confined to studies that are smaller and conducted in distinct settings over a shorter period of time.       
2.4.2 Objective measures of physical activity, energy expenditure and sedentary behaviour

2.4.2.1 Indirect calorimetry

Indirect calorimetry uses respiratory gas analysis to measure energy expenditure. This technique is often used to assess energy expenditure over shorter periods of time. With this procedure, individuals wear a mouthpiece, facemask, or canopy during rest or exercise. Oxygen consumption and carbon dioxide production over specific periods of time are measured and used to calculate energy expenditure. Indirect calorimetry is a very precise method of assessing energy expenditure and is recognized as the gold standard approach in many research designs. This technique is however limited in some studies as it is invasive and costly. Furthermore, it is not particularly good for simulating true free-living conditions, although portable metabolic systems have been introduced to overcome this limitation (King et al., 1999). These have since been used to determine the energy costs of children’s physical activities (Harrell et al., 2005) and in a variety of accelerometer validation and calibration studies with children 戁 ADDIN EN.CITE 
(Eisenmann et al., 2004; Pfeiffer et al., 2006a; Trost et al., 2006)
.
2.4.2.2 Heart rate monitoring

Many studies have employed heart rate monitoring in physical activity research with children (Corder et al., 2008). An individual’s heart rate provides a direct indication of the physiological response attributable to physical activity (Armstrong, 1998). Heart rate monitors can be programmed to collect and record data at certain time intervals which can then be downloaded to a computer to be processed and analyzed. Since it is possible to collect data at specific time intervals, a clear illustration of the intensity, frequency and duration of physical activity is provided.  

Benefits of heart rate monitoring include its ease of measurement, its ability to record values over time and its indication of the relative stress on the cardiopulmonary system during physical activity. Heart rate can however be elevated by emotional stress, independent of changes in oxygen uptake, and the recovery of heart rate to resting baseline levels can lag behind the recovery of oxygen uptake to baseline levels (Saris, 1986). An individual’s heart rate often undergoes a temporal lag in response to the initiation or cessation of physical activity (Welk, 2002). It can take approximately two to three minutes for heart rate and 
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O2 to increase to a level that represents the activity being performed and an equal amount of time to decrease to resting levels (Strath et al., 2000). The delay in heart rate response to movement may therefore affect the assessment of the intermittent pattern of activity in children (Rowlands, 2007).
Another limitation of heart rate monitoring is that various conditions unrelated to a bout of physical activity can generate increases in heart rate without corresponding increases in
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O2. The amount of active muscle mass and the type of activity (continuous or intermittent) can influence the heart rate-oxygen uptake relationship. Fitter children will have a higher stroke volume and therefore a lower heart rate for any given activity (Rowlands et al., 1997). As a result of these individual differences, it is recommended that regression equations be prepared for each individual in order to establish individual heart rate-oxygen consumption relationships (Strath et al., 2000). 
Heart rate monitors are not very accurate during low intensity activity or various sedentary behaviours. As such, these devices would only be beneficial for measuring prolonged bouts of moderate to vigorous activity, which do not reflect the typical activity patterns of children, and cannot be used as a tool to assess sedentary behaviour. Despite these limitations, heart rate monitoring has been useful in assessing physical activity behaviour in children and youth (Armstrong and Welsman, 2006). 

2.4.2.3 Motion sensors

Since almost all forms of physical activity involve movement of the trunk or limbs, the direct measurement of movement is attractive. Pedometers and accelerometers present researchers with data (i.e., movement counts) that can either be used in their raw state or be converted into estimates of activity intensity or energy expenditure. Pedometers are most commonly used as a step counter for quantifying ambulatory activity (i.e., walking). Most pedometers detect steps by employing a horizontal, spring-suspended lever arm which moves up and down with vertical accelerations of the hip (Tudor-Locke et al., 2002). Mechanical pedometers count the number of times a certain acceleration threshold is exceeded and sum this to produce an overall estimate of total steps taken. Piezo-electric pedometers count the number of zero crossings in the accelerometer waveform to determine steps taken. 
Pedometers essentially provide a low-cost estimate of the total volume of physical activity. Most simply record the number of steps taken, with no information on the time over which these were accumulated. Consequently, they are not designed to quantify intensity, duration or frequency of activity bouts (although as pedometry continues to advance, units capable of doing so are beginning to emerge) (McClain and Tudor-Locke, 2008). These devices have many distinct advantages (perhaps most notably their low-cost) which support their widespread and ongoing use in physical activity monitoring research today. A recent review of the literature on the validation of motion sensors to assess habitual physical activity and methods of data analysis and interpretation is available (Corder et al., 2007).  

Accelerometers, in comparison to pedometers, are much better equipped to quantify the intensity and duration of physical activity, features of particular interest in terms of monitoring children’s activity levels in relation to current physical activity guidelines. Current physical activity guidelines for children emphasize partaking in activities which are at least moderate in intensity; here accelerometry is very useful. These more sophisticated devices also enable exploration of the pattern of activity in children. For the purpose of this thesis, a detailed overview of the principle of accelerometry and the ongoing transformations in the field of accelerometry-based physical activity assessment in children is provided.

2.5 Use of accelerometry to assess physical activity in children
2.5.1 Introduction to accelerometry

For more than 30 years, human movement has been studied using various accelerometry-based devices. In recent years however there has been a dramatic increase in the use of accelerometers in physical activity measurement in adults and in children (Rowlands, 2007). This can be attributed to ongoing advances in technology that have allowed these devices to become more sophisticated and precise over time. The increasing use of accelerometers has improved the ability to measure children’s activity levels more accurately, and these more accurate data suggest that low levels of activity are certainly compromising the health of children (Cumming and Riddoch, 2008). Accelerometers measure the accelerations and decelerations of movement. Acceleration is the change in velocity over time and is usually expressed in multiples of gravitational force (g=9.8 m/s2) (Welk, 2002), enabling accelerometers to quantify the intensity of movement 朁 ADDIN EN.CITE 
(Chen and Bassett, 2005; Freedson et al., 2005)
.  
Accelerometers are worn on the body (usually at the hip) in order to measure the rate and magnitude of movement in up to three planes (vertical, mediolateral and anteroposterior). When the sensor within the device is exposed to acceleration, the device responds by storing a movement count in a specified time interval (i.e., one second, ten seconds, one minute) called an epoch. The data collected is therefore a series of counts representing the intensity of each specific time interval (Nichols et al., 2000). When the device is static (i.e., there is no detected movement at the point at which the device is attached on the body), the device simply stores a “zero” count. Consequently, accelerometer counts can be used to describe the frequency, intensity and duration of physical activity as well as time spent sedentary.

An overview of practical issues in accelerometry is provided. First, the advantages of accelerometry are discussed, followed by the assessment of reliability and validity of accelerometry. Since the choice of accelerometer model can be a difficult one (given the many different models available), a description of the most common accelerometer models currently used in paediatric research today is given. The ActiGraph accelerometer, which is the most widely used accelerometer in the published literature concerning children’s physical activity measurement to date, is described in detail. Finally, pertinent issues regarding physical activity assessment with accelerometers in children are listed and discussed. These include: monitor calibration; profiling physical activity behaviour (i.e., amount and intensity of physical activity, discrepancies in accelerometer-intensity thresholds) and measuring and expressing physical activity (i.e., epoch length, wear time; weekday versus weekend days).

2.5.2 Advantages of accelerometry

The advantages to using accelerometers for habitual physical activity measurement in children have grown with the various technological advances that have increased their utility for measuring physical activity over long periods of time in combination with an increased understanding of the “richness” of data they can provide (Esliger, 2005). Accelerometers provide an objective indication of body movement, which is important when investigating activity-health relationships (Rowlands et al., 2000). They are also small and unobtrusive for participants and easy to use (Welk, 2002). The newest devices (i.e., ActiGraph GT1M; formerly known as the Computer Science and Applications (CSA) and Manufacturing Technology, Inc. (MTI); ActiGraph, LLC, Pensacola, FL)
 have sufficient memory capacity to collect physical activity data every few seconds over expended periods of time (i.e., >7 days) and over several weeks when using longer intervals (i.e., one minute epochs). Since accelerometers provide the opportunity to analyze the frequency, intensity and duration of physical activity, they have become very useful measurement tools in both laboratory and field settings. Accelerometers also offer the opportunity to assess sedentary behaviour and accelerometer count cut-offs to designate sedentary behaviour are available 爁 ADDIN EN.CITE 
(Esliger, 2005; Reilly et al., 2003a)
.

2.5.3 Assessment of reliability and validity of accelerometry
The reliability of a measure can be influenced by certain characteristics of the measure itself, the measurement process, the mode of statistical estimation and the participants being measured (Welk, 2002). To verify the utility of accelerometers for use in the assessment of physical activity and energy expenditure, reliability tests must be performed. Intra-device reliability assesses the consistency of measurement within a device when a repeated stimulus is applied. Inter-device reliability describes the variation in output between two or more devices undergoing an identical stimulus. This is ideally tested by using a mechanical apparatus (i.e., shaker-plate) or, in the absence of appropriate mechanical apparatus, can be estimated by wearing two or more devices of the same model strapped together or at approximately the same location on the body. 
Validation of accelerometers is performed against assessments of energy expenditure (i.e., 
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O2) measured through expired gas analysis (i.e., indirect calorimetry (Westerterp, 1999). Accelerometer devices provide the means to predict energy expenditure, under the assumption that movement (or acceleration) of the limbs and torso is related to whole body energy expenditure 琁

(Bassett, 2000; Freedson and Miller, 2000; Haskell et al., 1993) ADDIN EN.CITE . By detecting movement of the part of the body to which they are attached and storing these data as “counts”, it is possible to predict energy expenditure though an appropriate equation. A number of equations have been provided for the ActiGraph accelerometer and have been compared for use in children 甁

(Trost et al., 2006) ADDIN EN.CITE .

2.5.4 Types of accelerometer models

Table 2.1 presents an overview of various accelerometer models which have been used in paediatric research. 
Table 2.1 Accelerometers used in published paediatric studies* (adapted from Reilly et al., 2008).
	Accelerometer
	Manufacturer
	Website
	Type
	Size
	Weight

	ActiGraph (Previously CSA and MTI.  Current model is GT1M)
	ActiGraph LLC, Pensacola, FL, USA
	www.theactigraph.com
	Uniaxial
	38x37x18 mm
	27 g

	Actiheart
	Cambridge Neurotechnology Cambridge, UK
	www.camntech.com
	Uniaxial
	33 mm diameter x 7 mm, connected to smaller sensor by wire
	10 g

	Actical
	Mini-Mitter, Bend, OR, USA
	www.minimitter.com
	Omni-directional
	28x27x10 mm
	17 g

	Actitrac
	Individual Monitoring Systems, Baltimore, MD, USA
	www.imsystems.net
	Biaxial
	37x55x12 mm
	23 g

	ActivTracer
	GMS, Tokyo, Japan
	
	Triaxial
	70x50x15 mm
	57 g

	Actiwatch
	Mini-mitter, Bend, OR, USA
	www.minimitter.com
	Omni-directional
	28x27x10 mm
	16 g

	Bio Trainer Pro
	Individual Monitoring Systems, Baltimore, MD, USA
	www.imsystems.net
	Biaxial
	76x51x19 mm
	51 g

	Caltrac
	Muscle Dynamics Fitness Network, Torrence, CA, USA
	www.muscledynamics.net
	Uniaxial
	70x70x20 mm
	78 g

	Kenz Lifecorder
	Suzuken Co. Ltd, Nagoya, Japan
	www.suzuken.co.jp
	Uniaxial
	62x46x26 mm
	42 g

	Mini-logger Series 2000
	Mini-Mitter, Bend, OR, USA
	www.minimitter.com
	Omni-directional
	120x65x22 mm
	125 g

	Mini-Motionlogger
	Ambulatory Monitoring, Inc, Ardsley, NY, USA
	www.ambulatory-monitoring.com
	Triaxial
	44x33x10 mm
	57 g

	TriTrac R3D
	Professional Products, Madison, WI, USA
	No longer available (see RT3)
	Triaxial
	108x68x33 mm
	170 g

	RT3
	Stayhealthy Inc., Monrovia, CA, USA
	www.stayhealthy.com
	Triaxial
	71x56x28 mm
	65 g

	Tracmor2
	Philips Research, Eindhoven, The Netherlands
	Not commercially available
	Triaxial
	70x28x8 mm
	30 g


*Details of published paediatric studies, papers or abstracts, using these devices can be obtained from manufacturer’s websites or from the corresponding author of the review (Reilly et al., 2008).

As evidenced in Table 2.1, a number of different models of accelerometers have emerged and have been used with children 丁 ADDIN EN.CITE 
(Reilly et al., 2008; Rowlands, 2007)
. In recent years, combined accelerometer/heart rate sensors have become available (e.g. Actiheart monitor) (Corder et al., 2008). The smaller size, greater data storage capacity and ability to measure up to three planes of human movement are just some of the features that have made these devices popular tools in physical activity research today. In the following section, the ActiGraph accelerometer, the most prominent uniaxial accelerometer in both past and present literature for physical activity assessment in children (Dencker and Andersen, 2008), is discussed.
2.5.4.1 ActiGraph accelerometer

The ActiGraph accelerometer has been used extensively with children and youth and validated during standardized activities in the laboratory 㰁 ADDIN EN.CITE 
(Eston et al., 1998; Freedson et al., 1998; Mattocks et al., 2007; Trost et al., 1998; Trost et al., 2002)
 and in the field 氁 ADDIN EN.CITE 
(Puyau et al., 2002; Reilly et al., 2003a; Schmitz et al., 2005; Treuth et al., 2004)
. The ActiGraph (model 7164) is small (5.1 cm x 3.8 cm x 1.5 cm), lightweight (42.6 gm) and records accelerations along the longitudinal axis of the human body within the dynamic range of (2.13 g (Tryon and Williams, 1996). It is designed to filter out movements with frequencies outside the range of typical human movement, thus improving the reliability and validity of the device in assessing actual physical activity (Bassett et al., 2000). The manufacturers propose that it detects movement within the frequency range of 0.21-2.28 Hz (Tryon and Williams, 1996). 

ActiGraph physical activity data are recorded in “counts”. One count equals 16.6 milli g’s per second at 0.75 Hz. The ActiGraph measures changes in acceleration at a rate of thirty times per second (30 Hz) and uses “counts” to represent an accumulation of filtered acceleration measured over the chosen epoch period. At the end of each epoch, the summed value is stored in memory and the numerical integrator reset (ActiLife Software Manual, 2008). This process is repeated until the memory capacity of the ActiGraph is reached, data are uploaded or the battery runs out. The ActiLife software is used to initialise the ActiGraph and upload data collected. 
Advances in technology have led to the replacement of the ActiGraph 7164 model with a newer version, the ActiGraph GT1M. The ActiGraph GT1M can be programmed to collect high-frequency physical activity data (e.g. every 1 s, or the raw data sampled at 30 Hz) and, due to the greater memory capacity (1 MB) than the older version, collect these data over longer periods of time. Adopting a 2 s epoch allows over seven days (i.e., 11 days, 9 hours and 4 minutes; ActiLife Software Manual, 2008) of activity to be collected, which is the recommended monitoring period for children (Welk, 2005). The ActiGraph GT1M is also smaller (3.8 cm x 3.7 cm x 1.8 cm) and lighter (27 gm) than the ActiGraph 7164. The rechargeable Lithium Ion battery (maximum voltage = 4.18 V) can provide power for up to 14 days without recharging.  

Many researchers have assessed the reliability of the ActiGraph device for physical activity monitoring. Metcalf and colleagues (2002a) demonstrated low intra-device variability (less than 2%) and low inter-device variability (less than 5%) between 23 monitors across two different speeds (medium = 72 rev.min-1r (60 rev.min-1; fast = 120 rev.min-1(84 rev.min-1) and four different angles of measurement (0(, 15(, 30( and 45() on a motorized turntable (Metcalf et al., 2002a). High inter-device reliability (r=0.87) among monitors across a variety of treadmill speeds (3, 4 and 6 mph) was also shown in children (Trost et al., 1998). 

The validity of the ActiGraph as a tool for recording energy expenditure has been assessed by correlating movement counts with energy expenditure (kcal) assessed by indirect calorimetry. For example, ActiGraph counts were moderately to highly correlated with both energy expenditure (r=0.66-0.82) and relative oxygen consumption (r=0.77-0.89) measured from indirect calorimetry during treadmill walking in adults (Melanson and Freedson, 1996). Field based research studies have indicated strong correlations between ActiGraph counts and oxygen consumption (r=0.85) for unregulated play activities (Eston et al., 1998) and between heart rate and ActiGraph counts (r=0.69) during field activities in children (Janz, 1994). Nonetheless, the ActiGraph is limited by its inability to assess upper body movement (when placed on the hip), graded terrains or load carriage, which may restrict its use in providing valid physical activity data for many typical free-living activities in children ⴁ ADDIN EN.CITE 
(Mattocks et al., 2007; Puyau et al., 2002; Reilly et al., 2003a; Sirard et al., 2005; Treuth et al., 2004; Trost et al., 2002)
. Children’s activities are sporadic in nature and involve many movements that are non-vertical (i.e., crawling, climbing) compared to those of their adult counterparts. Whether a device that is able to detect physical activity in more than one plane of movement would be more appropriate for measuring children’s free-play physical activity has been questioned (Ott et al., 2000).  

2.5.4.2 Uniaxial versus triaxial accelerometers

Whether three dimensional devices can detect a greater proportion of free-living activity in children than uniaxial accelerometers is debatable. For example, high correlations between uniaxial and triaxial accelerometers have been reported when used simultaneously to measure free-living physical activity (Welk and Corbin, 1995),  while it has been reported that a triaxial accelerometer was a more accurate predictor of relative oxygen uptake in children than a uniaxial accelerometer across a variety of activities (Welk et al., 1998). In recent work, Trost and colleagues (2005) compared the reliability and validity of eight accelerometer models (Trost et al., 2005). No device was considered to be superior to others and high correlations between uniaxial and triaxial accelerometer output suggested that similar physical activity information was being generated. This suggests that the use of the ActiGraph accelerometer rather than a triaxial accelerometer in the present thesis for habitual physical activity assessment in children is appropriate.
2.6 Issues regarding physical activity assessment with accelerometers in children

2.6.1 Monitor Calibration

Monitor calibration involves comparing accelerometer counts with a standard measure and as such, is essentially an extension of validation work (which has been previously discussed). The raw acceleration signal (i.e., counts per unit of time) is translated into a unit that is associated with a biological variable (i.e., energy expenditure, heart rate) or pattern of activity (i.e., stationary or ambulatory) to give the signal some sort of biological or behavioural meaning (Freedson et al., 2005). Calibration equations are typically created to indicate the energy expenditure (kcal), oxygen consumption (i.e., via direct or indirect calorimetry), or intensity band associated with accelerometer counts. Equations can be derived on a group-level basis or individual-basis. Typically, individuals are asked to perform a range of activities which are measured using the accelerometer and a device which can accurately measure energy expenditure (i.e., portable or fixed calorimeters). The equation can be used to predict energy expenditure from accelerometer count data or provide count thresholds to distinguish levels of exertion (i.e., sedentary, light, moderate, vigorous, hard). When constructing equations, researchers should measure a range of activities typical to the population of interest. It is recommended that children be measured while engaged in jumping/hopping/skipping activities, locomotion, as well as common sedentary behaviours such as playing on the computer/watching T.V., reading, or colouring (Welk, 2005).  

2.6.2 Profiling physical activity behaviour

2.6.2.1 Amount and intensity of physical activity

To provide detail on the amount of physical activity, accelerometer data can be expressed in a number of ways. In the literature, general physical activity is typically expressed as total counts per day (the volume of activity) and/or mean counts per minute (total counts divided by wear time). The amount of physical activity can also be expressed as the total amount of time an individual spends at a given intensity (based on a prescribed count threshold). A summary of accelerometer count thresholds for the ActiGraph accelerometer to define exercise intensities for children and youth is provided in Table 2.2.

Table 2.2 ActiGraph intensity thresholds defining sedentary behaviour, light intensity, moderate intensity and vigorous intensity exercise for children and youth (adapted from Mattocks et al., 2007).

	Authors
	Sample size (N)
	Age or Age Range (y)
	Epoch time
	Criterion for intensity
	Activity intensity
	Threshold counts

(counts.min-1)

	Mattocks et al., 2007 
	246
	12
	1 minute
	≥3 METs

≥4 METs

≥6 METs
	Moderate

Moderate

Vigorous
	>2306

>3581

>6130

	Puyau et al., 2002 
	26
	6-16
	1 minute
	<0.015b
≥0.015

<0.05

≥0.10
	Sedentary

Light

Moderate

Vigorous
	0-800

801-3200

3201-8200

>8200

	Reillyc et al., 2003a 
	82
	3-4
	1 minute
	A priori categorization
	Sedentary
	<1100

	Sirardc et al., 2005 
	74

130

81
	3

4

5
	15 s

15 s

15 s
	A priori categorization

A priori categorization

A priori categorization
	Sedentary

Light

Moderate

Vigorous

Sedentary

Light

Moderate

Vigorous

Sedentary

Light

Moderate

Vigorous
	0-1204

1205-2456

2457-4920

>4920

0-1452

1453-3244

3245-4936

>4936

0-1592

1593-3560

3561-5016

>5016

	Treuth et al., 2004
	74
	13-15
	30 s
	A priori categorization
	Sedentary

Light

Moderate

Vigorous
	0-100

101-2999

3000-5200

>5200

	Trost et al.,a 2002 
	80
	6-18
	1 minute
	≥3 METs

≥6 METs
	Moderate

Vigorous
	>1267

≥4057


Threshold counts reported as counts per minute for comparison and rounded where appropriate.

aBased on the mean age of the current study.
bkcal.kg.min-1.

All studies used oxygen uptake as the criterion measure exceptc, which were based on direct observation.

2.6.2.2 Discrepancies in accelerometer-intensity thresholds

The available evidence highlights that ActiGraph intensity thresholds for children and youth clearly vary widely from study to study. These inconsistencies and the implications of these have been highlighted in a number of reviews 漁 ADDIN EN.CITE 
(Corder et al., 2007; Reilly et al., 2008; Rowlands, 2007)
. Inconsistent accelerometer-intensity thresholds are a major limitation as they limit study comparability 洁 ADDIN EN.CITE 
(Cliff and Okely, 2007; Guinhouya et al., 2006)
. Reaching a consensus on the most appropriate thresholds to use is very difficult (Reilly et al., 2008). Choosing the most appropriate thresholds to describe physical activity data in a given sample of children is therefore not an easy task. It is recommended that the comparison of already available thresholds rather than the introduction of new ones may help reduce this inconsistency (Corder et al., 2007). 
Although accelerometer thresholds can be useful for predicting the time spent in different activity intensities on a group basis, they are not as precise on an individual level (Freedson et al., 2005). Large variation in activity counts for children walking at standardized speeds has been reported (Ekelund et al., 2003). ActiGraph counts have been shown to range from approximately 400 to 2600 counts per minute during walking at 4 km.hr-1 and from 1000 to 5000 counts per minute during walking at 6 km.hr-1. The coefficient of variation for counts ranged from 21-40%. This high variation limits the prediction of energy expenditure or classification of intensity on an individual level. 
The activity-related time equivalent based on accelerometry method (ArteACC) (Ekelund et al., 2003) takes into account individual differences in behavioural patterns and movement efficiency during physical activity. The ArteACC (minutes per day) = total daily activity counts (counts per day)/reference exercise counts (counts per minute). Ekelund et al. (2003) reported that the ArteACC was significantly related to activity energy expenditure (AEE) per kilogram body mass in adolescents. Therefore, it can provide a valid indication of total activity and time spent in activities which are equivalent to reference activities from free-living physical activity data. This technique might be more appropriate for predicting time in a given intensity of activity in a sample of children where obvious differences in body size/fatness are evident (which could affect movement patterns and might lead to large inter-individual variability in accelerometer counts for a given activity). The use of individualized thresholds based on the ArteACC method might therefore be appropriate when investigating relationships between activity and health in children.
2.6.3 Measuring and expressing physical activity

2.6.3.1 Epoch length

For children, the epoch length or interval of time that physical activity is measured by the accelerometer is an important consideration when describing physical activity due to the sporadic nature of their activity and the typically short bouts. Recently, researchers in Europe suggested that an even greater amount of daily moderate intensity activity (i.e., 60 to 90 minutes) relative to the existing physical activity guidelines for children and youth (Strong et al., 2005) may be necessary to prevent risk factors related to childhood obesity and insulin resistance syndrome (Andersen et al., 2006). However, activity was measured using one minute intervals and accelerometer thresholds for ≥moderate intensity activity were based on 3 METs. The available evidence shows that children accumulate physical activity in short bouts throughout the day; the use of one minute epochs can miss short activity bouts and therefore underestimate moderate to vigorous intensity physical activity (Trost et al., 2005). This is because children tend to accumulate ≥vigorous intensity activity in short, sporadic bouts; one minute epochs are effectively too long to capture the majority of these bouts. The amount of MVPA reported as optimal for health benefits depends upon an accurate classification and reporting of the ≥moderate intensity activity they actually accumulate per day. The following study is a good example of how epoch length can affect physical activity results. Sixteen children aged 7 years were asked to wear an MTI accelerometer for four days (Nilsson et al., 2002). Activity data were analyzed in 5, 10, 20, 40 and 60 second intervals. Using MET prediction equations for 60 second epochs (Freedson et al., 1998) and applying scaling factors for cut-points equivalent to 5, 10, 20 and 40 seconds, significant epoch effects were discovered for estimated time in vigorous and >vigorous intensity activity (Nilsson et al., 2002). Longer epochs essentially underestimated time in vigorous and >vigorous intensity activity in these children. The ActiGraph GT1M has sufficient memory to measure physical activity using short epochs over a prolonged period of time. Therefore, the use of a short epoch will allow time in vigorous and >vigorous intensity activity in children to be captured so that a more accurate representation of the activity pattern emerges.

2.6.3.2 Wear time, weekday versus weekend days

For field-based research, when activity is being measured over a long period of time (i.e., one week), it is important that the device chosen has adequate data processing and storage capabilities. Between four to nine days of monitoring are required to obtain a valid portrayal of activity for children and adolescents (Trost et al., 2005). Since differences have been reported for weekday and weekend activities (Trost et al., 2005), a combination of weekdays and weekend days should be included in physical activity measurement protocols. In a group of children and adolescents, 7 days of monitoring provided acceptable estimates of daily moderate to vigorous physical activity (ICC = 0.76-0.86) and accounted for differences in activity on weekdays and the weekend (Trost et al., 2000). Based on these findings, a standard seven day monitoring protocol would be reasonable (Trost et al., 2005).    

Despite the inherent limitations of accelerometers, the literature indicates that accelerometers are now, appreciably, the “tool of choice” (Rowlands, 2007) for measuring children’s physical activity. Since physical activity data are often used to describe the proportion of children meeting physical activity guidelines for health, existing guidelines for children and youth are provided for comparison. 
2.7 Physical activity guidelines for children and youth

Physical activity guidelines are primarily established based on research that outlines the health benefits of physical activity. These guidelines have been adapted over time and continue to change as new information is discovered on the relationship between physical activity and health. Specific guidelines for children and youth vary internationally. Researchers interested in physical activity measurement help to form these guidelines and also use them as a blueprint for determining the percentage of children and youth who meet the criteria for adequate habitual physical activity. Table 2.3 presents an overview of physical activity guidelines.

Table 2.3 Physical activity guidelines for children and youth (adapted from Janssen, 2007).

	Organization
	Title of recommendation
	Reference
	Year
	Age range
	Recommendation

	American College of Sports Medicine
	Opinion statement on physical fitness in children and youth
	American College of Sports Medicine 1998
	1988
	Children and youth
	Obtain 20 to 30 minutes of vigorous exercise each day

	International Consensus Conference on Physical Activity Guidelines for Adolescents
	Physical activity guideline for adolescents: consensus statement
	Sallis and Patrick 1994
	1994
	11-21 y
	Be physically active daily, or nearly daily, as part of play, games, sports, work, transportation, recreation, physical education, or planned exercise; engage in ≥3 sessions per week of moderate to vigorous activities that last ≥20 minutes

	US National Institutes of Health
	Consensus development panel on physical activity and cardiovascular health
	NIH Consensus Development Panel on Physical Activity and Cardiovascular Health 1995
	1995
	All
	Accumulate 30 minutes of moderate physical activity on most, preferably all, days of the week

	US Surgeon General
	Physical activity and health
	US Department, Health & Human Services 1996
	1996
	≥2 y
	Accumulate 30 minutes of moderate physical activity on most, preferably all, days of the week

	UK Health Education Authority 
	Young people and health-enhancing physical activity: evidence and implications
	Biddle et al., 1998
	1998
	Children and youth
	Participate in physical activity that is of at least a moderate intensity for an average of 1 hour per day; participate in physical activities that enhance and maintain strength in the musculature of the trunk and upper arm girdle ≥2 days per week; the above recommendation should be met by participating in developmentally appropriate activities

	Australia Department of Health and Ageing
	National physical activity guidelines for Australians
	Department of Health and Ageing 1999
	1999
	5-18 y
	At least 60 minutes, and up to several hours, of moderate to vigorous physical activity every day; limit screen time ≤2 hours per day

	American Cancer Society 
	Guidelines on nutrition and physical activity for cancer prevention
	Byers et al., 2002
	2002
	Children and youth
	Engage in ≥60 minutes per day of moderate to vigorous physical activity at least 5 days per week

	Health Canada and the Canadian Society for Exercise Physiology
	Canada’s physical activity guide for children and youth
	Health Canada and the Canadian Society for Exercise Physiology 2002a, 2002b
	2002
	6-14 y
	Increase time currently engaged in physical activity by at least 30 minutes per day (in periods of at least 5 to 10 minutes), progressing to≥ 90 minutes per day more physical activity; the 90 minutes per day increase in physical activity should include both moderate (60 minutes) and vigorous (30 minutes) activities; decrease time spent doing sedentary activities (television, video games, internet), initially by 30 minutes per day, eventually by ≥90 minutes per day

	Weight Realities Division of the Society for Nutrition Education
	Guidelines for childhood obesity prevention programs
	Weight Realities Division of the Society for Nutrition Education 2003
	2003
	Children
	Be active for at least 60 min per day; limit screen time to <2 hours per day and replace with more active activities

	US National Association for Sports and Physical Education
	Guidelines for appropriate physical activity for elementary school children
	Corbin and Pangrazi 2004
	2003
	5-12 y
	Accumulate at least 60 minutes, and up to several hours, of age-appropriate physical activity on all, or most days of the week; daily accumulation should include moderate and vigorous physical activities, with the majority being intermittent in nature

	US Department of Agriculture
	Dietary guidelines for Americans
	US Department of Health and Human Services and US Department of Agriculture 2005
	2005
	Children and youth
	Accumulate ≥60 minutes of physical activity on most, preferably all, days of the week 

	Divisions of nutrition and physical activity and adolescent and school health of the US Centers for Disease Control
	Evidence based physical activity for school-age youth
	Strong et al., 2005
	2005
	6-18 y
	Participate in ≥60 minutes per day of moderate to vigorous physical activity; activities should be developmentally appropriate, enjoyable, and involve a variety of activities


Table adapted from Janssen, 2007. Note: Guidelines are listed in chronological order of release.
2.7.1 Proportion of children meeting current physical activity guidelines

While it is clear from Table 2.3 (Janssen, 2007) that physical activity recommendations for health benefits in children vary slightly according to each organizational definition, the general consensus from the year 1998 and onwards is that children should attain 60 or more minutes of moderate to vigorous intensity physical activity (MVPA) each day to maintain good health. The exception to this statement would be the Canadian guidelines which suggest children progress to 90 minutes or more moderate to vigorous intensity activity per day. Although the message of 60 or more minutes of MVPA per day is clear, the obvious challenges that accompany physical activity measurement in children complicate the determination of whether children meet the guidelines. The proportion of children meeting physical activity guidelines can vary substantially across studies which are based on differing methodologies and/or analytical methods. Therefore, one major issue is the discrepancy in reports of the proportion of children meeting physical activity guidelines for health when physical activity is measured via self-report or objective assessments (e.g. accelerometers) or even between studies using the same objective tool, but differing methodologies or analytical methods (De Vries et al., 2009)
2.8 Measurement of physical activity in the context of physical activity guidelines for children and youth

2.8.1 Self-reported physical activity

Using self-reported physical activity data, the Youth Risk Behaviour Surveillance System (YRBSS) reported that less than 40% (34.7%) of boys and girls met the current recommendation of at least 60 minutes of MVPA per day and less than 30% (24.9%) of students met the recommended amount of physical activity on at least one day during the seven days before the survey (Eaton et al., 2008). Self-report data of European children and youth suggest that one third meet these guidelines (Armstrong and Welsman, 2006). The validity of self-reported physical activity in children is questionable 攁 ADDIN EN.CITE 
(Baranowski et al., 1992; Pate, 1993)
 and some suggest self-report is inappropriate for use with children under 12 years of age (Pate et al., 2002). Some suggest the use of these overestimate time spent in vigorous intensity activity and underestimate time spent in daily unstructured daily physical activities such as walking and playing outdoors 氁 ADDIN EN.CITE 
(Armstrong and Welsman, 2006; McMurray et al., 2004)
. These findings should therefore be interpreted with caution. 
2.8.2 Objectively-measured physical activity

In the European Youth Heart Survey (EYHS), accelerometry data from 2185 9 and 15 year-old children were collected (Riddoch et al., 2004). Over 95% of 9 year old boys and girls achieved the current physical activity guidelines of 60 or more minutes of MVPA per day. Similar findings have been reported in Australian children aged 10 to 12 years (Telford et al., 2005). Both studies used accelerometer thresholds for ≥ moderate intensity activity based on 3 METs. Recent work in 5595 children aged 12 years which employed a higher threshold for ≥ moderate intensity activity found that the prevalence of children meeting guidelines was much lower than previous reports (i.e., only 2.5% of children (5.1% of boys; 0.4% of girls) met the current physical activity recommendations of 60 or more minutes of MVPA per day) (Riddoch et al., 2007).  

Recently, studies have evaluated just how large discrepancies in time spent in MVPA are when using different accelerometer-intensity thresholds for children 搁 ADDIN EN.CITE 
(Cliff and Okely, 2007; Guinhouya et al., 2006)
. As these and other researchers 礁 ADDIN EN.CITE 
(Olds et al., 2007; Pate et al., 2006; Sleap and Tolfrey, 2001)
 have pointed out, estimates of compliance with physical activity guidelines differs markedly by physical activity guideline operationalisation and accelerometer methodologies and analytical techniques. One recent study examined how the intensity threshold used, whether adherence was based on cumulative or continuous bouts and whether guidelines needed to be met on every day or on average across all days affected reported adherence (De Vries et al., 2009). Like previous reports, De Vries et al. (2009) highlighted the degree to which the findings varied according to guideline and data interpretation and demonstrated how the percentage of children meeting guidelines decreased when more stringent criteria were chosen. Until some sort of consistency is reached, it will remain difficult to truly determine whether children are meeting recommended levels of physical activity for health benefits, and, whether this achievement is related to more improved health outcomes than children who fail to meet these guidelines.

2.9 Introduction to physical activity in relation to health in children

While it is certainly true that leading a physically active life is an important part of healthy living for children, the relationship between physical activity and health is less than clear. The established causal links between habitual physical activity in adults and health status in adulthood have yet to be firmly established in children. Blair (1989) established a model which suggests three main beneficial effects that might occur as a result of adequate childhood physical activity. The first hypothesis is that adequate physical activity during childhood may lead to the enhancement of physiological and psychological development during childhood, which would directly improve childhood health status and quality of life. The second hypothesis is that adequate physical activity during childhood might delay the onset or slow the rate of development of health risk factors, directly improving adult health status. The third hypothesis is that an active child might become an active adult; the maintenance of adequate levels of physical activity through childhood and into adulthood would therefore indirectly enhance adult health status.  
A systematic evaluation of evidence linking physical activity to health outcomes in children and youth was published in 2005 (Strong et al., 2005). The authors concluded: there is strong evidence that physical activity has beneficial effects on adiposity (in overweight and obese children), aerobic fitness and several aspects of cardiovascular health; there is adequate evidence that physical activity has beneficial effects on adiposity in children and youth who are normal weight, on blood pressure in those who are normotensive, on plasma lipids and lipoprotein levels and on non-traditional cardiovascular risk factors (which include endothelial function). Recently, the National Institute for Health and Clinical Excellence (NICE) released a review of the evidence on the health benefits of physical activity for children. Similar to the review by Strong and colleagues (2005), the NICE report concluded that physical activity has significant health benefits for children, most notably the prevention of overweight and obesity and prevention of cardiovascular risk factors. Relationships between physical activity and health outcomes in childhood are weak to moderate at best, yet are likely a result of the complexities of measuring physical activity behaviour in childhood accurately, the lack of disease end-points in childhood and interactions between physical activity and growth and maturation (Cumming and Riddoch, 2008). However, the idea that adult health status may be determined in part by biological events that occur in utero (Barker, 1990) supports the argument that healthy physical activity levels in early childhood are important despite the fact that morbidity and mortality are characteristics of adulthood. 

The NICE report did suggest that there is limited evidence that childhood physical activity directly affects health in adulthood. One reason is that physical activity levels track at weak to moderate levels from childhood to adolescence, which some suggest would be expected given the influence of “life events” (i.e., biological and psychological development, changing schools, moving house, etc.) that disturb physical activity patterns, and changes in the dimension of physical activity over time (i.e., transition from play to sport to social and recreational activities to lifestyle activities) (Cumming and Riddoch, 2008). However, health indicators such as obesity track from childhood to adulthood. Therefore physical activity may have an indirect influence on adult health. 
The nature of the relationship between physical activity and health is unclear. The simplest theory is that physical activity is directly associated with health benefits. A graded dose-response relationship between physical activity level and adult morbidity and mortality is thought to occur, with a “law of diminishing returns” in health benefits as an individual moves along the distribution curve from low to high activity (Paffenbarger et al., 1986). However, physical fitness may be a mediating factor in the relationship between physical activity and health as outlined by Bouchard et al. (2007). For example, for most individuals being regularly active leads to higher levels of health-related fitness in comparison to sedentary counterparts. As aspects of health-related fitness (e.g., cardiorespiratory endurance, insulin sensitivity, HDL cholesterol and lipid profile, adiposity and blood pressure) improve, benefits to overall health occur. However, there is some evidence that a healthy level of physical activity can lead to health benefits independent of changes in physical fitness. Therefore the relationship between physical activity and health could be, a) mediated by gains in physical fitness or, b) independent of changes in physical fitness. It is difficult to provide evidence to support causality in the interrelationships between activity, fitness and and health. For example, healthier people are often more active and are the fittest in a population. Also, regular physical activity might alter fitness which might then increase the level of physical activity. Furthermore, cardiorespiratory fitness is a key component of health-related fitness and cardiorespiratory fitness will vary in a population as a result of familial and genetic characteristics, age, sex, and ethnic differences, habitual physical activity and measurement error. Figure 2.1 illustrates these interrelationships between physical activity, health-related fitness and health status.


[image: image14]
Figure 2.1 Model depicting the interrelationships between physical activity, health-related fitness and health (adapted from Bouchard et al., 2007). The model specifies not only that physical activity and fitness are positively associated with health but also that healthier individuals are more inclined to be physically active. 

The complexity deepens with the introduction of other factors into the model (i.e., lifestyle behaviours, personal attributes, social and physical environment and genetics) which affect the major components of the model (physical activity, health-related fitness and health) and impacts on their interrelationships. In order to have a more comprehensive understanding of the relationships between physical activity and health outcomes in childhood in the present thesis, the potential mediating effect of fitness and other potential confounders must be considered (see Figure 2.2).  
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Figure 2.2 A more complete model depicting the relationships among physical activity, health-related fitness and health status (adapted from Bouchard et al., 2007). This model allows for contributions of inherited factors and of other lifestyle behaviours, personal attributes, and social and physical environmental factors.

The following sections will discuss the specific evidence regarding physical activity in relation to body fatness, aerobic fitness, cardiovascular risk factors, blood pressure, endothelial function and postprandial lipaemia, and highlight the gaps in the literature that this thesis addresses.  
2.10 Physical activity in relation to body fatness in children

Although a lack of physical activity is believed by many to be associated with the development of childhood obesity ㈁ ADDIN EN.CITE 
(Boreham and Riddoch, 2001; Fox, 2004; Goran et al., 1999; Kiess et al., 2001; Maffeis, 2000; Miller et al., 2004; Molnar and Livingstone, 2000; Slyper, 2004b; Steinbeck, 2001)
, the relationship between physical activity and body fatness is far from clear-cut. Since a multitude of factors may contribute to obesity (i.e., dietary, birth weight or genetic factors), some of which are not easily measured or studied, it is difficult to tease out the role of physical activity. Also, the development of childhood obesity can take many years. Most studies which have uncovered inverse associations between physical activity and body fatness in children are cross-sectional and there is a lack of longitudinal investigations into activity-fatness relationships in children. Physical activity itself is rarely measured with accelerometers for more than one week, which (although deemed satisfactory (Trost et al., 2005)) is an extremely brief amount of time to obtain an accurate portrayal of a child’s normal physical activity level. Also, there is evidence of seasonal variation in children’s activity levels 猁 ADDIN EN.CITE 
(Kristensen et al., 2008a; Rowlands and Hughes, 2006)
, therefore reported activity-fatness relationships in children may depend upon the measurement period. The variety of measurement techniques used to measure body fatness in children and quantify physical activity in children 攁 ADDIN EN.CITE 
(Goran, 1998)
 has contributed to a wide array of findings and continues to make comparability between studies very difficult. In light of these challenges, the role of physical activity in the development of childhood obesity is controversial. 
One meta-analysis (Rowlands et al., 2000) investigated the effect of physical activity measurement technique on the relationship between physical activity levels and body fatness in children. Some of the strongest relationships were identified when using accelerometers and pedometers to measure physical activity. The longer children wore the activity monitors, the stronger the relationship between activity and body fatness was. With all studies combined there was a weak to moderate relationship between activity level and body fat in children. However, this meta-analysis referred only to cross-sectional studies. Longitudinal studies are necessary to determine the direction of relationships between physical activity and health; in addition by assessing physical activity behaviour at multiple time points, longitudinal studies are better equipped for addressing any variation in children’s physical activity levels over time, particularly seasonal variation, which could affect reported relationships between physical activity and health. Unfortunately, there is a shortage of data on objective measures of habitual physical activity in children assessed longitudinally (Kristensen et al., 2008b) presenting a challenge to those striving to determine cause-and-effect relationships between physical activity and health outcomes in children. 
A recent review into health-related aspects of objectively-measured physical activity in children and youth (Dencker and Andersen, 2008) presents examples of studies which have found negative relationships between physical activity and body fatness when physical activity was measured objectively with accelerometers 朁

 ADDIN EN.CITE.DATA 㸁 ADDIN EN.CITE 
(Abbott and Davies, 2004; Butte et al., 2007; Dencker et al., 2006a; Ekelund et al., 2002; Ekelund et al., 2004; Gutin et al., 2005; Janz et al., 2005; Janz et al., 2002b; LeMura et al., 2000; Lohman et al., 2006; Metallinos-Katsaras et al., 2007; Moore et al., 2003; Ness et al., 2007; Ruiz et al., 2006; Saelens et al., 2007; Stevens et al., 2004; Thompson et al., 2005; Trost et al., 2001; Wittmeier et al., 2007; Wrotniak et al., 2006)
. Since this comprehensive review was published, a number of additional studies have also documented negative links between accelerometer-measured physical activity and body fatness in children and youth 㸁 ADDIN EN.CITE 
(Dencker et al., 2008a; Dencker et al., 2008b; Vogels et al., 2007)
. However, not all studies have found a relationship between accelerometer-measured physical activity and body fatness in children 氁 ADDIN EN.CITE 
(Snitker et al., 2007; Treuth et al., 2005)
, findings which may relate to how accelerometer-measured physical activity data are analysed and/or expressed.  
There is some evidence that relationships between accelerometer-measured physical activity and body fatness in children could be related to the intensity of activity, with stronger relationships evident for activities of ≥moderate intensity. For example, stronger correlations between MVPA and body fatness than total physical activity were seen in boys of similar age and body size (Ness et al., 2007). Other studies have reported that body fatness was not related to moderate intensity activity yet was related to activities of ≥vigorous intensity 㰁 ADDIN EN.CITE 
(Abbott and Davies, 2004; Dencker et al., 2006a; Dencker et al., 2008b; Ruiz et al., 2006)
. In contrast, one study found that body fatness was weakly related to total physical activity and moderate physical activity but not ≥vigorous intensity activity 㸁 ADDIN EN.CITE 
(Butte et al., 2007)
. It is important to note that the classification of moderate or vigorous intensity physical activity varies from study to study. Therefore differing conclusions may reflect the use of different accelerometer thresholds to classify the lower end of moderate intensity (i.e., based on 3 METs versus 4+ METs) 䄁 ADDIN EN.CITE 
(Dencker and Andersen, 2008; Reilly et al., 2008)
. Without consistent accelerometer thresholds for moderate and vigorous intensity activity, it is very difficult to conclude whether relationships between physical activity and body fatness in children are only evident for activity of ≥vigorous intensity. Dencker and Andersen (2008) conclude their review by suggesting, like Rowlands et al. (2000), that there is evidence for low to moderate inverse relationships between total activity and/or total time accumulated in moderate to vigorous physical activity with body fatness. Cross-sectional studies showing relationships between physical activity and body fatness in children cannot determine whether physical inactivity is the cause or consequence of childhood obesity. However, there is some longitudinal research to support the theory that low levels of daily physical activity 漁 ADDIN EN.CITE 
(Moore et al., 2003; Stevens et al., 2004)
, and in particular low levels of MVPA (Stevens et al., 2007) and VPA (Janz et al., 2005) are associated with the accumulation of body fat in children and youth. 
Moore et al. (2003) followed 103 children from age 4 to 11 years. Children wore a Caltrac accelerometer for 3 to 5 consecutive days each measurement year (with the number of weekdays and weekend days consistent each year). Over the eight-year span, physical activity measurement was carried out during all seasons. In a single year, care was taken to collect data for all children during the same season. Data were used to categorize children into activity tertiles. By age 11 (early adolescence), the most active children had a lower body mass index (BMI; kg.m-2) and less subcutaneous fat (measured by skinfold thicknesses) than less active children. High levels of activity during the preschool years also delayed the period of rapidly rising body fatness (i.e., adiposity rebound) that typically occurs between age 4 to 6 years. Stevens et al. (2007) collected ActiGraph data from 984 sixth-grade girls who were followed up in the eighth-grade. Girls wore ActiGraph monitors for 6 consecutive days, with physical activity data expressed every 30 seconds. The cut-point for MVPA was 4.6 METs. Longitudinal analyses indicated that percent body fat increased 0.28 percentage points less in girls whose level of MVPA increased (i.e., by 6.2 minutes per day) compared to those whose level of MVPA decreased (i.e., by 4.5 minutes per day). There were no longitudinal associations between physical activity and BMI, a finding the authors noted was similar to previous work (Stevens et al., 2004). Finally, Janz et al. (2005) measured physical activity levels in 379 children over a three year period (i.e., from age 5 to 8 years). ActiGraph data were collected over 4 consecutive days (during the autumn months) each measurement year. Moderate intensity activity was defined using a cut-off of 3 METs and vigorous intensity activity using a cut-off of 6 METs. Children who maintained a high level of vigorous activity (i.e., number of minutes per day, number of 5-minute bouts per day) and a low level of TV viewing were less likely to gain body fat over the course of the study and less likely to be in the upper quartile for adiposity at follow-up. 
The evidence from the above longitudinal studies suggests that maintaining high levels of habitual physical activity (particularly activity which is of ≥moderate or ≥vigorous intensity) and low levels of sedentary behaviour are associated with favourable changes in adiposity in children. However, in contrast Metcalf et al. (2008) failed to find any longitudinal associations between MVPA (assessed by the ActiGraph) and body fatness (assessed by skinfolds and waist circumference) in 113 boys and 99 girls assessed over a 4-year period (ages 5 to 8 years). The authors argued that physical activity above an intensity of 3 METs was not associated with a progressive improvement in body fatness or BMI in children over time. These findings highlight the necessity for more longitudinal research investigating activity-fatness relationships in children.     

2.11 Physical activity in relation to aerobic fitness in children

Aerobic fitness defined as peak oxygen uptake (
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O2peak) is a measure of the functional capacity of a child’s cardiorespiratory system and therefore a good determinant of cardiovascular health (Dencker and Andersen, 2008). Consequently, it is not surprising that children who have a low level of aerobic fitness tend to have more risk factors for cardiovascular disease 㰁 ADDIN EN.CITE 
(Anderssen et al., 2007; Eiberg et al., 2005; Wedderkopp et al., 2003)
. Aerobic fitness can track from childhood into adulthood 攁 ADDIN EN.CITE 
(Andersen and Haraldsdottir, 1993; Trudeau et al., 2003; Twisk et al., 2002)
. By late adolescence, low aerobic fitness increases the probability of developing additional risk factors for cardiovascular disease in adulthood ԁ ADDIN EN.CITE 
(Hasselstrom et al., 2002; Twisk et al., 2002)
. Since changes in aerobic fitness from childhood to adolescence are linked to changes in the cardiovascular risk profile of an individual, health promotion programs that specifically target increases in physical fitness may improve cardiovascular health (Janz et al., 2002a). Alternatively, since physical fitness is positively related to physical activity in adults, children who are physically active may reduce cardiovascular risk if physical activity participation helps to maintain a good level of aerobic fitness. 
Like body fatness, the relationship between physical activity and physical fitness in children is not clear, partly due to the difficulties with measuring children’s activity levels. A variety of studies have investigated physical activity-fitness relationships in children using accelerometer-measured physical activity data 省 ADDIN EN.CITE 
(Buchheit et al., 2007; Butte et al., 2007; Dencker et al., 2006b; Eiberg et al., 2005; Gutin et al., 2005; Hansen et al., 2005; Hussey et al., 2007; LeMura et al., 2000; Rowlands et al., 1999; Ruiz et al., 2006)
. Rowlands and colleagues (1999) reported a moderate correlation between accelerometer-measured total physical activity and aerobic fitness (assessed as treadmill endurance time, r=0.66, p<0.05), results which are similar to LeMura and colleagues’ findings (LeMura et al., 2000). In both studies, aerobic fitness was not directly measured (i.e., 
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O2peak, indirect calorimetry) but rather estimated from maximal or submaximal exercise tests. Subsequent studies, some of which include measures of 
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O2peak, have failed to find such strong relationships between physical activity and fitness.  
In addition to investigating relationships between total physical activity and fitness, Rowlands et al. (1999) also explored whether the intensity of physical activity was just as important, or more important, than total physical activity. Total counts from the Tritrac accelerometer correlated with fitness as strongly, or more strongly, than measures of time spent in moderate or vigorous activity. This may indicate that total and moderate activity influence fitness as much as vigorous activity; alternatively, it is possible that children who were high in vigorous intensity activity were also high in total activity and moderate intensity activity. These data are supported by Butte et al. (2007) who reported physical fitness was related similarly to total physical activity and vigorous physical activity in a large sample of children and youth ㄁ ADDIN EN.CITE 
(Butte et al., 2007)
. However, in contrast, some authors report that physical fitness (like body fatness) is more strongly related to activities of ≥vigorous intensity (Dencker et al., 2006b), or in particular, bouts of ≥vigorous intensity that are five or more minutes in duration (Eiberg et al., 2005), than total physical activity. Other researchers note that a greater daily accumulation of vigorous intensity physical activity is associated with a higher level of aerobic fitness (Ruiz et al., 2006). Therefore the accumulation of vigorous physical activity may be most important for aerobic fitness (Gutin et al., 2005). It is important to note that these studies are cross-sectional and therefore the direction of effect cannot be determined.
2.12 Are relationships between physical activity and aerobic fitness independent of body fatness?

The objective physical activity data from the above studies indicate that physical activity levels in childhood are associated, albeit weakly, with aerobic fitness. However, studies which have assessed aerobic fitness, but not body fatness, cannot tease out whether relationships between physical activity and aerobic fitness are independent of body fatness. There are strong relationships between cardiovascular fitness and fatness in children (Hager et al., 1995) therefore fatness could be a major confounding variable in any relationships between physical activity and fitness. 
In a recent study, Dencker and colleagues (2008b) took direct measures of aerobic fitness and body fatness in a large sample of children (N=225) aged 8 to 11 years to assess whether these health outcomes were independent predictors of various aspects of accelerometer-measured physical activity (i.e., MVPA, ≥vigorous physical activity). Body fatness was measured using dual-energy x-ray absorptiometry (DXA) and expressed as total body fat mass (TBF, expressed as a percentage of total body mass), abdominal fat mass (AFM) and body fat distribution (AFM/TBF). Aerobic fitness was assessed via a maximal exercise test on a cycle ergometer, scaled for size and expressed as 
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O2peak (ml.kg2/3min-1). Multiple regression analyses illustrated that vigorous physical activity was independently related to percent body fatness (R2=0.15, p<0.01) and aerobic fitness (R2=0.19, p<0.01), with low daily accumulation of ≥vigorous physical activity associated with increased body fat and lower aerobic fitness. Daily accumulation of MVPA was only weakly related to aerobic fitness (R2=0.07, p<0.01) and not independently to any measure of body fatness. This work highlights the need to assess the relationship of physical activity (and particular aspects of physical activity behaviour) with body fatness, and with measures of aerobic fitness which have been adjusted for body size. 
2.13 Physical activity behaviour in normal weight and overweight children

A number of studies have found lower levels of accelerometer-measured physical activity in overweight compared to normal weight children ԁ ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
. In addition to having lower levels of activity, overweight children tend to be less fit than normal weight children 搁 ADDIN EN.CITE 
(Deforche et al., 2003; Grund et al., 2000)
. Recent reports suggest that overweight or obese children tend to accumulate less accelerometer-measured time in moderate to vigorous physical activity and have lower levels of aerobic endurance compared to normal weight children (Haerens et al., 2007). 

Whether the pattern of activity differs between normal weight and overweight children is unclear. In one study, overweight children undertook significantly fewer continuous bouts (i.e., ≥5 min) of ≥moderate intensity physical activity in comparison to their normal weight counterparts (Trost et al., 2001). Whether there are differences in short, sporadic bouts of activity between overweight and normal weight children or whether aspects of the pattern of physical activity differ between groups is not known.
2.13.1 Importance of measuring physical activity behaviour in normal weight, overweight and obese children

The prevalence of obesity and obesity-related illness is steadily increasing in individuals of all ages worldwide (World Health Organization, 2004). Obesity is now the most common childhood disorder in the developed world. A disturbing increase in its prevalence over recent decades has occurred (Wang and Lobstein, 2006). This increase is a cause for concern as there is a tendency for obese children to remain obese as adults (Bouchard, 2000). Obesity is a key risk factor for many chronic and non-communicable diseases and obesity-related health problems are now occurring at a much earlier age (Lau et al., 2007). Since these are likely to progress into adulthood, the prevalence of childhood obesity has become a serious public health issue. 
2.13.2 Measurement of obesity

2.13.2.1 Body mass index (BMI)

Obesity is often classified according to BMI (kg.m-2). This simple measure is very useful for population studies (i.e., prevalence estimates of obesity) and is the most commonly used index of adiposity in children as height and weight are easily measured in the clinical setting. The BMI of children and adolescents is also associated with other measures of body fatness (Deurenberg et al., 1991) and cardiovascular disease risk factors 搁 ADDIN EN.CITE 
(Freedman et al., 1999a; Katzmarzyk et al., 2003)
 as well as risk of adulthood obesity 渁 ADDIN EN.CITE 
(Guo et al., 2000; Whitaker et al., 1997)
 and long-term mortality risk 漁 ADDIN EN.CITE 
(Engeland et al., 2003; Engeland et al., 2004)
. 

Obesity is characterized as excess body fatness compared to a criterion reference value. Adults with a BMI of 25.0 to 29.9 kg.m-2 are considered overweight while those with a BMI of 30.0 kg.m-2 or higher are classified as obese. Associated health risks increase directly with any rise in BMI (World Health Organization, 2004). The BMI of children changes with age (i.e., sharp rise in BMI during infancy followed by a progressive decline during preschool years and increase into adulthood) (Cole et al., 1995) and varies according to sex, therefore age- and sex-specific BMI cut-offs are necessary to accurately classify overweight and obesity in children. The references that receive the most use for British children are the International Obesity Task Force (IOTF) thresholds 猁 ADDIN EN.CITE 
(Cole et al., 2000)
 and the UK National BMI cut-offs (Cole et al., 1995). The International Obesity Task Force (IOTF) age- and sex-specific BMI cut-offs were developed on children and adolescents worldwide aged 2-18 years 氁 ADDIN EN.CITE 
(Cole et al., 2000)
. These cut-off values correspond to a BMI of 25 and 30 kg.m-2 at age 18 for defining overweight and obesity in children and youth. Body mass reference curves based on data collected from British children ranging from birth to age 23 y (Cole et al., 1995) may however be more appropriate than the IOTF International thresholds for identifying and classifying normal weight and overweight British children. International and National BMI age- and sex-specific cut-offs for classifying overweight and obesity in children are presented in Table 2.4.
Table 2.4 International Obesity Task Force (IOTF) and British BMI age- and gender-specific thresholds for classifying overweight and obesity in boys 8 to 11 years of age.

	
	Age (years)
	Overweight
	Obese

	IOTF thresholds (Cole et al., 2000)
	
	Body mass index 25 kg.m2
	Body mass index 30 kg.m2

	
	8.0
	18.44
	21.60

	
	8.5
	18.76
	22.17

	
	9.0
	19.10
	22.77

	
	9.5
	19.46
	23.39

	
	10.0
	19.84
	24.00

	
	10.5
	20.20
	24.57

	
	11.0
	20.55
	25.10

	British thresholds (Cole et al., 1995)
	
	85th percentile
	95th percentile

	
	8.0
	17.61
	19.04

	
	8.5
	17.83
	19.36

	
	9.0
	18.08
	19.70

	
	9.5
	18.35
	20.05

	
	10.0
	18.64
	20.42

	
	10.5
	18.94
	20.79

	
	11.0
	19.26
	21.17


The diagnostic accuracy of the International and National BMI references were discussed in a review of the literature (Reilly, 2006). Specific questions were: how effective are these thresholds in identifying the fattest children in the population, and, are children with a high BMI for age at a higher risk of morbidity than those with a low BMI for age? The evidence indicated that all children with a high BMI for age (i.e., BMI ≥85th or 95th percentiles) were at a higher risk of morbidity in childhood and in adulthood than those with a low BMI for age (BMI <85th percentile) (Reilly et al., 2003b). However, the IOTF thresholds had a much lower sensitivity for identifying obesity in UK boys than National reference standards (i.e., BMI ≥95th percentile) (Reilly et al., 2000). The use of IOTF thresholds with British children may therefore not identify a large percentage of the fattest children. Since differences in BMI-body fat content and distribution between populations and ethnic groups have been identified in adults and are likely present in children, population-specific BMI thresholds may be more appropriate for children (Reilly, 2006). 

Accurate measures of body composition are required to better understand how various factors contribute to adiposity in children. Measuring body composition in children is especially difficult however, since children are not “mature” and grow at different rates, therefore it is important to account for this (Fomon et al., 1982). Using BMI to identify obesity in children generates high specificity (95-100%), however low sensitivity (36-66%) (Reilly et al., 2000). BMI cannot separate fat and muscle. Physically fit children have lower levels of central adiposity for a given BMI (Nassis et al., 2005). The use of BMI may therefore falsely identify obesity in children with relatively high lean mass. Alternative measures of body composition (i.e., skinfolds, waist circumference) can help verify excess fatness in the growing child. These will increase precision and validity and should be used when possible. A review of these measures and their use with children is provided.   
2.13.2.2 Skinfolds and waist circumference

Body fat distribution may be more relevant to health outcomes than total adiposity (McCarthy et al., 2005). Skinfolds and measurements of waist circumference can identify fat patterning and are therefore advantageous. Various different skinfold techniques are available (i.e., different measurement sites and prediction equations). Choosing the appropriate technique/equation depends upon the population of interest (Eston et al., 2008). Eston et al. (2005) suggest data be presented as a composite value (i.e., sum) based on the measurement of seven skinfold sites from the upper and lower body. Waist circumference, a quick and simple measure, has been shown to be very useful for children. It can identify central obesity, and is an indicator of visceral obesity (which is a risk factor for Type 2 diabetes, insulin resistance syndrome and cardiovascular disease) ！ ADDIN EN.CITE 
(Caprio et al., 1996; Cowin and Emmett, 2000; Flodmark et al., 1994; Freedman et al., 1999b; Goran and Gower, 1999; Gower et al., 1998)
. This is especially relevant for British youth, since central adiposity (measured by waist circumference) has increased more rapidly than overall fatness (measured by BMI) over the last 10-20 years (McCarthy et al., 2003). Standardized waist circumference measurement protocols do not exist for children and youth, which is problematic as it precludes its widespread use in clinical practice. Childhood obesity monitoring schemes in the UK in recent years have included measurements of waist circumference and a detailed description of this protocol is available (Rudolf et al., 2004). 
There are obvious challenges to uncovering relationships of physical activity with body fatness and aerobic fitness in children, even with more objective measures of physical activity assessment and sophisticated accelerometer data collection and reduction techniques. Many of the studies reported are cross-sectional which preclude determining cause-and-effect relationships. Body fatness and aerobic fitness are only two of a multitude of health outcomes which have been investigated in relation to physical activity levels in children. Investigations into the association between physical activity and risk factors for cardiovascular disease in children are ongoing and continue to provide new insights into activity-health relationships. Therefore, an introduction to cardiovascular risk factors in children, and the relation of physical activity and physical fitness to cardiovascular risk factors in children, is provided. 
2.14 Introduction to cardiovascular risk factors in children
A clustering of cardiovascular risk factors (i.e., LDL-C, TG, HDL-C, insulin and blood pressure) leads to insulin resistance and raises the risk of diabetes and cardiovascular disease (Steinbeck, 2004). Excess body fat accumulation over time increases blood glucose levels and reduces insulin sensitivity, resulting in a resistance to insulin action. Obesity is therefore an insulin-resistant state. Children who are overweight are more likely to have adverse levels of lipids, insulin and blood pressure 愁 ADDIN EN.CITE 
(Berenson et al., 1993; Frerichs et al., 1978; Killeen et al., 1978; Laskarzewski et al., 1980; Raitakari et al., 1994; Williams et al., 1992)
 along with fatty streaks, raised lesions and calcifications of the aorta and coronary arteries   ADDIN EN.CITE 
(Berenson et al., 1998; Mahoney et al., 1996; McGill et al., 1995)
. As a result, overweight children are at increased risk of heart disease, type 2 diabetes and various other chronic illnesses. These illnesses will likely progress into adulthood 爁 ADDIN EN.CITE 
(Must and Strauss, 1999; Power et al., 1997)
 and may even occur independently of weight status in adulthood (Must et al., 1992). 
2.14.1 Relation of physical activity and physical fitness to cardiovascular risk factors in children
In children, it appears that a clustering of cardiovascular risk factors occurs in those who have low levels of accelerometer-measured physical activity and low levels of physical fitness 㸁 ADDIN EN.CITE 
(Andersen et al., 2006; Anderssen et al., 2007; Brage et al., 2004)
. Some evidence suggests the more physical activity the better, with a clear graded relationship showing a steady decline in the number of risk factors with increasing activity quintiles and the most active children getting well above the recommended 60 minutes of moderate to vigorous physical activity per day (Andersen et al., 2006). However, not all reports have found associations between physical activity and clustered cardiovascular risk (Rizzo et al., 2007) or single cardiovascular risk factors 琁 ADDIN EN.CITE 
(Ruiz et al., 2007)
 in children, suggesting that body fatness and/or physical fitness might have a greater influence on cardiovascular risk.

It is difficult to determine whether physical activity, physical fitness or fatness is more important to cardiovascular risk status since all parameters interact in a complex pathway. It has been suggested that it is likely they are all important contributors in the same causal chain leading to high cardiovascular disease risk factor levels (Andersen et al., 2008). Various studies have however attempted to investigate independent associations with clustered cardiovascular risk. For example, Ekelund and colleagues (2007) found physical activity to be associated with a clustering of risk factors for CVD independent of adiposity (Ekelund et al., 2007). It has also been reported that while physical activity was related to clustered cardiovascular risk, the association with physical fitness was stronger (Hurtig-Wennlof et al., 2007). Andersen and colleagues (2008) recently illustrated that physical activity, physical fitness and fatness were all independent predictors of clustered cardiovascular risk in children and youth, with the highest cardiovascular risk occurring in children who were overweight and had low fitness. It has been reported that the importance of physical activity, in terms of cardiovascular risk, is greater for youth than children (Hurtig-Wennlof et al., 2007). These findings stress the significance of encouraging healthy levels of physical activity in childhood so that children are more likely to maintain these into adolescence. 
2.14.2 Relation of physical activity to blood pressure (a measure of cardiovascular risk) in children

Thresholds for normal and abnormal blood pressure in children help determine the proportion of children in a sample which are hypertensive. This is important when explaining any observed (or unobserved) relationships of physical activity to blood pressure. Normative blood pressure tables for children and youth have been developed based upon data from children measured from 1988 to 1991 in the National Health and Nutrition Examination Survey III and nine additional data sets listed in the National High Blood Pressure Education Program (NHBPEP) working group report (National High Blood Pressure Education Program Working Group on Hypertension Control in Children and Adolescents, 1996). Since body size is the most important determinant of blood pressure in childhood and youth, the blood pressure percentiles are adjusted based upon age, sex and height. Normal blood pressure is defined as systolic and diastolic blood pressure less than the 90th percentile for age and sex. High-normal blood pressure is defined as average systolic or diastolic blood pressure greater than or equal to the 90th percentile but less than the 95th percentile. Hypertension is defined as average systolic or diastolic blood pressure greater than or equal to the 95th percentile measured on at least three separate occasions. 
Previous work has identified inverse relationships between blood pressure and physical activity in children. For example, dose-response relationships between accelerometer-assessed total physical activity (TPA) and moderate to vigorous physical activity (MVPA) with systolic and diastolic blood pressure have been reported in a large sample (N=1170) of youth age 8 to 17 years (Mark and Janssen, 2008). In this sample, the odds of having hypertension decreased in a curvilinear fashion as minutes of MVPA per day increased. There is evidence that the volume of activity might be more important than the intensity of activity for influencing blood pressure in children. Using data from a large cohort (N=5505) of children aged 11 to 12 years (Golding et al., 2001), Leary et al. (2008) found small inverse associations of systolic blood pressure with TPA and MVPA, yet, after controlling for potential confounding variables, associations with TPA were greater than those with MVPA (Leary et al., 2008). 
2.15 Novel measures of cardiovascular disease risk in children

Novel indicators of cardiovascular disease such as vascular function have been investigated in association with body fatness and physical fitness in children, yet to a lesser degree with physical activity. The following section discusses two measures of vascular function, arterial stiffness and endothelial function, and corresponding associations with body fatness and physical fitness. Those studies which have investigated relationships with physical activity in children are noted. A brief overview of arterial stiffness and predictors of arterial stiffness in children is provided along with a more detailed review of endothelial function, including measurements of endothelial function and predictors of endothelial function.

2.15.1 Arterial stiffness

Arteriosclerosis (i.e., arterial stiffness) has been identified in a number of studies as a marker for increased CVD risk in children and adults 欁

(Boreham et al., 2004; Ferreira et al., 2005; Ferreira et al., 2004) ADDIN EN.CITE . Arterial stiffness affects mostly large elastic arteries (i.e., aorta, carotid, and iliac arteries) as well as medium to large size muscular arteries (i.e., coronary and popliteal arteries) (Slyper, 2004a). The earliest abnormalities seen in the coronary arteries and aorta in children are fatty streaks and these are present throughout childhood. In children, arterial stiffness is associated with blood pressure (Arnett et al., 2001), obesity 㸁 ADDIN EN.CITE 
(Tounian et al., 2001)
, age (Senzaki et al., 2002), sex (Ahimastos et al., 2003) and race (Schutte et al., 2003). Inverse relationships of arterial stiffness with cardiorespiratory fitness have also been observed. For example, in children aged 9 to 11 years, arterial compliance was greatest in those children in the highest quartile for aerobic fitness (Reed et al., 2005). In young adults, cardiorespiratory fitness was inversely related to arterial stiffness independent of lifestyle variables, body fatness and physical activity (Boreham et al., 2004).  
Although arterial stiffness is an important measure of cardiovascular risk in children, the initial stage of cardiovascular disease is dysfunction of the endothelium which eventually leads to development of plaque in the arteries and arterial stiffness (Slyper, 2004a). Some have already reported a distinct inverse association between endothelial function and increased CVD risk in children and adults ⴁ

(Gielen and Hambrecht, 2004; Vita and Keaney, 2002; Widlansky et al., 2003; Woo et al., 2004b) ADDIN EN.CITE . Investigating predictors of endothelial function is a way of informing early risk of future cardiovascular disease.
2.15.2 Endothelial dysfunction
2.15.2.1 Definition of endothelial function

The endothelial surface of a blood vessel is a regulatory organ (i.e., maintains tone, platelet activity and blood flow) (Biegelsen and Loscalzo, 1999). It does this by producing vasodilators (i.e., nitric oxide, prostacyclin, bradykinin and hyperpolarizing factor) and vasoconstrictors (i.e., endothelin, thromboxane, and activation of angiotensin II). Nitric oxide (NO) is the primary vasodilator and one of the main substances that helps to protect against atherosclerosis.  

2.15.2.2 Measurement of endothelial dysfunction using flow-mediated dilation (FMD)
Endothelial dysfunction can be examined by assessing changes in blood vessel diameter in response to specific stimuli. Changes in diameter are inhibited by selective inhibitors of nitric oxide synthase. As such, they give an indirect assessment of nitric oxide production. One commonly used test to measure endothelial function is flow-mediated dilation (FMD) which uses the vasodilator acetylcholine (ACh). When acetylcholine is injected directly into healthy blood vessels it elicits immediate vasodilation. However, it produces vasoconstriction when there is presence of coronary vessel disease. The brachial artery is most often used. Endothelial function in the peripheral circulation has been closely linked with that of the coronary circulation 戁 ADDIN EN.CITE 
(Anderson et al., 1995)
. Flow-mediated vasodilation in the brachial artery is associated with vessel damage typical of coronary artery disease 㤁 ADDIN EN.CITE 
(Neunteufl et al., 1997)
, therefore can indicate risk of cardiovascular disease. 

The flow-mediated dilation procedure initially involves inducing manual blood flow occlusion to produce ischemia and vasodilation. When the cuff is deflated, there is an extremely high state of blood flow (5 to 6 fold higher). The resulting sheer stress causes dilation in the blood vessel over the next 30 seconds to 5 minutes 戁 ADDIN EN.CITE 
(Corretti et al., 2002; Vogel, 2001)
. The inhibition of nitric oxide production through a chemical agent inserted into the brachial artery (i.e., nitroglycerin or nitroprusside) reduces this flow-mediated dilation by about 70% (Vogel, 2001). Flow-mediated vasodilation (noted as the change in diameter divided by the baseline diameter) is measured and expressed through high resolution ultrasound with the use of digital calibres or automated edge detection (Vogel, 2001). Although the measured changes in diameter are reported to be small, there is low within-scan and within-participant variation 搁 ADDIN EN.CITE 
(Herrington et al., 2001)
 therefore appreciable differences between individuals can be observed. 

2.15.2.3 Measurement of endothelial function using iontophoresis

In recent years, a less invasive technique to determine endothelial function has become available. Here, the dermal microcirculation is investigated using the technique of iontophoresis. Iontophoresis involves the delivery of endothelial-dependent (ACh) and -independent (SNP) vasodilators across the skin by applying small repeated electrical charges of opposite polarity and measuring forearm skin blood flow response through laser Doppler perfusion imaging 氁 ADDIN EN.CITE 
(Ferrell et al., 2002; Ramsay et al., 2002)
. The iontophoresis of acetylcholine is endothelium-dependent as it binds directly to muscarinic receptors on endothelial cells to produce nitric oxide and cause vasodilation. Sodium nitroprusside (SNP) is a nitric oxide donor and therefore is used as an endothelium-independent test of the vascular smooth muscle. Iontophoresis is a simple, non-invasive procedure, making it especially advantageous for use in children.  

Typically, participants are asked to fast overnight and refrain from drinking any fluids other than water prior to any measurements of vascular function. Measurements are taken in a temperature-controlled room with participants supine after acclimatizing to room temperature (Ramsay et al., 2002). Avoiding hair, broken skin and superficial veins, the clinician attaches a perspex iontophoresis chamber to the volar aspect of the right forearm and fills the chamber with the drug under test. Separate chambers are used for each drug. An indifferent electrode is attached to the volar aspect of the right wrist to complete the electrical circuit. The iontophoresis of ACh is delivered at the anode and SNP at the cathode. The vehicles for each drug (typically distilled water or saline solution for both ACh and SNP 洁 ADDIN EN.CITE 
(Ferrell et al., 2002; Ramsay et al., 2002)
 or mannitol in water for ACh   ADDIN EN.CITE 
(Middlebrooke et al., 2005; Middlebrooke et al., 2006)
) are used as a “control” to determine whether vasodilator responses to the drug under test are affected by vehicle ions. Previous research suggests that the use of a distilled water as a vehicle tends to cause a hyperaemic response, usually at the cathode, however this artefact is eliminated when using a saline solution instead (Ferrell et al., 2002). Provided that a low concentration of saline solution is used, the drug under test is able to produce sufficient vasodilation, even in the presence of salt ions. A battery-powered iontophoresis controller is used to deliver each drug across the skin. Changes in skin perfusion during the test are measured using a laser Doppler imager and displayed as colour-coded images on a PC monitor. Previously, iontophoresis was used in combination with laser Doppler flowmetry (LDF) which assessed vascular perfusion at one measurement site (Nilsson et al., 1980). A new technique, laser Doppler imaging (LDI), reduces measurement variability   ADDIN EN.CITE 
(Kubli et al., 2000; Morris and Shore, 1996)
 by measuring perfusion across multiple sites (Wardell et al., 1993) and taking an average measure of perfusion over a defined area.  

Neither the iontophoresis protocol nor the drug(s) under test is standardized and therefore differs across previous studies. Middlebrooke and colleagues (2005, 2006) have used iontophoresis to assess the dermal circulation in adults. Here, endothelium-dependent vasodilation was assessed using a solution of 1% ACh through five anodal (+ve) charges of 0.1 mA, each lasting 20 s, followed by a 40 s rest period (no charge). A total charge of 10 mC was applied across the skin. Skin perfusion images were taken prior to iontophoresis (i.e., at baseline) and following each 60 s interval. The same procedure was then repeated using an ACh vehicle solution (3% mannitol in water). Endothelium-independent vasodilation (i.e., smooth muscle response) was assessed using a solution of 0.25% SNP through one cathodal (-ve) charge of 0.2 mA lasting 60 s, followed by a 5 min rest period (no charge). A total charge of 12 mC was applied across the skin. Skin perfusion images were taken prior to iontophoresis (i.e., at baseline) and following each 60 s interval. This procedure was then repeated using a SNP vehicle solution (deionized water). Absolute peak flux response (peak, V) for ACh, SNP and both vehicle solutions (Middlebrooke et al., 2005) and absolute peak flux response (peak, V) and area under the flux vs. time curve over the scans (AUC, V x time) for ACh and SNP (Middlebrooke et al., 2006) were taken as representative markers of microvascular function in each study. This technique has since been successfully replicated with children (Jawis et al., 2007).  
2.15.2.4 Relation of physical activity and physical fitness to endothelial function

Positive associations of physical activity and fitness with endothelial function have been identified. For example, exercise training in young men was linked to enhanced endothelium-dependent dilation and a rise in nitric oxide production 㸁 ADDIN EN.CITE 
(Clarkson et al., 1999; Kingwell et al., 1997)
. Other researchers have found that athletes with a life-long training history have greater endothelium-dependent and non-endothelium dependent vasodilation, and more compliant arteries, than non-athletes 猁 ADDIN EN.CITE 
(Jensen-Urstad et al., 1999)
. Although there is less research in children, the available evidence is similar to the adult literature. For example, in a group of moderately active 5 to 10 year old children, habitual physical activity level (PAL, assessed by doubly labeled water and expressed as a multiple of resting metabolic rate) was a strong significant predictor of brachial artery flow-mediated dilation (FMD%) (Abbott et al., 2002). Furthermore, PAL remained a strong predictor of FMD% after adjusting for age, gender, % body fat, baseline arterial diameter and ponderal index (weight/height3) (Abbott et al., 2002). Mean FMD% was also comparable to previous studies with children and young adults 氁 ADDIN EN.CITE 
(Celermajer et al., 1992; Mietus-Snyder and Malloy, 1998; Sorensen et al., 1994)
. Although this study is cross-sectional and therefore cause-and-effect relationships between physical activity and endothelial function cannot be determined, the findings highlight the relationship between habitual physical activity and arterial health at a young age. As a result, it is necessary to gain insight on the characteristics of physical activity (i.e., frequency, intensity and/or duration) and the mechanisms involved which relate to vascular function in children. 

It is important to note that the above examples have uncovered positive associations of physical activity and fitness with fasting measures of endothelial function. In modern, westernized societies, most people have frequent meals throughout the day and therefore spend the majority of the day in a postprandial state (de Koning and Rabelink, 2002). This state is associated with acute metabolic disturbances. Fluctuations in glucose, hypertriglyceridemia, hypertension and other risk factors for cardiovascular disease occur (Lefebvre and Scheen, 1998). Postprandial lipoproteins can break through the arterial wall, and in doing so, cause an accumulation of plaque (Zilversmit, 1979). Repeated disturbances trigger chronic adaptations to the metabolic system which lead to the development of various risk factors for cardiovascular disease (i.e., obesity, type 2 diabetes, hypertension, dyslipidemia) (de Koning and Rabelink, 2002). Specific components of the meal itself cause acute effects to the vasculature that may pose additional risks and/or simply contribute to chronic effects. Given this information, there is a strong rationale for investigating whether physical activity improves endothelial function following meal consumption, and if so, establishing factors which may exert influencing effects. An overview of postprandial lipid metabolism is given first to show how metabolic markers change following meal consumption.
2.16 Introduction to postprandial lipid metabolism

The combination of frequent meals and excessive food intake leads to a prolonged absorptive state. Several features associated with this state have been identified. For example, postprandial lipaemia refers to the blood triacylglycerol (TAG) level after food intake and is an independent risk factor for atherosclerosis and coronary heart disease 洁 ADDIN EN.CITE 
(Hyson et al., 2003; Patsch et al., 2000; Roche and Gibney, 2000)
. Individuals who display prolonged elevation of triglycerides (TG) after a meal have higher susceptibility to atherosclerotic development and CVD (Patsch et al., 1992). Glucose excursions, increased sympathetic tone and hypertension, and increased oxidative stress (Lefebvre and Scheen, 1998) are additional markers of cardiovascular risk and these are sometimes measured in accordance with postprandial lipids.
Changes in cardiovascular structure and function begin in childhood 

(Berenson et al., 1998; Newman et al., 1991) ADDIN EN.CITE . It is perhaps not surprising then that endothelial dysfunction (Woo et al., 2004b) and elevated concentrations of postprandial plasma TAG 椁 ADDIN EN.CITE 
(Umpaichitra et al., 2004)
 have been identified in children. In most studies, children are obese and/or have other known cardiovascular risk factors (i.e., insulin resistance). Postprandial endothelial function is often assessed after consumption of a high-fat meal (i.e., oral fat tolerance test (OFTT)), with the degree of impaired endothelium-dependent vasodilation indicating the level of endothelial dysfunction. Postprandial measures of endothelial function typically occur a number of hours after the meal has been consumed, as maximal impairment in vasodilation in adults has been shown to coincide with peak postprandial triglyceride levels 

(Gaenzer et al., 2001; Vogel et al., 1997) ADDIN EN.CITE  which occur approximately 3 to 4 hours following meal ingestion (de Koning and Rabelink, 2002). 
Strategies that present the potential to attenuate postprandial lipaemic and vascular responses in children are attractive health care options. Studies which have investigated the role of physical activity and physical fitness in postprandial lipaemia are discussed, followed by those which have examined how physical activity and physical fitness relate to vascular function. Finally, more recent studies whereby physical activity has been studied in relation to both postprandial lipaemia and vascular function are reviewed.     
2.16.1 Relation of physical activity and physical fitness to postprandial lipaemia

Adult data show that regular exercisers display relatively low levels of postprandial lipaemia 찁 ADDIN EN.CITE 
(Cohen et al., 1989; Hartung et al., 1993; Merrill et al., 1989; Ziogas et al., 1997)
 and improved rates of triglyceride clearance 礁 ADDIN EN.CITE 
(Cohen et al., 1989; Ericsson et al., 1982; Podl et al., 1994; Sady et al., 1988)
. A major limitation of these data is that it is difficult to tease out whether long-term training adaptations contribute to enhanced triglyceride metabolism, from acute changes due to recent exercise. When recent exercise is eliminated (i.e., >60 h post-exercise), some research shows no difference in postprandial lipaemia between trained and untrained adults 愁 ADDIN EN.CITE 
(Herd et al., 2000; Tsetsonis et al., 1997)
. Although intervention research has demonstrated that a period of endurance training can improve postprandial concentrations of triglycerides and lipoproteins 愁 ADDIN EN.CITE 
(Drexel et al., 1992; Weintraub et al., 1989)
 and increase triglyceride clearance 攁 ADDIN EN.CITE 
(Thompson et al., 1988; Zmuda et al., 1998)
, assessments were often taken within 36 hours of exercise ㈁ ADDIN EN.CITE 
(Thompson et al., 1988; Weintraub et al., 1989; Zmuda et al., 1998)
. Those studies where post-training fat tolerance was assessed more than 48 hours after exercise found no significant effects of training on postprandial lipaemia 戁 ADDIN EN.CITE 
(Aldred et al., 1995; Wirth et al., 1985)
. Although one training study which assessed postprandial lipaemia after four days without exercise found postprandial lipaemia was reduced significantly in trained adult participants compared to an untrained control group (Drexel et al., 1992), some suggest weight loss rather than the exercise training itself could have contributed to these findings (Gill and Hardman, 2003). Since de-training studies have shown that most of the changes in postprandial lipaemia occur in the early days after exercise cessation ⸁ ADDIN EN.CITE 
(Hardman et al., 1998; Herd et al., 1998; Mankowitz et al., 1992)
, it may be that any exercise-induced improvements in postprandial lipaemia are quickly reversed in the absence of recent exercise. 
There is a large body of evidence illustrating that a prior session of exercise improves postprandial lipaemia in adults 焁

 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
(Aldred et al., 1994; Altena et al., 2004; Barrett et al., 2006; Burton et al., 2008; Gill et al., 2006; Gill et al., 2001a; Gill and Hardman, 2000; Gill et al., 2003; Gill et al., 2001b; Gill et al., 1998; Herd et al., 2001; Katsanos et al., 2004; Malkova et al., 2000; Malkova et al., 1999; Miyashita et al., 2006; Pfeiffer et al., 2005; Silvestre et al., 2008; Tsetsonis and Hardman, 1996a, b; Tsetsonis et al., 1997; Zhang et al., 2004; Zhang et al., 1998)
. Underlying mechanisms responsible for exercise-induced reductions in postprandial lipaemia are not entirely clear (Burns, 2008). To explain these findings, a number of factors which could influence reported effects of acute exercise on postprandial lipaemia have been investigated. Some of these include the timing of exercise, intensity of exercise and energy expenditure, and type of exercise (i.e., continuous versus intermittent). 

2.16.2 Factors which influence the effects of acute exercise on postprandial lipaemia
2.16.2.1 Timing of exercise

Several studies with adults have demonstrated that performing an acute bout of exercise 12 to 18 h before the consumption of a high-fat meal significantly reduces postprandial TAG concentrations. Some have failed to find an exercise-reduced improvement in postprandial lipaemia when exercise is performed much earlier (e.g., 24 h before meal consumption (Zhang et al., 2004)). These results complement the findings related to trained and untrained adults discussed previously. The findings also agree with the following reviews 䄁 ADDIN EN.CITE 
(Durstine et al., 2002; Thompson et al., 2001)
 which state that hypotriacylglycerolaemic effects of exercise are brief (i.e., 1 to 2 days) and do not appear to result from metabolic adaptations to repeated exercise sessions (i.e., training). It now appears that as long as exercise is regular, attenuations in postprandial lipaemia will occur (Hardman et al., 1998). Also, the specific timing of exercise in relation to the meal challenge (i.e., performed 16 hours versus 4 hours before meal consumption) 倁 ADDIN EN.CITE 
(Herd et al., 2001; Silvestre et al., 2008)
 does not appear to be an important component in improving postprandial lipaemia, since similar attenuations occur. 
2.16.2.2 Type of exercise

The way in which the activity is accumulated (i.e. through longer, continuous exercise bouts or through short, intermittent bursts of movement) does not appear to alter the favourable lipaemic response, provided total energy expenditure is matched 攁 ADDIN EN.CITE 
(Barrett et al., 2006; Gill et al., 1998; Miyashita et al., 2006; Murphy et al., 2009)
. However, it has been suggested that intermittent exercise may be more effective for attenuating the postprandial lipaemic response (Altena et al., 2004). These findings are promising for children given that their typical physical activity behaviour is sporadic. Only two studies have investigated the benefits of previous-day continuous versus intermittent exercise in reducing postprandial lipaemia in youth and these were adolescents. For example, Barrett et al. (2007) demonstrated that a single 60-min session of continuous treadmill exercise (60% of predicted 
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O2peak) as well as 60 min of intermittent games-like treadmill activity performed 16 hours prior to an oral fat tolerance test reduced postprandial lipaemia in healthy, 15-year old boys. Tolfrey et al. (2008) reported that either 60 min of moderate or vigorous intermittent treadmill exercise significantly reduced postprandial [TAG] in healthy, 13 year old boys. Both studies used laboratory-based treadmill exercise which has limited applicability to free-living habitual activity in children.  In addition, the intermittent-based activity protocols used in the previous two studies were not designed based on children’s free-living activity patterns and in some cases, intermittent bouts were quite long (i.e., 10 minutes) (Tolfrey et al., 2008). Some have suggested that research is needed into whether very short bouts of accumulated activity (< 10 minutes) elicit health benefits (Murphy et al., 2009). Consequently, there is support for investigating whether an exercise protocol consisting of short, intermittent activities (which is reflective of children’s free-living physical activity) improves postprandial lipaemia in children.  

2.16.2.3 Intensity of exercise and energy expenditure

The exercise-induced reductions in postprandial lipaemia appear to be linked primarily to the total energy expenditure of the exercise session 攁 ADDIN EN.CITE 
(Gill and Hardman, 2003; Petitt and Cureton, 2003; Tsetsonis and Hardman, 1996b; Tsetsonis et al., 1997)
. In adults, single, prolonged sessions of ≥moderate intensity exercise (≥90 min at ≥60% peak oxygen consumption, 
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O2peak) with total energy expenditures ≥3 MJ improve postprandial lipaemia 漁 ADDIN EN.CITE 
(Gill et al., 2001a; Gill et al., 2001b; Herd et al., 2001; Malkova et al., 2000; Malkova et al., 1999; Tsetsonis and Hardman, 1996a, b)
, yet shorter (≤60 min (Altena et al., 2004), ≤30 min (Zhang et al., 2007)), lower intensity (≤30%
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O2peak 氁 ADDIN EN.CITE 
(Katsanos et al., 2004; Pfeiffer et al., 2006b; Tsetsonis and Hardman, 1996a)
 exercise sessions which lead to energy expenditures ≤3 MJ do not. Manipulating the intensity of exercise and duration of exercise, while keeping total energy expenditure constant, does not appear to affect the postprandial response to exercise 漁 ADDIN EN.CITE 
(Crouse et al., 1995; Tsetsonis and Hardman, 1996b)
. Some have even found improvements in postprandial lipaemia after very low intensity exercise (30%
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O2peak) providing sufficient energy is expended 、 ADDIN EN.CITE 
(Aldred et al., 1994; Tsetsonis and Hardman, 1996b)
. Since sedentary individuals in particular may find it difficult to perform ≥moderate intensity exercise or sustain low intensity exercise for prolonged periods of time, some have investigated whether prior exercise of a low energy expenditure in combination with a mild energy intake restriction might (through a negative energy balance) improve postprandial lipaemia (Maraki et al., 2009). Maraki and colleagues (2009) discovered that postprandial plasma TAG concentrations were significantly reduced, supporting the notion of low energy cost exercise in combination with mild energy intake restriction as a practical intervention for some.    

Although there is less evidence in children, 60 minutes of continuously- or intermittently-accumulated ≥moderate intensity exercise which elicits an energy expenditure ≥1.5 MJ significantly reduces postprandial triglyceride concentrations 欁 ADDIN EN.CITE 
(Barrett et al., 2007; Tolfrey et al., 2008)
 in adolescents. Tolfrey and colleagues (2008) examined the effects of 60 minutes of moderate and vigorous intensity intermittent exercise, hypothesizing that the extra energy expended in the vigorous condition would result in greater improvements in postprandial lipaemia. This was not the case. These results lend support towards the benefits of moderate intensity physical activity for health in children, at least where postprandial TAG metabolism is concerned. This is particularly relevant given the debate over whether moderate or vigorous activity is most beneficial for health. This was discussed in an recent review of the literature (Swain and Franklin, 2006), which concluded that vigorous intensity exercise appears to convey greater cardioprotective benefits than moderate intensity exercise when matched for total energy expenditure.
2.17 Effects of acute exercise on endothelial function and postprandial lipid metabolism

Given the reported relationship between postprandial lipaemia and endothelial dysfunction 椁 ADDIN EN.CITE 
(Gaenzer et al., 2001; Vogel et al., 1997)
, there has been a growing interest in examining the effects of acute exercise on these health parameters in tandem. Early research discovered that 90 minutes of moderate intensity exercise (50%
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O2max) significantly reduced fasting and postprandial triglyceride concentrations, improved fasting microvascular function and reduced the postprandial decrement in microvascular function in lean and centrally obese men the following day 爁 ADDIN EN.CITE 
(Gill et al., 2004)
. The improvement in fasting microvascular function following acute exercise was endothelium-dependent. This result is important given the association between endothelial function and cardiovascular risk. Although previous studies have shown positive associations between endothelial function and exercise training 愁 ADDIN EN.CITE 
(Green et al., 2003)
, the evidence from the study of Gill et al. (2004) suggests that improvements in endothelial function, like improvements in triglyceride metabolism (Gill and Hardman, 2003), may be due to recent exercise. Support for this argument is provided in a review of the literature which highlights regular exercise training as an important nonpharmacological option for improving endothelial function (Walther et al., 2004). 
Since investigations by Gill and colleagues (2004), few have pursued the role of exercise in improving triglyceride metabolism and microvascular function under fasting conditions and following meal consumption. One study indicated that a combination of aerobic and resistance exercise performed 4 hours prior significantly improved fasting endothelial function compared to exercise performed 16 hours prior and a control condition 㰁 ADDIN EN.CITE 
(Silvestre et al., 2008)
. However, prior exercise did not improve endothelial function postprandially. Tyldum et al. (2009) investigated the effects of a single continuous bout of moderate intensity exercise in comparison with high intensity interval exercise (matched for energy expenditure) on fasting and postprandial endothelial function. The authors found that while both exercise modalities improved endothelial function, the benefits were greater with high-intensity interval exercise. Furthermore, while postprandial endothelial function following moderate intensity exercise was still impaired, postprandial endothelial-dependent dilation remained elevated with high intensity interval exercise. This suggests that exercise-induced vascular improvements are intensity-dependent, unlike triglyceride metabolism which appears to be related more strongly to exercise-induced energy expenditure (Gill and Hardman, 2003). 
2.18 Summary

2.18.1 Statement of the problem
To date, no studies have investigated the relationship between the pattern of activity (particularly that which is sporadic in nature and typical of children’s habitual physical activity) and chronic health outcomes in children (i.e., body fatness, aerobic fitness, blood pressure and microvascular function). Also, no study has examined the effect of an acute bout of physical activity on postprandial lipaemia and on fasting and postprandial measures of microvascular function in children. With the available evidence which shows that children’s activity patterns are short and intermittent, it would be practical to investigate the role of short bouts of intermittent exercise on these health parameters. Since physical activity guidelines for children recommend at least 60 minutes of ≥moderate intensity activity per day for health benefits, the activity protocol should ideally reflect these guidelines. An intermittent protocol built using information on the habitual pattern of physical activity in children as assessed using high-frequency accelerometry (i.e., the frequency, intensity and duration of ≥4 s (short) and ≥5-min (long) bouts of ≥light, ≥moderate, ≥vigorous and ≥hard intensity physical activity), would be innovative and useful. 
This thesis has three main aims: 

a) Characterise the pattern of boys’ habitual physical activity, using objectively-measured physical activity data
b) Investigate the relationship between habitual physical activity and specific aspects of the activity pattern and health outcomes in boys
c) Investigate the effects of continuously- versus intermittently- accumulated physical activity on acute health outcomes in children, using an intermittent activity protocol based on the measured pattern of habitual activity in boys 
In order to achieve these aims, five studies were carried out:

Study one: Validation and calibration of ActiGraph accelerometers for high-frequency activity monitoring in 8 to 10 year old boys.
Study two: Relationships between accelerometer-assessed physical activity and health in children: impact of the activity-intensity classification method.
Study three: Characteristics of the activity pattern in normal weight and overweight boys. 

Study four: The pattern of physical activity in relation to health outcomes in boys. 

Study five: Effect of prior day activity on postprandial lipaemia and microvascular function in boys.
CHAPTER THREE

STUDY ONE: Validation and calibration 
of ActiGraph accelerometers for

high-frequency activity monitoring 
in 8 to 10 year old boys
3.1 Introduction

The sporadic nature of children’s movement patterns influences the various measurement approaches to assess physical activity. By nature, these movement patterns are particularly difficult to quantify. This is problematic since accurate and detailed physical activity data are essential to explore the relationship between physical activity, health, growth and development in children. Accelerometers are now recognized as one of the most effective ways to generate objective information on children’s habitual physical activity and could be instrumental in providing information on the activity pattern in children. The ActiGraph accelerometer (ActiGraph LLC, Pensacola, FL) is the most widely cited accelerometer in the literature for physical activity assessment in children. The newest version, the GT1M ActiGraph, can be programmed to collect high-frequency physical activity (i.e., 1 s, 2 s, 5 s, 10 s epochs) and due to a greater memory capacity relative to the older version (ActiGraph 7164), store these data over long periods of time, providing information on the activity pattern. Accelerometers, therefore, appear to be particularly appropriate for the quantification of sporadic and non-planned physical activity. If a 2 s epoch is adopted, over seven days of activity can be collected, which is the recommended monitoring period for children (Welk, 2005). Though clearly this is a very attractive tool for describing children’s physical activity patterns, the most appropriate way to describe, measure, and express accelerometer data remains unclear. These choices are important, ones that can significantly affect the conclusions that arise from data collected (Masse et al., 2005). 
Accelerometer output is often represented in “counts”, a dimensionless unit derived from the processing of raw accelerometry signals relative to human movement. To aid interpretation of data, researchers have employed various methodologies to equate accelerometer counts to more meaningful dimensions of physical activity, such as time spent in different intensity categories (i.e., minutes of moderate to vigorous physical activity or MVPA.day-1). A variety of accelerometer-intensity thresholds 爁 ADDIN EN.CITE 
(Freedson et al., 1997; Mattocks et al., 2007; Puyau et al., 2002; Reilly et al., 2003a; Sirard et al., 2005; Treuth et al., 2004)
 have been developed through calibration research in children, where both accelerometer counts and energy expenditure are produced for walking and running and/or activities typical to children’s free play. The intensity of physical activity is usually described using METs and the following ranges are often used: light = <3 METs, moderate = 3-6 METs, vigorous = >6 METs (Pate et al., 1995). However, some evidence suggests ≥4 METs may be a more appropriate threshold for classifying ≥moderate intensity activity in children 縁

(Harrell et al., 2005; Mattocks et al., 2007; Reilly et al., 2008; Treuth et al., 2004) ADDIN EN.CITE . Typically, physical activity is classified according to METs measured by indirect calorimetry however this might not be suitable for classifying non-steady state activities (i.e., short and intermittent bouts). The use of behavioural categorisation of activity to classify activity intensity has previously been used in calibration research with children (Reilly et al., 2003a) and may be more appropriate for the description of children’s typically sporadic, intermittent habitual activity patterns.
The available thresholds differ due to the nature of the samples and of the activities included in the calibration design. Since some have questioned whether sample-specific thresholds are really necessary (Reilly et al., 2008), it is useful to generate sample-specific accelerometer-intensity thresholds through calibration research and test the necessity of these thresholds. One such test could be whether the proportion of children achieving physical activity recommendations for health (Strong et al., 2005) change when sample-specific thresholds (SSTs) and published thresholds (PTs) are utilized. The literature does provide some evidence of how the proportion of children meeting physical activity guidelines change with the application of different accelerometer thresholds for classifying moderate to vigorous intensity activity 欁 ADDIN EN.CITE 
(Cliff and Okely, 2007; De Vries et al., 2009; Guinhouya et al., 2006; Pate et al., 2006)
 and recently a range of thresholds to classify moderate to vigorous intensity activity in children was proposed (Reilly et al., 2008). However, it is still unclear how relationships between activity and health outcomes in a group of children change when various thresholds are systematically employed to physical activity data. Before this can be done it is necessary to carry out a calibration study to develop sample-specific thresholds.
3.1.1 Aims of the study
The aim of this study was therefore to perform calibration research with the GT1M ActiGraph using high-frequency activity monitoring (2 second epochs) in 8 to 10 year old boys and establish thresholds for accelerometer data (using receiver operator curve (ROC) analysis) to determine sedentary behaviour and time in light, moderate, vigorous and hard intensity physical activity. These thresholds were then cross-validated on an independent sample of boys and compared to published thresholds based on longer epochs. The creation of these thresholds was necessary to assess their utility for determining activity-health relationships, when compared to alternative accelerometer thresholds, in the second study of this thesis. 
3.2 Methodology

3.2.1 Participants

Participants were assessed from October 2006 to March 2007. All children were recruited from local primary schools in Devon. Fifty-four boys, 8 to 10 years of age, from local schools in Exeter agreed to participate in the study. All participants had no known history of diabetes, hypertension or vascular disease (see Appendix B). The experimental protocols received Institutional Ethics Committee approval (see Appendix A), and written parental and child consent was obtained (see Appendix A).
3.2.2 Instrumentation: ActiGraph GT1M
The ActiGraph GT1M accelerometer is a uniaxial accelerometer designed to detect vertical accelerations ranging in magnitude from 0.05 to 2.00 g within a range of 0.25 to 2.50 Hz. These parameters enable the device to detect normal human movement, filtering out signals that are above or below these ranges. The signal is integrated over a user-defined epoch interval, expressed as a summed value or “activity count” at the end of each epoch, and stored in memory. For this study, 2-second epochs were used. The ActiGraph was attached to a flexible elastic belt and fastened securely over the waist of the participant, positioned on the right hip in line with the iliac crest. Prior to data collection, the intra-unit and inter-unit variability of all ActiGraph monitors (N=32) was tested using a standardized treadmill protocol. The coefficients of variation were within acceptable limits (<3%,   ADDIN EN.CITE 
Chen and Bassett, 2005; Welk, 2005)
. 
3.2.3 Activity Energy Expenditure (AEE) 

An online breath-by-breath analyzer (Cortex Metalyzer® 3B; Cortex Medical, Leipzig, Germany) was used to measure expired air on a continuous basis. Calibration was performed before each test with gases of known concentrations of oxygen and carbon dioxide. Calibration of the digital turbine volume sensor was performed using a 3 L syringe. During the test, children were fitted with a breathing valve, nose clip, heart rate monitor (Polar® Vantage NV™; Polar Electro Oy, Kempele, Finland) and transmitter belt (Polar® T31; Polar Electro Oy, Kempele, Finland). Oxygen uptake (L.min-1 and ml.kg-1min-1), carbon dioxide production (L.min-1), respiratory exchange ratio (RER), minute ventilation (L.min-1) and heart rate were assessed throughout the test (averaged over 10 seconds).
3.2.4 Experimental Design
All measurements were completed at the Children’s Health and Exercise Research Centre Laboratory. Once children had arrived, they were familiarized to all equipment and procedures and baseline anthropometric measurements were taken. Each participant wore light athletic clothing and was measured without footwear. Stature and seated stature were assessed using a freestanding stadiometer and seated height stadiometer (Holtain, Crymych, Dyfed, UK) and expressed to the nearest 0.1 cm. Body mass was measured using a balance beam scale (Avery, Birmingham, UK) and recorded to the nearest 0.1 kg. Body mass index (BMI) was expressed as body mass (kg) divided by height (m2). Girth measurements were taken with the participants in a standing position and after a normal expiration using an anthropometric measuring tape (Harpenden, British Indicators, Burgess Hill, UK). Waist circumference (WC) was measured, as an indicator of abdominal fatness, 4 cm above the umbilicus (Rudolf et al., 2004) and recorded to the nearest 0.1 cm. 
Following anthropometric measurements, one ActiGraph, attached to a belt, was placed over the right hip of each child and worn during all activities. Resting energy expenditure (REE, kcal.min-1) was measured for 5 minutes using indirect calorimetry after each participant had been seated for 10 minutes. The treadmill test consisted of three-minute stages, beginning with a slow walk at 4 km.hr-1 at a 0% gradient (light activity). For the next two stages, the gradient was kept constant at 0%, however speed was increased to 6 km.hr-1 (brisk walking, moderate activity) and then 8 km.hr-1 (running, vigorous activity). Respiratory gases, heart rate and ActiGraph data (counts·2s-1) were collected during these activities. Following recovery from treadmill exercise (minimum of 15 minutes), children were asked to perform a range of activities in the laboratory. These included: standing on the spot for one-minute (sedentary), playing catch for three-minutes (very light activity), and high-intensity jumping on the spot for one-minute (hard activity). Only ActiGraph data (counts·2s-1) were recorded during these activities. The intensity of these activities was predicted based on previously published MET values for these tasks in children ⨁

(Ainsworth et al., 2000; Harrell et al., 2005; Ridley and Olds, 2008) ADDIN EN.CITE . 
3.2.5 Data processing

ActiGraph accelerometer output was downloaded and expressed as counts per 2 seconds (counts·2s-1). Mean ActiGraph counts per 2 seconds for each reference activity was then calculated and expressed.
Oxygen uptake measured during treadmill exercise was converted into METs by dividing mean relative oxygen consumption (ml.kg-1min-1) for each task by 5.92 ml.kg-1min-1, the age-adjusted value equivalent to 1 MET for children (Harrell et al., 2005). Data from two children were incomplete and therefore were eliminated from analyses. Forty children were randomly selected for developing optimal accelerometer count thresholds using ROC analysis. These threshold values were then cross-validated on the remaining participants (N=12).
Intensity categories were based on a behavioural categorization of reference activities, using MET values as a guide for classification. As such, accelerometer counts measured during the standing task (very little movement) were compared against accelerometer counts measured during very light activity (ball toss) to define a sedentary threshold. To define a moderate threshold (brisk walk), accelerometer counts measured during light activity (walking at 4 km.hr-1, 3.2 ± 0.6 METs) and accelerometer counts measured during moderate activity (walking at 6 km.hr-1, 4.4 ± 0.8 METs) were compared. To define a vigorous threshold, accelerometer counts measured during moderate activity (walking at 6 km.hr-1, 4.4 ± 0.8 METs) were compared to accelerometer counts measured during vigorous activity (running at 8 km.hr-1, 6.1 ± 0.8 METs). Finally, to develop a hard threshold, accelerometer counts measured during vigorous activity (running at 8 km.hr-1, 6.1 ± 0.8 METs) were compared to accelerometer counts measured during hard activity (jumping on the spot for one minute). Measured MET values and those previously published for similar tasks were used to validate our intensity categories. As such, the sedentary category was defined as the difference between little or no movement and very light non-locomotor movement (ball toss), the moderate threshold as the difference between slow walking and brisk walking, the vigorous threshold as the difference between brisk walking and running and the hard threshold as the difference between running and vigorous jumping on the spot.

3.3 Statistical analyses 
Descriptive statistics were calculated for all variables. The relationship between ActiGraph counts and 
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O2 was determined using group-level linear regression analysis. Receiver operator characteristic (ROC) analysis was utilized to establish accelerometer values (thresholds) to discriminate between activity intensities on part of the sample (N=40) and these thresholds were cross-validated on the remaining participants (N=12). The ability to develop the optimal ActiGraph threshold value to classify counts was evaluated from sensitivity, specificity, and area under the ROC curve for sedentary versus very light, light versus moderate, moderate versus vigorous, and vigorous versus hard intensity activity. Sensitivity was defined as the percentage of ActiGraph counts·2s-1 correctly identified in the upper intensity. Specificity was defined as the percentage of ActiGraph counts·2s-1 correctly identified in the lower intensity. The overall ability of the test to determine thresholds which yielded the fewest misclassifications was represented as the area under the curve. Sensitivity and specificity of the thresholds were assessed in the cross-validation sample and Cohen’s Kappa (Cohen, 1960) used to evaluate the percent agreement using the threshold values. All analyses were performed using SPSS version 11 and Graph Pad Prism version 6.
3.4 Results

3.4.1 Participant characteristics 
Accelerometer and oxygen uptake data for all reference activities were collected for fifty-two participants (mean age, 9.4 ± 0.6 years). Descriptive data for the developmental group and the cross-validation group are presented in Table 3.1. There were no statistically significant differences between groups for all descriptive variables (p<0.05). 

Table 3.1 Descriptive characteristics of boys [validation group (N=40) and cross-validation group (N=12)]. 


            Validation group (N=40)
      Cross-validation group (N=12)
	VARIABLE


	Mean or median 
	*SD or IQR
	Range
	Mean or median
	*SD or IQR
	Range

	Age (y)
	9.4  
	0.6
	8.0-10.3
	9.4 
	0.5
	8.4-10.1

	Height (cm)
	134.7
	8.7
	109-155
	134.4 
	5.0
	127-142

	Weight (kg)
	30.0**
	27.4, 34.6
	17.4-50.7
	32.1**
	27.0, 34.5
	22.3-52.0

	Body mass index (kg.m-2)
	16.9**
	15.4, 18.6
	13.7-26.3
	17.9 
	3.2
	13.7-25.6

	Sitting height (cm)
	68.5 
	3.9
	60.0-80.0
	68.9 
	3.4
	65.0-74.0

	Waist circumference (cm)
	57.4**
	49.3, 65.5
	45.8-76.1
	59.5
	7.7
	49.2-78.8


*SD = standard deviation, IQR = inter-quartile range
**Median and IQR presented
3.4.2 Accelerometer counts and oxygen consumption 
There was a positive linear relationship between accelerometer counts and oxygen consumption (R2=0.75, p<0.01), Figure 3.1.
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Figure 3.1 Relationship between 
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O2 (ml.kg-1min-1) and ActiGraph output (counts·2s-1).

Descriptive data for ActiGraph output and predicted METs for each reference activity are presented in Table 3.2.
Table 3.2 ActiGraph output, oxygen uptake and METs [mean (SD)] for each activity.

	Intensity
	Oxygen uptake (ml.kg-1min-1)*
	Measured METs
	Predicted METs**
	ActiGraph

(counts· min-1 )
	ActiGraph 

(counts·2s-1)

	Sedentary 
(standing)
	
	
	1.15
	24 (54)
	0.8 (1.8)

	Very light 
(ball toss)
	
	
	2.5
	1563 (879)
	52.1(29.3)

	Light
 (walking, 4 km.hr-1)
	18.9 (3.7)
	3.2 (0.6)
	3.2
	2163 (783)
	72.1 (26.1)

	Moderate 
(walking, 6 km.hr-1 )
	26.3 (4.8)
	4.4 (0.8)
	4.3
	4242 (1092)
	141.4 (36.4)

	Vigorous
 (running, 8 km.hr-1 )
	36.0 (4.9)
	6.1 (0.8)
	6.7
	5661 (1155)
	188.7 (38.5)

	Hard
 (jumping on the spot)
	
	
	10
	12402 (2970)
	413.4 (99.0)


* Oxygen uptake (ml.kg-1min-1) and METs [
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O2 (ml.kg-1min-1) /5.92 ml.kg-1min-1] measured via respiratory gas analysis.

** METs estimated from previously published work. METs for standing and catching: (Ridley and Olds, 2008): mean adult METs; METs for walking, 4 km.hr-1, walking, 6 km.hr-1, running, 8 km.hr-1: (Harrell et al., 2005); METs for jumping: (Ainsworth et al., 2000): moderate jumping, code=#15552.  

3.4.3 Receiver Operator Curve (ROC) analysis and creation of intensity thresholds 
Four separate ROC curves were created using ActiGraph output (counts·2s-1) to classify sedentary, moderate, vigorous and hard physical activity. The validation study demonstrated optimal sensitivity and specificity at cut-offs of 10, 97, 167, and 321 counts·2s-1 for sedentary, moderate, vigorous and hard physical activity. Reported sensitivity and specificity for comparisons were as follows: sedentary versus very light: 97.5% (95% CI: 87 TO 100%) and 100% (95% CI: 91 to 100%); light versus moderate: 92.5% (95% CI: 80 to 98%) and 87.5% (95% CI: 73 to 96%); moderate versus vigorous: 70% (95% CI: 54 to 83%) and 80% (95% CI: 64 to 91%), and vigorous versus hard: 85% (95% CI: 70 to 94%) and 100% (95% CI: 91 to 100%). The area under the curve for sedentary, moderate, vigorous and hard thresholds was 0.999 (SE 0.0, p<0.001), 0.934 (SE 0.03, p<0.001), 0.865 (SE 0.04, p<0.001), and 0.964 (SE 0.03, p<0.001), respectively (Figures 3.2 and 3.3 a, b, c, and d.) 
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Figure 3.2 Threshold identification for calibration group (N=40). Bars represent mean (SD) accelerometer counts for sedentary, light, moderate, vigorous and hard activity. Dotted lines represent thresholds for sedentary, moderate, vigorous and hard activity.
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Figures 3.3 a, b, c, and d Calibration group (N=40): area under the curve (AUC) for (a) sedentary versus very light, (b) light versus moderate, (c) moderate versus vigorous and (d) vigorous versus hard activity.
In order to determine whether the threshold values could be utilized on an independent sample of participants to characterize activity levels they were applied to the remaining participants (N=12). Threshold values, when applied to the cross-validation group, yielded excellent sensitivity, specificity, and percent agreement for distinguishing between sedentary and very light (100%, 100%, kappa=1.00), light and moderate (91.7%, 83.3%, kappa=0.75) and vigorous and hard (91.7%, 100%, kappa=0.92) activities. However, classification of moderate versus vigorous activity was less successful (58.3%, 66.7%, kappa=0.25) (Figures 3.4 and 3.5 a, b, c, and d)
[image: image101.wmf]0

25

50

75

100

0

25

50

75

100

100 - Specificity

Sensitivity


Figure 3.4 Threshold identification for cross-validation group (N=12). Bars represent mean (SD) accelerometer counts for sedentary, light, moderate, vigorous and hard activity. Dotted lines represent thresholds for sedentary, moderate, vigorous and hard activity.
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Figures 3.5 a, b, c, and d Cross-validation group (N=12): area under the curve (AUC) for (a) sedentary versus very light, (b) light versus moderate, (c) moderate versus vigorous and (d) vigorous versus hard activity.
3.5 Discussion

Using receiver operator curve (ROC) analysis, accelerometer-intensity thresholds of <10, 97-167, 167-321 and >321 counts·2s-1 for sedentary, moderate, vigorous and hard physical activity were established. These thresholds were particularly useful at distinguishing between sedentary and very light, light and moderate, and vigorous and hard activities in both the calibration group (N=40) and an independent sample of boys (N=12). Thresholds were less effective at distinguishing between moderate and vigorous activity. 

The use of ROC curves in calibration research is the recommended method for establishing accelerometer thresholds (Welk, 2005). The goal of the present study was to select a threshold value that resulted in the least amount of misclassification, maximizing sensitivity (% of counts correctly identified in the upper intensity, i.e., moderate activity) without compromising specificity (% of counts correctly identified in the lower intensity, i.e., light activity). The advantage of the ROC approach was that the trade-off between sensitivity and specificity when choosing a threshold value could be carefully considered and justified. Current physical activity recommendations emphasize activity above a moderate intensity (Strong et al., 2005). Therefore, to distinguish light from moderate activity, we chose a threshold that would maximize sensitivity (92.5%) and hence the ability to correctly classify moderate activity and not misclassify it as light. To distinguish between moderate and vigorous activity, we chose a threshold that would maximize specificity (80%) and hence the probability of identifying moderate activity and not misclassifying it as vigorous. As this threshold is less sensitive (70%), it may misclassify some vigorous activity as moderate. For some aspects of health, short bursts of hard activity may be particularly important, e.g. bone health (Rowlands et al., 2004). Therefore, to minimize the misclassification of vigorous activity as hard, we chose a threshold that would maximize specificity (100%) over sensitivity (85%). It is acknowledged that, when assessing children’s habitual physical activity patterns, this may result in some hard activity being misclassified as vigorous.
This study addressed guidelines for the calibration of accelerometers, which have been suggested in a number of recent review papers 琁 ADDIN EN.CITE 
(Freedson et al., 2005; Rowlands, 2007; Welk, 2005)
. These highlight various design characteristics of calibration studies that need to be carefully considered so that accurate information from accelerometers is obtained. When developing equations or threshold values, researchers should measure a range of activities (low to vigorous or hard intensity) typical to the population of interest (Freedson et al., 2005). For example, children should be measured while engaged in locomotor or free-play activities (i.e., jumping/hopping/skipping), as well as common sedentary behaviours such as sitting or standing. Activities involving large upper body movements are not measured well by accelerometers and therefore should not be included. Ideally, where feasible, activities included in the calibration study would be measured in natural settings. Focus should be on including intermittent activities, as they are more representative of children’s movement patterns (Welk, 2005), supporting the collection of high-frequency accelerometry data. Additionally, multiple accelerometer units should be used and randomized across participants to minimize error due to inter-instrument variability and enhance ecological validity (Welk, 2005). 
The utility of accelerometer thresholds for physical activity assessment depends upon the context in which they are established. A goal of this study was that accelerometer thresholds based on reference activities could be used with confidence to classify the activity intensity of habitual, free-living physical activity. The present study included primarily locomotor or jumping activities across a range of exercise intensities and included 32 ActiGraph units. However, limitations in equipment and exercise facilities did restrict the study to laboratory-based assessment of activities. The behavioural patterns of boys performing a given activity in the lab might have differed from those under less controlled conditions, which would have affected accelerometer counts and therefore accelerometer-intensity thresholds. This may affect the applicability of thresholds to free-living activities. The choice of reference activities will have also affected accelerometer-intensity thresholds. While locomotor and jumping activities across a range of exercise intensities were used to establish thresholds, perhaps the use of more than one activity as a reference for a given activity intensity would have improved the applicability of thresholds to children’s free-living physical activity (which is highly variable).  

This study is limited by a small sample size (N=47) and homogeneity of participants included (i.e., boys only tested, narrow age range (age 8-10 years)). This may have influenced reported sample-specific thresholds (SSTs), which had low sensitivity and specificity with regards to differentiating moderate from vigorous intensity physical activity. Since individual volunteers were encouraged to participate in this research, samples were not randomly selected; this could be listed as another limitation of the study. The sample population therefore restricts the generalizability of these thresholds for use in other populations of children. However, the aim of the study was simply to provide sample-specific thresholds for comparison to published thresholds in study 2 and not to produce thresholds that were generalizable. Cross-validation of thresholds can help determine their utility in an independent population (Rowlands, 2007). Cross-validation revealed that, similar to the calibration group, the threshold values were appropriate for distinguishing between sedentary and very light, light and moderate, and vigorous and hard activities in the independent sample and less effective at distinguishing between moderate and vigorous activity. Moderate activity was characterized as brisk walking at 6 km.h-1 and vigorous activity as running at 8 km.h-1. Economy of movement and behavioural patterns at these speeds may not have been vastly different, producing similar accelerometer counts. This overlapping of data between moderate and vigorous activity is clearly depicted in Figures 2 and 4. In retrospect, it may have been more advantageous to ask children to run at a faster speed (i.e., 9 to 10 km.hr-1 instead of 8 km.hr-1) to classify vigorous intensity activity since accelerometer counts produced would likely have been more distinct from those produced at 6 km.hr-1, our reference for moderate intensity activity. However, the thresholds could be used with confidence to classify MVPA. When assessing the physiological mechanisms linking physical activity and health, current research often combines moderate and vigorous physical activity, expressing data in minutes of MVPA per day or per week. The thresholds were effective in preventing the misclassification of moderate as light activity (which would underestimate the amount of moderate physical activity children accumulate) and vigorous as hard activity (which would overestimate time in very intense activities), which were felt to be important.
As several accelerometer thresholds are already available in the literature it is important to consider whether new calibration studies will result in an improved outcome over existing approaches. The present study utilized a relatively new technique in accelerometer calibration research, ROC analysis, and is novel in that it uses high-frequency accelerometer data (counts·2s-1) as opposed to minute-by-minute counts. However, it is possible to compare the thresholds to other published thresholds by translating the thresholds into counts.min-1. The present study’s threshold for moderate activity is lower (2910 counts·min-1) than Puyau and colleagues (Puyau et al., 2002) (3200 counts·min-1) and Mattocks and colleagues (Mattocks et al., 2007) (3581 counts·min-1). It is most comparable to the threshold developed by Treuth and colleagues (Treuth et al., 2004) (3000 counts·min-1) in a group of adolescent girls. The present study’s threshold for vigorous activity (5010 counts·min-1) was also comparable to Treuth (5200 counts·min-1), however lower than Puyau (8200 counts·min-1) and Mattocks (6130 counts·min-1). It has been suggested that accelerometer output may vary with age 倁 ADDIN EN.CITE 
(Freedson et al., 1997; Reilly et al., 2008)
 due to differences in height, weight and/or biomechanics of movement. For example, stride length and step frequency can affect accelerometer counts (Stone et al., 2007) and could possibly account for some of the differences in the thresholds cited above. There is the opinion that threshold counts should be considered to be age- or size- specific; many studies have used age-specific thresholds (Freedson et al., 1997) from published calibration research with children in order to interpret activity data. According to these, older children will have to reach a higher threshold in order for their activity to be classified as MVPA. It is appreciated that these are published established threshold values, however the use of these age-specific thresholds could potentially confound relationships between physical activity and age (i.e., reports of older children accumulating significantly less MVPA.day-1 than younger children could be exaggerated by the use of higher thresholds for MVPA for older children). Recently, using direct observation in combination with accelerometry, Reilly et al. (2008) showed that mean accelerometry output during sedentary activity, moderate activity and vigorous activity (assessed by observation) did not differ significantly between age groups. As there was very little variation in accelerometer output during MVPA across a wide age/size range, this poses the question of whether age-specific thresholds are necessary.
The development of a sedentary threshold based on high-frequency accelerometer data in children is a novel aspect of this study, however sedentary thresholds based on one minute intervals are available. The threshold for sedentary behaviour in the current study, translated into counts·min-1 (300 counts·min-1), is comparable to other studies 持 ADDIN EN.CITE 
(Esliger, 2005; Mattocks et al., 2007; Puyau et al., 2002; Treuth et al., 2004)
 however lower than some (Reilly et al., 2003a, 1100 counts.min-1) in the literature. As sensitivity and specificity were both high (97.5% and 100%, respectively) for distinguishing between sedentary (standing) and very light activity (ball toss), this threshold is able to separate no or little movement from whole body movement when assessing habitual physical activity patterns in children.

3.6 Summary

The thresholds of <10, 97-167, 167-321, and >321 counts·2s-1 for sedentary, moderate, vigorous and hard physical activity permit the characterization of free-living physical activity assessed through high-frequency accelerometry in children. These are the first thresholds to be established for high-frequency ActiGraph monitoring and were established following recent guidelines as to best practice for accelerometer calibration (Welk, 2005).
There are a number of published accelerometer activity-intensity thresholds for children in the literature to date but little consensus regarding which are most appropriate to use. However, the similarity between published thresholds and the thresholds derived in this study indicate that thresholds need not be determined specifically for differing epoch lengths and gives confidence that adjusting published thresholds for use with high-frequency accelerometry is acceptable. The use of standardized ActiGraph thresholds in activity-related research and the published literature could simplify data interpretation and improve comparability of results. It is known that choice of threshold impacts heavily on estimates of time spent in MVPA from accelerometry 琁 ADDIN EN.CITE 
(Cliff and Okely, 2007; Guinhouya et al., 2006)
. Further research should assess whether or to what degree the choice of threshold impacts on relationships detected between free-living habitual activity and health in children. 
CHAPTER FOUR

STUDY TWO: RELATIONSHIPS BETWEEN ACCELEROMETER-ASSESSED PHYSICAL ACTIVITY AND HEALTH IN CHILDREN: IMPACT OF THE 

ACTIVITY-INTENSITY CLASSIFICATION METHOD

4.1 Introduction

The ability to generate accurate and detailed physical activity data is essential to explore the relationship between physical activity, health, growth and development in children. Accelerometers are recognized as one of the most effective ways to produce objective information (frequency, duration, intensity) on children’s habitual physical activity (Rowlands, 2007), which is typically sporadic in nature 愁 ADDIN EN.CITE 
(Bailey et al., 1995; Baquet et al., 2007)
. This information can be used to investigate the relationship between total physical activity or minutes of moderate to vigorous physical activity (MVPA) and health (Dencker and Andersen, 2008) and to assess the percentage of children meeting activity guidelines (Riddoch et al., 2007). 

The way in which physical activity data are measured and expressed can affect conclusions that arise from data collected (Masse et al., 2005). Accelerometer output is a dimensionless unit commonly referred to as ‘counts’. As these counts are arbitrary, researchers have calibrated counts with energy expenditure to give biological meaning to the output (Freedson et al., 2005). This has resulted in the publication of count thresholds allowing researchers to calculate the amount of time spent at differing intensities of activity. However, the array of thresholds available in the literature for use with the ActiGraph accelerometer 漁 ADDIN EN.CITE 
(Freedson et al., 1997; Mattocks et al., 2007; Puyau et al., 2002; Reilly et al., 2003a; Sirard et al., 2005; Treuth et al., 2004)
 has led to inconsistency in the field, making comparability between studies difficult. It has been recommended that researchers should not add to the confusion by presenting additional thresholds if available published thresholds are appropriate (Welk, 2005). 
However, as inter-individual variability in accelerometer counts is high for any given activity (Ekelund et al., 2003) it is possible that sample-specific or individualized thresholds may be more appropriate than generalized thresholds when detecting relationships with health. One approach to determining whether individualized or sample-specific thresholds offer any advantage over published thresholds is to test whether relationships detected between activity intensity and health differ according to the threshold used. 

The most appropriate choice of accelerometer epoch for physical activity assessment in children is still unclear. In a review of objective assessment of physical activity in children, Freedson and colleagues (2005) concluded that more research was required to identify a specific epoch length to ensure that children’s short bouts of activity are captured. These authors also theorized that, considering children’s vigorous bouts of activity are typically short and sporadic in nature (Nilsson et al., 2002), epochs as short as 5 s may be necessary. The use of short epochs for measuring children’s activity complements previous observational research (Bailey et al., 1995) which found high intensity activities lasted on average 3 s. Support for shorter epochs is also provided from more recent research, which using accelerometer-assessed habitual physical activity in children (Baquet et al., 2007), demonstrated that sampling intervals of <10 s should be used to capture periods of >vigorous intensity activity (which account for a large percentage of children’s daily physical activity). In children, physiological responses affecting growth and development may vary according to activity patterns (i.e., growth related hormones may alter their responses in response to the tempo of activity) (Rowland, 1998), therefore use of shorter accelerometer epochs permits exploration of activity pattern-health relationships in children. Therefore, there appears to be a real need to consider the utility of short accelerometer epochs for habitual physical activity assessment in children. 

Until recently, accelerometers were only capable of storing activity data collected using epochs of <60 s for a limited number of days. The ActiGraph GT1M (ActiGraph, LLC, Pensacola, FL) can be programmed to collect high-frequency physical activity (i.e., 1 s, 2 s, 5 s, 10 s epochs). The epoch length does not affect the total volume of activity accumulated per day (total counts, mean counts). However, time spent in higher intensity activities can be underestimated when using longer epochs with children (Nilsson et al., 2002). A 2 s epoch is the shortest epoch that will allow over seven days of activity to be collected, which is the recommended monitoring period for children (Welk, 2005). The use of a 2 s epoch permits very short bursts of activity which are typical of children to be captured. 
For the purpose of this study, individualized thresholds were derived and compared to published thresholds and the sample-specific thresholds developed through calibration research in study one. Individualized thresholds were based on the activity-related time equivalent based on accelerometry (ArteACC) (Ekelund et al., 2003), which uses individual accelerometer counts during reference activities and total counts to determine time spent in activities equivalent to the reference task. This method accounts for individual differences (e.g., stride pattern, efficiency of movement and/or body size) that could influence accelerometer counts and energy costs of movement (Stone et al., 2007). The ArteACC method has been validated in adolescents and was significantly related to activity energy expenditure per kilogram body mass calculated from the doubly-labelled water method (Ekelund et al., 2003). The published thresholds used were from recent ActiGraph calibration research (Mattocks et al., 2007) on a large sample (N=246; 110 boys, aged 12 years) which is part of an ongoing, UK based birth cohort (N=5595) (Ness, 2004).
4.1.1 Aims of the study
The aim of this study was to examine whether relationships between time spent in moderate and vigorous physical activity and various health outcomes (waist circumference, aerobic fitness and blood pressure) in boys differ according to how activity intensity is classified (i.e., using sample-specific thresholds (SSTs) developed in study one, published thresholds (PTs) (Mattocks et al., 2007) and the ArteACC (Ekelund et al., 2003)). 
4.2 Methodology
4.2.1 Participants 
Fifty-four boys, 8 to 10 years of age, were recruited from primary schools in Devon (note: same subjects as study one). The experimental protocols received Institutional Ethics Committee approval (see Appendix A), and written parental and child consent was obtained (see Appendix A).
4.2.2 Experimental Design
SSTs for sedentary behaviour, moderate, vigorous and hard intensity activity from study one were used and ArteACC for activities equivalent to walking (>moderate) and equivalent to jogging (>vigorous) calculated. Habitual physical activity was assessed for seven consecutive days between October 2006 and March 2007. Health variables (waist circumference, aerobic fitness and blood pressure) were measured in a visit to the laboratory within two weeks following the activity measurement. 
4.2.3 Development of individualized thresholds (ArteACC) and sample-specific thresholds (SSTs)
Children were familiarized with procedures and baseline anthropometric measurements were recorded. Stature and seated stature were measured to the nearest 0.1 cm and body mass to the nearest 0.1 kg. Children wore an ActiGraph on the right hip during all activities. Calibration of all ActiGraphs (N=32) was within acceptable limits (CV = 3%) 礁 ADDIN EN.CITE 
(Chen and Bassett, 2005; Welk, 2005)
.
ActiGraph data (counts·2s-1) were recorded during three minutes of slow walking (4 km.hr-1), brisk walking (6 km.hr-1) and running (8 km.hr-1) on a treadmill and during standing still for one-minute (sedentary), playing catch for three-minutes and jumping on the spot for one-minute. These data were used for the development of SSTs for sedentary behaviour, moderate (MPA), vigorous (VPA) and hard intensity physical activity and ArteACC for >MPA and >VPA. 

4.2.4 Habitual physical activity  
Participants wore an ActiGraph accelerometer for seven consecutive days. A 2 s epoch was used to capture the rapid transitions in activity typical of children (Bailey et al., 1995). Each child was asked to wear his ActiGraph at all times and remove the device only for water-based activities. A daily log sheet was provided to record any times the monitor was taken off and the reason for doing so (see Appendix C). The raw data were analyzed using customized software (ActiGraph Analysis 1.0, Exeter, UK). For inclusion in data analysis, each participant needed a minimum of 10 hours of wearing time for at least three weekdays and one weekend day (Rowlands et al., 2008a). Activity data were analyzed from 6:00 AM to 9:00 PM (Rowlands et al., 2008a). Physical activity logs were used in combination with visual inspection of data to determine whether there were significant periods of non-wear time (i.e., data missing for a period of ≥1 hr in duration), and if so, this day was eliminated from analyses. Standard exclusion criteria do not exist; definitions of non-wear time range from 10 consecutive minutes of zero counts (Eiberg et al., 2005) to one hundred and eighty minutes of consecutive zeros (Van Coevering et al., 2005). 

4.2.5 Classification of activity intensity 
Accelerometer data were converted into minutes per day of moderate and vigorous physical activity using the SSTs, PTs and ArteACC. Time spent in sedentary behaviour and in hard physical activity was also calculated from SSTs. Hard physical activity represented very intense activity (i.e., ≥10 METs). The PTs used are from calibration research in a large sample of children from the UK (Mattocks et al., 2007). Moderate physical activity (MPAPT) was classified as 3581-6130 counts·min-1 and vigorous physical activity (≥VPAPT) as >6130 counts·min-1. 

The ArteACC is determined from the total daily activity counts (counts·day-1) divided by reference activity counts (counts·min-1) (Ekelund et al., 2003). An average of mean counts obtained during slow walking and brisk walking (4 km.hr-1 and 6 km.hr-1) and mean counts during jogging (8 km.hr-1) for each individual were used to calculate the activity-related time equivalent for walking (MVPAArteACC) and jogging (>VPAArteACC) respectively. 
4.2.6 Measurement of health variables  
Waist circumference (WC) was measured, as an indicator of body fatness, 4 cm above the umbilicus (Rudolf et al., 2004) and recorded to the nearest 0.1 cm. Systolic and diastolic blood pressure (SBP and DBP, mm Hg) were measured using a semi-automatic blood pressure recorder (Critikon DinamapTM, GE Medical Systems, WI, USA) in the supine position. 

Aerobic fitness was assessed through respiratory gas analysis during a multi-stage treadmill test to exhaustion. An online breath-by-breath analyzer (Cortex Metalyzer® 3B; Leipzig, Germany) measured expired air on a continuous basis. The treadmill test consisted of three-minute stages, beginning with a slow walk at 4 km·hr-1 at a 0% gradient. For the next two stages, the gradient was kept constant at 0%, however speed was increased to 6 km·hr-1 and then 8 km·hr-1. Speed then remained constant throughout the test, with the inclination increasing by 1% every 1-min until voluntary exhaustion. A maximal effort was defined by one or more of the following: facial flushing, sweating, hyperpnoea and/or unsteady gait; HR levelling off at >195 bpm; RER ≥ 1.00; subjective decision by the observer that the participant could not continue (Armstrong and Fawkner, 2007). Aerobic fitness was presented relative to body mass (
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O2peak (ml.kg-1min-1)). 
4.3 Statistical Analyses 

Descriptive statistics were calculated for all variables (mean, standard deviation (SD), range). Variables that were not normally distributed were log-transformed and median and inter-quartile range (IQR) values displayed.
Summary activity data were calculated using sample-specific thresholds (MPASST, VPASST) and compared to data obtained using published thresholds (MPAPT, >VPAPT). Differences between MPASST and MPAPT, and VPASST and >VPAPT, respectively, were examined using paired t-tests. 
Relationships between physical activity (total physical activity (TPA), MPA, VPA) and health measures (WC, 
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O2peak, resting SBP and DBP) were examined using Pearson product moment correlations. Correlations of health measures with sedentary time and hard physical activity were carried out to investigate relationships at the extremes of the intensity spectrum. As few thresholds are available for sedentary and hard activity, only SSTs were used for this analysis. A series of linear regression analyses were also conducted in order to determine whether physical fitness (
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O2peak (ml.kg-1min-1)) mediated relationships between physical activity and health. Physical fitness was forced into the regression equation first, followed by the measure of physical activity. Where data were not normally distributed, variables were log transformed prior to analysis. 
Z scores of health outcomes (waist circumference (cm), aerobic fitness relative to body mass (
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O2peak (ml.kg-1min-1)) systolic blood pressure (mm Hg) and diastolic blood pressure (mm Hg)) were computed. A Z score of +1 SD was defined as a risk factor for that health outcome. The percentage of boys with zero, one, two, three and four risk factors was determined (with four risk factors defined as the least favourable group). The mean Z score was calculated to construct a clustered cardiovascular risk score, and individuals with more than +1 SD in this score were defined as being at risk. Relationships between physical activity and clustered cardiovascular risk were investigated as described above for individual health outcomes. All analyses were performed using SPSS version 11.
4.4 Results

4.4.1 Participant characteristics 
Descriptive data for participants with valid habitual physical activity data (N=47) are presented in Table 4.1.
Table 4.1 Descriptive characteristics of children with valid habitual physical activity data.

	VARIABLE


	Mean or median
	*SD or IQR
	Range

	Sample size
	47
	
	

	Age (y)
	9.2**
	9.0, 9.9
	8.3-10.1

	Height (cm)
	133.8**
	129.8, 139.5
	109.0-155.0

	Weight (kg)
	31.3**
	27.3, 34.9
	17.4-52.0

	Body mass index (kg.m-2)
	16.9**
	15.4, 18.8
	13.7-26.3

	Sitting height (cm)
	68.7
	3.8
	60.0-80.0

	Waist circumference (cm)
	58.1**
	54.5, 62.4
	45.8-78.8
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O2peak (ml.kg-1min-1)
	46.2 
	6.7
	35.0-60.0

	Systolic blood pressure (mmHg)
	104.0**
	97.0, 110.3
	87.3-133.7

	Diastolic blood pressure (mmHg)
	62.3**
	60.0, 65.7
	48.0-78.7

	Mean Z score
	-0.07
	2.2
	-5.6 to 7.1


*SD = standard deviation, IQR = inter-quartile range.

**Median and IQR presented. 

Observed percentages of children with zero to four risk factors were: 68.1%, 23.4%, 4.3%, 4.3%, and 0%. Analyses revealed that 24.5% of boys were defined as being at risk for cardiovascular disease (i.e., + 1 SD for clustered cardiovascular risk score).
4.4.2 Comparison of thresholds 

The SSTs were converted into counts·min-1 for MPA (2910-5010 counts·min-1) and VPA (5010-9630 counts·min-1) to allow comparisons with published thresholds (MPA = 3581-6130 counts·min-1; >VPA = >6130 counts·min-1). Linear regression analyses illustrated strong relationships between MPASST and MPAPT (R2 = 0.89) and VPASST and ≥VPAPT (R2 = 0.94) (see Figure 4.1). However, there were significant differences between thresholds, with mean time in MPA and VPA being greater when analyzed using SSTs than when using PTs (p<0.01) (See Table 4.2). Figure 4.2a indicates a moderate lack of agreement between time spent in MPASST and MPAPT (mean error = 6.9 min·day-1; 95% limits of agreement = 0.7-13.2 min·day-1). The agreement between time spent in VPASST and ≥VPAPT was slightly poorer (mean error = 9.1 min·day-1; 95% limits of agreement = 3.6-14.7 min·day-1) (see Figure 4.2b).  
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Figure 4.1 Relationship between a) MPASST (min·day-1) and MPAPT (min·day-1) and b) VPASST (min·day-1) and ≥VPAPT (min·day-1).
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Figure 4.2 Limits of agreement between a) MPASST (min·day-1) and MPAPT (min·day-1) and b) VPASST (min·day-1) and ≥VPAPT (min·day-1).
Table 4.2 Total physical activity (TPA; counts·day-1) and minutes per day of moderate (MPA) and vigorous physical activity (VPA) derived from sample-specific thresholds (SSTs), published thresholds (PTs) and the activity-related time equivalent (ArteACC).

	VARIABLE


	Mean or median
	*SD or IQR
	Range

	TPA (counts·day-1)
	498449.3
	108016.7
	248867.0 – 754735.7

	MPASST (min·day-1)
	38.1a 
	9.5
	13.8-62.0

	MPAPT(min·day-1)
	31.2 
	8.6
	11.4-52.9

	MVPAARTEACC (min·day-1)
	149.5**
	131.5, 193.0
	107.8-246.3

	VPASST (min·day-1)
	16.1a,**
	14.8, 23.9
	7.8-34.4

	≥VPAPT (min·day-1)
	8.6**
	7.6, 13.4
	4.1-22.3

	≥VPAARTEACC (min·day-1)
	86.6**
	75.1, 103.7
	45.1-190.0


aSignificantly higher than PT threshold (p<0.01)

*SD = standard deviation, IQR = inter-quartile range

**Median and IQR presented 

Time accumulated in moderate and vigorous physical activity was combined to determine the proportion of boys meeting current UK physical activity guidelines of at least 60 minutes of MVPA per day. Using sample-specific thresholds, 48.9% of boys achieved 60+ minutes of daily MVPA. Using published thresholds, only 8.5% of boys met these guidelines and when using the ArteACC, all boys met the guidelines.
4.4.3 Activity and health relationships 
Total physical activity was negatively associated with waist circumference (r = -0.36, p < 0.05) and positively related to 
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O2peak (r = 0.35, p < 0.05). No relationships with blood pressure were evident.
Both MPA and VPA were negatively correlated with waist circumference regardless of whether published thresholds or sample-specific thresholds were used to classify activity intensity (r = -0.37 to -0.43, p < 0.05), (Table 4.3). When ArteACC was used to classify intensity, only VPA was negatively correlated with waist circumference (r = -0.39, p < 0.01).

Peak 
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O2 was positively correlated with MPA and VPA (r = 0.34 to 0.39, p < 0.05). The magnitude of the correlations was similar irrespective of whether activity intensity was classified using PTs, SSTs or ArteACC, with the exception of MVPA (ArteACC), where no significant relationship was detected (r = 0.25, p > 0.05). 

Relationships between blood pressure and activity were largely non-significant, but of a similar magnitude for MPA and VPA assessed from PTs and SSTs. For diastolic, but not systolic, blood pressure the relationships determined from VPA classified using the ArteACC were also of similar magnitude. 

MPA was negatively correlated with clustered cardiovascular risk when classified using published thresholds only (Table 4.3). Clustered cardiovascular risk was not significantly related to any other measure of activity, regardless of activity-intensity classification method.

Table 4.3 Pearson’s correlation coefficients for total physical activity (TPA) and time in moderate (MPA) and vigorous physical activity (VPA) (characterized using sample-specific thresholds (SSTs), published thresholds (PTs) and the activity-related time equivalent (ArteACC)) vs. fitness (
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O2peak), fatness (WC) and blood pressure (SBP, DBP) measurements, and mean Z score calculations, in all children with valid measurements (N=47). 
	VARIABLE
	WC (cm)
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O2peak 

( ml.kg-1min-1)
	SBP 

(mm Hg)
	DBP 

(mm Hg)
	Mean

Z score

	TPA (counts·day-1)
	-0.36*
	0.35*
	-0.09
	-0.10
	-0.12

	MPASST (min·day-1)
	-0.37*
	0.34*
	-0.22 
	-0.20 
	-0.24

	MPAPT(min·day-1)
	-0.43**
	0.38*
	-0.29 
	-0.25 
	-0.29*

	MVPAARTEACC (min·day-1)
	-0.21 
	0.25 
	0.13 
	0.05 
	0.10

	VPASST (min·day-1)
	-0.42**
	0.39*
	-0.21 
	-0.17 
	-0.20

	≥VPAPT(min·day-1)
	-0.38**
	0.36*
	-0.16 
	-0.11 
	-0.16

	≥VPAARTEACC (min·day-1)
	-0.39**
	0.35*
	0.00 
	-0.10 
	-0.06


*p<0.05

**p<0.01

Only SSTs were available for sedentary and hard activity (Table 4.4). Time spent sedentary was not related to any health measures. Time in hard physical activity was negatively associated with waist circumference (r = -0.34 p < 0.05) and positively associated with 
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O2peak (r = 0.34, p < 0.05). As with MPA and VPA, no relationships with blood pressure were evident. Furthermore, the amount of hard intensity activity accumulated per day was not significantly related to clustered cardiovascular risk.
Table 4.4 Pearson’s correlation coefficients for time sedentary and in hard physical activity, (characterized using sample-specific thresholds), vs. fitness (
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O2peak), waist circumference (WC) and blood pressure (SBP, DBP) measurements, and mean Z score calculations, in all children with valid measurements (N=47).  

	VARIABLE
	WC (cm)
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O2peak 
(ml.kg-1min-1)
	SBP 

(mm Hg)
	DBP

 (mm Hg)
	Mean 

Z score

	Sedentary 
(min·day-1)
	0.19
	-0.20
	-0.01
	0.06
	0.05

	Hard physical activity  (min·day-1)
	-0.34*
	0.34*
	0.08 
	0.07 
	0.07


*p<0.05
A series of linear regression analyses were conducted in order to determine whether physical fitness (
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O2peak (ml.kg-1min-1)) mediated the significant relationships observed between measures of physical activity and health outcomes (i.e., waist circumference, clustered cardiovascular risk). Regardless of how accelerometer-measured physical activity data were classified, activity measures were a poor predictor of waist circumference once physical fitness was taken into account (Table 4.5). However, time spent in moderate intensity activity as defined by published thresholds added significantly to physical fitness in accurate prediction of clustered cardiovascular risk.  

Table 4.5 Summary of regression analyses for prediction of health outcomes in all children with valid measurements (N=47).
	Predictor variables in order of entry
	R2
	R2 change
	Beta

	Waist circumference

	Physical fitness
TPA (counts·day-1)
	0.46

0.47
	0.46**
0.01
	-0.64**
-0.11

	Physical fitness
MPASST (min·day-1)
	0.46

0.48
	0.46**
0.02
	-0.63**
-0.15

	Physical fitness

MPAPT(min·day-1)
	0.46

0.49
	0.46**
0.03
	-0.60**
-0.19

	Physical fitness

VPASST (min·day-1)
	0.46

0.47
	0.46**
0.01
	-0.63**
-0.13

	Physical fitness

≥VPAPT(min·day-1)
	0.46

0.46
	0.46**
0.00
	-0.65**
-0.07

	Physical fitness

≥VPAARTEACC (min·day-1)
	0.46

0.48
	0.46**
0.02
	-0.62**
-0.15

	Physical fitness

Hard physical activity  (min·day-1)
	0.46

0.47
	0.46**
0.01
	-0.64**
-0.10

	Clustered cardiovascular risk (mean Z score)

	Physical fitness

MPAPT(min·day-1)
	0.00

0.12
	0.00

0.12*
	0.08

-0.36*


R2, total variance explained; R2, change, increment in variance explained consequent on entering variable; Beta, standardized regression coefficient in equation containing both predictor variables. Significant correlations, * p<0.05; **p<0.01.
4.5 Discussion
This study aimed to determine whether the method of classification of moderate and vigorous physical activity from accelerometer data affects relationships detected with known risk factors for obesity and metabolic disorders in boys (Andersen et al., 2008). This is important as there are a wide variety of published thresholds available and it is unclear whether there are advantages to creating sample-specific or individualized thresholds. 
Relationships detected with waist circumference, fitness and blood pressure were consistent regardless of whether sample-specific or published thresholds were employed. The use of the individualized ArteACC did not offer any benefit over sample-specific and published thresholds when detecting relationships between activities equivalent to jogging and the health outcomes and was unable to detect relationships between activities equivalent to walking and health outcomes. The present study highlights that although inter-individual differences in biomechanical efficiency of movement for a given activity may occur between children, controlling for these with individualized accelerometer-intensity thresholds does not appear to improve activity-health relationships. These findings are especially relevant for large, population-scale physical activity measurement surveys in children for which the ArteACC method is not feasible. 
It has been suggested that the intensity of activity may be more important than the volume of activity to children’s health (Dencker and Andersen, 2008). In the present study, total activity was significantly related to both waist circumference (r=-0.36, p<0.05) and aerobic fitness (r=0.35, p<0.05) and correlations were of a similar magnitude to those for MPA, VPA and hard physical activity. These findings are in line with other researchers who have shown that the volume of physical activity is associated as strongly, or more strongly, than the intensity of physical activity (Rowlands et al., 1999). Our findings are encouraging as total activity is a simple measure to report and is unaffected by intensity thresholds, allowing direct comparability between studies.

It is also of interest to note that relationships determined between higher intensity activity and health variables did not differ from those with MPA and VPA. In the present study, the sample-specific threshold for ≥moderate activity was created to differentiate light activity (walking at 4 km.hr-1, 3.2 ± 0.6 METs) from moderate activity (walking at 6 km.hr-1, 4.4 ± 0.8 METs), while individualized thresholds for ≥moderate activity were based on an average of mean counts obtained during these activities. Mattocks and colleagues’ (2007) threshold for ≥moderate activity was defined as ≥4 METs. These thresholds would therefore have captured activities equal to, or greater than, a brisk walk. In studies where health outcomes were more strongly related to activities of ≥vigorous intensity, moderate intensity activity was typically defined as ≥3 METs (Dencker and Andersen, 2008). Similar relationships between higher intensity activity, MPA, VPA and health variables in children have been reported (Dencker and Andersen, 2008). Recently, Tolfrey and colleagues (2008) showed that 60 minutes of moderate and vigorous intensity intermittent exercise resulted in similar improvements in postprandial lipaemia in boys. It may be that as long as the activity is sufficiently moderate (i.e., equivalent to a brisk walk/≥4 METs), associations with health are evident. 
In the present study, time spent in sedentary activity/behaviour was not related to any health measures. This finding contrasts other research where positive associations between accelerometer-measured sedentary behaviour and body fatness have been reported 愁

(Butte et al., 2007; Healy et al., 2008) ADDIN EN.CITE . However, our findings are in line with previous research which found that fat mass and percentage fat was positively related to accelerometer-measured sedentary time in girls but not in boys (Treuth et al., 2005). Physical activity and time spent sedentary are two separate constructs and it is possible to have high levels of both (Katzmarzyk et al., 2008).
In this study, blood pressure was not related to physical activity, nor was it related to time spent sedentary. These results contrast previous work where inverse relationships between blood pressure and accelerometer-measured total physical activity and MVPA in children have been identified. However, in one study inverse relationships between blood pressure and accelerometer-measured total physical activity and MVPA were reported in a large sample (N=1170) of children and youth age 8 to 17 years included in a nationally representative health measures survey (Mark and Janssen, 2008). The chances of discovering associations between activity and blood pressure were therefore much greater in this particular study in comparison to our relatively small sample of 8 to 10 year old boys. Leary and colleagues (2008) also measured physical activity via accelerometry in relation to blood pressure (yet in this case in a sample of children varying considerably less in age than the previous example) and found significant associations with total physical activity and MVPA, associations which were stronger for the volume of activity (Leary et al., 2008). However this too was a large sample of children (N=5505). Not all have found significant associations between accelerometer-measured physical activity and blood pressure in children ㈁

(Brage et al., 2004; Klesges et al., 1990) ADDIN EN.CITE . Discrepant findings are likely a result of the sample population (i.e., smaller sample sizes, narrower age range of children) as well as differences in the collection and interpretation of physical activity data (i.e., number of days of activity measurement, choice of accelerometer-intensity thresholds). Andersen et al. (2006) found significant associations between physical activity and blood pressure in children only after controlling for age, gender and country. 

Relationships between physical activity and blood pressure in children may be mediated by body mass, body size and/or body fatness. For example, overweight children are more likely to have high blood pressure than normal weight children 氁

(Paradis et al., 2004; Resnicow et al., 1993) ADDIN EN.CITE  and associations between obesity and blood pressure, as part of cardiovascular risk in children, are well-known 㰁

(Freedman et al., 1999a) ADDIN EN.CITE . Adjusting for body size weakened associations between activity and blood pressure in the study by Leary and colleagues (2008), however associations still remained. Since blood pressure is known to cluster with other cardiovascular risk factors (i.e., total cholesterol, HDL-cholesterol, triglyceride and serum insulin) (Andersen et al., 2003), associations with physical activity are often investigated with clustered cardiovascular risk (Andersen et al., 2006). The majority of boys in the present study were in a healthy range for BMI and blood pressure and less than 25% had clustered cardiovascular risk, and may explain why relationships between physical activity and blood pressure were non-significant.  
In this study, activity measures did not add significantly to the variance in waist circumference once physical fitness was taken into account. This suggests that physical fitness mediated the relationship between activity and waist circumference. Physical fitness was presented relative to body mass and it may be that any associations with waist circumference were dependent upon the degree of body fatness included within this measure. Most physiological variables relate to body dimensions and scaling 
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O2peak to adjust for differences in fat mass or lean mass between boys may have been more effective in removing the effect of body size on physical fitness. It is possible that activity measures would then have contributed significantly to the variance in waist circumference over and above the variance explained by fitness. It is interesting that time spent in moderate intensity activity was a significant predictor of clustered cardiovascular risk even once physical fitness was taken into account. This finding highlights the importance of participating in activities which are of at least moderate intensity for preventing cardiovascular risk factors in childhood.  

Associations between physical activity and health outcomes in this study are based on cross-sectional data which do not permit cause-and-effect relationships to be established. Therefore, the lower activity levels in boys with larger waist circumferences and lower scores of aerobic fitness relative to their peers may have been the consequence of obesity, not the cause. With repeated measurements over time (i.e., longitudinal research), it would be possible to explore the causal direction of these associations. A major limitation in children’s physical activity and health research is the paucity of longitudinal studies for which to build a strong evidence-base. 

In a review of health-related aspects of objectively measured daily physical activity in children (Dencker and Andersen, 2008), the majority of studies reviewed were cross-sectional. From this literature-base, Dencker and Andersen (2008) concluded that there appears to be a low to moderate relationship between physical activity and body fat. In cross-sectional studies with sample sizes similar to that of the present thesis (i.e., Abbott and Davies, 2004, N=47; Rowlands et al., 1999, N=34; Saelens et al., 2007, N=42; Wrotniak et al., 2006, N= 65), the effect size of the inverse association between physical activity and measures of body fatness ranged between r=-0.29 to r=-0.43, p<0.05. These associations correspond well with activity-fatness relationships reported in the present thesis (i.e., r=-0.36 to r=-0.43, p<0.05). Larger cross-sectional studies (i.e., Butte et al., 2007, N=897; Lohman et al., 2006, N=1553; Ness et al., 2007, N=5500) have reported weaker relationships between physical activity and measures of body fatness (r=-0.07 to r=-0.25, p<0.05) while some have failed to find any relationships at all (i.e., Treuth et al., 2005, N=229). Many of the larger cross-sectional studies show that correlations with measures of body fatness are stronger for activities of higher intensity (i.e., ≥moderate or ≥vigorous), while other studies reveal that body fatness was only significantly correlated with activities of higher intensity 


(Dencker et al., 2006a; Ruiz et al., 2006) ADDIN EN.CITE . 

The review by Dencker and Andersen (2008) also led to the conclusion that the amount of physical activity in childhood is weakly associated with aerobic fitness. Smaller cross-sectional studies (i.e., Rowlands et al., 1999, N=34; LeMura et al., 2000, N=54) have reported stronger positive correlations between physical activity and aerobic fitness (i.e., r=0.60 to r=0.66, p<0.05) than larger cross-sectional studies (i.e., Butte et al., 2007, N=897; Dencker et al., 2006b, N=228; Eiberg et al., 2005, N=700, r=0.11 to r=0.23, p<0.05). Like associations between physical activity and measures of body fatness, some of these 


(Dencker et al., 2006b; Eiberg et al., 2005) ADDIN EN.CITE  and other (Ruiz et al., 2006) cross-sectional studies report greater correlations between aerobic fitness and activities of ≥moderate or ≥vigorous intensity than measures of total physical activity. However, some showed that associations with aerobic fitness were just as strong for measures of total physical activity as they were for measures of vigorous physical activity 


(Butte et al., 2007) ADDIN EN.CITE . Correlations between measures of physical activity and aerobic fitness in boys in the present thesis ranged from r=0.34 to r=0.39, p<0.05, which are lower than those reported in similarly powered cross-sectional studies (i.e., Rowlands et al., 1999; LeMura et al., 2000) yet greater than those cross-sectional studies which have included larger sample sizes than the present thesis.

The interpretation of the size of a correlation coefficient is difficult. Some guidelines have been proposed (Cohen, 1988). Yet labelling correlation coefficients as “small, medium or large” can be problematic, as small effects could still be practically important (Rosenthal et al., 2000). The strength of any association will also depend upon the quality of physical activity measurement and measurement of health outcomes. While the present thesis and all reported studies used accelerometer-assessed physical activity to investigate relationships with health outcomes in children, measures of body fatness and aerobic fitness vary widely. This limits comparability of reported relationships between activity and health outcomes in the present thesis with previous cross-sectional research.

Post-hoc power calculations were computed in order to determine whether the sample size for this study was adequate for determining relationships between activity and health outcomes in boys. It is acknowledged that post-hoc power calculations are not ideal and a priori power calculations would have been more appropriate. However, since this is the first study to investigate whether relationships between activity and health outcomes in boys differ according to the application of different accelerometer-intensity thresholds, it was not possible to determine a priori the sample size necessary to detect any significantly meaningful associations. Cohen (1988) reports that a power of >0.80 is the convention proposed for general use. Despite post-hoc calculations (Howell, 1987) revealing a lower level of power (i.e., power ≥0.63), significant relationships between all measures of physical activity (with the exception of MVPAARTEACC (min·day-1)) with waist circumference and aerobic fitness still emerged. The study was not adequately powered (i.e., power ≤0.52) to detect relationships with measures of blood pressure. Therefore, it is possible that type II errors occurred in the investigation of relationships between activity and blood pressure. By increasing the sample size, it would have been possible to increase power and reduce the risk of making a type II error (i.e., the inability to detect a true relationship between activity and blood pressure).

Other than determining relationships between different intensities of activity and health, one of the key uses of accelerometer thresholds is to determine the amount of time spent in MVPA. Key public health goals are to determine the percentage of children meeting physical activity guidelines, to establish compliance and monitor secular trends in physical activity. It is clear that intensity thresholds do matter for estimation of prevalence. This has been highlighted in recent work 찁 ADDIN EN.CITE 
(Cliff and Okely, 2007; Guinhouya et al., 2006)
 which assessed discrepancies in time spent in MVPA when using thresholds reported by Sirard et al. (2005), Puyau et al. (2002) and Trost et al. (2002). In the current study the proportion of boys meeting public health guidelines (Strong et al., 2005) varied from 8.5% (published thresholds) to 48.9% (sample-specific thresholds) to 100% (individualized thresholds). The greatest impact on estimates of adherence to physical activity guidelines occurs when very low thresholds are used. Troiano et al. (2008) reported that adherence varied very little with thresholds >1200 counts·min-1, however small changes in threshold values of <1000 counts·min-1 were associated with large changes in estimates of adherence to guidelines. Since the classification of ≥moderate physical activity can vary from study to study, differences in reported adherence to guidelines likely reflects the use of different accelerometer thresholds to classify moderate intensity activity 戁

(Dencker and Andersen, 2008; Reilly et al., 2008) ADDIN EN.CITE . This inconsistency in threshold choice and use slows progress on activity-prevalence research in children. It is important to reach a consensus on appropriate accelerometer thresholds for quantifying children’s MVPA to simplify comparison of physical activity levels across populations and subpopulations and progress the field. 

This study is limited by a small sample size (N = 47) and homogeneity of participants included (i.e., boys only tested, narrow age range (age 8-10 years)). This may have influenced reported SST's, which had low sensitivity and specificity with regards to differentiating moderate from vigorous intensity physical activity. However, although the sample-specific thresholds were developed on a small sample, the activity-health relationships detected were similar to those detected by the thresholds determined through calibration research on a large population of UK children (Mattocks et al., 2007), despite a difference of 671 counts·min-1 for the MPA threshold and of 1120 counts·min-1 for the VPA threshold. Differences in the study sample and calibration design may explain these discrepancies. For example, in the study by Mattocks et al., boys (who were slightly older than those in the present study) performed walking and jogging activities (self-paced) around an indoor jogging track to better simulate free-living conditions. In contrast, the present study asked boys to walk and jog at prescribed speeds on a treadmill. Although the current study did not test a variety of published thresholds, thresholds between 2910 (moderate physical activity) and 9630 (hard physical activity) counts·min-1 detected similar relationships with health variables. This indicates that the choice of moderate or vigorous threshold used to classify activity intensity appears to be relatively unimportant for determining relationships with waist circumference, fitness and blood pressure in boys, provided the thresholds relate to activities of at least 4 METs or brisk walking. The lower end of this range is in accordance with a recent review (Reilly et al., 2008), which suggested that thresholds greater than 3000 to 3600 ActiGraph counts·min-1 were appropriate to classify MVPA in children. Accelerometer thresholds based on ≥4 METs have been used for describing ≥moderate intensity activity in a number of studies with children 攁

(Harrell et al., 2005; Mattocks et al., 2007; Reilly et al., 2008; Treuth et al., 2004) ADDIN EN.CITE  based on the argument that 3 METs may not truly reflect moderate intensity activity in children. It is however important to note that it is not just a case of which accelerometer thresholds correspond to certain METs; it is also a matter of how to define certain intensity in terms of number of METs. This last point is important since body mass specific values for 1 MET change considerably from age 1 year to age 18 years and there is considerable inter-individual variation in motor patterns and breathing rates when performing a given activity. Predicted energy costs for children and youth can be problematic. A compendium of energy costs for fifty-one activities for use with children with energy costs expressed as METs was recently provided (Ridley and Olds, 2008) and may be of some assistance.

4.6 Summary

In conclusion, choice of threshold did not impact on relationships detected between activity and various health outcomes (waist circumference, fitness and blood pressure) in boys, providing the moderate threshold was at least equivalent to an average brisk walk (i.e., >4 METs). This indicates that studies investigating relationships between activity and these health outcomes may be comparable, even where different thresholds have been employed. However, as in previous research   ADDIN EN.CITE 
(Cliff and Okely, 2007; Guinhouya et al., 2006)
, this study has demonstrated that intensity thresholds clearly matter when reporting the percentage of children meeting MVPA guidelines. Therefore, despite the lack of impact of threshold on relationships between these health outcomes and activity, to enable comparability between activity prevalence studies a consensus on the thresholds to be used is needed. Although the published thresholds used in this study (Mattocks et al., 2007) were developed on a large sample of children following the recommendations for calibration research (Welk, 2005), it was restricted to children aged 12 years. It was recently indicated (Reilly et al., 2008) that thresholds may not need to be age-specific as average counts during sedentary, moderate and vigorous activity were similar for groups of children aged 3 to 10 years. Therefore, it would be useful to evaluate the appropriateness of the published thresholds (Mattocks et al., 2007) for other age groups. 
In the current study, relationships between summary measures of activity (i.e., total activity, sedentary time, light intensity, moderate intensity, vigorous intensity and hard intensity activity) and health were based on the combination of weekday and weekend physical activity data and aspects of the activity pattern (i.e., frequency, intensity and duration of ≥4 s (short) and ≥5-min (long) activity bouts) were not explored. Whether aspects of the activity pattern differ between normal weight and overweight boys (for which summary measures of activity in overweight boys are lower 搁 ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
) has not been investigated to date. Examining discrepancies in the activity pattern between overweight and normal weight boys on weekdays and weekend days using high-frequency accelerometry is therefore warranted. Study three aims to a) establish whether there are differences in physical activity and the activity pattern according to weight status (i.e., normal weight and overweight) and according to type of day (i.e., between weekdays and weekend days).
CHAPTER FIVE

STUDY THREE: CHARACTERISTICS of the activity pattern in normal weight and overweight boys
 
5.1 Introduction
Physical activity has been shown to be negatively associated with measures of fatness (i.e., BMI, skinfolds, bioimpedance and/or DXA) in children 洁 ADDIN EN.CITE 
(Dencker et al., 2006a; Ekelund et al., 2004; Lohman et al., 2006; Moore et al., 2003; Rowlands et al., 2002; Stevens et al., 2004)
. Recent research in a large sample of children from the UK (Ness et al., 2007) has identified that the strength of these associations may vary according to the aspect of activity assessed (e.g., total physical activity, moderate physical activity, vigorous physical activity), with stronger associations evident for activities of >moderate intensity. In accordance with this negative association between activity and fatness, overweight or obese children tend to have lower levels of activity compared to normal weight children 猁 ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
, spend less time in activity of a moderate or greater intensity 㸁 ADDIN EN.CITE 
(Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Trost et al., 2001; Trost et al., 2003)
 and accumulate fewer 5, 10 and 20 minute bouts of moderate to vigorous intensity physical activity per day (Trost et al., 2001) than normal weight children. Differences in activity have been shown to be greater during times where there was potentially more choice to be active (i.e., out of school hours) (Page et al., 2005). However, whether sporadic activity, i.e. the frequency, intensity, and duration of short activity bouts, also differs between normal weight, overweight and obese children, is not known.

Typically, physical activity assessed using accelerometry has been expressed on a minute-by-minute basis (i.e., 60 s epoch) in children (Welk, 2005). However, habitual physical activity patterns in children are mostly sporadic, containing short, frequent bursts of activity (Bailey et al., 1995). It has been suggested that spontaneous physical activity (i.e., activity of everyday life) has become the primary determinant of physical activity energy expenditure, with obligatory activity (i.e., activity we are forced to do to survive) and voluntary activity (i.e., formal exercise) playing less of a role (Thorburn and Proietto, 2000). In adults, low levels of spontaneous physical activity increase the risk of body weight gain (Esparza et al., 2000) and in children, physiological responses affecting growth and development may vary according to activity patterns (i.e., growth related hormones may alter their responses in response to the tempo of activity) (Rowland, 1998).

Children typically accumulate more activity on weekdays than weekend days 㤁 ADDIN EN.CITE 
(Riddoch et al., 2007; Rowlands et al., 1999; Rowlands et al., 2008a)
. Recently, specific aspects of the activity pattern that differ between weekdays and weekends were identified; the frequency of the most intense (≥VIG) short (≥4 s) were greater on weekdays than weekend days (Rowlands et al., 2008a). Since children do not have the constraints of school on weekends and potentially have more control over how they choose to spend their free-time, differences in the activity pattern between normal weight and overweight children might be maximized on weekend days in comparison to weekdays. Further elucidation of the activity patterns of normal weight and overweight children could help to inform how physical activity interventions may be structured to address the specific needs of overweight children. 
5.1.1 Aims of the study

The aim of this study was to assess whether, a) activity levels and b) aspects of the activity pattern differ between normal weight and overweight boys across weekdays (WD) and weekend (WE) days. 

5.2 Methodology
5.2.1 Participants
Fifty-four boys, aged 8 to 10 years, were recruited from primary schools in Devon and assessed between October 2006 and March 2007. Stature and seated stature were measured to the nearest 0.1 cm and body mass to the nearest 0.1 kg. Boys were classified as either, a) normal weight (N=38) or, b) overweight or obese (N=16) based on UK body mass index (BMI) age- and sex-specific cut-points (Cole et al., 1995). All participants had no known history of diabetes, hypertension or vascular disease. The experimental protocols received Institutional Ethics Committee approval and written parental informed consent and child assent was obtained (see Appendix A).
5.2.2 Protocol
5.2.2.1 Habitual Physical Activity

Participants wore an ActiGraph GT1M accelerometer (ActiGraph, LLC, Pensacola, FL) for seven consecutive days. A 2 s epoch was used to ensure capture of the rapid transitions in activity typical of children (Bailey et al., 1995). Each participant was asked to wear the ActiGraph at all times, removing the device only for water-based activities. A daily log sheet was provided to record any times the monitor was taken off and the reason for doing so (see Appendix C). The raw data were analyzed using customized software (ActiGraph Analysis 1.0, Exeter, UK). For inclusion in data analysis, each participant needed a minimum of 10 hours of wearing time for at least three weekdays and one weekend day (Rowlands et al., 2008a). Activity data were analyzed between 6:00 AM and 9:00 PM (Rowlands et al., 2008a).
Published thresholds were used to classify moderate (MPA: 4-6 METs, 3581-6130 counts·min-1) and vigorous (VPA: >6 METs, >6130 counts·min-1) physical activity. These thresholds are based on calibration research in a large sample of children (N=246) from the UK (Mattocks et al., 2007). As thresholds for light and hard activity were unavailable from this data set thresholds developed through our own calibration research for sedentary behaviour (SB: 0-300 counts·min-1), light (LPA: a threshold distinguishing sedentary behaviour from whole body movement, 300-3581 counts·min-1), and hard (HPA: >9630 counts·min-1) physical activity were used (Study 1). Activity output measures included total physical activity (TPA, counts.min-1), accumulated minutes per day in SB, LPA, MPA, VPA and HPA and frequency, intensity and duration of >4 s (short) and >5-min (long) bouts of greater than or equal to light (>LIGHT), greater than or equal to moderate (>MOD), greater than or equal to vigorous (>VIG), and greater than or equal to hard (>HARD) activity. A bout was defined as a minimum of two consecutive epochs (i.e., 4 s) above the intensity threshold (>4 s bouts) (Rowlands et al., 2008a). For analyses of >5-min bouts, up to 30 s of data (10%) were allowed to drop below the threshold based on previous recommendations (Masse et al., 2005).  

5.3 Statistical analyses

Descriptive statistics were calculated for all variables. Variables that were not normally distributed were log-transformed and median and inter-quartile range (IQR) values displayed.
Activity data were separated by type of day (weekdays (WD) and weekend days (WE)). In order to determine whether it was suitable to combine boys with a total of five versus six days of complete activity data, a series of one-factor ANOVAs were used to explore any differences in total activity, sedentary behaviour, light intensity, moderate intensity, vigorous intensity or hard intensity activity by number of days of complete data (5 or 6). These analyses were repeated to compare boys with one versus two weekend days of complete activity data.

A series of two-factor mixed-model ANOVAs (weight status by type of day (weekday/weekend) with repeated measures on day) were conducted to determine whether there were differences in, a) overall activity (i.e., total activity, sedentary behaviour, light intensity activity, moderate intensity activity, vigorous intensity activity and hard intensity activity) and, b) activity pattern (i.e., frequency, intensity and duration of ≥4s and ≥5-min bouts of ≥LIGHT, ≥MOD and ≥VIG intensity activity per day (≥HARD, ≥4s bouts only)). Post-hoc analyses using the Tukey’s test adapted for repeated measures were used to explore any interactions of weight status by type of day (Stevens, 1996). Analyses were conducted using log-transformed variables where necessary, but were also run using the original untransformed variables. Where the ANOVA results were not different, data from the untransformed variables have been reported. Alpha levels of 0.05 were used for all statistical tests. All analyses were performed using SPSS version 11 for Windows (SPSS Inc., Chicago, IL).

5.4 Results 

5.4.1 Participant characteristics
Seven participants were eliminated due to incomplete physical activity data. Therefore, a total of 47 participants (N=47) were included in analyses; 32 were classified as normal weight (NW) and 15 as overweight or obese (overweight: 8/15, obese: 7/15) (Cole et al., 1995). For the purpose of this research, overweight (OW) includes those defined as obese. There were no significant differences in age between groups. However, standing height, sitting height, and body mass were significantly higher in overweight boys compared to normal weight boys (p<0.01) (See Table 5.1).
Table 5.1 Descriptive data for normal weight (N=32) and overweight (N=15) participants. 



      Normal weight (NW)
               Overweight (OW)

	VARIABLE


	Mean or median
	SD or IQR
	Range
	Mean or median
	SD or IQR
	Range

	Age (y)
	9.3
	8.9,9.8
	8.3-10.1
	9.5
	0.5
	8.4 -10.1

	Height (cm)
	132.1
	129.4,138.4
	109.0-144.0
	139.9*
	7.8
	130.0-155.0

	Weight (kg)
	28.4
	3.8
	17.4-34.9
	40.4*
	7.4
	31.4-52.0

	Body mass index (kg.m-2)
	16.2
	1.1
	13.7-18.0
	19.9*
	18.8,21.6
	18.3-26.3

	Sitting height (cm)
	67.3
	3.2
	60.0-74.0
	71.8*
	3.3
	68.0-80.0


*Significantly higher in OW boys (p<0.01)

Thirteen boys wore the accelerometer for five days and 34 boys wore the accelerometer for six days (3.9 ± 0.3 (mean ± SD) weekdays) and (1.8 ± 0.4 (mean ± SD) weekend days). There were no significant differences in total activity, sedentary behaviour, light intensity, moderate intensity, vigorous intensity or hard intensity activity between boys who had five compared to six valid days of activity measurement or those boys who had one compared to two valid WE days of activity measurement.

5.4.2 Summary activity characteristics 
The physical activity levels for normal weight and overweight boys on weekdays and weekend days are shown in Table 5.2. There were no differences in summary measures of activity between normal weight and overweight boys with the exception of hard intensity activity, for which there was an interaction of weight status by type of day (F1,45 = 6.2, p=0.016). Post hoc analyses indicated that overweight boys accumulated less hard intensity activity than normal weight boys on weekend days, but not weekdays. Overweight boys also accumulated less hard intensity activity on weekend days than weekdays, whereas normal weight boys’ activity did not differ by type of day. Main effects for type of day indicated that both normal weight and overweight boys accumulated significantly more total physical activity (F1,45 = 7.2, p=0.01) and minutes per day in LPA (F1,45 = 4.7, p=0.035), MPA (F1,45 = 8.4, p=0.006) and VPA (F1,45 = 4.4, p=0.043), and spent less time sedentary (SB) (F1,45 = 7.2, p=0.01), on weekdays than weekend days. 
5.4.3 Activity pattern characteristics 

In both normal weight and overweight boys, the mean frequency and duration of ≥4 s (short) and ≥5-min (long) bouts decreased as intensity increased across weekdays and weekends (Table 5.2).
5.4.3.1 ≥4 s bouts

The frequency of short bouts of ≥LIGHT intensity activity did not differ by weight status or type of day. However, the duration and intensity of these bouts was greater in normal weight boys as indicated by main effects for weight status (F1,45 = 4.7, p=0.04; F1,45 = 7.7, p=0.008 for duration and intensity, respectively). Bouts were also shorter on weekends than weekdays (main effect for type of day F1,45 = 12.7, p=0.001).
There were no main effects for weight status in the frequency, intensity or duration of short bouts of ≥MOD, ≥VIG and ≥HARD intensity activity. However, there were main effects for type of day, with the frequency (F1,45 = 8.5, p=0.005) and duration (F1,45 = 13.8, p=0.001), though not intensity, of short bouts of ≥MOD intensity being greater on weekdays than weekend days. Short ≥VIG bouts were more frequent on weekdays (main effect for type of day, F1,45 = 5.5, p=0.02) than weekends. There was a weight status x type of day interaction (F1,45 = 7.58, p=0.09) for the duration of short bouts of ≥VIG intensity activity. Post-hoc analyses revealed that, a) overweight boys had longer ≥VIG bouts than normal weight boys on weekdays, b) overweight boys had shorter ≥VIG bouts than normal weight boys on weekend days, and, c) for overweight boys, ≥VIG bouts were shorter on weekend days than weekdays. A main effect for type of day (F1,45 = 10.3, p=0.002) indicated that the frequency of ≥HARD short bouts was greater on weekdays than weekend days.

Table 5.2 Descriptive data for weekday and weekend short bouts (≥4s) of physical activity for normal weight (NW; N=32) and overweight (OW; N=15) boys

	
	Weekdays
	Weekend days

	Output measure
	NW                           OW
	NW                           OW

	TPA (counts·day-1)b
	523351.2±90459.3


	504245.2±123570.8


	432523.0; 346492.5,556515.1
	413343.8±117696.1

 

	SB (min·day-1)b
	696.2±26.7
	692.8±37.3
	712.1±53.5
	713.4±41.0

	LPA (min·day-1)b
	155.6±19.7
	163.7±25.3
	143.9±34.8
	149.6; 125.8,166.2

	MPA (min·day-1) b
	33.5;28.1,38.3
	30.6±10.4
	29.6;18.7,38.4
	23.9±7.8

	VPA (min·day-1)b
	9.1;7.9,14.2
	9.8±4.3
	10.6;5.8,13.5
	7.3±3.8

	HPA(min·day-1)a,b,c,d
	2.7;1.8,4.9
	2.9±1.7
	3.7;1.4,4.0
	1.6;0.5,3.1*†

	≥LIGHT, ≥ 4s bouts
	
	
	
	

	Frequency (per day)
	914.5±128.3
	961.5±149.1
	890.4±179.2
	973.0±155.4

	Intensity (cts·2s-1)a,,d 
	66.6±4.1
	63.4±4.7
	66.4;60.8,73.4
	61.5±6.9

	Duration (s) a,b
	12.2±1.3
	11.6±1.3
	11.3±2.2
	10.1±1.7

	≥MOD, ≥ 4s bouts
	
	
	
	

	Frequency (per day)b
	296.7±63.2
	267.1±86.0
	237.5;175.3,343.4
	208.9±80.1

	Intensity (cts·2s-1)
	192.9±12.5
	190.6±9.2
	195.1±12.6
	187.7±10.9

	Duration (s) b
	7.4±1.0
	7.0±0.6
	6.5;5.7,7.6
	6.1±1.0

	≥VIG, ≥ 4s bouts
	
	
	
	

	Frequency (per day) b
	62.6;51.1,116.7
	63.5;38.0,90.8
	48.5;35.1,101.9
	45.6±30.2

	Intensity (cts·2s-1)
	286.8±13.2
	287.6±23.8
	286.8;276.0,297.1
	281.4±16.6

	Duration (s)b,c,d
	5.5;5.0,6.1
	5.9;5.0,7.6
	5.2;4.8,7.1†
	4.8;4.6,5.6*†

	≥HARD, ≥ 4s bouts
	
	
	
	

	Frequency (per day)b,d
	11.5;5.6,16.3
	12.2±10.6
	8.3;3.1,11.5
	4.0;1.0;11.0

	Intensity (cts·2s-1)
	414.2;397.9,438.2
	416.8;404.9,452.7
	407.1;391.9,454.6
	398.8;365.1,432.3

	Duration (s)
	5.0;4.7,6.8
	6.3±2.7
	5.8;4.4,8.5
	4.9±2.4


TPA = total physical activity; SB = sedentary behaviour; LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity; HPA = hard physical activity

a  Weight status difference (main effect, p<0.05).
 b Weekday/weekend difference (main effect, p<0.05).

c Weight status x type of day interaction (p<0.05).
*Significantly different within type of day (p< 0.05)

†Significantly different across weight-status (p<0.05)
d Log-transformed data used in analyses

5.4.3.2 ≥5-min bouts

The proportion of normal weight and overweight boys accumulating ≥5-min bouts.day-1 of ≥LIGHT and ≥MOD intensity activity is illustrated in Figures 5.1 a, b, and c. Nearly all boys accumulated at least 10 ≥5-min bouts.day-1 of ≥LIGHT intensity activity on weekdays (NW: 31/32; OW: 15/15) and weekend days (NW: 24/32; OW: 14/15). 

The frequency and duration of ≥ 5-min bouts ≥LIGHT intensity activity did not differ between normal weight and overweight boys. Main effects for weight status (F1,45 = 14.0, p=0.001) and type of day (F1,45 = 11.1, p=0.002) indicated that the intensity of these bouts was higher in normal weight boys than overweight boys and weekday bouts were more intense than weekend bouts (Table 5.3).

Main effects for weight status indicated that normal weight boys accumulated more ≥ 5-min bouts of ≥MOD intensity activity (F1,45 = 5.6, p=0.02) than overweight boys, which were also longer (F1,45 = 4.6, p=0.04). Nearly two-thirds (21/32) of normal weight boys accumulated one to three ≥5-min bouts.day-1 of ≥MOD intensity activity on weekdays (14/32 on weekend days) compared to 4/15 and 5/15 of overweight boys on weekdays and weekend days, respectively. Only 8/32 of normal weight boys accumulated three to five ≥5-min bouts.day-1 of ≥MOD intensity activity on weekdays (6/32 on weekend days) compared to 2/15 and 0/15 overweight boys on weekdays and weekends days, respectively. There were no significant differences in the accumulation of ≥5-min bouts.day-1 of ≥MOD intensity activity on weekdays and weekend days (Table 5.2, Figure 5.1 b).

There were very few bouts of ≥VIG intensity lasting ≥ 5-min. Therefore it was not possible to statistically compare the frequency, intensity and duration of these bouts. Table 5.2 illustrates the median and 25th-75th percentile ranges for these data. Nearly one fifth (5/32) of normal weight boys accumulated at least one ≥5-min bout.day-1 of ≥VIG intensity activity on weekdays (8/32 on weekend days) compared to 4/15 and 1/15 overweight boys on weekdays and weekend days, respectfully.

Table 5.3 Descriptive data for weekday and weekend long bouts (≥ 5 min) of physical activity in normal weight (NW; N=32) and overweight (OW; N=15) boys


	
	Weekdays
	Weekend days

	Output measure
	NW                           OW
	NW                           OW

	≥LIGHT, ≥ 5 min bouts
	
	
	
	

	Frequency (per day)
	15.5±3.0
	16.9±3.4
	14.5±5.9
	15.0;13.0,19.5

	Intensity (cts.2s-1) a,b
	58.5±7.6
	51.9±6.3
	54.5±14.1
	40.9;37.7,45.5

	Duration (s)
	695.3±85.7
	657.4±65.8
	655.7;569.2,823.6
	620.3±94.6

	≥MOD, ≥ 5 min bouts
	
	
	
	

	Frequency (per day) a
	3.7±1.5
	2.3±1.6
	2.0;1.0,3.5
	1.7±1.3

	Intensity (cts.2s-1)
	109.0±22.4
	93.4±30.7
	106.5±37.4
	91.6±43.4

	Duration (s) a
	446.5±92.6
	389.8±140.5
	448.0±168.2
	338.3±115.9

	≥VIG, ≥ 5 min bouts
	
	
	
	

	Frequency (per day)
	0.3;0.0,0.8
	0.0;0.0,1.0
	0.0;0.0,0.9
	0.0;0.0,0.5

	Intensity (cts.2s-1)
	29.3;0.0,95.3
	0.0;0.0,90.5
	0.0;0.0,120.8
	0.0;0.0,58.1

	Duration (s)
	75.5;0.0,195.0
	0.0;0.0,179.8 
	0.0;0.0,245.8
	0.0;0.0,154.0


a  Weight status difference (p<0.05).
 b Weekday/weekend difference (p<0.05).
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Figure 5.1 Proportion of NW (N=32) and OW (N=15) boys achieving between, a) 1 and ≥25 bouts at least 5 minutes long of ≥LIGHT intensity, b) 1 and ≥10 bouts at least 5 minutes long of ≥MOD intensity, c) 1 and ≥5 bouts at least 5 minutes long of ≥VIG intensity per day on weekdays (WD) and weekend days (WE). 

5.5 Discussion

Despite equivalent summary measures of activity, overweight boys exhibited fewer and shorter bouts of activity, particularly sustained bouts of activity which were of moderate intensity or greater, relative to normal weight boys. This difference was also apparent in the number of three or more five-minute bouts of activity of at least moderate intensity achieved. The lack of difference in total activity or time accumulated in sedentary behaviour, light, moderate and vigorous activity contrasts with earlier research which indicates lower levels of overall activity in overweight children 愁 ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
. The authors mentioned above present physical activity data collected on much larger samples than the present study, with the number of both normal weight and overweight children being considerably higher. Variability in physical activity was likely greater than the present study and potentially greater between groups, which could explain this discrepancy. Post-hoc power calculations (Howell et al., 1987) illustrated that power was lower (i.e., power ≥0.53) than the recommended 0.80 (Cohen, 1998). No significant effects of weight status (i.e., power ≤0.33) or through an interaction of weight-status by type of day (i.e., power ≤0.29) were evident, although it should be noted there is a high risk of a type II error in these analyses. Therefore, it is possible that type II errors occurred and differences existed in summary measures of activity which failed to reach significance (see Table 5.2). The present study was however able to detect differences in hard physical activity between normal weight and overweight boys, despite suboptimal power (i.e., power ≥0.60).

The decreased duration and intensity of the most frequent short bouts (≥light intensity) in overweight boys relative to their normal weight peers corresponds with differences identified between high- and low-active children (Rowlands et al., 2008b) and between sexes (Rowlands et al., 2008a). Overweight boys also accumulated less frequent and shorter long bouts of greater than moderate intensity and less intense long bouts of greater than light intensity than normal weight boys, which is consistent with previous research 琁 ADDIN EN.CITE 
(Rowlands et al., 2008a; Trost et al., 2001)
. Whether the differences in pattern have implications for health, particularly when summary measures of activity are similar, is not clear. However, work with Hong Kong Chinese children has shown that the interval between short activity bouts is positively related to fatness and the intensity of short bouts is positively related to aerobic fitness (Chu, 2005). 

Some aspects of activity, particularly those of a higher intensity, dropped off more in overweight boys at the weekend than normal weight boys. A less structured environment during out-of-school hours on weekdays, and/or on the weekend (Rowlands et al., 2008a) where there is more choice for how time is spent (Page et al., 2005) could contribute to these findings. Page and colleagues (2005) suggest that differences in activity between normal weight and overweight children tend to occur when there is more choice to be active (i.e., before school, at lunchtime and especially after school and on weekends) (Page et al., 2005). Differences in ≥moderate intensity activity, for example, are greatest on weekday evenings and from lunchtime on during the weekend. Unfortunately, study three did not investigate whether differences in activity occurred over specific times of the day; this could be listed as a limitation of the research. 

A possible explanation for these differences may come from reports that overweight children are less likely to be involved in community organizations that promote physical activity 渁

(Haerens et al., 2007; Trost et al., 2001) ADDIN EN.CITE  which typically occur after school and/or on weekends. Getting overweight children involved in structured sports activities is therefore clearly important for increasing leisure-time activity and reducing inactive time. The home environment also appears to be related to lower levels of activity in obese children (Page et al., 2005), suggesting the family has a strong influencing effect. For example, Trost and colleagues (Trost et al., 2001) reported that obese children had lower perceptions of physical activity self-efficacy and their father or male guardian were less likely to be physically active, which could act as a barrier to physical activity participation. Physical activity promotion schemes may need to start in early childhood since differences in activity levels between normal weight and overweight boys attending preschool (age 3 to 5 years) have already been documented (Trost et al., 2003). It is important to note that the cost of carrying additional body fat may make performing activity more challenging for overweight children; this may have resulted in activity bouts being less intense and shorter relative to normal weight boys in the present study.

For a given movement during weight bearing activities, the activity-induced energy expenditure will be much greater for overweight and obese children compared to their normal weight counterparts due to the increased cost of moving excess body weight. This is important to consider when examining reported differences in activity levels between normal weight and overweight children. For example, Ekelund et al. (2002) have shown that despite having lower levels of accelerometer-measured physical activity, the activity-induced energy expenditure of overweight adolescents was not reduced compared to their lean counterparts (Ekelund et al., 2002). Although it would have been interesting to investigate whether differences in aspects of the habitual activity pattern between normal weight and overweight boys corresponded to actual differences in activity-induced energy expenditure (AEE), measures of AEE over prolonged periods of time (i.e., seven days) are difficult and were not feasible for the present study.

Recently, Vogels and colleagues (2007) examined whether differences in physical activity between overweight and normal weight children could be attributed to daily habitual physical activity or differences in physical activity expressed during structured sports activities. Although free-living activity was significantly lower in overweight children compared to lean children, when performing activities during a structured protocol, there was no difference in accelerometer output between the groups. Similar to previous studies, the results show that when overweight children are in their typical environment and are free to move how they wish, they move significantly less than lean children. However, the fact that movement counts were no different between groups during structured activities implies that children who are overweight can perform structured sports activities just as well as lean children. As the authors themselves conclude, it is the initiative to move instead of the intensity of moving which is lower in overweight children. Schemes which make it easier for overweight children to keep moving (or make it harder to keep still) may have success in shifting the activity pattern of overweight children to better resemble that of their normal weight counterparts. 

The current results compare well with those of Riddoch et al. (2007) who reported that children aged 11 years spent an average of 25 min.day-1 in MVPA, but are lower than previously reported for children in Europe (Riddoch et al., 2004) and the U.S. (Trost et al., 2002). These discrepancies can be attributed to the use of lower accelerometer thresholds to classify activity intensity in the latter studies rather than differences in the children’s activity levels (Rowlands, 2007).  
Despite suboptimal power (i.e., power ≥0.53), significant differences in summary measures of physical activity (i.e., total physical activity, sedentary behaviour, light, moderate and vigorous intensity activity) across weekdays and weekend days occurred. Regardless of weight status, total activity and time accumulated in light, moderate and vigorous activity was higher on weekdays relative to weekends with time in sedentary behaviour being lower on weekdays. The decrease on weekend days was mostly attributable to a reduction in the frequency of the more intense short bouts (greater than moderate, vigorous and hard intensity), which is in accordance with previous findings (Rowlands et al., 2008a), and the duration of the more frequent short bouts (>light and >moderate intensity), and, for overweight boys specifically, the more intense short bouts. It is worth noting that the variability in summary measures of activity and aspects of the activity pattern was greater on weekend days compared to weekdays, suggesting that activity is much more variable on the weekend. It is interesting to note that while the majority of those significant differences in aspects of the sporadic activity pattern (i.e., ≥ 4s bouts) differed according to the type of measurement day and/or an interaction of weight status by type of day in comparison to weight status, the majority of aspects of the continuous activity pattern (i.e., ≥5-min bouts) differed according to weight status (see Tables 5.2 and 5.3). 

Current physical activity guidelines recommend that children should accumulate 60 minutes or more of MVPA a day. However, whether or not children achieve these depends on what is considered acceptable for accumulated activity (i.e., all bouts or only longer, continuous bouts). If all bouts are considered, less than 25% of all boys in the current study met these recommendations. If only five-minute bouts are accepted, then none of the boys met the target on weekdays and very few (less than 6.1%) on weekend days. In accordance with earlier research 㸁 ADDIN EN.CITE 
(Baquet et al., 2007; Rowlands et al., 2008a)
 very few boys engaged in intense activity (≥vigorous) for five continuous minutes.  
The study is limited by its sample size (N=47), from which 15 overweight boys were identified. However, activity data were comparable with those reported in previous literature. Measurements took place during the fall/winter season (i.e., October to March of the following year). Seasonal variation in children’s activity exists (Kristensen et al., 2008a), particularly during discretionary time (Rowlands and Hughes, 2006), with activity levels dropping off during the months of fall/winter for children in this age range (age 8-10 years) (Kristensen et al., 2008a). Activity patterns during the fall/winter months may therefore have contributed to the lower levels of physical activity on weekend days in comparison to weekdays. Importantly, this study is only cross-sectional in nature and therefore whether weight status is the cause or the consequence of these findings is unknown. It is possible that the excess body fat carried by overweight boys may have hindered their ability or motivation to accumulate and sustain bouts of activity for greater than five minutes. Further longitudinal research with a larger sample size is recommended to explore causality.
5.6 Summary

In contrast to previous research, total activity, sedentary behaviour and time in light intensity, moderate intensity and vigorous intensity activity did not differ in this sample of normal weight and overweight boys. However, normal weight boys did accumulate more hard intensity activity than overweight boys at the weekend. Activity pattern data demonstrated that the most frequent short (> 4 s) activity bouts were shorter and less intense in overweight boys. In addition, all sustained activity bouts (> 5 min) were less intense in overweight boys, with ≥moderate intensity activity bouts also being shorter and less frequent. Activity was generally lower on weekends than weekdays. These findings highlight the importance of including both weekdays and weekend days when measuring habitual physical activity in children, as clearly, the activity pattern differs. For higher intensity activity this difference was particularly apparent in overweight boys relative to normal weight boys.

Despite the lack of significant differences in most summary measures of activity between groups, the way that activity was accumulated did differ by weight status. Whether the pattern of activity is also associated with the continuum of body fatness and other risk factors for cardiovascular disease (i.e., aerobic fitness, blood pressure, microvascular function) was addressed in study four.  

CHAPTER SIX

STUDY FOUR: THE PATTERN OF PHYSICAL ACTIVITY IN RELATION TO HEALTH OUTCOMES IN boys

6.1 Introduction

Regular physical activity in childhood has an important impact on immediate and long-term health outcomes (Strong et al., 2005). Current physical activity guidelines for children recommend 60 or more minutes of moderate to vigorous intensity activity per day for health benefits (Strong et al., 2005). Some guidelines recommend this activity is accumulated in bouts lasting at least five to ten minutes (Health Canada and the Canadian Society for Exercise Physiology, 2002) while others suggest it is likely that the majority will be accumulated intermittently (Corbin and Pangrazi, 2004), as children’s activity bouts rarely last longer than 5 to 10 minutes 攁 ADDIN EN.CITE 
(Baranowski et al., 1987; Trost et al., 2002)
 with a large proportion shorter than five minutes (Rowlands et al., 2008a). Previous observational research (Bailey et al., 1995) in children aged 6-10 years demonstrated that the mean duration of activity bouts was 20 s (Berman et al., 1998). 
Accelerometers are one of the most effective ways to obtain objective information (frequency, intensity, duration) on children’s habitual activity (Rowlands, 2007) and have been used 码 ADDIN EN.CITE 
(Baquet et al., 2007; Rowlands et al., 2008a)
 to capture the sporadic activity patterns of children previously described in observation research ！ ADDIN EN.CITE 
(Bailey et al., 1995; Berman et al., 1998)
. Objective evidence on the nature of children’s activity patterns exists (Rowlands et al., 2008a), but whether the pattern in which the activity is accumulated is important to aspects of health, remains equivocal (Riddoch et al., 2007). There is evidence for low to moderate inverse relationships between total activity and/or total time accumulated in moderate to vigorous activity with body fatness (Dencker and Andersen, 2008), clustering of cardiovascular disease risk factors (Andersen et al., 2006) and blood pressure (Leary et al., 2008), and positive relationships with aerobic fitness in children (Dencker and Andersen, 2008). It is not known whether specific aspects of the activity pattern are as important, or more important, than the total activity. For example, the habitual temporal characteristics of children’s activity could be related to how quickly children recover from exercise and therefore cardiovascular and metabolic health (Bailey et al., 1995).

Abnormal vascular function is associated with dysfunction of the endothelium, an early feature of atherosclerosis linked to increased cardiovascular disease risk (Vita and Keaney, 2002). Regular structured physical activity can reverse vascular dysfunction in obese children (Watts et al., 2004a) and positive associations between habitual activity and endothelial function appear in normal weight children (Abbott et al., 2002). However, the evidence is restricted to large blood vessels with no apparent evidence for the role of activity on the microcirculation in children. Exercise-induced repetitive increases in blood flow have been associated with arterial remodelling in adults 愁 ADDIN EN.CITE 
(Huonker et al., 1996)
. Therefore it is plausible that the frequency of bouts of activity could favourably impact on microvascular function. Sufficient stimulation of the microvascular system (i.e., through a maximal exercise test) might elucidate differences in vascular reactivity between healthy children which may not appear at rest, since this is when cutaneous blood flow is maximized. The change in vascular response from rest to immediately post-exercise and whether this relates to a child’s physical activity is therefore of interest. 

6.1.1 Aims of the study

The aim of this study was to examine whether total physical activity was associated with health outcomes (waist circumference, aerobic fitness, blood pressure and microvascular function) in boys and, where associations were present, to investigate which specific aspects of the activity pattern (i.e., frequency, intensity and duration of short (≥4 s) and long (≥5-min) bouts of ≥light (≥LIGHT), ≥moderate (≥MOD), ≥vigorous (≥VIG), and ≥hard (≥HARD) intensity activity) were important. 
6.2 Methodology
6.2.1 Participants  
Fifty-four boys, 8 to 10 years of age, were recruited from primary schools in the county of Devon, UK. The experimental protocols received Institutional Ethics Committee approval (see Appendix A), and written parental informed consent and child assent was obtained (see Appendix A).
6.2.2 Protocol
Habitual physical activity was assessed for seven consecutive days between October 2006 and March 2007. Stature and seated stature were measured to the nearest 0.1 cm and body mass to the nearest 0.1 kg. Health variables (waist circumference, aerobic fitness, blood pressure, microvascular function) were measured in a visit to the laboratory within two weeks following the activity measurement. Microvascular function was measured in the morning after an overnight fast (rest) and immediately following the 
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O2peak test (post-exercise). Body fatness and blood pressure were measured prior to the
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O2peak test. 
6.2.2.1 Habitual Physical Activity

Participants wore an ActiGraph GT1M accelerometer (ActiGraph LLC, Pensacola, FL) for seven consecutive days. A 2 s epoch was used to capture rapid transitions in activity typical in children (Bailey et al., 1995). Each child was asked to wear their ActiGraph at all times and remove the device only for water-based activities. A daily log sheet was provided to record any times in which the monitor was taken off and the reason for doing so (see Appendix C). The raw data were analyzed using customized software (ActiGraph Analysis 1.0, Exeter, UK). For inclusion in data analysis, each participant needed a minimum of 10 hours of wearing time for at least three weekdays and one weekend day (Rowlands et al., 2008a). Activity data were analyzed from 6:00 AM to 9:00 PM (Rowlands et al., 2008a). 
Published thresholds were used to classify moderate (MPA: 4-6 METs, 3581-6130 counts·min-1) and vigorous (VPA: >6 METs, >6130 counts·min-1) physical activity. These thresholds are based on calibration research in a large sample of children (N=246) from the UK (Mattocks et al., 2007). Thresholds developed through sample-specific calibration research in study one for sedentary behaviour (SB: 0-300 counts·min-1), light (LPA: a threshold distinguishing sedentary behaviour from whole body movement, 300-3581 counts·min-1), and hard (HPA: >9630 counts·min-1) physical activity were also used (see Chapter Three, Study One). 

Activity output measures included total physical activity (TPA, counts·min-1), accumulated minutes per day in SB, LPA, MPA, VPA and HPA and frequency, intensity and duration of >4 s and >5-min bouts of >LIGHT, >MOD, >VIG, and >HARD activity. A bout was defined as a minimum of two consecutive epochs (i.e., 4 s) above the intensity threshold (>4 s bouts) (Rowlands et al., 2008a). For analyses of >5-min bouts, up to 30 s of data (10%) was allowed to drop below the threshold based on previous recommendations (Masse et al., 2005).
6.2.2.2 Measurement of health variables  

Waist circumference was measured as an indicator of abdominal fatness (Rudolf et al., 2004). Waist circumference was taken 4 cm above the umbilicus and recorded to the nearest 0.1 cm. Systolic and diastolic blood pressure (mm Hg) were measured four times at 1-min intervals on the left arm at the site of the brachial artery using a semiautomatic blood pressure recorder (Critikon DinamapTM, GE Medical Systems, WI, USA) in the supine position. The mean of the final three recordings was recorded. Skinfold-thickness measurements (triceps, subscapular) were used to estimate fat mass (and hence lean body mass) using the equations of Slaughter et al. (Slaughter et al., 1988) which are suitable for use in studies of children and youth. Measurements were taken on the right side of the body and were recorded to the nearest 0.2 mm. All measurements were taken three times with the median recorded as the final value (Eston et al., 2008).
Aerobic fitness was assessed through respiratory gas analysis during a multi-stage treadmill test to exhaustion. An online breath-by-breath analyzer (Cortex Metalyzer® 3B; Leipzig, Germany) measured expired air on a continuous basis. The treadmill test consisted of three-minute stages, beginning with a slow walk at 4 km.hr-1 at a 0% gradient. For the next two stages, the gradient was kept constant at 0%, however speed was increased to 6 km.hr-1 and then 8 km.hr-1. Speed then remained constant throughout the test, with the inclination increasing by 1% every 1-min until voluntary exhaustion. A maximal effort was defined by one or more of the following: facial flushing, sweating, hyperpnoea and/or unsteady gait; HR levelling off at >195 bpm; RER ≥ 1.00; subjective decision by the observer that the participant could not continue, despite ample encouragement (Armstrong and Fawkner, 2007). Aerobic fitness was presented relative to body mass (
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O2peak (ml.kg-1min-1)) and scaled allometrically to lean mass (s
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O2peak (ml.kgLBM-0.80min-1) using a sample-specific exponent for lean mass (LBM)). The latter value expressed fitness independent of body mass and body composition, as there are strong positive associations between body mass, lean body mass and 
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O2peak in children (Rowland, 1999), particularly during weight-bearing, endurance exercise such as treadmill activity (Rowlands et al., 1999).
Microvascular function was assessed using the technique of iontophoresis combined with laser Doppler perfusion imaging upon visiting the laboratory in the morning (900 to 1100 h) after fasting from 2100 h the previous day (rest) and immediately following a multi-stage treadmill test to exhaustion to assess 
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O2peak (i.e., post-exercise) later that same day. This procedure is non-invasive and involves transferring the vasodilator agents acetylcholine (ACh, endothelium-dependent) and sodium nitroprusside (SNP, endothelium-independent) across the skin using a small electric current (Ramsay et al., 2002). Participants were initially asked to lie in a supine position quietly for 30 min in a temperature-controlled room (22±0.5◦C) to acclimatize. A perspex iontophoresis chamber (ION 6, Moor Instruments Ltd., Axminster, UK) with an internal diameter of 22 mm (area = 3.8 cm2) was attached by a double-sided adhesive ring to the volar aspect of the right forearm, avoiding hair, broken skin and superficial veins, and filled with the drug under test. Separate chambers were used for each drug. An indifferent electrode was attached to the volar aspect of the right wrist to complete the electrical circuit. Drug delivery was achieved using a battery-powered iontophoresis controller (DRT4; Moor Instruments, Axminster, UK). Control of current delivery was programmed into a custom software program (developed using National Instruments LabVIEW software). Measurement of skin perfusion was performed using a laser Doppler perfusion imager (Lisca PIM 1.0; Lisca Development AB, Linköping, Sweden), which was positioned 130 mm above the chamber and aligned centrally. In order to reduce optical interference, a non-reflective black cloth was placed over the laser Doppler imager. The laser was scanned in a raster fashion over the chamber and backscattered light was converted into a signal proportional to perfusion in arbitrary perfusion (flux) units (PU) displayed as a colour-coded image on a PC monitor. Perfusion measurements were obtained using the PIM 1.0 software package (Lisca Development AB) by outlining a region of interest (ROI) around the internal circumference of the chamber. The data were expressed as the mean forearm skin red blood cell flux over an area of 0.78 cm2.
A solution of 1% ACh (20 mg acetylcholine chloride and 60 mg mannitol in 2 ml water; Novartis Pharmaceuticals UK, Ltd., Surrey, UK) and an ACh vehicle solution (3% mannitol in water for intraocular injection; Royal Devon & Exeter Healthcare NHS Trust, Exeter, UK) were delivered using an anodal (+ve) charge. This consisted of five charges of 0.1 mA, each lasting 20 s, followed by a 40 s rest period (no charge). A total charge of 10 mC was applied across the skin. Twelve scans were performed to generate skin perfusion images: a baseline scan (no charge), scans at the start of each charge, scans 20 s after each charge, and one final scan at the end of the protocol (no charge). This protocol was performed first using the ACh vehicle solution followed by the ACh solution.
A solution of 0.25% SNP (DBL, Dulgrave, Australia) and an SNP vehicle solution (deionized water) was delivered using a cathodal (-ve) charge. This consisted of one charge of 0.2 mA lasting 60 s, followed by a 5 min rest period (no charge). A total charge of 12 mC was applied across the skin.  6 scans were performed to generate skin perfusion images: a baseline scan (no charge), followed by scans after each 60 s period for 6 min. This protocol was performed first using the SNP vehicle followed by the SNP solution.
The absolute peak flux response (peak, V) and the area under the flux vs. time curve over the scans (AUC, V x time) for ACh and SNP at rest were recorded. Following the maximal exercise test, the change in absolute peak flux (peak, V; post-exercise minus rest) and the change in the area under the flux vs. time curve (AUC, V x time; post-exercise minus rest) for ACh and SNP were recorded. Within-day and between-day coefficients of variation for adults using this method are reported to be less than 10% (Ramsay et al., 2002); reproducibility data from our own laboratory (CV (%); ACh=14±6, SNP=16±8) in children corresponds with this.
6.3 Statistical analyses 
Descriptive statistics were calculated for all normally distributed variables (mean, standard deviation, range). Variables that were not normally distributed were log-transformed, resulting in a distribution that more closely approximated normal, and values reported as median and IQR (inter-quartile range).  
Relationships between summary measures of activity and health measures (waist circumference (WC), aerobic fitness (
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O2peak (ml.kg-1min-1), aerobic fitness scaled for lean mass (s
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O2peak (ml.kgLBM-0.80min-1)), resting blood pressure (systolic (SBP) and diastolic blood pressure (DBP), mm Hg) and microvascular function (endothelium-dependent (ACh) and endothelium-independent (SNP); peak (V), AUC (V x time), change in peak (V; post-exercise minus rest), change in AUC (V x time; post-exercise minus rest)) were examined using Pearson product moment correlations. Where there were significant relationships between summary measures of activity and health outcomes, relationships with the corresponding activity pattern variables (frequency, intensity and duration of bouts) were explored. For example, if total physical activity was related to a health outcome, relationships with the pattern of ≥LIGHT bouts (i.e. all movement) were also investigated. If moderate intensity and vigorous intensity activity were related to a health outcome, then relationships with the pattern of ≥MOD and ≥VIG bouts were investigated; however, if only moderate intensity activity was related to a health outcome, then relationships with ≥MOD bouts only were examined. Where appropriate, correlations were carried out on the log transformed variables. A series of linear regression analyses were also conducted in order to determine whether physical fitness scaled for lean mass (s
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O2peak (ml.kgLBM-0.80min-1)) mediated relationships between physical activity and health. Physical fitness was forced into the regression equation first, followed by the measure of physical activity.
Z scores of health outcomes (waist circumference, aerobic fitness relative to body mass, systolic blood pressure, diastolic blood pressure and change in the area under the flux vs. time curve (AUC) for ACh between rest and maximal exercise) were computed. A Z score of +1 SD was defined as a risk factor for that health outcome. The percentage of boys with zero, one, two, three four and five risk factors was determined (with five risk factors defined as the least favourable group). The mean Z score was calculated to construct a clustered cardiovascular risk score. Individuals with more than 1 SD in this score were defined as being at risk. The measure of microvascular function included in the clustered risk score was the change in the area under the flux vs. time curve (AUC) for ACh between rest and maximal exercise as the ability of the endothelium to adapt to a stimulus (i.e., maximal exercise) through an overall increased vasodilatory response could be considered to be an important contributor to clustered cardiovascular risk. In previous work (Study 2) associations between the mean Z score for cardiovascular disease risk factors and summary measures of physical activity were investigated. However, associations of clustered cardiovascular risk with aspects of the activity pattern were not followed-up. Therefore where there were significant relationships between summary measures of activity and clustered cardiovascular risk, relationships with the corresponding activity pattern variables (frequency, intensity and duration of bouts) and the potential mediating effect of physical fitness were explored in the present study. All analyses were performed using SPSS version 11.
6.4 Results

6.4.1 Participant characteristics

Descriptive data for participants with valid habitual physical activity data (N=47) are presented in Table 6.1. Of these, 34 (72.3%) boys wore their accelerometers for six days and 13 (27.7%) boys wore their accelerometers for five days.

Table 6.1 Descriptive characteristics of children with valid habitual physical activity data (N=47).

	VARIABLE
	Mean or median*
	SD or IQR
	Range

	Age (y)
	9.2*
	9.0, 9.9
	8.3 to 10.1

	Height (cm)
	133.8*
	129.8, 139.5
	109.0 to155.0

	Mass (kg)
	31.3*
	27.3, 34.9
	17.4 to 52.0

	Body mass index (kg.m-2)
	16.9*
	15.4, 18.8
	13.7 to 26.3

	Sitting height (cm)
	68.7
	3.8
	60.0 to 80.0

	Waist circumference (cm)
	58.1*
	54.5, 62.4
	45.8 to 78.8
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O2peak (ml.kg-1min-1) 
	46.2 
	6.7
	35.0 to 60.0

	s
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O2peak (ml.kgLBM-0.80min-1)
	108.9
	9.9
	85.0 to 132.7

	Systolic blood pressure (mm Hg)
	104.0*
	97.0, 110.3
	87.3 to 133.7

	Diastolic blood pressure (mm Hg)
	62.3*
	60.0, 65.7
	48.0 to 78.7

	Resting peak ACh response (V)
	2.9*
	2.6, 3.3
	2.0 to 5.2

	Resting ACh AUC (V x time)
	663.1*
	543.2, 816.5
	323.3 to 1683.3

	Change in peak ACh response (V)

Post-exercise - rest
	0.6
	0.7
	-1.5 to 2.6

	Change in ACh AUC (V x time)
Post-exercise - rest 
	186.0
	219.0
	-445.8 to 651.7

	Resting peak SNP response (V) 
	2.4
	1.9, 2.9
	1.3 to 4.7

	Resting SNP AUC (V x time)
	355.1
	137.0
	92.9 to 690.7

	Change in peak SNP response (V)

Post-exercise - rest
	0.3
	0.8
	-2.4 to 2.2

	Change in SNP AUC (V x time)

Post-exercise - rest
	87.0
	171.8
	-239.1 to 602.6
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O2peak (ml.kg-1min-1) = peak oxygen consumption relative to body mass; s
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O2peak (ml.kgLBM-0.80min-1) = peak oxygen consumption scaled allometrically to lean body mass; ACh = acetylcholine; V = volts; AUC = area under the curve; SNP = sodium nitroprusside; SD = standard deviation; IQR = inter-quartile range.
Observed percentages of children with zero to five cardiovascular risk factors were: 59.6%, 25.5%, 10.7%, 4.3%, 0%, and 0%. Analyses revealed that 27.7% of boys were defined as being at risk for cardiovascular disease (i.e., based on clustered cardiovascular risk score).

6.4.2 Summary activity characteristics

Table 6.2 illustrates the mean, standard deviation and range for summary activity variables and activity pattern characteristics. Where data were not normally distributed, median and 25th to 75th percentile ranges are displayed. Less than 10% (8.5%) of boys met the current UK physical activity guidelines of achieving at least 60 minutes of MVPA per day. Nearly all (97.9%) accumulated at least 10 ≥5-min bouts of ≥LIGHT intensity activity per day, with 59.6% and 6.4% accumulating at least 15, and 20, ≥5-min bouts, respectively. The majority of boys (93.6%) accumulated at least one ≥5-min bout of ≥MOD intensity activity per day, however only 14.9% and 2.1% accumulated at least five, and seven, ≥5-min bouts, respectively. Less than one fifth (19.1%) of boys accumulated at least one ≥5-min bout of ≥VIG intensity activity per day and there were no boys who accumulated 2 or more ≥5-min bouts of ≥VIG intensity activity per day.
Table 6.2 Descriptive characteristics for summary activity and activity pattern variables 

(N=47). 
	Output measure
	Mean or median*
	SD or IQR
	Range

	TPA (counts·day-1)
	498449.3
	108016.7
	248867.0-754735.7

	SB (min·day-1)
	712.5
	49.4
	600.8-811.8

	LPA (min·day-1)
	154.3
	21.3
	113.4-189.8

	MPA (min·day-1)
	31.2
	8.6
	11.4-52.9

	VPA (min·day-1)
	8.6*
	7.6,13.4
	4.1-22.3

	HPA (min·day-1)
	2.6*
	2.0,4.2
	0.6-9.1

	≥LIGHT, ≥ 4 s bouts
	
	
	

	Frequency (per day)
	923.9
	125.9
	664.0-1198.7

	Intensity (cts·2s-1)
	65.6
	5.1
	54.8-78.1

	Duration (s)
	11.6
	1.2
	8.8-14.1

	≥MOD, ≥ 4 s bouts
	
	
	

	Frequency (per day)
	275.3
	76.4
	107.0-459.5

	Intensity (cts·2s-1)
	192.2
	10.3
	170.9-208.6

	Duration (s)
	7.1
	0.8
	5.4-9.0

	≥VIG, ≥ 4 s bouts
	
	
	

	Frequency (per day)
	58.4*
	46.0,93.2
	24.0-153.5

	Intensity (cts·2s-1)
	287.3
	15.0
	255.5-335.3

	Duration (s)
	5.5*
	5.0,6.2
	4.5-9.1

	≥HARD, ≥ 4 s bouts
	
	
	

	Frequency (per day)
	9.8*
	5.4,16.6
	0.7-37.3

	Intensity (cts·2s-1)
	410.9*
	398.6,437.5
	197.8-580.6

	Duration (s)
	6.0
	2.1
	2.0-12.3

	≥LIGHT, ≥ 5-min bouts
	
	
	

	Frequency (per day)
	15.6
	3.3
	9.5-24.5

	Intensity (cts·2s-1)
	54.5
	8.0
	34.5-73.9

	Duration (s)
	679.1*
	613.9,710.7
	532.3-1072.9

	≥MOD, ≥ 5-min bouts
	
	
	

	Frequency (per day)
	3.0
	1.6
	0.0-8.0

	Intensity (cts·2s-1)
	97.7
	29.3
	0.0-146.2

	Duration (s)
	411.9
	115.7
	181.7-746.7

	≥VIG, ≥ 5-min bouts
	
	
	

	Frequency (per day)
	0.2*
	0.0,0.8
	0.0-2.3

	Intensity (cts·2s-1)
	29.6*
	0.0,66.7
	0.0-150.4

	Duration (s)
	0.0*
	0.0,171.0
	0.0-546.4


TPA = total physical activity; SB = sedentary behaviour; LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity; HPA = hard physical activity; SD = standard deviation; IQR = inter-quartile range.
6.4.3 Relationships between activity and waist circumference 

Waist circumference was negatively associated with total physical activity, moderate intensity, vigorous intensity and hard intensity activity (r = -0.34 to -0.43, p<0.05, Table 6.3). Aspects of the sporadic activity pattern (short bouts) negatively related to waist circumference were: the frequency of ≥MOD and ≥VIG bouts (r = -0.37 to -0.42, p<0.05); the intensity of ≥LIGHT (r = -0.52, p<0.01) and ≥HARD bouts (r = -0.33, p<0.05); and the duration of ≥MOD bouts (r = -0.32, p<0.05).

Regarding long activity bouts the frequency, intensity and duration of ≥MOD (r = -0.29 to -0.47, p<0.05) and the intensity of ≥LIGHT bouts (r = -0.42, p<0.01) were negatively related to waist circumference. 

Table 6.3 Correlations between summary measures of activity and activity pattern characteristics, and body fatness and fitness (N=47)
.
	
	
	Activity pattern

	
	
	
	>4 s bouts
	>5-min bouts

	Activity intensity

	Composite measure
	Bout intensity
	Frequency
	Intensity
	Duration
	Frequency
	Intensity
	Duration

	Waist circumference (cm)

	TPA
	-0.36*
	
	
	
	
	
	
	

	SB
	0.19
	
	
	
	
	
	
	

	LPA
	0.05
	>LIGHT
	-0.06
	-0.52**
	-0.24
	-0.04
	-0.42**
	-0.09

	MPA
	-0.43**
	>MOD
	-0.42**
	-0.19
	-0.32*
	-0.47**
	-0.29*
	-0.37*

	VPA
	-0.38**
	>VIG
	-0.37*
	-0.17
	-0.07
	
	
	

	HPA
	-0.34*
	>HARD
	-0.11
	-0.33*
	-0.09
	
	
	

	
[image: image63.wmf]V

&

O2peak (ml.kg-1min-1)

	TPA
	0.35*
	
	
	
	
	
	
	

	SB
	-0.20
	
	
	
	
	
	
	

	LPA
	-0.02
	>LIGHT
	0.08
	0.47**
	0.26
	0.05
	0.45**
	0.09

	MPA
	0.38*
	>MOD
	0.42**
	0.16
	0.22
	0.46**
	0.32*
	0.36*

	VPA
	0.36*
	>VIG
	0.35*
	0.09
	0.05
	
	
	

	HPA
	0.34*
	>HARD
	0.12
	0.35*
	0.13
	
	
	


*p<0.05

**p<0.01

TPA = total physical activity; SB = sedentary behaviour; LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity; HPA = hard physical activity; 
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O2peak (ml.kg-1min-1) = peak oxygen consumption relative to body mass.

6.4.4 Relationships between activity and aerobic fitness
Fitness was positively associated with total physical activity, moderate intensity, vigorous intensity and hard intensity activity (r = 0.34 to 0.38, p<0.05), Table 6.3. Aspects of the sporadic activity pattern positively related to fitness were the frequency of ≥MOD and ≥VIG bouts (r = 0.35 to 0.42, p<0.05) and the intensity of ≥LIGHT and ≥HARD bouts (r = 0.35 to 0.47, p<0.05), with no relationships evident for the duration of short bouts. Regarding long activity bouts, as with fatness, the important aspects of the pattern were the frequency, intensity and duration of ≥MOD (r = 0.32 to 0.46, p<0.05) and the intensity of long ≥LIGHT bouts (r = 0.45, p<0.01). 
To determine whether correlations with fitness were independent of fatness, fitness was scaled to lean mass (s
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O2peak, ml.kgLBM-0.80min-1). All previous significant relationships disappeared (p>0.05), indicating that relationships between summary measures of activity and fitness were not independent of body composition. 

6.4.5 Relationships between activity and blood pressure
There were no significant correlations between systolic or diastolic blood pressure and physical activity (TPA: r = -0.09 and -0.10, respectively; SB: r = -0.01 and 0.06, respectively; LPA: r = 0.18 and 0.05 respectively; MPA: r = -0.29 and -0.25, respectively; VPA: r = -0.16 and -0.11, respectively; HPA: r = 0.08 and 0.07, respectively, all p > 0.05).
6.4.6 Relationships between activity and microvascular function

Summary measures of activity were associated only with the change in endothelial function (ACh) from rest to post-exercise and not resting conditions (Table 6.4). The change in absolute peak flux (peak) for ACh between rest and maximal exercise was positively related to light intensity activity (r = 0.29, p<0.05). In addition, the change in the area under the flux vs. time curve (AUC) for ACh was positively correlated with total physical activity (r = 0.31, p<0.05) and time spent in light intensity activity (r = 0.48, p<0.01) and negatively related to sedentary time (r = -0.44, p<0.01). Aspects of the activity pattern positively associated with the change in peak flux for ACh were the frequency of short and long bouts of ≥LIGHT intensity activity (r = 0.41 and 0.34, respectively, p<0.05, Table 6.5). Similarly, the frequency of short and long bouts of ≥LIGHT intensity activity were positively related to the AUC (r = 0.55 to 0.50, respectively, p<0.01) for ACh. There were no associations between smooth muscle function (SNP) and physical activity.

Table 6.4 Correlations between summary measures of activity and microvascular function at rest and change in microvascular function (post-exercise minus rest) (N=47).

	
	Rest
	Change (Post-exercise minus rest)

	Activity intensity
	Peak (V)
	AUC (V x time)
	Peak (V)
	AUC (V x time)

	Endothelial function (ACh)

	TPA
	0.03
	-0.04
	0.11
	0.31*

	SB
	0.07
	0.16
	-0.23
	-0.44**

	LPA
	-0.20
	-0.29
	0.29*
	0.48**

	MPA
	0.23
	0.17
	0.03
	0.26

	VPA
	0.08
	0.00
	0.06
	0.15

	HPA
	-0.09
	-0.17
	0.03
	0.06

	Smooth muscle function (SNP)

	TPA
	0.04
	-0.15
	-0.07
	-0.07

	SB
	0.06
	0.21
	-0.05
	-0.05

	LPA
	-0.13
	-0.24
	0.15
	0.17

	MPA
	0.08
	-0.11
	-0.17
	-0.16

	VPA
	0.02
	-0.16
	0.04
	-0.08

	HPA
	0.05
	-0.11
	-0.06
	-0.04


*p<0.05

**p<0.01

TPA = total physical activity; SB = sedentary behaviour; LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity; HPA = hard physical activity; ACh = acetylcholine; V = volts; AUC = area under the curve; SNP = sodium nitroprusside.

Table 6.5 Correlations between activity pattern characteristics and change in endothelial function (post-exercise minus rest) (N=47)
.

	Activity pattern

	
	>4 s bouts
	>5 min bouts

	Bout intensity


	Frequency
	Intensity
	Duration
	Frequency
	Intensity
	Duration

	Change in endothelial function (ACh) (post-exercise minus rest)

	Peak (V)

	>LIGHT
	0.41**
	-0.001
	-0.25
	0.34*
	-0.19
	-0.22

	AUC (V x time)

	>LIGHT
	0.55**
	0.06
	-0.09
	0.50**
	-0.11
	-0.10


*p<0.05

**p<0.01

ACh = acetylcholine; V = volts; AUC = area under the curve.
6.4.7 Relationships between activity and clustered cardiovascular risk

Associations of the mean Z score for cardiovascular disease risk factors (waist circumference, aerobic fitness relative to body mass, systolic blood pressure and diastolic blood pressure) with summary measures of physical activity, and aspects of the activity pattern, were explored. Mean Z score (-0.07 ± 2.2) was negatively associated with time in moderate intensity activity (r = -0.29, p<0.05). Aspects of ≥moderate intensity activity (i.e., frequency, intensity and duration of short (≥4 s) and long (≥5-min) bouts) were followed-up in relation to clustered cardiovascular risk, however no significant relationships emerged (p>0.05). No significant relationships between clustered cardiovascular risk and aspects of the activity pattern were evident (p>0.05). 
Most summary measures of activity and aspects of the activity pattern added significantly to physical fitness in prediction of health outcomes in boys (i.e., waist circumference, endothelial function and clustered cardiovascular risk) (Table 6.6). However, total physical activity and time spent in light intensity activity added little to the variance in endothelial function once physical fitness was accounted for.
Table 6.6 Summary of regression analyses for prediction of health outcomes.
	Predictor variables in order of entry
	R2
	R2 change
	Beta

	Waist circumference

	Physical fitness
TPA
	0.02
0.15
	0.02
0.13
	0.20
-0.37*

	Physical fitness

MPA 
	0.02
0.21
	0.02
0.19
	0.18
-0.44**

	Physical fitness

VPA
	0.02
0.15
	0.02
0.13
	0.16
-0.36*

	Physical fitness

HPA
	0.02
0.14
	0.02
0.12
	0.22
-0.36*

	Physical fitness

Intensity of >LIGHT >4 s bouts 
	0.02
0.29
	0.02
0.27
	0.18
-0.53**

	Physical fitness

Intensity of >LIGHT >5-min bouts
	0.02
0.23
	0.02
0.21
	0.21
-0.47**

	Physical fitness

Frequency of >MOD >4 s bouts
	0.02
0.19
	0.02
0.17
	0.20
-0.42**

	Physical fitness

Frequency of >MOD >5-min bouts
	0.02
0.24
	0.02
0.22
	0.18
-0.48**

	Physical fitness

Duration of >MOD >4 s bouts
	0.02
0.15
	0.02
0.13
	0.13
-0.36*

	Physical fitness

Intensity of >MOD >5-min bouts
	0.01
0.12
	0.01
0.11
	0.15
-0.33*

	Physical fitness

Frequency of >VIG >4 s bouts
	0.02
0.14
	0.02
0.12
	0.16
-0.35*

	Physical fitness

Intensity of >HARD >4 s bouts
	0.02
0.14
	0.02
0.12
	0.20
-0.36*

	Change in the area under the flux vs. time curve (AUC) for ACh

	Physical fitness

TPA
	0.11
0.17
	0.11
0.06
	0.29
0.24

	Physical fitness

SB
	0.11
0.25
	0.11
0.14
	0.26
-0.38*

	Physical fitness

LPA
	0.11
0.29
	0.11
0.18
	0.26
0.44**

	Physical fitness

Frequency of >LIGHT >4 s bouts
	0.11
0.35
	0.11
0.24
	0.25
0.50**

	Physical fitness

Frequency of >LIGHT >5-min bouts
	0.11
0.34
	0.11
0.23
	0.28
0.48**

	Change in absolute peak flux (peak) for ACh

	Physical fitness

LPA
	0.09
0.16
	0.09
0.07
	0.26
0.27

	Physical fitness

Frequency of >LIGHT >4 s bouts
	0.09
0.24
	0.09
0.15
	0.24
0.39*

	Physical fitness

Frequency of >LIGHT >5-min bouts
	0.09

0.21
	0.09

0.12
	0.26

0.35*

	Mean Z score (waist circumference, aerobic fitness relative to body mass, systolic blood pressure, diastolic blood pressure)

	Physical fitness

MPA
	0.27

0.42
	0.27

0.15
	0.56**

-0.39**


R2, total variance explained; R2, change, increment in variance explained consequent on entering variable; Beta, standardized regression coefficient in equation containing both predictor variables. Significant correlations, * p<0.05; **p<0.01.

6.5 Discussion
The aim of this study was to determine which characteristics of the activity pattern were responsible for relationships between summary measures of activity and health, including microvascular function, in children. The main and novel findings were that, a) total daily activity and time in light intensity activity were positively related, and time in sedentary behaviour negatively related, to change in endothelial function from rest to post-exercise and, b) the component of the activity pattern that was significantly related to microvascular health in children was the frequency of all bouts (short and long) of at least light intensity. This is in contrast to waist circumference and fitness which were significantly associated with total, moderate and vigorous activity, which is consistent with previous research (Dencker and Andersen, 2008), with the important characteristics of the activity pattern primarily appearing to be the frequency and duration of the >MOD bouts and the intensity of all activity bouts (i.e. bouts >LIGHT). The findings from this study revealed that activity measures added significantly to the variance in waist circumference, endothelial function and clustered cardiovascular risk when physical fitness was scaled to lean mass (s
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O2peak, ml.kgLBM-0.80min-1) and taken into account. This suggests that summary measures of activity and aspects of the activity pattern in boys are still strong (and therefore important) predictors of central body fatness, microvascular health and cardiovascular health in boys, independent of level of physical fitness.
The presence of relationships between activity and the change in endothelial function from rest to post-exercise and not at rest itself is of interest. Sustained increases in blood flow and vasodilation during exercise recovery 䘁 ADDIN EN.CITE 
(Malkova et al., 2000)
 may have detected relationships not evident at rest. There is evidence that physical training increases cutaneous blood flow and endothelial activity, particularly in response to exercise, which can reduce resistance in skin microvascular networks during exercise (Rossi et al., 2006). Accumulating more total physical activity and light physical activity per day and less sedentary time may have maximized increases in vessel diameter post-exercise relative to baseline. No associations between activity and smooth muscle function were apparent, suggesting that activity-related effects on microvascular function are mediated by the endothelium and not the smooth muscle, for which there is support (Kvernmo et al., 1998). 
Investigating how physical activity and aspects of the activity pattern relate to healthy endothelial functioning could inform strategies aimed at reducing cardiovascular risk in childhood and into adulthood. In support of our findings, Abbott et al. (2002) also found positive relationships between physical activity and vascular function. Other investigators present evidence of positive associations between arterial compliance and aerobic fitness (Reed et al., 2005). Although underlying mechanisms are unclear, several hypotheses exist. For example, exercise elicits shear stress on the vessel lining and increases nitric oxide production, causing vasodilation (Kingwell et al., 1997). Regular exercise also increases glucose uptake into skeletal muscle (Goodyear et al., 1991), improving glycemic control and vasoreactivity (Gielen and Hambrecht, 2004). With repeated bouts of exercise over time, structural adaptations to the coronary vasculature can improve blood flow and capillary perfusion 唁 ADDIN EN.CITE 
(Huonker et al., 1996)
. Finally, repetitive contraction and stretch and mechanical stresses in cardiac and skeletal muscle can promote vascular growth and remodelling (Brown, 2003). 
A key feature of healthy physiological systems is their structural complexity and adaptability in responding to unpredictable stimuli and stresses (Goldberger et al., 2002). Physiological processes are highly disordered and have irregular dynamics over a wide range of time scales; the breakdown of this complexity identifies the transition to a diseased state (Goldberger, 1997). Cardiac autonomic nervous system (ANS) depression has been associated with obesity 琁 ADDIN EN.CITE 
(Kaufman et al., 2007; Nagai et al., 2003; Nagai and Moritani, 2004)
, metabolic abnormalities (Kaufman et al., 2007) and inactivity (Nagai and Moritani, 2004) in children. Interestingly, Nagai and colleagues (2004) found that obese-active and lean-inactive children had near identical ANS parameters, implying that physical activity may have been instrumental in maintaining structural complexity. In healthy systems, highly disordered, sporadic habitual activity should generate complex, irregular stresses to cardiac and skeletal muscle, and large fluctuations in heart rate, blood flow and glucose uptake. Alternatively, continuous exercise might bring more constant and predictable stress and less physiological fluctuation. As the frequency of all activity bouts in the present study was related to endothelial health, suggesting the accumulation of activity in a highly sporadic and disordered way to enhance metabolic flexibility seems appropriate. 
The findings from this study are particularly important given that details surrounding optimal doses/intensities/types of exercise for improving vascular function are unclear in children and not entirely clear in adults either. These issues may explain discrepancies where some 渁

(Fuchsjager-Mayrl et al., 2002; Gokce et al., 2002; Hambrecht et al., 2003; Hambrecht et al., 1998; Hambrecht et al., 2000; Maiorana et al., 2001; Schmidt et al., 2002; Wang, 2005; Xiang and Wang, 2004) ADDIN EN.CITE  but not all (Middlebrooke et al., 2006) have seen improvements in microvascular function with exercise training. Those individuals with impaired endothelial function at baseline are likely to experience greater benefits in vascular function following exercise training than healthy individuals, as it is more difficult to improve normal vascular function (Maiorana et al., 2003). Consequently, using the information from the present study in physical activity interventions with obese children or those with known risk factors for cardiovascular disease is likely to induce greater benefits in endothelial vasoreactivity in comparison to samples of normal weight children with no known risk factors for cardiovascular disease. The combination of diet with exercise might be important for improving endothelial function in overweight or obese children, since greater improvements in endothelial function compared to exercise alone have been reported (Woo et al., 2004a). There is good evidence that maintaining a healthy diet is not enough to protect endothelial function over time. Maintaining adequate levels of habitual physical activity must be used in combination, since cessation of exercise reverses improvements made in endothelial function while continuation of exercise stimulates further improvements in endothelial function and traditional cardiovascular risk factors (i.e., % body fat, LDL cholesterol, HDL cholesterol (Woo et al., 2004a)).  

Time in moderate (MPA) and vigorous (VPA) intensity activity was more strongly related to waist circumference than total physical activity (see Table 6.3), supporting Ness et al. (2007), who showed stronger correlations between moderate to vigorous physical activity and body fatness than total physical activity in boys of similar age and body size. The current study found that activity was positively related to aerobic fitness, with time spent in moderate, vigorous and hard intensity activity explaining as much of the variation in aerobic fitness as total activity, consistent with earlier research 氁 ADDIN EN.CITE 
(Rowlands et al., 1999; Strong et al., 2005)
. However, after applying sample-specific scaling exponents to remove the effects of body mass and composition on fitness (s
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O2peak, ml.kgLBM-0.80min-1), all previous significant associations disappeared (p>0.05), indicating that relationships were not independent of body composition.
Regarding waist circumference, the intensity of all bouts of at least light intensity and the frequency of all bouts of at least moderate intensity were the significant aspects of the activity pattern. A high frequency of activity bouts breaks up the time spent in sedentary activity. In adults, increased breaks in accelerometer-measured sedentary time are negatively associated with waist circumference, BMI, triglycerides and 2-hr postprandial glucose (Healy et al., 2008).
Less than 10% (8.5%) of children accumulated 60 or more minutes of MVPA per day. These figures are slightly higher than previous estimates in UK children (Riddoch et al., 2007), however are much lower than those reported for European (Riddoch et al., 2004) and American (Trost et al., 2002) children. Comparisons of the proportion of children meeting guidelines between studies should be interpreted with caution as the use of higher accelerometer thresholds to classify MVPA in the current study and the earlier UK study explains these discrepancies (Rowlands, 2007). In the current study, almost all children accumulated at least ten ≥5-min bouts of ≥LIGHT activity and at least one ≥5-min bout of ≥MOD activity per day, which is comparable to other cohorts (Rowlands et al., 2008a). Our results support other researchers who suggest the majority of children’s daily activity (especially ≥vigorous activity) is accumulated via short intermittent-based, rather than continuous-based, bouts 愁 ADDIN EN.CITE 
(Bailey et al., 1995; Baquet et al., 2007; Rowlands et al., 2008a)
. Since correlations with short bouts were just as strong as those with longer bouts, this implies that encouraging children to accumulate activity intermittently might be as effective for maintaining healthy body composition, fitness and vascular health as suggesting they engage in longer, continuous sessions, which are not typical 愁 ADDIN EN.CITE 
(Bailey et al., 1995; Baranowski et al., 1987; Berman et al., 1998; Rowlands et al., 2008a; Trost et al., 2002)

Potential limitations are acknowledged. Only boys were tested and there are many known and unknown processes that contribute to vascular dysfunction which could not be addressed (Slyper, 2004a). However, it is unlikely that any boys tested had endothelial dysfunction as the majority were in healthy ranges for body mass and waist circumference (McCarthy et al., 2001), none were hypertensive (National High Blood Pressure Education Program Working Group on Hypertension Control in Children and Adolescents, 1996) and very few had clustered cardiovascular risk (27.7%), all factors which can increase risk. The relationships between activity and health observed herein were all identified in a healthy sample. However, the healthy nature of the sample may have contributed to the lack of relationship between activity and endothelial function observed at rest, and similarly, to no observed relationships between activity and blood pressure. 
Although some interesting findings have emerged from this study, one of its major limitations is the cross-sectional nature of the research. This precludes the ability to make conclusions regarding the causal direction between physical activity and health outcomes in this group of boys. The present study therefore cannot determine whether physical activity and/or activity pattern characteristics result in physiological adaptations benefiting health or vice-versa. Post-hoc analyses (Howell et al., 1987) revealed that power was much lower (i.e., power ≤0.44) than the recommended level of 0.80 (Cohen, 1988) for those correlations which failed to reach significance (see Tables 6.3, 6.4 and 6.5, and 6.6). This suggests the small sample size (N=47) may have limited the power to investigate many activity-health relationships and type II errors may have occurred. Future research should focus on larger, more diverse samples of children. 

6.6 Summary
Children’s habitual activity is characterized by short, intermittent bouts of activity. As such, it is worth considering increasing attention towards the health-benefits of daily accumulated short bouts of activity. Results indicate that the intensity of the most frequent bouts of activity and the frequency of bouts of at least moderate intensity are related to waist circumference, whereas the frequency of bouts of any intensity are related to changes in endothelial function following maximal exercise. Perhaps most interesting is that correlations between aspects of short bouts (≥4 s) of activity and health outcomes, which resemble intermittent-like activity, were just as strong as those identified with longer bouts (≥5-min), which resemble more continuous-like activity. Therefore, emphasizing frequent, short bouts of activity appears appropriate. As these relate to the type of activity children habitually partake in, including this type of activity in intervention designs may lead to greater adherence. Longitudinal research in larger, age-diverse samples of both boys and girls may offer further insight into the pattern of physical activity in relation to health in children and permit cause-and-effect relationships to be established.

The results of this study indicated aspects of the activity pattern in children which are associated with health. The aim of study five was to move into the acute effects of children’s habitual activity on health outcomes. Therefore, the physical activity pattern information from studies three and four was used to construct an activity protocol that mimicked the natural activity patterns of children. Study five examined whether this activity protocol, in comparison to a bout of continuous exercise, induced acute benefits in aspects of children’s health, specifically, fasting and postprandial triglyceride concentrations [TAG] and microvascular reactivity under fasting conditions and following meal consumption. 
CHAPTER SEVEN

STUDY FIVE: effect of prior day activity on postprandial lipAemia and microvascular function in boys

7.1 Introduction

Cardiovascular risk factors are known to have their origin in childhood 椁 ADDIN EN.CITE 
(Berenson et al., 1998; Newman et al., 1991)
, and various markers such as elevated concentrations of postprandial plasma triacylglycerol [TAG] 匁 ADDIN EN.CITE 
(Umpaichitra et al., 2004)
 and endothelial dysfunction (Woo et al., 2004b) have been identified in children, typically those who are obese and/or with other known cardiovascular risk factors (i.e., insulin resistance). Energy intake causes acute metabolic disturbances (Lefebvre and Scheen, 1998) which can trigger negative chronic adaptations to the cardiovascular system. For example, endothelial function becomes impaired postprandially; this impairment is maximized when postprandial [TAG] levels peak  

(Gaenzer et al., 2001; Vogel et al., 1997) ADDIN EN.CITE , which in adults occurs approximately 3 to 4 hours following food intake (de Koning and Rabelink, 2002). The degree of impairment is proportional to the rise in circulating postprandial lipoproteins. Strategies that have the potential to attenuate postprandial lipaemic and vascular responses are therefore attractive health care options.  
Performing a bout of exercise up to 17 h before the consumption of a high-fat meal significantly reduces postprandial TAG concentrations ([TAG]) in adults 爁

(Miyashita et al., 2006; Silvestre et al., 2008) ADDIN EN.CITE . The activity-induced reductions in postprandial lipaemia appear to be linked primarily to the total energy expenditure of the exercise session 䘁 ADDIN EN.CITE 
(Tsetsonis and Hardman, 1996a; Tsetsonis et al., 1997)
. The way in which the activity is accumulated (i.e. through longer, continuous exercise bouts or through intermittent bouts of exercise) does not appear to alter the favourable lipaemic response in adults, provided total energy expenditure is matched 漁 ADDIN EN.CITE 
(Gill et al., 1998; Miyashita et al., 2006)
. 
To the authors’ knowledge, only two studies have investigated the benefits of previous-day exercise in reducing postprandial lipaemia in young people children and these studies have focused on adolescents. Barrett et al. (2007) found that 60 min of intermittent games-like treadmill activity performed 16 hours prior to an oral fat tolerance test (OFTT) reduced postprandial lipaemia in healthy, 15-year old boys to the same degree as a single 60 min session of continuous treadmill exercise (60% of predicted 
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O2peak). Similarly, Tolfrey et al. (2008) demonstrated that either 60 min of moderate or vigorous intermittent treadmill exercise significantly reduced postprandial [TAG] in healthy, 13-year old boys. Both studies based exercise sessions on current physical activity recommendations for children and youth, which encourage 60 or more minutes of moderate to vigorous intensity activity per day for health benefits (Strong et al., 2005). Consequently, they provide compelling evidence that by meeting physical activity guidelines on a given day, adolescents can attenuate postprandial rises in [TAG] the following day. However, treadmill-exercise is not typical of young people’s habitual activity. Previous research suggests children’s habitual physical activity patterns are typically sporadic, containing short, frequent bursts of activity (Bailey et al., 1995; Rowlands et al., 2008a) with a mean duration of 20 s (Berman et al., 1998). The impact of 60 minutes of moderate to vigorous intensity activity and an activity protocol based on accurately measured patterns of habitual activity in children on postprandial lipaemia remains to be investigated. 

Regular structured physical activity has also been shown to be effective in reversing endothelial dysfunction in obese children 椁

(Watts et al., 2004b; Woo et al., 2004a) ADDIN EN.CITE . These findings, however, are restricted to large blood vessels, with no apparent evidence for the role of structured or non-structured physical activity on the performance of the microcirculation in paediatric populations, especially those children who are normal weight and exhibit few, if any, cardiovascular risk factors. In adults, endothelial function is impaired 3 to 4 hours following meal ingestion (de Koning and Rabelink, 2002). Whether this is also the case in children is unknown. To the authors’ knowledge, it is also unknown whether 60 minutes of previous-day moderate to vigorous intensity activity can significantly alter fasting microvascular reactivity and/or attenuate any postprandial rise in microvascular reactivity in a group of normal weight children, and if so, whether the magnitude of activity-induced changes might differ according to the way in which activity was accumulated (i.e., continuously versus intermittently). Whether the consumption of a high-fat meal causes significant changes in vascular reactivity from a fasted to postprandial state in normal weight children, and, whether any changes might be attenuated with previous-day exercise, is of relevance to activity-health interventions in children. This is particularly pertinent given the ongoing increase in prevalence of childhood obesity (Lobstein et al., 2004) and cardiovascular risk (Steinbeck, 2004) in children throughout the UK, and the challenge of identifying mechanisms and creating appropriate strategies to halt and potentially reverse this trend.  

7.1.1 Aims of the study

The purpose of this study was therefore to examine the effects of 60 minutes of ≥moderate intensity activity, accumulated either continuously or intermittently (based on measured children’s habitual activity patterns), on postprandial lipaemia and microvascular function in 9 to 11 year old boys. It was hypothesized that the day after engaging in either continuous or intermittent activity, postprandial measures of [TAG] (i.e., for up to 6 hours following an OFTT) would be less elevated, and microvascular function (endothelial function, ACh; smooth muscle function, SNP) assessed pre- and 3 to 4 hours post-OFTT would be enhanced, relative to a rest day.  
7.2 Methodology

7.2.1 Participants

Ten boys, 9 to 11 years of age, were recruited from primary schools in the South-West of England. All boys were normal weight (based on the UK National BMI age and sex-specific cut-points (Cole et al., 1995)). All were recreationally active, had no known history of diabetes, hypertension or vascular disease, and were not taking any drugs thought to affect lipid or carbohydrate metabolism (as assessed by questionnaire) (see Appendix B). The experimental protocols received Institutional Ethics Committee approval (see Appendix A), and written parental informed consent and child assent was obtained (see Appendix A).  
7.2.2 Study Protocol
Each child performed three main trials: a control (rest) trial, a continuous exercise trial and an intermittent exercise trial a minimum of seven days apart (Figure 7.1). Each trial was conducted over two days (day 1 and day 2) and the trial order was randomized. Before taking part in the study, preliminary visits to the laboratory and sports hall were arranged. On one occasion, baseline anthropometric measurements were taken and an incremental uphill treadmill test for the determination of peak 
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O2 performed. On two separate occasions, children were familiarized to the continuous and intermittent exercise protocols. Children were instructed to keep daily habitual activity levels minimal on the day prior to the start of each trial (day 0) and on day 1 of each trial, and rest during the control trial. Each child wore an ActiGraph accelerometer so that activity levels could be documented. On day 1 of each exercise trial, activity was performed between 1430 and 1600 h and measures of heart rate and blood pressure (pre-exercise and 5-min post-exercise) recorded. On day 2 of each trial, children arrived at the laboratory between 800 and 830 h after fasting from 2100 h the previous day. Baseline measures of heart rate, blood pressure and microvascular function were taken. Following this, a baseline capillary blood sample was taken. Children then consumed a high-fat meal (OFTT). Additional capillary blood samples were obtained at 0.5, 1.0, 2.75, 4.0 and 6.0 h post-OFTT. Assessment of microvascular function was repeated 3-4 hours post-OFTT.
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Figure 7.1 Study protocol.

7.2.3 Preliminary tests: Measurement of health variables
Waist circumference was measured as an indicator of abdominal fatness (Rudolf et al., 2004) 4 cm above the umbilicus and recorded to the nearest 0.1 cm. Triceps and subscapular skinfold thicknesses were used to estimate percent body fat using maturation, race, and sex-specific equations (Slaughter et al., 1988). Measurements were taken on the right side of the body and were recorded to the nearest 0.2 mm. All measurements were taken three times with the median recorded as the final value (Eston et al., 2008). Systolic and diastolic blood pressure (mm Hg) were measured four times at 1-min intervals on the left arm at the site of the brachial artery using a semiautomatic blood pressure recorder (Critikon DinamapTM, GE Medical Systems, WI, USA) in the supine position. The mean of the final three recordings was recorded.
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O2peak was assessed through respiratory gas analysis during a multi-stage treadmill test to exhaustion. An online breath-by-breath analyzer (Cortex Metalyzer® 3B; Leipzig, Germany) measured expired air on a continuous basis. The treadmill test consisted of three-minute stages, beginning with a slow walk at 4 km.hr-1 at a 0% gradient. For the next two stages, the gradient was kept constant at 0%, however speed was increased to 6 km.hr-1 and then 8 km.hr-1. Speed then remained constant throughout the test, with the inclination increasing by 1% every 1-min until voluntary exhaustion. A maximal effort was defined by one or more of the following: facial flushing, sweating, hyperpnoea and/or unsteady gait; heart rate levelling off at >195 bpm; RER ≥ 1.00; subjective decision by the observer that the participant could not continue, despite ample encouragement (Armstrong and Fawkner, 2007). Peak oxygen consumption was expressed relative to body mass (
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O2peak (ml.kg-1min-1)).   
The relationship between oxygen uptake, speed and gradient was established to determine the gradient required to elicit 60-70% of each participant’s 
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O2peak at a walking speed of 5 km.h-1 during the continuous exercise trial. Prior to the continuous exercise trial, each participant was familiarized to this test. They completed one of four 15-min blocks of uphill walking to determine whether the calculated speed and gradient met the target exercise intensity of 60-70% of their
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O2peak. The gradient was adjusted as necessary. 
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O2 (L.min-1), respiratory exchange ratio (RER; %) and heart rate (HR; beats.min-1) were measured continuously throughout the test and used to calculate energy expenditure (EE; kcal.min-1) using the following formula: kcal.min-1 = [(1.1 x RER) +3.9] x 
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O2 (L.min-1) (McArdle et al., 2000). Each participant was also familiarized to the intermittent exercise protocol. The intermittent exercise protocol was designed based on the accelerometer-measured habitual physical activity of forty-seven 8 to 10 year old boys (see Chapter Six, Study Four) for which aspects of the pattern of physical activity (i.e., frequency, intensity and duration of ≥4 s and ≥5-min bouts of ≥LIGHT (≥300 counts·min-1), ≥MOD (≥3581 counts·min-1), ≥VIG (≥6130 counts·min-1) and ≥HARD (≥9630 counts·min-1) intensity activity) were determined using ActiGraph activity-intensity thresholds (see Chapter Three, Study One; Chapter Four, Study Two). The protocol required participants to repeat a pattern of exercise that consisted of jogging (5 min), walking (1 min), jumping (1 min), three bouts of walking (1 min) interspersed with three bouts of sprinting (6 s), followed by walking (1 min) and jogging (1 min). Walking bouts were followed by 30 s rest periods, while jogging, jumping and sprinting bouts were followed by 1 min rest periods. Heart rate was measured continuously using a Polar monitor (Polar® Vantage NV™; Polar Electro Oy, Kempele, Finland) and transmitter belt (Polar® T31; Polar Electro Oy, Kempele, Finland) with data recorded every 5 seconds. Heart rate data were downloaded and used to calculate energy expenditure (where 1 L of O2 = 20.20 kJ) (Cooke, 2008) using individualized heart rate-oxygen uptake prediction equations based on data collected during the participant’s 
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O2peak test. There were strong linear relationships between HR and
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O2 (R2 = 0.91-0.99) during
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O2peak tests.

7.2.4 Main trials: Day 1
During the rest trial, participants were explicitly instructed to refrain from any exercise (i.e., not take part in any sports and/or games-like activities) and keep activity levels minimal (i.e., rest appropriately) over the course of the entire day. During the continuous exercise trial, participants performed four 15-min blocks of uphill treadmill walking (5 km.h-1) at a gradient selected to elicit 60-70% of 
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O2peak. During the intermittent exercise trial, participants performed three to four blocks of the intermittent exercise protocol described previously. All attempts were made to match energy expenditure (1255 kJ) and exercise duration (60 minutes) for both exercise trials. The exercise sessions were completed between 1430 and 1600 h, such that the time between the end of the exercise sessions and the beginning of the oral fat tolerance tests the following day was approximately 17 hours. Participants completed all trials in pairs to promote maximal effort during exercise and increase compliance. Measures of heart rate (pre-exercise and 5-min post-exercise) and systolic and diastolic blood pressure (pre-exercise and 5-min post-exercise) were recorded for both exercise trials.
7.2.5 Main trials: Day 2
On day 2 of each trial, participants arrived at the laboratory between 800 and 830 h after fasting from 2100 h the previous day. Participants were asked to lie in a supine position quietly for 30 min in a temperature-controlled room (22±0.5◦C) to acclimatize. Skin temperature was monitored continuously using a thermocouple (Fluke 52; John Fluke MFG Co. Inc., Everett, WA, USA) secured to the volar aspect of the right forearm. Once participants were acclimatized, forearm microvascular function was assessed using laser Doppler imaging with iontophoresis. This procedure is non-invasive and involves transferring the vasodilator agents acetylcholine (ACh, endothelium-dependent) and sodium nitroprusside (SNP, endothelium-independent) across the skin using a small electric current 礁 ADDIN EN.CITE 
(Ferrell et al., 2002; Ramsay et al., 2002)
. This protocol has been described in detail in previous work (see Chapter Six, Study Four). Following this procedure, a baseline capillary blood sample was taken. Participants then consumed a high-fat meal (OFTT) of white bread, cheddar cheese, butter, potato crisps, whole milk and milkshake powder that provided 51% fat (1.31 g), 36% CHO (2.21 g) and 13% protein (0.74 g) per kilogram of body mass (98 kJ.kg-1). A clock was started as soon as participants began eating and they were encouraged to finish their meal within 10 minutes. None of the participants reported any problems while consuming the meal or during the 6-h postprandial period. Additional capillary blood samples were obtained at 0.5, 1.0, 2.75, 4.0 and 6.0 h post-OFTT. Participants were seated for at least 10 min before samples were taken in order to reduce postural variations in lipoprotein concentrations. Assessment of microvascular function was repeated 3-4 hours post-OFTT. Participants rested throughout the day and consumed only water, which was provided ad libitum. The volume ingested was recorded during the first trial and replicated for subsequent trials.  
7.2.6 Measurement of diet and habitual physical activity
Participants were asked to record their food and drink intake for two days prior to the OFTT of their first trial (i.e., day 0 and day 1) and replicate this diet for subsequent trials (see Appendix D). Participants were also asked to refrain from any exercise (i.e., not take part in any sports and/or games-like activities) and keep activity levels minimal over the course of the entire day for day 0 and day 1. Investigators checked compliance by telephoning all participants and asking them to confirm that they had met the above requirements. Participants wore an ActiGraph GT1M accelerometer (ActiGraph LLC, Pensacola, FL) for these days. A 2 s epoch was used to capture rapid transitions in activity typical in children (Bailey et al., 1995). Each child was asked to wear their ActiGraph at all times and remove the device only for water-based activities. A daily log sheet was provided to record any times in which the monitor was taken off and the reason for doing so (see Appendix C). The raw data were analyzed using customized software (ActiGraph Analysis 1.0, Exeter, UK). For inclusion in data analysis, each participant needed a minimum of 10 hours per day of wearing time (Rowlands et al., 2008a). Activity data were analyzed from 600 to 2100 h (Rowlands et al., 2008a) and total activity (counts·day-1) and time in moderate to vigorous intensity activity (MVPA; min.day-1) recorded.  
7.2.7 Analytical methods 

The fasting and postprandial capillary blood samples were used to quantify [TAG]. For the TAG analysis, 300 μL of whole blood was collected into potassium-EDTA coated microvette CB 300 tubes (Sarstedt Ltd, Leicester, UK) and then centrifuged (Eppendorf-Anderman Centrifuge 5414, Germany) at 12,492 g for 3 min. Twenty microlitres of plasma were removed and then diluted 50 times by the addition of 980 μL of ice-cold saline (155 mmol.L-1) (to prevent any freeze-drying effect as a result of storage) and then stored at -70°C for subsequent analysis by enzymatic, colorimetric methods (Randox Laboratories Ltd) with the use of a centrifugal analyzer (Cobas Mira Plus, Roche, Basel, Switzerland). The predilution procedure precluded the dilution step of the assay when [TAG] were measured and three times the amount of sample stated in the Randox kit assay procedure was used. This resulted in the concentration of the sample for analysis being the same as that in the original assay procedure. The within-batch coefficient of variation for [TAG] using the methods described above is 2.6%.
7.3 Statistical analyses 

Descriptive statistics were calculated for all normally distributed variables (mean, standard deviation). Variables that were not normally distributed were log-transformed and median and inter-quartile range (IQR) values displayed. Differences in total energy expenditure, heart rate and systolic and diastolic blood pressure between the continuous exercise and intermittent exercise trials were compared using paired Student’s t-tests and 95% confidence intervals (CI) for the mean paired differences calculated. 

In order to investigate any differences in fasting (baseline) [TAG] across the rest, continuous exercise and intermittent exercise trials, a single-factor ANOVA was used. To identify differences in [TAG] between trials and over time, a 3 x 6 (trial x time) fully repeated-measures ANOVA was used. The total 6-h area under the plasma concentration versus time curve for TAG (TAUC-TAG) was calculated using the trapezium rule for each trial. The incremental area under the curve for TAG (IAUC-TAG) was also calculated for each trial after correcting for baseline concentrations. In order to determine whether there were any differences in TAUC-TAG and IAUC-TAG across the rest, continuous exercise and intermittent exercise trials, a series of two single-factor ANOVAs were used. The absolute peak flux response (peak; V) and the area under the flux vs. time curve over the scans (AUC; V x time) for ACh and SNP at rest, and at 3-4 h post-OFTT, were calculated for each trial. Within-day and between-day coefficients of variation for this method are reported to be less than 10% (Ramsay et al., 2002); reproducibility data from our own laboratory (CV (%); ACh=14±6, SNP=16±8) in children corresponds with this. To investigate whether there were differences in microvascular response between trials and across time (i.e., pre- to 3 to 4 hours post-OFTT), a 3 x 2 (trial x time) fully repeated-measures ANOVA was used. In order to examine whether there were differences in total activity (counts·day-1) and time in moderate to vigorous intensity activity (MVPA; min.day-1) across trials, a series of two two-factor fully repeated ANOVAs (trial (3) by type of day (2: day 0 and day 1)) were conducted.  

Mauchly’s test of sphericity was used to assess homogeneity of variance, and if this assumption was violated, appropriate adjustments to the degrees of freedom (Greenhouse-Geisser) were made. Post-hoc analyses using the Tukey’s test adapted for repeated measures were used to explore any significant effects (Stevens, 1996). Normality tests (i.e., Shapiro-Wilk) revealed that all data were normally distributed. All analyses were performed using SPSS version 11 for Windows (SPSS Inc, Chicago, IL). Statistical significance was accepted at the P<0.05 level.
7.4 Results
Table 7.1 illustrates the mean, standard deviation and range for descriptive data on all participants (N=10). 
Table 7.1 Descriptive characteristics of children (N=10).

	VARIABLE
	Mean 
	SD 
	Range

	Age (y)
	10.5
	0.8
	9.1-11.4

	Height (cm)
	135.8
	8.8
	115.0-147.0

	Body mass (kg)
	31.5
	6.3
	18.8-37.3

	Body mass index (kg.m-2)
	16.9
	1.7
	14.2-19.3

	Waist circumference (cm)
	58.4
	4.7
	49.8-63.3

	% fat (skinfolds)
	15.8
	4.5
	9.0-24.2
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O2peak (ml.kg-1min-1)
	53.7
	8.8
	36.0-65.0

	60% 
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O2peak (ml.kg-1min-1)
	32.2
	5.3
	21.6-39.0

	70% 
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O2peak (ml.kg-1min-1)
	37.6
	6.3
	25.2-46.0

	HRmax (beats.min-1)
	199
	11
	174-213

	Peak RER
	0.97
	0.05
	0.90-1.04
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O2peak, peak oxygen uptake; HRmax, maximal heart rate; RER, respiratory exchange ratio

7.4.1 Responses during exercise trials
Exercise data from the continuous exercise trial and intermittent exercise trial are presented in Table 7.2. Means are presented for predicted total energy expenditure, heart rate (pre-exercise and 5-min post-exercise) and systolic and diastolic blood pressure (pre-exercise and 5-min post-exercise). Mean gross energy expenditure for the continuous exercise and intermittent exercise trials did not differ significantly between trials (P>0.05).
Table 7.2 Sixty-minute continuous exercise and intermittent exercise profiles across experimental conditions (N=10).  

	
	Continuous exercise
	Intermittent exercise
	Mean Difference
	95% CIa
	Pa

	Pre-exercise
	
	
	
	
	

	Heart rate (beats.min-1)
	86±5
	82±11
	3.60
	-4.58 to 11.78
	0.345

	Systolic blood pressure (mm Hg)
	101±6
	102±6
	-0.40
	-6.77 to 5.97
	0.890

	Diastolic blood pressure (mm Hg)
	62±3
	61±5
	0.40
	-5.03 to 5.83
	0.871

	5-min post-exercise
	
	
	
	
	

	Heart rate (beats.min-1)
	98±12
	89±12
	8.70
	1.45 to 15.95
	0.024

	Systolic blood pressure (mm Hg)
	104±6
	99±7
	4.90
	-1.70 to 11.50
	0.128

	Diastolic blood pressure (mm Hg)
	64±4
	62±3
	1.80
	-2.09 to 5.67
	0.322

	Energy expenditure
	
	
	
	
	

	Energy expenditure (MJ)
	1.3±0.2
	1.4±0.3
	-0.08
	-0.25 to 0.08
	0.275

	Energy expenditure (kJ.kg-1)
	42.1±6.6
	44.1±9.0
	-2.88
	-7.70 to 1.95
	0.206


All data are mean ± SD.
a95% CI of the absolute difference between continuous and intermittent exercise; paired Student’s t-test.

7.4.2 Postprandial lipaemia

7.4.2.1 Plasma TAG

Fasting (baseline) and postprandial plasma [TAG] for rest, continuous exercise and intermittent exercise trials are presented in Figure 7.2. Fasting plasma [TAG] did not differ across the three trials. Two-factor ANOVAs (trial, time) revealed that there were no significant differences in postprandial plasma [TAG] across the three experimental conditions and no trial x time interaction. However [TAG] was significantly elevated above baseline at 1.0 h post-OFTT, 2.5 h post-OFTT and 4 h post-OFTT (main effect for time: F5,45 = 11.5, P<0.001). The TAUC-TAG did not differ across the three trials (Table 7.3). However, the IAUC-TAG was significantly higher for the continuous exercise trial in comparison to the rest trial (F2,18 = 4.8, P<0.001). 

[image: image110.wmf]Sedentary

Light

Moderate

Vigorous

Hard

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

ActiGraph output (counts.2s

-1

)

[image: image111.wmf]0

25

50

75

100

0

25

50

75

100

100 - Specificity

Sensitivity

[image: image85.emf]0.0

0.2

0.4

0.6

0.8

1.0

Time (hours)

Plasma tricylglycerol 

concentration (mmol

.

L

-1

)

REST CONT INT


Figure 7.2 Fasting (F) and postprandial plasma TAG concentrations for rest (REST), continuous exercise (CONT) and intermittent exercise (INT) trials. Data are mean ± SD; N=10. Black rectangle indicates consumption of test meal. Data were analyzed using two-way ANOVA with repeated measures. Main effect for trial (P=0.989), main effect for time (P<0.001), trial x time interaction (P=0.695).

*Significantly different from baseline
†Significantly different from 0.5 h post-OFTT
‡Significantly different from 1.0 h post-OFTT

p<0.05
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Table 7.3 Total and incremental areas under the TAG concentration versus time curves for rest, continuous exercise and intermittent exercise trials (N = 10). Data are mean ± SD.

	
	Rest
	Continuous exercise
	Intermittent exercise

	TAUC-TAG 

(mmol.L-1 6 h)

	3.33 ± 0.55
	3.45 ± 0.81
	3.37 ± 0.80

	IAUC-TAG 

(mmol.L-1 6 h)

	0.86 ± 0.60
	1.60 ± 0.55*
	1.00 ± 0.63


TAUC, total area under the concentration versus time curve
IAUC, incremental area under the concentration versus time curve

*Significantly greater than Rest trial, p<0.05

7.4.3 Microvascular function

7.4.3.1 ACh (endothelial function) 
Fasting (baseline) and postprandial measures of endothelial function (ACh peak, V; AUC, V x time) for rest, continuous exercise and intermittent exercise trials are presented in Table 7.4. Two-way ANOVAs (trial, time) revealed that there were no significant differences in endothelial function between trials however there were significant differences across time (ACh peak, main effect time: F1,9 = 10.3, P=0.011; ACh AUC, main effect time: F1,9 = 13.1, P=0.006), whereby endothelial function (ACh peak, AUC) improved after the meal challenge. 

Table 7.4 Fasting (baseline) and postprandial peak and area under the curve (AUC) values for ACh (endothelial function) and SNP (smooth muscle function) for rest, continuous exercise and intermittent exercise trials (N = 10). Data are mean ± SD.

	
	Rest 
	Continuous exercise  
	Intermittent exercise

	ACh 
	
	
	

	Peak response (V)
	
	
	

	Baseline
	2.68±0.55
	2.65±0.32
	2.65±0.40

	Postprandial (3-4 h)
	2.82±0.52b
	2.94±0.43b
	2.98±0.57b

	AUC (V x time)
	
	
	

	Baseline
	819.56±221.53
	813.38±144.67
	794.36±139.58

	Postprandial (3-4 h)
	871.60±211.54b
	909.68±198.45b
	915.84±227.30b

	SNP 
	
	
	

	Peak response (V)
	
	
	

	Baseline
	2.30±0.43
	2.49±0.44
	2.63±0.52

	Postprandial (3-4 h)
	2.63±0.50
	2.94±0.25
	2.56±0.70

	AUC (V x time)
	
	
	

	Baseline
	548.97±129.14
	599.22±134.73
	620.55±129.35

	Postprandial (3-4 h)
	645.93±151.98
	732.09±119.88
	615.36±227.93


a Trial difference 

 b Time difference; postprandial significantly greater than baseline 
c Trial x time interaction 
p<0.01

7.4.3.2 SNP (smooth muscle function)

Fasting (baseline) and postprandial smooth muscle function (SNP peak, V; AUC, V x time) for rest, continuous exercise and intermittent exercise trials are also presented in Table 7.4. Two-way ANOVAs (trial, time) revealed that there were no significant differences in smooth muscle function between trials or across time.

7.4.4 Physical activity

7.4.4.1 Differences in daily accumulated physical activity for rest, continuous exercise and intermittent exercise trials 

There were significant trial x day interactions for total activity (F2,14 = 6.53, P=0.01) and MVPA (F2,14 = 6.30, P=0.011). During the exercise conditions, 60 minutes of imposed continuous and intermittent exercise significantly increased total accumulated activity and MVPA relative to the previous day and relative to day 1 of the rest condition (P<0.01, Table 7.5). Despite giving the same dose of exercise during continuous and intermittent trials (i.e. 60 minutes of MVPA) to boys, total activity and MVPA was significantly higher on the day of imposed continuous exercise compared to intermittent exercise (P<0.05). Total accumulated activity and MVPA did not differ significantly across days for the rest trial, but boys accumulated significantly more total activity and MVPA the day prior to the start of the rest trial in comparison to the day prior to the start of each exercise trial (P<0.05). 

Table 7.5 Descriptive characteristics for summary activity variables for the day prior to the start of each trial and Day 1 of rest, continuous exercise, and intermittent exercise trials (N= 8).

	
	Day 0
	Day 1

	
	Rest
	Continuous exercise
	Intermittent exercise
	Rest
	Continuous exercise
	Intermittent exercise

	TPA (counts·day-1) b, c
	570373±302355
	*†‡486322±74004
	*†378988±129259
	564996±226031
	†‡690793±206028
	†607657±209200

	MVPA (min·day-1) b, c
	101±59
	*†‡92±18
	*†67±26
	105±42
	†‡168±65
	†125±50


a Trial difference (p<0.05)
 b Day difference (p<0.05)

c Trial x day interaction (p<0.05)
*Significant difference between days within trial

†Significantly different from rest trial

‡Significantly different from intermittent trial

7.5 Discussion

The main finding from the present study was that a single session (60 min) of continuously- or intermittently-accumulated physical activity of ≥moderate intensity did not significantly reduce postprandial plasma [TAG] or improve microvascular reactivity the following day in young boys aged 9 to 11 years in comparison to a day of rest. This is the first study to address this research question in children and contrasts with published findings demonstrating improvements in TAG clearance in adolescents 
 ADDIN EN.CITE 
(Barrett et al., 2007; Tolfrey et al., 2008)
, and microvascular reactivity in adults 攁

(Gill et al., 2004) ADDIN EN.CITE , following previous-day exercise.

One of the strengths of the present study was that boys (N=10) participated in all three treatment conditions (i.e., rest trial, intermittent exercise trial and continuous exercise trial). This sample size compares well with Barrett et al.’s (2007) research cohort (i.e., 19 male adolescents were randomly assigned to either the continuous-exercise group (N=10) or the intermittent-exercise group (N=9) and measures compared with a control (rest) trial) and Tolfrey et al.’s (2008) research cohort (i.e., 8 adolescent boys participated in all trials). As both Barrett et al. (2007) and Tolfrey et al. (2008) found that postprandial [TAG] was significantly reduced in their cohorts following previous-day activity in comparison to rest, the present study’s sample size of 10 boys was thought to have provided sufficient power to avoid any type II errors. While the present study had adequate power (i.e., power = 0.99), as deemed by Cohen (1988), to detect the anticipated difference in postprandial [TAG] across time, the level of power was low (i.e., power ≤0.28) for the investigations of main effects for trial ([TAG], TAG AUC) or any trial by time interactions ([TAG]). By increasing the sample size, it would have been possible to increase power and reduce the risk of making a type II error (i.e., the inability to detect a true difference in postprandial lipaemia across rest, continuous exercise and intermittent exercise trials). While the present study also had adequate power (i.e., power ≥0.81) to detect a significant difference in endothelial function (ACh) across time, a larger sample of boys may have permitted the detection of significant trial (ACh, SNP), time (SNP) or trial by time interactions (ACh, SNP) since power was not adequate (i.e., power ≤0.55). 

The improvements in fasting endothelial function the day after an acute bout of exercise demonstrated in adults 攁

(Gill et al., 2004) ADDIN EN.CITE  likely occur due to sustained increases in blood flow during recovery from exercise 持 ADDIN EN.CITE 
(Malkova et al., 2000)
. Underlying mechanisms responsible for exercise-induced reductions in postprandial lipaemia are less clear (Burns, 2008). Previous work suggests that exercise-induced alterations in muscle lipoprotein lipase (LPL) are directly linked to TAG uptake in the muscle; Herd at al. (2001) reported that individuals who had the greatest increases in muscle LPL also had the greatest decreases in postprandial lipaemia. However, this may not be the underlying mechanism responsible as reductions in plasma [TAG] have been documented without any apparent increase in LPL (Ferguson et al., 1998). Investigations into alternative mediators continue. Some have postulated that exercise-induced reductions in postprandial triglyceride concentrations might occur through an increased efficiency of triglyceride-rich lipoprotein (TRL) metabolism (i.e., a reduced rate of clearance and/or appearance of TRL) (Gill and Hardman, 2003). Another theory is that that reduced very low-density lipoprotein (VLDL) secretion could contribute to exercise-induced reductions in triglyceride concentrations (Gill and Hardman, 2003). Exercise-induced reductions in postprandial insulin concentrations and a reduced uptake of non-esterized fatty acids (NEFA) into adipocytes following meal consumption might also play a role (Malkova et al., 1999). However, not all agree that the effects of exercise on postprandial lipaemia are related to exercise-induced increases in insulin sensitivity (Gill et al., 2002). Together, the research indicates that muscle LPL is most likely not the only mechanism responsible for mediating exercise-induced improvements in postprandial lipaemia; however, it is clearly a contributing factor (Gill and Hardman, 2003). 
Investigation of specific mechanisms that may be responsible for causing changes in postprandial lipaemia following acute physical activity was beyond the scope of the study. Ethical constrains when working with children make it very difficult to investigate potential mechanistic properties associated with postprandial lipaemia and therefore we do not know whether muscle LPL activity could have affected the lipaemic response to exercise in this cohort of boys. However, it is possible that the exercise sessions did not provide a strong enough stimulus to alter muscle LPL in these young, healthy, active boys. The available evidence indicates that the TAG lowering effect of exercise cannot be replicated by similar dietary-induced energy deficits. The physiological effects of exercise-induced energy expenditure are therefore clearly very important.  

The impairment in endothelium-dependent vasodilation that occurs postprandially is directly related to the nutrient composition of the meal; i.e., relative proportion of fat, CHO and protein. Following a high-fat meal, there is an increase in the concentrations of triglycerides, remnant-like particles (RLPs) and oxidized low-density lipoprotein (LDL) which over time lead to the development of atherosclerosis and cardiovascular disease (Nakamura and Kugiyama, 2006). The degree of impairment in endothelium-vasorelaxation has been shown to correlate with fasting RLP concentrations 椁

(Kugiyama et al., 1998) ADDIN EN.CITE , triglyceride concentrations 㐁

(Bae et al., 2001) ADDIN EN.CITE  and oxidized LDL (Hein et al., 2000). Observed postprandial decrements in vascular function are therefore likely a consequence of fat intake, since high-fat meals elicit a “blunted” vasodilator response  

(Gaenzer et al., 2001; Vogel et al., 1997) ADDIN EN.CITE  which is not seen after the ingestion of a low-fat meal (Vogel et al., 1997). It would be reasonable to suggest, therefore, that the postprandial rise in triglyceride concentrations would be highly related to the postprandial decrement in vasodilation. Some, 洁

(Gaenzer et al., 2001; Marchesi et al., 2000; Vogel et al., 1997) ADDIN EN.CITE  but not all 漁

(Anderson et al., 2001; Gill et al., 2004; Schinkovitz et al., 2001) ADDIN EN.CITE  show evidence of this, therefore the mechanisms responsible for postprandial decrements in vascular function are not entirely clear. Postprandial increases in systemic inflammation may impair vascular function 攁

(van Oostrom et al., 2003) ADDIN EN.CITE  and some have shown evidence of heightened inflammatory responses following meal consumption 甁

(Gill et al., 2004) ADDIN EN.CITE . The energy supplied by the high fat meal relative to body mass in this study (98 kJ.kg-1) was slightly higher than those reported in studies with adolescents (< 80kJ.kg-1) 漁

(Barrett et al., 2007; Tolfrey et al., 2008) ADDIN EN.CITE . However, the relative contribution of fat in the present study was lower (51% compared with 70%) 漁

(Barrett et al., 2007; Tolfrey et al., 2008) ADDIN EN.CITE . The meal was chosen to reflect a typical meal that children might consume, yet may not have provided enough of a fat load for these apparently healthy children as the lipaemic response was relatively low (i.e., of 180 recorded samples across the three trials, 98.3% had [TAG] ≤1 mmol.L-1). These [TAG] responses are slightly lower than those reported for 13 year old boys (Tolfrey et al., 2008) and considerably lower than those reported for older boys (Barrett et al., 2007) and adults 椁

(Gill et al., 2004; Miyashita et al., 2006) ADDIN EN.CITE . However, we do not know whether a higher fat load would have triggered an increased [TAG] response in these boys. This potentially “blunted” response to a high fat meal evident in pre-teen children needs further investigation and may have limited the degree to which reductions in postprandial plasma [TAG] could have occurred after previous-day continuous and intermittent exercise.  
I am unaware of any other study that has included measurements of microvascular reactivity in response to previous-day rest or exercise, both pre- and post- an oral fat tolerance test, in children. Although prior-day exercise is thought to improve microvascular function and oppose the postprandial decline in microvascular function 攁

(Gill et al., 2004) ADDIN EN.CITE , in the current study prior exercise only appeared to improve microvascular function (and endothelial function specifically) in response to a meal challenge. These findings contrast observations from a sample of lean and obese middle-aged men 攁

(Gill et al., 2004) ADDIN EN.CITE , where postprandial ACh and SNP responses were significantly lower (P<0.05) than responses in the fasted state in both control and exercise trials. Postprandial metabolic disturbances (i.e., peak postprandial [TAG]) in the adult sample compared to our sample of boys were approximately 3 to 5 times greater, and 2 to 4 times greater, following rest and exercise, respectively, suggesting the magnitude of the lipaemic response in the boys may not have been sufficient enough to elicit a postprandial decrement in microvascular function. 

Not all researchers have found impaired endothelium-dependent vasodilation after a high-fat meal 持

(Djousse et al., 1999; Gudmundsson et al., 2000; Raitakari et al., 2000) ADDIN EN.CITE . Discrepancies may be partially explained by differences in the fat challenge (i.e., liquid whipped cream versus high-fat meals with substantial amounts of other nutrients) and/or time intervals between the fat challenge and measurements of endothelial function between studies. Two of the studies mentioned also assessed the forearm microcirculation using venous occlusion plethysmography 㰁

(Gudmundsson et al., 2000; Raitakari et al., 2000) ADDIN EN.CITE  and it may be that conduit and resistance vessels respond differently to lipid challenges (de Koning and Rabelink, 2002).  

There are a few possible suggestions as to why endothelial function in young boys improved following a meal challenge. Pre-meal measures of microvascular function took place in the morning and post-meal measures in the early afternoon. There is evidence that skin vasodilation in normal, healthy males is impaired in morning and improves over the course of the day, with lowest responses recorded at 800 h and peak responses recorded at 1600 h (Elherik et al., 2002). Since Elherik et al. (2002) reported that plasma nitric oxide levels were lowest, and endothelial-derived vasoconstrictors (ET-1) highest, in the morning, these variables appear to be particularly important for influencing microvascular function. Oxidative stress is believed to be the underlying mechanism responsible for impaired postprandial endothelial function 
 ADDIN EN.CITE 
(Plotnick et al., 1997; Vogel et al., 1997; Williams et al., 1999)
. Moderate exercise training increases antioxidant defences (Di Massimo et al., 2004) therefore it is plausible that an acute exercise bout might help ameliorate postprandial oxidative stress in children. Dietary factors such as folic acid (Wilmink et al., 2000), which prevent the degradation of nitric oxide, along with antioxidants and vitamins C and E 
 ADDIN EN.CITE 
(Katz et al., 2001; Plotnick et al., 1997)
, which enhance the production of reactive oxygen species, have also been found to prevent impairment of postprandial endothelial function after a fat challenge. It is possible that as the potential for impaired vasodilation decreased from the morning to the afternoon, high levels of previous-day activity helped to ameliorate postprandial oxidative stress by increasing antioxidant defences and mimicking the vasodilatory effects of these dietary factors.
Some have questioned whether the intensity of an acute bout of activity is important for stimulating vascular conductivity. For example, Goto et al. (2003) showed that moderate intensity exercise improved vasodilator responses yet vigorous intensity exercise did not. Follow-up research lead to the conclusion that this result could be due to increased nitric oxide availability after an acute session of moderate intensity exercise and increases in oxidative stress following more vigorous intensity activity 椁

(Goto et al., 2007) ADDIN EN.CITE . However, with recent evidence in adults showing that high intensity interval exercise prevents postprandial endothelial function impairment yet continuous moderate intensity exercise does not (Tyldum et al., 2009), it is unclear which intensity is most beneficial for endothelial health. The fact that the evidence is based on adult research precludes making any assumptions for children. While cross-sectional research in the present thesis indicated that it was the frequency of activity which was most important to endothelial health, whether the intensity is of greater significance with an acute bout of exercise warrants investigation.  

The boys in the present study were all classified as normal-weight (based on the UK National BMI age and sex-specific cut-points) (Cole et al., 1995). It is important to note that although boys were comparable in terms of body fatness and fitness with Tolfrey et al.’s research cohort (Tolfrey et al., 2008), they were distinctly younger. All were pre-pubertal, whereas Tolfrey et al.’s cohort included a mix of pubertal stages. Perhaps the exercise stimulus during the imposed activity trials was not strong enough to elicit a reduction in TAG response or an improvement in microvascular reactivity in healthy, active 9 to 11 year old boys with no known cardiovascular risk factors. However, extending this amount of activity may not be practical or necessary for children who are already this active. It would be interesting to investigate whether reductions in postprandial plasma [TAG] or improvements in microvascular function would have occurred in a more sedentary cohort or one displaying a clustering of risk factors for cardiovascular disease, which have been shown previously to occur in this age group (Andersen et al., 2006).  
To my knowledge, this is the only study that has investigated the effect of continuous versus intermittent exercise on postprandial lipaemia and microvascular function in young boys using an intermittent exercise protocol which was designed based on accelerometer-assessed free-living activity patterns in this population. Strengths of the study were that, a) exercise trials were based on current physical activity recommendations for children, and, b) all participants performed the three different trials, allowing a within-measures research design and direct comparison of the three trials. The importance of these features has been noted previously (Tolfrey et al., 2008). By matching total energy expenditure and exercise duration for both exercise protocols, yet structuring each so that exercise intensity and activity tempo would differ, the hypothesis was that intermittent exercise would elicit results similar to that of continuous exercise. In the present study, boys expended an average of 1.3±0.2 MJ (44.1 kJ/kg body mass) and 1.4±0.3 MJ (42.1 kJ/kg body mass) during continuous and intermittent exercise, respectively, which compares well with Tolfrey et al.’s cohort (Tolfrey et al., 2008). As neither protocol led to enhanced TAG clearance or microvascular function, this study provides no evidence as to whether it is more beneficial to accumulate activity in longer continuous sessions than on a more sporadic basis. 
The comparison of exercise with rest is dependent upon the achievement of a true, resting control trial and the magnitude of physiological responses (i.e., postprandial [TAG] and microvascular function). For two days prior to the meal challenge, boys were advised to participate in limited amounts of exercise. A novel aspect of the current study was that physical activity levels were measured objectively with ActiGraph accelerometers. This meant that the habitual physical activity (i.e., total activity and time in moderate to vigorous intensity activity) of participants over the course of the research design could be evaluated. To my knowledge, no other studies have accounted for physical activity on rest days or outside of the prescribed dose on exercise days; consequently, it would not have been possible to ascertain whether participants were refraining from exercise as instructed and/or whether the prescribed dose was over and above the baseline activity level.

Although activity was significantly higher in both of the exercise conditions relative to the control condition, this difference was a relatively small one. The similarity of activity levels between both days in the rest condition and the two exercise days indicates that the imposed exercise did not have an impact on overall daily habitual activity level to any great degree. This implies that the study involved a particularly active cohort. For example, while 100% of participants met the guidelines of achieving at least 60 minutes of MVPA·day-1 on activity-imposed days (which was expected), all but one boy met these guidelines for the rest trial (which was not expected). 

A possible reason for the similarity in activity levels between control and exercise conditions is that boys exercised between 1430 and 1600 h, which for them may have been a predominantly active time. For example, physical activity after the school day typically ends (i.e., after 1500 h) is extremely variable 
 ADDIN EN.CITE 
(Fairclough et al., 2007)
 (and MVPA in particular much less stable); this heightened variability may be a result of children having more freedom at this time to make decisions about their physical activity behaviours (Fairclough et al., 2007). Perhaps if exercise had been imposed during a normally inactive time, more pronounced physiological responses would have occurred. However, it is not clear from this study whether the impact of exercise on postprandial lipaemia and microvascular function is blunted in children or whether the already high levels of activity in this sample are responsible for the lack of an effect that has been clearly demonstrated in adolescents 
 ADDIN EN.CITE 
(Barrett et al., 2007; Tolfrey et al., 2008)
 and adults 攁

(Gill et al., 2004) ADDIN EN.CITE . 

7.6 Summary
The lack of a true, resting control trial as identified through accelerometer-assessed habitual physical activity limits the determination of whether 60 minutes of previous-day ≥moderate intensity activity attenuates postprandial lipaemia and improves microvascular reactivity. Clearly, the objective measurement of physical activity levels over activity-imposed and non-activity imposed days became paramount when interpreting results. Accelerometer-assessed habitual physical activity was therefore a major strength of the current study. It also demonstrated that for these boys, activity was difficult to curb when asked to, an issue that should be carefully considered when designing future studies. To maximize any potential effects of imposed activity on postprandial lipaemia and microvascular reactivity, the exercise should occur during a normally “inactive” period for participants so that habitual activity is not merely being replaced and habitual activity levels of the sample should be studied to ensure the exercise dose is outside of normal activity variability. Future research is also needed with a larger, more age- and gender-diverse sample, with low activity levels and/or cardiovascular risk factors.
CHAPTER EIGHT

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

8.1 Discussion

The primary purpose of this research project was to describe the pattern of habitual physical activity, using objectively-measured physical activity data, in relation to health outcomes in boys aged 8 to 11 years. This objective developed from a review of a number of direct observational studies of children’s free-play activity, research which provided early evidence of the highly transitory nature of children’s activity. A review of the physical activity literature demonstrated that interest in characterizing the activity patterns of children had increased in recent years. Technological changes in accelerometers had improved the ability to collect high resolution physical activity data over extended periods of time and collection of objective data on the pattern of physical activity was now possible. However, there was a distinct lack of data on which specific aspects of the pattern of activity might be responsible for relationships between overall activity and health outcomes in children. This “gap” in the literature was therefore pursued in this thesis. 

The relationship between the activity pattern and measures of chronic health status, namely, waist circumference (an indicator of central adiposity), aerobic fitness, blood pressure, and the novel marker of cardiovascular risk, microvascular function, was the question which drove all avenues of research in this thesis. Before this question could be addressed, the following issues had to be considered. For example, reported relationships between physical activity intensity and health can be highly dependent upon the way in which physical activity intensity is classified and as of yet the most appropriate way to classify accelerometer data is not entirely clear. Therefore, it was first necessary to establish accelerometer-intensity thresholds (i.e., sample-specific thresholds) through calibration research (study one) and examine whether relationships with health were different depending on the use of sample-specific thresholds, published thresholds (Mattocks et al., 2007) and individualized thresholds developed through the ArteACC method (Ekelund et al., 2003) (study two). Another issue considered in line with the investigation of activity-health relationships was whether aspects of the activity pattern might vary between boys when stratified according to obesity-related health risk (i.e., classified as normal weight or overweight), since the literature had already provided evidence of differences in summary measures of activity between overweight and normal weight children. Since it was not known which aspects of the activity pattern are responsible for these differences, study three sought to examine whether the pattern of activity differed between overweight and normal weight boys, whether the pattern of activity was day-dependent (i.e., differed across weekdays and weekend days) and whether any weight-status by type of day interactions occurred. Apart from informing the examination of cross-sectional activity-health relationships in study four, it was thought that such information could be used to inform activity interventions targeted at overweight or obese children. 
Investigations revealed that published thresholds (Mattocks et al., 2007) were as appropriate as sample-specific thresholds (and better than individualized thresholds (Ekelund et al., 2003)) for determining relationships between physical activity and waist circumference, and, physical activity and aerobic fitness relative to body mass. Therefore, the choice was made to adopt the published thresholds of Mattocks et al. (2007) to examine physical activity and aspects of the activity pattern in boys, and in relation to health outcomes. Despite little difference in summary measures of activity between overweight and normal weight boys, aspects of the activity pattern were reduced in overweight boys and tended to dropped-off on the weekend. Examination of cross-sectional relationships between activity and the continuum of body fat and other cardiovascular risk factors in study four revealed that the intensity of the most frequent bouts of activity and the frequency of bouts of at least moderate intensity were related to waist circumference, whereas the frequency of bouts of any intensity were related to changes in endothelial function following maximal exercise. Interestingly, correlations between aspects of short bouts (≥4 s) of activity and health outcomes, which resemble intermittent-like activity, were just as strong as those identified with longer bouts (≥5-min), which resemble more continuous-like activity. Once the cross-sectional relationships between activity and health outcomes had been explored and the primary aim of this thesis addressed, the final goal was to test whether the pattern by which activity was accumulated (i.e., through an intermittent exercise protocol built using activity pattern data which emerged in studies three and four versus a continuous exercise protocol) had an acute effect on health outcomes (i.e., postprandial lipaemia) in boys and microvascular function at rest and following a fat tolerance test (study five). This final, novel line of research demonstrated that, contrary to studies with adolescents 
 ADDIN EN.CITE 
(Barrett et al., 2007; Tolfrey et al., 2008)
, an acute bout of 60 minutes of ≥moderate intensity activity (regardless of the way in which the activity was accumulated) did not significantly improve postprandial lipaemia, nor did it improve measures of microvascular function. 
The above represents a general overview of what this thesis set out to accomplish and the findings that emerged. The main findings of studies one to five are outlined and discussed in more detail in the following sections. 

8.1.1 Study One  

8.1.1.1 Main findings

The purpose of study one was to perform calibration research with the GT1M ActiGraph using high-frequency activity monitoring (2 second epochs) and establish thresholds to determine sedentary behaviour and time in moderate, vigorous and hard intensity physical activity. Using receiver operator curve (ROC) analysis, accelerometer-intensity thresholds of <10, 97-167, 167-321 and >321 counts·2s-1 for sedentary, moderate, vigorous and hard physical activity were established. These thresholds were particularly useful at distinguishing between sedentary and very light, light and moderate, and vigorous and hard activities in both the calibration group (N=40) and an independent sample of children (N=12). Thresholds were less effective at distinguishing between moderate and vigorous activity. 

8.1.1.2 Conclusions and future research

With all of the different accelerometer-intensity thresholds currently available for describing children’s physical activity, the presentation of additional thresholds will only add confusion and contribute to the inconsistency that currently exists in this field. It was therefore important to consider whether calibration research in study one would result in an improved outcome over existing approaches. While these are the first thresholds established using high-frequency accelerometer data (counts·2s-1), what was encouraging from study one was that thresholds developed using 2 second data were comparable to published thresholds, the majority which have been based on one minute data. This was important as it suggests that it is not necessary to create thresholds based on high-frequency accelerometer data when exploring the pattern of physical activity using high-frequency accelerometry. Adjusting published thresholds for use with high-frequency accelerometry is therefore acceptable. 

While the results of study one made this conclusion possible, it was not possible to determine whether these sample-specific thresholds would be most useful for describing the pattern of activity in boys in future work. In reviewing the literature, it was recommended that in order to identify the most appropriate accelerometer thresholds for classifying activity intensity, future work should aim to compare the utility of accelerometer thresholds in identifying relationships between free-living physical activity and health outcomes in children. This identified gap in the literature was therefore used to form the basis of study two.

8.1.2 Study Two 

8.1.2.1 Main findings

The purpose of study two was to examine whether relationships between time spent in moderate and vigorous physical activity and various health outcomes (waist circumference, aerobic fitness and blood pressure) in boys differ according to how activity intensity is classified (i.e., using sample-specific thresholds (SSTs) developed in study one, published thresholds (PTs) (Mattocks et al., 2007) and individualized thresholds as developed by the ArteACC method (Ekelund et al., 2003)). The rationale for choosing these particular published thresholds was that they were developed on a large sample of children in the UK (part of an ongoing, UK based birth cohort) of similar age to those boys involved in study one (whose data were used to establish the SSTs). The rationale for creating individualized thresholds was that inter-individual variability in accelerometer counts is high for a given movement (Ekelund et al., 2003) and therefore individualized thresholds might be more useful for detecting relationships with health. 

The results revealed that relationships detected with aerobic fitness, waist circumference and blood pressure were consistent regardless of whether sample-specific or published thresholds were employed. The creation of individualized thresholds based on the ArteACC method did not offer any benefit over sample-specific and published thresholds when detecting relationships between activities equivalent to jogging and the health outcomes. Furthermore, individualized thresholds were unable to detect relationships between activities equivalent to walking and health outcomes.  

Previous research had suggested that health-related benefits of activity might be intensity-related. For example, relationships with body fatness (Ness et al., 2007) and aerobic fitness 猁 ADDIN EN.CITE 
(Dencker et al., 2006b; Eiberg et al., 2005; Gutin et al., 2005; Ruiz et al., 2006)
 in children were stronger for activities of ≥vigorous intensity in comparison to moderate intensity activity. The results of study two do not support these findings, as accelerometer thresholds between 2910 (moderate physical activity) and 9630 (hard physical activity) counts·min-1 detected similar relationships with health variables. 
The present study is the first to demonstrate that the choice of moderate or vigorous threshold used to classify activity intensity appears to be relatively unimportant for determining relationships with fitness, fatness and blood pressure in boys, provided thresholds relate to activities of at least 4 METs or brisk walking. It can therefore be concluded that studies investigating relationships between activity and these health outcomes may be comparable, even where different thresholds have been employed. This is a novel finding. Although not novel, the present study, similar to other studies 氁 ADDIN EN.CITE 
(Cliff and Okely, 2007; De Vries et al., 2009; Guinhouya et al., 2006; Pate et al., 2006)
, also demonstrated that intensity thresholds clearly matter when reporting the percentage of children meeting MVPA guidelines. Therefore, despite the lack of impact of threshold on relationships between these health outcomes and activity, to enable comparability between activity prevalence studies a consensus on the thresholds to be used is needed. Since some research suggests that accelerometer thresholds may not need to be age-specific (Reilly et al., 2008), future research should consider the utility of published thresholds used in the present study (Mattocks et al., 2007) with children of other ages. 
8.1.2.2 Conclusions and future research

In the present study, the volume and intensity of children’s physical activity was related to body fatness and aerobic fitness. Following a closer examination of study two, two points worthy of consideration were revealed. First, relationships detected were based on the combination of weekday and weekend physical activity data. Second, aspects of the activity pattern (i.e., frequency, intensity and duration of ≥4 s (short) and ≥5-min (long) activity bouts of greater than or equal to light (>LIGHT), greater than or equal to moderate (>MOD), greater than or equal to vigorous (>VIG), and greater than or equal to hard (>HARD) activity) were not explored. Evidence that activity patterns differ on weekdays and weekend days exists 渁 ADDIN EN.CITE 
(Rowlands et al., 2008a; Trost et al., 2000)
 and therefore activity-health relationships might have been influenced by type of day. Given the reported relationships with body fatness in study two and evidence of summary measures of activity being lower in overweight boys 漁 ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
, there was interest in pursuing the following novel line of research: do aspects of the activity pattern differ according to weight status (i.e., normal weight and overweight) and/or according to type of day (i.e., between weekdays and weekend days)? Study three therefore sought to investigate these questions. While the intent of study three was to look at categorical differences between normal weight and overweight boys in the activity pattern, study four was interested in assessing relationships between physical activity and the whole continuum of the health measures. The use of continuous variables in study four was intended to improve the richness of the data from which to investigate activity-health relationships. 
8.1.3 Study Three 
8.1.3.1 Main findings

The purpose of study three was to assess whether, a) activity levels and b) aspects of the activity pattern differ between normal weight and overweight boys across weekdays (WD) and weekend (WE) days. Based on the results of study two, published thresholds were used to classify moderate intensity and vigorous intensity physical activity, while sample-specific thresholds were used to classify sedentary behaviour, light intensity activity and hard intensity activity. The results confirmed that aspects of the activity pattern did indeed differ according to weight status. Overweight boys accumulated fewer and shorter bouts of activity, particularly sustained bouts of activity which were of moderate intensity or greater, relative to normal weight boys. This difference was also apparent in the number of three or more five-minute bouts of activity of at least moderate intensity achieved. Despite differences in aspects of the activity pattern, there was no difference in total activity or time accumulated in sedentary behaviour, light, intensity, moderate intensity and vigorous intensity activity between normal weight and overweight boys in the present study, contradicting earlier research 搁 ADDIN EN.CITE 
(Butte et al., 2007; Haerens et al., 2007; Metallinos-Katsaras et al., 2007; Page et al., 2005; Riddoch et al., 2007; Trost et al., 2001; Trost et al., 2003; Vogels et al., 2007)
. Therefore, although the way in which activity was accumulated was certainly variable between overweight and normal weight boys in the present study, this did not significantly affect the end result (i.e., total volume of activity and minutes of light, moderate and vigorous intensity activity per day) which was no different. 
In the present study, very few boys (less than 25%) achieved the recommended 60 minutes of moderate to vigorous activity per day for health benefits when all bouts of activity (short and long) were included. If only continuous activity (i.e., ≥5-min bouts) was accepted, then no children met the guidelines on weekdays and very few (less than 6.1%) on weekend days. These results are similar to De Vries et al.’s (2009) findings. In hindsight, it would have been interesting to investigate the proportion of boys who met these guidelines on each day, as previously documented 椁 ADDIN EN.CITE 
(De Vries et al., 2009; Olds et al., 2007)
. Clearly, the results of this study lend support to previous evidence that boys accumulate the majority of ≥moderate intensity activity in a sporadic fashion.  
8.1.3.2 Conclusions and future research
By focusing on how the pattern of spontaneous free-living physical activity differed between normal weight and overweight boys in the present study, examples of specific aspects of activity that were associated with weight status in boys were highlighted. In light of the lack of difference observed in summary measures of activity between groups, aspects of the activity pattern which differ according to weight status could be particularly health-informative and support previously reported relationships of activity with body fatness and aerobic fitness in children (Chu, 2005). There was a rationale for future work, therefore, to explore associations between aspects of the activity pattern and novel health outcomes in boys (i.e., microvascular function) which interact with body fatness and aerobic fitness. This formed the basis for study four.
8.1.4 Study Four 
8.1.4.1 Main findings

The purpose of study four was to examine whether total physical activity was associated with health outcomes (waist circumference, aerobic fitness, blood pressure and microvascular function) in boys and, where associations were present, to investigate which specific aspects of the activity pattern (i.e., frequency, intensity and duration of short (≥4 s) and long (≥5-min) bouts of ≥light (≥LIGHT), ≥moderate (≥MOD), ≥vigorous (≥VIG), and ≥hard (≥HARD) intensity activity) were responsible for relationships between summary measures of activity and health. From this study, the following novel findings emerged. Total physical activity and time in light intensity activity were positively related, and time in sedentary behaviour negatively related, to change in endothelial function from rest to post-exercise. The component of the activity pattern that was significantly related to microvascular health in children was the frequency of all bouts (short and long) of at least light intensity. In contrast, waist circumference and fitness were significantly associated with total activity and moderate and vigorous intensity activity, similar to previous research (Dencker and Andersen, 2008). The most important aspects of the activity pattern related to waist circumference and aerobic fitness were the frequency and duration of >MOD bouts and the intensity of all activity bouts (i.e. bouts >LIGHT). Relationships of microvascular function with physical activity were not reflected in the smooth muscle response. This supports the notion that changes in the endothelium and not the smooth muscle may govern the link between microvascular function and physical activity, as indicated by previous research in adults 漁 ADDIN EN.CITE 
(Andreassen et al., 1998; Green et al., 2004; Hambrecht et al., 2003; Middlebrooke et al., 2005)
. 

In the present study, the greatest changes in endothelial vasodilation from rest to post-exercise occurred in boys who accumulated more light intensity activity per day, spent less time sedentary and had a higher overall volume of activity. Accumulating a greater number of bouts of at least light intensity, through spontaneous and continuous-like activity, was particularly important for endothelial health. These results are not in accordance with Goto and colleagues (2003) who suggested that light intensity exercise training might not be enough to stimulate increases in NO availability and improvements in endothelial function 攁 ADDIN EN.CITE 
(Goto et al., 2003)
. For adults, increasing time spent in moderate intensity activity might be necessary for endothelial health, whereas for children, a reduction in the number of breaks between activity bouts (i.e., sedentary time) may be key. It is possible that these specific aspects of activity and of the activity pattern in children are most important for increasing nitric oxide production and availability in microvascular networks, and increasing glucose uptake into the skeletal muscle and improving insulin sensitivity. Highlighting these aspects for children’s physical activity participation might therefore lead to improvements in vascular structure and endothelial health.  

8.1.4.2 Conclusions and future research
Taking the results of the present study into consideration, it was concluded that the pattern of physical activity in children is particularly informative when examining relationships with body fatness, aerobic fitness and endothelial function. The fact that short activity bouts were correlated just as strongly with health outcomes as longer, continuous bouts of activity is particularly attractive, since children naturally engage in intermittent activity and therefore are more likely to participate if this type of activity is encouraged. Emphasizing the health benefits of sporadic activity in current physical activity guidelines for children and youth and including intermittent activity in intervention designs could be a useful way of improving enjoyment and sustainability of healthy physical activity levels in childhood. 

With the results of study four increasing attention and providing support towards the health benefits of sporadically-accumulated activity, it was questioned whether the nature in which children accumulate physical activity (i.e., sporadic versus continuous activity) could influence other measures of health, such as fasting and postprandial triglycerides. Likewise, the activity pattern could influence microvascular reactivity under fasting conditions and following meal consumption. Therefore, study five sought to test the effects of both an acute sporadic and continuous bout of activity on these health parameters in a group of 9 to 11 year old boys. 
8.1.5 Study Five 

8.1.5.1 Main findings

The purpose of study five was to examine the effects of both 60 minutes of continuously- and intermittently-accumulated ≥moderate intensity activity on postprandial lipaemia and microvascular function in 9 to 11 year old boys. It was hypothesized that 17-hours after engaging in either continuous or intermittent activity, concentrations of postprandial plasma triacylglycerol [TAG], and measures of microvascular function assessed pre- and 3 to 4 hours post-OFTT, would be improved relative to a rest day. In the present study, previous-day exercise did not reduce postprandial plasma [TAG] compared to a resting, control trial. Microvascular response in both the fasted and postprandial states also did not show any improvement following physical activity compared to a day of rest. Based on these findings, the study hypothesis was rejected. 
8.5.1.2 Conclusions and future research
In conclusion, the present study did not observe the expected beneficial effects of previous-day exercise on postprandial lipaemia and fasting and postprandial microvascular function. Healthy, active boys who found it difficult to rest when asked to were measured and consumed a meal which may not have provided enough of a fat load to elicit significant postprandial metabolic changes. The dose of exercise in this study might not have provided a strong enough stimulus for these healthy, active boys since the literature shows that acute exercise can improve postprandial lipaemia in young people. However, previous studies have included adolescents (Barrett et al., 2007; Tolfrey et al., 2008) and this is the first to examine the effects of an acute bout of exercise on postprandial lipaemia and microvascular function in children. Future research should investigate whether less active, less healthy children could improve postprandial lipaemia and microvascular health by meeting the current physical activity guidelines for health on the previous day.       
8.2 Limitations of accelerometry for measuring and describing children’s habitual physical activity in relation to health outcomes

Although accelerometers have become an important activity assessment tool, there are a few notable limitations that need to be considered when reviewing the results of studies included in this thesis. Some of these have already been discussed in this thesis. Other limitations are discussed here. It is also important to bear in mind that the measurement of physical activity, data extraction techniques, classification of activity intensity and reporting of physical activity data from accelerometers is inconsistent across studies and therefore choices made in the present research will affect reported results. 

8.2.1 Difficulties assessing certain types of movement
Accelerometers are unable to detect any additional energy cost of upper body movement (unless devices are placed on upper limbs), load carriage (static work) or movement on soft or graded surfaces 㠁 ADDIN EN.CITE 
(Bouten et al., 1994; Hendelman et al., 2000; Sherman et al., 1998)
. Since most lifestyle activities involve considerable upper body movement and many are non-ambulatory (i.e., cycling), which cannot be measured with an accelerometer that is worn on the hip (Freedson et al., 2005), a large portion of physical activity behaviour in boys in the present study may not have been captured. Although waist- or hip-mounted accelerometers cannot capture upper body movement, studies show that the explained variance in physical activity when using a wrist-mounted accelerometer in addition to a waist-mounted accelerometer is very low (Kumahara et al., 2004) and therefore not worth the additional participant burden of wearing multiple monitors. The use of multiple monitors to provide information across multiple body axes during movement might be helpful for emerging pattern recognition technology (Pober et al., 2006) which aims to identify the type of physical activity performed.  

8.2.2 Effect of leg length, stride length and stride frequency on accelerometer output

Individual differences in leg length, stride length and stride frequency between boys could contribute to variations in activity data output from accelerometers in the present research. For example, increases in estimation errors with increasing intensity/speed have been reported with the ActiGraph accelerometer 㰁 ADDIN EN.CITE 
(Brage et al., 2003b; Powell and Rowlands, 2004; Rowlands et al., 2007)
. At very fast treadmill running speeds (i.e., 20-26 km.h-1), ActiGraph counts actually start to decline and resemble those recorded during walking at 6 km.h-1 (Rowlands et al., 2007). Since children’s activity patterns involve rapid fluctuations in intensity, this “frequency-dependent filtering effect” (i.e., whereby ActiGraph signals at frequencies which are less than or greater than 0.75 Hz are subject to decreasing weighing (Tryon and Williams, 1996)) might have led to an underestimation of very intense bouts of physical activity in the present study. Although the use of a triaxial accelerometer might have been more appropriate (Rowlands et al., 2007), there is no consensus over whether they offer an advantage over uniaxial devices (Esliger and Tremblay, 2006).
8.2.3 Compliance
In studies 2, 3 and 4, boys were asked to wear an accelerometer for seven consecutive days. There is no guarantee that boys were consistent and accurate in re-attaching monitors when necessary or whether devices were periodically tampered with when worn, factors which can directly reduce the reliability and validity of accelerometer data collected (Welk, 2002). The novelty effect of motion sensors does appear to be quite short, with the literature showing very little evidence of reactive behaviour (Ozdoba et al., 2004; Rowe et al., 2004; Vincent and Pangrazi, 2002) and no significant differences in total activity between the first day of measurement and remaining days (Mattocks et al., 2008). By eliminating the first day of activity measurement from analyses, the present study attempted to control for the novelty aspect. Whether monitors were worn correctly is not known. Since ensuring that participants wear accelerometers consistently is critical to obtaining valid activity data (Ward et al., 2005), the present study employed as many strategies as possible. For example, all boys completed an activity monitoring log where they were asked to record any time that the monitor was removed, why it was removed and for what length of time (see Appendix C). Reminder calls were also made to parents to remind boys to wear the monitor and also to see whether they had any barriers to wearing the monitor during the week-long period. Boys were asked not to remove monitors when sleeping to reduce the chance that monitors would be forgotten and not worn for a period of time. To ensure that each child did not forget to wear their monitor before leaving for school in the morning, parents were provided with attention-grabbing flyers and reminder statements for them to place in their home in places where the child was likely to see them before heading out for the day (see Appendix C). Teachers and other educators were informed about accelerometer wearing protocols, clarifying that these devices were to be worn at all times and assuring them that it was not necessary for the boys to remove the devices for certain situations (i.e., sports), only when engaging in water-based activities. Before monitors were passed out, all boys were shown an example of an accelerometer output for a day. The objective of this exercise was to let the children know that it would be possible to tell whether or not they were wearing their devices at any time during the week-long monitoring period. This was done in the hope of promoting greater accountability among the boys to reduce the rejection of ActiGraph files with missing data (i.e., prolonged periods of “zero counts”). There was a lack of control over the compliance of participants to adhere to the guidelines for wearing activity monitors for the entire seven days. As a result, incomplete data sets were experienced periodically and could not be prevented.
8.2.4 Reliability of physical activity data collected in children

There is considerable intra- and inter-individual variability in physical activity behaviour. The number of days in which physical activity is measured can therefore affect the reliability of data collected. This has been referred to as “random error” and is the subject of many publications which debate the “ideal” number of days necessary to obtain a valid representation of a child’s free-living physical activity behaviour. Researchers must keep in mind that using accelerometers to provide an objective assessment of physical activity in children brings a certain participant burden. Achieving consensus on the minimum number of days required for acceptable reliability thus minimizes participant burden. For the present study, it was decided to use seven consecutive days of physical activity measurement. This decision was based on previous recommendations which suggest that a seven day protocol provides a reliable estimate of physical activity in children and youth (ICC >0.75) and permits the inclusion of five weekdays and two weekend days (Trost et al., 2005). This latter point is particularly important given that significant differences in weekday-weekend physical activity in children have been shown in previous studies   ADDIN EN.CITE 
(Metcalf et al., 2002b; Rowlands et al., 1999; Rowlands et al., 2008a; Trost et al., 2000)
 and were shown in the present thesis. 
It is important to note that the number of days necessary to achieve a reliable estimate of physical activity patterns in children ultimately depends upon the variability that exists within data (Baranowski et al., 2008). Physical activity data that is highly consistent from one day to the next within individuals, yet is highly variable between individuals, will require less monitoring days than physical activity data showing high intra-individual variability and low inter-individual variability. In the present study, those boys with at least 3 weekdays and 1 weekend day of activity data were included in analyses. 
8.2.5 Analysis of Accelerometer Data

Clear decisions regarding the way in which accelerometer data are analyzed are critical, especially when dealing with a large amount of data. To deal with accelerometer data in the present study, it was necessary to employ the following regulations. For example, it was important to determine what constituted a day. A visual inspection of each child’s accelerometer profile revealed that most activity was accumulated between the hours of 6:00 AM to 9:00 PM. Physical activity logs were used in combination with visual inspection of data to determine whether there were significant periods of non-wear time (i.e., data missing for a period of ≥1 hr in duration), and if so, this day was eliminated from analyses. Any days which included spurious data (i.e., accelerometer counts outside the range of biological plausibility) were not included in analyses. In the current study, an upper limit of 800 counts·2s-1 was used. This was based on initial calibration research with the ActiGraph GT1M in study one (i.e., maximum counts per 2 s generated during hard intensity on-the-spot timed jumping in children) as well as through visual inspection of children’s activity profiles.  

8.3 Conclusion
Novel investigations into the activity pattern of children uncovered aspects of the activity pattern that appear to be health protective. Aspects of the activity pattern were significantly related to waist circumference, aerobic fitness relative to body mass and change in endothelial function from rest to post-exercise. The most important characteristics of the activity pattern for waist circumference, and for aerobic fitness expressed relative to body mass, were the frequency and duration of activity bouts of ≥moderate intensity and the intensity of all activity bouts (i.e., ≥light intensity). The frequency of all bouts (short and long) of at least light intensity was most important for endothelial health. Importantly, these investigations showed, for the first time, that associations were just as strong for sporadically-accumulated activity (i.e., bouts of ≥4s) when compared to continuous activity (i.e., bouts of ≥5-min). The thesis extended this cross-sectional line of research to assess whether the effect of an acute bout of activity on children’s health differed according to the nature in which the activity was accumulated (i.e., intermittently versus continuously). Neither a single session (60 min) of continuously- or intermittently-accumulated physical activity of ≥moderate intensity significantly reduced postprandial plasma [TAG] or improved microvascular reactivity the following day in comparison to a day of rest, contradicting published findings demonstrating improvements in TAG clearance in adolescents 
 ADDIN EN.CITE 
(Barrett et al., 2007; Tolfrey et al., 2008)
 and microvascular reactivity in adults 攁

(Gill et al., 2004) ADDIN EN.CITE , following previous-day exercise. Since this was the first study to address this research question in children, further research is warranted.
The results of the present research have been used to create a guide of the most informative physical activity characteristics in relation to each specific health aspect measured, which is presented below.  
Table 8.1 Recommended physical activity for health benefits in boys aged 8 to 10 years*. 

	Health outcome
	Recommended physical activity for health benefit

	Waist circumference and aerobic fitness
	a) increase daily total physical activity and time in moderate, vigorous and hard intensity physical activity 

b) increase the frequency and duration of activity bouts of ≥moderate intensity per day

c) increase the intensity of all activity bouts (i.e., ≥light intensity) accumulated per day




	Endothelial function 
	a) increase total physical activity and time in light intensity activity
b) decrease time spent sedentary
c) increase the frequency of all bouts (short and long) of at least light intensity



*Note: Recommendations are based on cross-sectional research into physical activity- health relationships in boys (N=54).
Results from the present research lend support to examining the activity pattern in relation to health in children. In conclusion (and in line with recent evidence (McClain et al., 2008)), it is recommended that short accelerometer epochs (≤5 s) be used to improve the detection of intermittent activity. This recommendation is especially important for those activities which are more intense, as findings from the present research indicate that aspects of these are clearly related to certain health outcomes in children. However, the importance of accumulating more total activity and light intensity activity per day (and reducing time spent sedentary) for novel measures of health in boys (i.e., endothelial function) is also indicated from this cross-sectional research. Future examinations of the pattern of habitual activity in relation to health should include weekday and weekend physical activity data (since activity and aspects of the activity pattern clearly differ) and accelerometer-intensity thresholds corresponding to 4+ METs should be used when classifying ≥moderate intensity physical activity. Whether children with a clustering of risk factors for cardiovascular disease who meet the current physical activity guidelines (through intermittent- or continuous-like physical activity behaviour) see acute improvements in postprandial lipaemia and microvascular function the following day will help determine the suitability of these guidelines as they currently stand.
While the conclusions from the present thesis may help inform physical activity intervention research in children, they are limited by the cross-sectional nature of the research. Therefore, it is not possible to conclude whether changes in the physical activity pattern might lead to improvements in health outcomes for children, or, whether improvements in health outcomes would elicit changes in the activity pattern. Further research should focus on tracking the activity pattern of children through childhood and into adolescence to determine whether any changes in aspects of the activity pattern might alter these and other health outcomes (i.e., cardiovascular risk factors).
8.4 Directions for future research

The results of this thesis are limited to physical activity data collected on a relatively small sample of boys of similar age from a small geographical area in the South-West of England. Future research should focus on exploring aspects of the activity pattern in relation to these and alternative health outcomes in a much larger and more diverse sample of children and youth as aspects of the activity pattern differ between boys and girls (Rowlands et al., 2008a) and by age. It is possible that aspects of the activity pattern which relate to health also may differ between sexes. Since changes in physical activity occur as children age, it would be interesting to determine which aspects of activity are most important to health in older or younger populations of children. Also, the results are limited by the cross-sectional nature of the research. Therefore, there is a need to examine whether relationships between aspects of the activity pattern and health outcomes in children persist when measures are assessed repeatedly (i.e., in longitudinal or intervention research).  More work is also needed to examine the relationships of physical activity and the pattern of activity with vascular health alongside alternative risk factors for cardiovascular disease. Aspects of the pattern of activity could be important for mediating traditional cardiovascular risk factors in children. This is an exciting possibility given the importance of early intervention in cardiovascular risk prevention for future health. Since cross-sectional research 老 ADDIN EN.CITE 
(Freedman et al., 1999a)
 illustrates that more than 60% of overweight 5 to 10 year olds have more than one risk factor for cardiovascular disease (which is similar to other research (Chu et al., 1998)), investigations in samples of children defined as overweight or obese are encouraged. A number of markers of cardiovascular risk 攁 ADDIN EN.CITE 
(Berenson et al., 1993; Frerichs et al., 1978; Killeen et al., 1978; Laskarzewski et al., 1980; Raitakari et al., 1994; Williams et al., 1992)
 and measures of vascular dysfunction 爁 ADDIN EN.CITE 
(Berenson et al., 1998; Mahoney et al., 1996; McGill et al., 1995)
 have been identified in obese children, however those shown to be related to accelerometer-measured physical activity and physical fitness 戁 ADDIN EN.CITE 
(Andersen et al., 2006; Anderssen et al., 2007; Brage et al., 2004)
 are just as important. 

Using physical activity information for the prevention of adverse health consequences in children is important. However, its use in the management of chronic health conditions in children (such as paediatric obesity) is equally as important, particularly given the current climate. Recent recommendations regarding the management and prevention of obesity in children (Bar-Or, 2007) highlight the idea that activity prescribed to children should always be fun and recreational. Non-regimented lifestyle activities such as games should be emphasized, as these are more successful and encourage better adherence than strictly controlled aerobic activities. Physicians are also encouraged to prescribe a reduction in sedentary activities, as this is a key element in exercise prescription. These recommendations clearly illustrate the importance of spontaneously-accumulated activity for enjoyment and adherence in children. Changes to the activity pattern could help meet the proposed objectives. For example, encouraging children to partake in spontaneous activity throughout the day increases the frequency of activity bouts per day, decreasing the break time (i.e., time spent sedentary) between activity bouts.   
The authors go on to point out that children are more likely to increase activity levels if the activity prescribed suits their individual strengths (Bar-Or, 2007). For example, the obese child is at a disadvantage compared to normal weight children in activities such as jumping, sprinting and rope climbing (Bar-Or, 2007). However, obese children are tall, buoyant in the water and often strong (Bar-Or, 2007). The promotion of activities which play to the strengths of overweight and obese children (Bar-Or, 2007) and help shift their behavioural patterns to those more similar of their normal weight peers may be beneficial (see Table 8.1). Based on the results of the present research, it is recommended that activities encourage overweight and obese children to perform longer and more intense bouts of activity and longer, more frequent bouts of activity which are ≥moderate intensity. It might be more appropriate to initially encourage overweight and obese children to increase the frequency of moderate to vigorous intensity bouts, since they may find this an easier, more realistic goal than increasing the duration and intensity of activity bouts. If they begin to engage in more frequent bouts of ≥moderate intensity on a daily basis, it would likely become easier to increase the duration and intensity of these bouts throughout the day. In general, overweight and obese children should be encouraged to partake in these activities during “inactivity-prone” times (i.e., after school on weekdays and on weekends).  

As well as activity levels being lower in overweight children relative to normal weight children, the level of physical activity declines dramatically as children transition into adolescence, regardless of weight status. Data from cross-sectional and prospective studies suggest that this decline in physical activity is steepest from the age of 13 to 18 (Sallis et al., 2000). Recent research which involved a nationally-representative sample of US children and youth found that children aged 5 to 15 years accumulated twice as much moderate intensity activity as adolescents aged 16 to 19 years (Troiano et al., 2008). A decline in physical activity with age is natural (Sallis, 2000); this decline has been observed across a wide range of non-human species (Ingram, 2000) and likely has a strong biological basis. However, in reviewing the literature Ingram (2000) presented strong evidence that physical activity extends longevity in animals, therefore maintaining regular physical activity through childhood and into adulthood is clearly important for optimizing health status.  

Non-organized sport appears to be the primary component of physical activity that declines with age (Van Mechelen et al., 2000). Non-organized sport or play-like activity is at the heart of spontaneous physical activity, which this thesis has demonstrated is typical of children and significantly related to health outcomes in childhood (i.e., central fatness, aerobic fitness and endothelial health). However, children are currently living in an environment which makes it difficult to engage in free play. For example, increased time away from home (e.g. school, day care, after-school programs and organized sport), limited access to natural environments and concerns with safety have all taken time away from active play. Based on the evidence, the National Institute for Health and Clinical Excellence (NICE) 2007 report strongly suggested that play is a mode of physical activity that should be prioritized in children and youth. 

It is therefore recommended that the current physical activity guidelines for children and youth are altered to, a) outline the health-benefits of short bursts of physical activity as illustrated in Table 8.1 and, b) support the accumulation of short bursts of physical activity as a means of attaining and maintaining physical activity recommendations for health. Sporadically-accumulated physical activity should be encouraged in physical activity interventions for children and youth as a means of improving health outcomes such as reduced body fatness and cardiovascular risk and improved aerobic fitness. Encouraging, supporting and facilitating regular bursts of physical activity throughout each day increases the frequency of physical activity per day which the present thesis shows is the most important aspect of the activity pattern for optimizing health in childhood. Time spent in vigorous intensity activity declines to a greater extent with age (Van Mechelen et al., 2000) which is important to consider given the relationship of higher intensity activity with measures of body fatness and aerobic fitness in young boys. It is possible that as children are encouraged to spend less time sitting and more time moving around each day, they will encounter physiological improvements (i.e., reduced fatness, improved fitness and improved cardiovascular health) that make it easier to engage in activity which is more intense in nature. 

It is recommended that spontaneous and play-like physical activity be advocated as a “social norm” and a critical component for a child’s healthy future. The message needs to be that spontaneous and play-like physical activity has a key role not only in preventing and managing disease outcomes like obesity and cardiovascular illness, but in living healthily and avoiding other chronic diseases in childhood and into adulthood. The ultimate goal should be to create an understanding that attaining regular bouts of physical activity throughout the day (whether these are short, sporadic bouts or longer, continuous bouts) is imperative to a healthy life that is free of chronic illness and disease. 

If the decline in habitual physical activity from childhood into adolescence is to be slowed, it is necessary to find ways to engage children and youth in physical activity in a way that they find motivating, socially stimulating and enjoyable. Currently, accelerometers are limited by their inability to provide information of the type of activity being performed. Knowing that a particular characteristic of activity (i.e., volume, intensity, aspect of the activity pattern) is important to health is useful for physical activity promotion initiatives only when there is information on the specific types of activity that children typically perform and therefore are likely to continue performing. It would be interesting therefore to combine high-frequency accelerometry with activity patterning/recognition software to obtain quantitative and qualitative information that matches the activity pattern to the type of activity being performed. 

Physical activity experiences which are enjoyable and are initiated early on in a child’s life are more likely to foster positive attitudes towards physical activity, and can only help in maintaining healthy physical activity levels into adolescence and into the adult years. Efforts need to be placed on making the environment safe for children to play freely to encourage these early positive physical activity experiences. Transforming the weekends from sitting time to active time should be a high priority for physical activity intervention research in children. Families have an important role to play in modelling healthy behaviour, and engaging in play-like activities as a family unit might help a child maintain an inherent love of being physically active. Parents should be encouraged to plan family time as active time and strive to create as many opportunities for free play and outdoor play as possible. Interventions aimed at increasing play-like activity and overall levels of activity in children might be more effective if they engaged the whole family unit. 

The question of how much physical activity children need to prevent the development of lifelong pathological processes like obesity and cardiovascular disease is an ongoing one. Although current physical activity guidelines recommend children attain 60 minutes of moderate or greater intensity activity per day for health benefits, there are virtually no research data available by which an accurate, necessary “dose” of physical activity for children and youth might be established (Rowland, 2007). Rowland (2007) goes on to suggest that the appropriate dose likely differs across disease outcomes and may need to be altered with age, given the natural decline in physical activity with age. Despite these challenges, taking the best available data and incorporating these data into physical activity guidelines provides a quantifiable amount of physical activity (a standard) for public health promotion initiatives to communicate, and children and youth to strive towards. Perhaps the message “every bit of physical activity accumulated counts for health” is a more realistic message for children that will help foster active lifestyles early in life to prepare a child for a lifetime of physical activity. 
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September 11" 2006

Dear Ann and Andy

RE: Requested amendments to 02/05/06 #2 The Influence of Habitual Physical Activity
Patterns, Sedentary Behaviour and Body Fatness on Insulin Resistance and Microvascular
Function in Children

(Applicants: Dr. Ann Rowlands (Research Fellow), Dr. Andrew Middlebrooke (Lecturer) with
Professor Roger Eston (HoS) and Ms. Michelle Stone (Research Student))

I confirm that the suggested amendments to the above study are approved. Please
ensure revised copies of the letters, consent forms and information sheets are
lodged with Elaine Davies.

Please could I remind you of the conditions of the ethical approval stated in the
original certificate of approval remain outstanding. I look forward to hearing from

you soon.

Best wishes,

dﬂu/m«% £ We LJ o

Joanne R Welshan
Chair SSHS Ethics Committee
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i) Confirmation to the ethics committee that appropriate funding has been
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Your attention is drawn to the attached paper which reminds the researcher of
information that needs to be observed when Ethics Committee approval is given.
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12 July 2006

Guidance for Researchers when Ethics Committee Approval is Given

1. Researchers are reminded that the research project has been given approval only in
relation to its acceptability from an ethical point of view. It is not the role or responsibility
of research ethics committees to give legal advice, nor are they liable for any of their
decisions in this respect. Irrespective of the decision of a research ethics committee ona
particular application, it is the researcher and/or sponsor who has the responsibility not to

break the law.

2. Any proposed changes or departure from the methodology and protocols outlined in the
submission must be advised in order that approval can be reconsidered in the light of
the proposed changes. The principal investigator and his or her research sponsor, and not
the School Ethics Committee, are responsible for ensuring that a study follows the agreed

protocol and for monitoring its progress.

3. A report should be made to the School Ethics Committee if any serious and unexpected

adverse reactions are noted during the course of the study.

4. If a study is terminated or suspended the researcher must provide the School Ethics

Committee with a detailed written explanation of the termination or suspension.

5. Researchers are reminded that ethical issues are given added salience where teaching and
research involves children. The University of Exeter has published guidelines for staff
working with children. These may be found at the following website:

hitp://www ex.ac.uk/saf ety/docs/otherpolcp/ChildrenOnCampusPolCopGnsV1finalll pdf

Guidelines for the appropriate conduct of research studies involving children and exercise are
available in the Children's Health and Exercise Research Centre laboratory manual.






September 2006

Dear Parent/Guardian,

The Children’s Health and Exercise Research Centre is the only major Centre in the UK that focuses exclusively on the exercising child and adolescent.  Over the past 10 years they have established an excellent working relationship with Devon schools.  We are currently involved in an exciting project run by Dr. Ann Rowlands and Dr. Andrew Middlebrooke to investigate the relationship between physical activity, microvascular function and insulin resistance in children.  This may help to identify individuals who are more at risk of developing cardiovascular diseases and type 2 diabetes.

We are inviting 70 boys aged between 8 and 10 years to participate in this study.  Should your child agree to take part, the project will be explained to you and your child by the primary researchers responsible.  The study will involve our research team visiting your child at school on one occasion, and your child visiting the University of Exeter on another occasion.  On the first visit, to assess how physically active your child is, we will use a small monitor, about the size of a matchbox, which will be attached to a belt worn around the waist.  We will ask your child to wear this device on the belt provided around their waist for seven days and nights, apart from when swimming, showering or bathing. We will also ask you and your child to fill in a log sheet, which describes any time the belt was removed and for what purpose. We are also interested in knowing more about your child’s sedentary behaviour. In particular, we would like to know how much television/videos he watches.  We will therefore ask both you and your child to fill in a short questionnaire with this information. Our research team is also interested in knowing more about the typical dietary patterns of your child.  In order to obtain this information, we will ask your child to fill in two questionnaires.  One will be a 24-hour food recall.  Your child will be asked to record all foods that they consume the previous day.  They will be asked to complete this 24-hour food recall on three different occasions throughout the study. Your child will be trained by our research team prior to completing this recall.  Any questions that they have at that time will be answered.  The other questionnaire contains 2 questions, which ask your child how many fruit and vegetable servings that they typically consume in a day.  Your child will receive the physical activity questionnaire, TV viewing habits questionnaire, and fruit and vegetables screening tool at school on visit 1 from our research team and hand back completed questionnaires immediately to our research team.  

On the second visit, your child will visit the University of Exeter.  During this visit, your child will have their height, weight, and body fat measured, and will be asked to complete an exercise test, following which they will have their blood pressure taken. A non-invasive technique designed to assess vascular function will be performed before and immediately after the exercise test.  These measurements are explained in more detail in your child’s information letter.  

All information obtained will be stored on computer in coded form and individual results will be confidential to the Children’s Health and Exercise Research team.  Results of this project may be published but any data included will in no way be linked to any specific participant. You are most welcome to request a copy of the results of the project should you wish. It is important to note that you or your child may withdraw from participation in the project at any time and without any disadvantage to yourself of any kind.

To enable your child to participate in the study, written consent (attached) must be provided by both yourself and your child.  If you have any further queries regarding the above study or are interested in participating, please do not hesitate to contact us.

Yours Sincerely,

Michelle Stone







PhD Student







Children’s Health and Exercise Research Centre


University of Exeter







Exeter, UK  








EX1 2LU 








Tel: 01392 264889







Email: mrs208@exeter.ac.uk






Nidzam Jawis

PhD Student 

Children’s Health and Exercise Research Centre

University of Exeter 

Exeter, UK

EX1 2LU

Tel: 01392 264721

Email: M.N.Jawis@exeter.ac.uk
Additional contacts:

Dr. Ann Rowlands

Tel: 01392 262878

Email: A.V.Rowlands@exeter.ac.uk
Dr. Andrew Middlebrooke

Tel: 01392 262893
Email: A.R.Middlebrooke@exeter.ac.uk

The influence of habitual physical activity patterns, sedentary behaviour

and body fatness on insulin resistance and microvascular function in children

Consent Form for Parents/Guardians

I have read the information sheet concerning this project and understand what it is about.  All my questions have been answered to my satisfaction.  I understand that my child will have their physical activity monitored over a week period, and be expected to wear the monitoring device and fill in the log sheet as previously described.  I also understand that my child will be asked to complete three different questionnaires regarding their typical activity, inactivity and dietary patterns, as well as a 24-hour food recall.  I also understand that my child will have his/her height, weight and body fat measured, and will be asked to complete an exercise test, following which they will have their blood pressure taken.  I understand that an assessment of blood vessel function will be performed and that a blood sample will be taken. I understand that I am free to request further information at any stage.  

I know that: -

1. My child’s participation in the project is entirely voluntary.

2. My child is free to withdraw from the project at any time without giving reason or affecting his/her relationship with either the research team or the school.

3. The results will be stored on computer in coded form and individual results will be confidential to the Children’s Health and Exercise Research team.

4. The results of the project may be published but my child’s anonymity will be preserved.

Signed…………………………………………………………….(Parent/Guardian)  

Date……………………………

On behalf of my child…………………………………………………………………

Contact Telephone Number:……………………………………………………………….

This project has been reviewed and approved by the Ethics Committee of the School of Sport and Health Sciences.

The influence of habitual physical activity patterns, sedentary behaviour

and body fatness on insulin resistance and microvascular function in children

Information Sheet (Sept 2006)

Dear Volunteer,

Thank you for showing an interest in taking part in this study.  This sheet will tell you a bit more about the study and what we would like you to do.  Please read this carefully.  If you decide not to take part it will not change your relationship with the research team or your school.

What is the project about?

As you may already know, the Children’s Health and Exercise Research team have been studying young people’s health and fitness for a long time.  For this study we are interested in looking at how the time you spend being physically active, the time you spend being inactive, and the types of food that you typically eat mean to your health and how this affects your body fatness and how well your blood vessels work.

Who is taking part in the study?

We need 70 children (boys only) between the ages of 8-10 to take part in the project.

What will I be asked to do?

If you volunteer for this study we will visit you at your school on two occasions.  The first visit, which will be at your school, will last for about 3 hours.  The second visit, which will be at the University, will last for the entire school day (8:30 AM – 3:30 PM).

Visit 1

During this visit, we will visit you at your school. We will ask you to wear a small monitor that measures physical activity.  This monitor is about the size of a matchbox and does not weigh very much at all.  The monitor will be attached to a belt that is worn around your waist, so it will not interfere with your normal daily activities.  We will ask you to wear this monitor on the belt given to you around your waist for seven days and nights, except for when you are swimming, showering or bathing. It is very important that you wear this monitor at all times, except for those activities that were just listed.  We will ask you to fill in a log sheet for each day you are wearing the belt, which describes the time that you get up and go to bed, as well as any time when it was removed and for what purpose. We would also like to know more about the time that you are not active in a normal day.  In particular, we would like to know how much time you spend watching TV/videos.  We will ask you to answer some questions about this that will be listed in a form that we will give to you.  Finally, we would like to know about the types of food that you normally eat, so we will give you two more forms that ask you to record this information.  In total, we will ask you to complete 3 questionnaires, which will be presented to you at school by our research team.  If you have any questions about anything on these questionnaires, you can ask our research team at any time.  

Visit 2

During this visit, we will pick you up from your school and take you to the University for the day.   In the morning, we will measure your height and weight and how well your blood vessels work before and after completing an exercise test. For this visit we will ask you NOT to eat or drink from 10pm the night before and not to take any medicines.  We will provide you with some food to have for your breakfast on the day of the visit.  To measure how well your blood vessels work you will be asked to lie down on a bed. We will then gently clean your forearm and attach a small plastic ring to the surface of the right forearm and fill it with a special fluid. We will also attach a small pad to your wrist.  These are attached to a battery (like the batteries you use in a torch) so that it creates an electrical circuit.  You may feel a slight tingle in your wrist when we attach the battery to you .  We will then measure how well your blood vessels work by shining a special red light onto your skin.  You will not feel this and it does not do you any harm.  This will take about 1 hour.

After this, you will be asked to run on a treadmill. This will seem easy at the start, however will gradually get harder and harder. It is very important for you to run for as long as you can until you cannot keep going. During this test, we will measure all the air you breathe in and out through a mouthpiece. We will also measure your heart rate and your blood pressure before and after this exercise test.  To measure heart rate, we will ask you to wear a strap that is placed around your chest, which will record how fast your heart is beating. To measure blood pressure, we will place a special cuff around your arm and pump it up.  The cuff will go up tight for two minutes, and will then be released, so we can measure how fast your blood is flowing.  We will listen to the blood flow using a special listening tool (stethoscope) as we let the cuff down.  This will only take a few minutes and is very simple to do.  Immediately after finishing the exercise test, we will measure how well your blood vessels work again, in just the same way as we did before the exercise.  This will take about 1½ hours.

You will then be able to have your lunch (please bring a packed lunch with you).  After lunch, we will measure how much fat you have around your body.  This will involve a few different measurements. Firstly, we will measure the amount of fat you have underneath your skin using a special measuring machine, which only takes a few minutes.  Secondly, you will be asked to sit in a small capsule known as a Bod-Pod that will measure the amount of fat you have around your body.  This will take about 15 minutes. 

When will I do it?

You will be able to do this in school time with at least one other child.  There will be someone there to answer any questions you may have.  You will receive the activity monitor at school, at which time you will complete the activity and diet forms. The other tests will take place at the Children’s Health & Exercise Research Centre at the University of Exeter.  You will be picked up at school by the research team and afterwards you will be taken back to school by the end of the school day.

Can I change my mind?

You can stop being in the study at any time.  This will not affect your relationship with the research team or your school.

What will you do with the information?

All the information collected will be stored on a computer and the results will be confidential to the Children’s Health & Exercise Research team.

What if I have any questions?

If you have any questions then please feel free to ask any of the researchers listed below at any time.

What do I do next?

If you have read and understood everything that we want you to do and are happy to take part please sign the consent form, which is attached to this sheet.  Your parent/guardian must also sign this form.

Thank you, 

Michelle Stone    Nidzam Jawis    Dr. Ann Rowlands    Dr. Andrew Middlebrooke

This project has been reviewed and approved by the Ethics Committee of the School of Sport and Health Sciences.

The influence of habitual physical activity patterns, sedentary behaviour

and body fatness on insulin resistance and microvascular function in children

Consent form for Child Participant

Name…………………………………………………………………

I agree to take part in the study as described in the enclosed information sheet.  The study has been clearly explained to me.  I understand that I will have my physical activity monitored over a week period, and be expected to wear the monitoring device and fill in the log sheet as previously described.  I also understand that I will be asked to complete three different questionnaires regarding my typical activity, inactivity and dietary patterns, as well as a 24-hour food recall. I understand that I will have my height, weight and body fat measured, and will be asked to complete an exercise test, following which I will have my blood pressure taken.  I understand that an assessment of my blood vessel function will be performed and that a blood sample will be taken from my arm.  All blood samples will be taken by a nurse or trained individual with experience of working with children.  I understand that I am free to request further information at any stage.  

I know that:

· I can withdraw from the study at any time without giving a reason or affecting my relationship with either the research team or the school.

Signed……………………………………………………………………….  Date………………………………….

Please return this form to your teacher as soon as possible – Thank you.

This project has been reviewed and approved by the Ethics Committee of the School of Sport and Health Sciences.
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Certificate of Ethical Approval

Proposal 2 (10/07/07 minutes)

Title: The Effect of Intermittent and Continuous Exercise on Postprandial Lipaemia and
Microvascular Function in 8-10 Year Old Boys

Applicants: Dr. Ann Rowlands (Research Fellow), Dr. Andrew Middlebrooke ( Lecturer)
with Professor Roger Eston, Ms. Michelle Stone (Research Student) and Ms. Beth

Walters (BSc Student)

The proposal {circulated previously) was discussed by the Committee. The Committee
advised that the application should be amended as follows.

i) Include consent forms with application — use School headed paper.

ii) Include on information sheet approximate times when meals will be
received.

iii) Clarify how 300 kcal of energy expenditure will be known during exercise.

iv) Ensure consistency of names of research personnel on all
documentation.

v) Revise minor typographical errors as identified by the Committee e.g. visit
2 information.

vi) Include information sheet for parents/guardians — use School headed
paper.

Decision: the Committee AGREED to provisionally approve the proposal, but required
the amendments outlined above (i-vi). The amendments needed to be returned for
approval by AJ prior to the commencement of the study.

Decision: The amendments (as outlined above)} were received by AJ and were
deemed satisfactory and the proposal was APPROVED.

From: September 2007
To: Qctober 2008

School Ethics Committee Reference Number: 10/07/07 #2

—

Name/Title of Acting Chair: P#6fessor Andrew Jones

Date: 03/09/07

Your attention is drawn to the attached paper which reminds the researcher of
information that needs to be observed when Ethics Committee approval is given.

—_-4
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Guidance for Researchers when Ethics Committee Approval is Given

{. Researchers are reminded that the research project has been given approval only in
relation to its acceptability from an ethical point of view. It is not the role or responsibility
of research ethics committees to give legal advice, nor are they liable for any of their
decisions in this respect. Irrespective of the decision of a research ethics committee on a
particular application, it is the researcher and/or sponsor who has the responsibility not to

break the law.

2. Any proposed changes ‘or departure from the methodology and protocols outlined in the
submission must be advised in order that approval can be reconsidered in the light of
the proposed changes. The principal investigator and his or her research sponsor, and not
the School Ethics Committee, are responsible for ensuring that a study follows the agreed

protocol and for monitoring its progress.

3. A report should be made to the School Ethics Committee if any serious and unexpected

adverse reactions are noted during the course of the study.

4. If a study is terminated or suspended the researcher must provide the School Ethics

Committee with a detailed written explanation of the termination or suspension.

5. Researchers are reminded that ethical issues are given added salience where teaching and
research involves children. The University of Exeter has published guidelines for staff
working with children. These may be found at the following website:

http://www.ex.ac.uk/safety/docs/otherpolcp/ChildrenOnCampusPolCopbnsVifinalll pdf

Guidelines for the appropriate conduct of research studies involving children and exercise are
available in the Children’s Health and Exercise Research Centre laboratory manual.






September 2007

Dear Parent/Guardian,

The Children’s Health and Exercise Research Centre is the only major Centre in the UK that focuses exclusively on the exercising child and adolescent.  Over the past 10 years they have established an excellent working relationship with Devon schools.  We are starting a new and exciting study to investigate the effect of different types of physical activity on the clearance of fats from the bloodstream (postprandial lipaemia) and blood vessel function.
We are inviting 10 boys aged between 8 and 10 years to participate in this study. The study will involve your child visiting the University of Exeter on seven separate occasions.  On the first visit, your child will visit our laboratory and each aspect of the study will be explained to them.  We will ask your child to perform an exercise test on the treadmill to determine their fitness level.  Your child will have had experience with treadmill exercise as a participant in our previous study.  Your child will be familiarized with both a continuous and intermittent exercise test in this study.  Any questions or concerns that they might have regarding the research protocol will be addressed and answered at that time.  If they are happy to participate in the study, a time will be booked for them to attend the first session of the study.

There are three main trials in this study: a rest/control trial (1 visit), a continuous exercise trial (2 visits) and an intermittent exercise trial (2 visits). Trials will be a minimum of 7 days apart.  Trials will also occur in a random order. For example, the rest trial may be the first, second, or third trial of the study.  To make things clearer for you and your child, we will provide your child with a checklist that reminds them what they need to do before each visit and also lists the tests that will occur during that visit.

All children will participate in a familiarization session before the trials are started to become familiar with the study (i.e., all measures and both exercise tests).  This familiarization session will be conducted during after-school hours.  For three out of the five visits, each child will need to be at our laboratory for the entire day (8:00 AM to 4:00 PM), however children will be able to bring schoolwork to complete during breaks from testing, which will occur throughout the day.  The other two visits (exercise session days) will be conducted during after-school hours (3:30 – 6:00 PM). Each child will always be tested with another child, to make the experience more comfortable and enjoyable for them.  

For the rest trial, your child will be brought to the lab in the morning (8:00 AM), at which time we will assess resting heart rate and blood pressure and take a resting fingertip blood sample. These measurements are explained in more detail in your child’s information letter.  Following these measures, your child will be asked to eat two specially prepared meals (one in the morning at approximately 9:00 AM and one in the afternoon at approximately 12:00 PM) in order to measure fat clearance from the blood.  This test is called an Oral Fat Tolerance Test (OFTT).  The meal will consist of white bread, cheddar cheese, butter, mayonnaise, potato crisps, whole milk and milkshake powder.  It is a standardized meal that has been used in previous studies in this area of research.  Additional fingertip blood samples will be taken over the remainder of the day (6 in total) to determine how efficiently fat is cleared from the bloodstream.  Blood pressure will also be monitored regularly throughout the day. We will also measure your child’s blood vessel function. During the rest trial, your child will also have their height, weight, and body fat measured.  For times when your child is not participating in any tests, they will be able to complete any schoolwork that they will have brought to the lab.

For the continuous exercise trial, your child will be asked to perform an exercise test consisting of uphill treadmill walking.  The intermittent exercise test will consist of an activity session consisting of walking and running, interspersed with sprinting and jumping exercises (and various rest periods), in the school sports hall (University of Exeter, Streatham Campus). Day 2 of both exercise trials will be identical to day 2 of the rest trial (exception: no additional height, weight, or body fat measures will be taken).

Your child will be asked to refrain from exercise for 2 days before the start of each trial.  To monitor this, your child will be asked to wear a small physical activity monitor attached to a belt around their waist for those 2 days.  Your child will have worn this device as a participant in the first study and therefore will be familiar with it. Your child will also be asked to record all the food they eat the day before day 1 of the first main trial and on day 1 of the first main trial.  They will be asked to try to eat the same foods during those days in the following trials.  Your child will be assisted by our research team to write down all foods eaten.

All information obtained will be stored on computer in coded form and individual results will be confidential to the Children’s Health and Exercise Research team.  Results of this project may be published but any data included will in no way be linked to any specific participant. You are most welcome to request a copy of the results of the project should you wish. It is important to note that you or your child may withdraw from participation in the project at any time and without any disadvantage to yourself of any kind.

To enable your child to participate in the study, written consent (attached) must be provided by both yourself and your child.  If you have any further queries regarding the above study or are interested in participating, please do not hesitate to contact us.

Yours Sincerely,



           Additional contacts:


Michelle Stone, PhD Student

           Dr. Ann Rowlands          Dr. Andy Middlebrooke
Children’s Health and Exercise Research Centre,  Tel: 01392 262878       Tel: 01392 262893

University of Exeter, Exeter, UK  EX1 2LU           Email: 

        Email:

Tel: 01392 264889


           A.V.Rowlands@ex.ac.uk A.R.Middlebrooke@ex.ac.uk
Email: mrs208@exeter.ac.uk

The influence of continuous and intermittent exercise on postprandial lipaemia and microvascular resistance in 8-10 year old boys

Consent Form For Parents/Guardians

I have read the information sheet concerning this project and understand what it is about.  All my questions have been answered to my satisfaction.  
I understand that:

· My child will participate in 3 different trials: a rest trial (1 visit), a continuous exercise trial (2 visits), and an intermittent exercise trial (2 visits) at the Children’s Health and Exercise Research Centre. The intermittent exercise test will take place at the University of Exeter (Streatham Campus) sports hall. 

· My child will be asked how he felt during the exercise tests.

· My child will have his height, weight and body fat measured.  

· An assessment of heart rate, blood pressure and blood vessel function will be performed and fingertip blood samples taken.  

· My child will have to consume 2 specially prepared meals on day 2 of all trials, and following this, fingertip blood samples will be taken. 

· My child will be asked to record dietary information and wear a physical activity monitor. 

· I am free to request further information at any stage.  

I know that: 

· My child’s participation in the project is entirely voluntary.

· My child is free to withdraw from the project at any time without giving reason or affecting his relationship with either the research team or the school.

· The results will be stored on computer in coded form and individual results will be confidential to the Children’s Health and Exercise Research team.

· The results of the project may be published but my child’s anonymity will be preserved.

Signed…………………………………………………………….(Parent/Guardian)  

Date……………………………

On behalf of my child…………………………………………………………………

Please provide your address and telephone number(s) (i.e., home, mobile) for correspondence.
This project has been reviewed and approved by the Ethics Committee of the School of Sport and Health Sciences.

The influence of continuous and intermittent exercise on postprandial lipaemia and microvascular resistance in 8-10 year old boys

Information Sheet (Sept 2007)

Dear Volunteer,

Thank you for showing an interest in taking part in this study.  This sheet will tell you a bit more about the study and what we would like you to do.  Please read this carefully.  If you decide not to take part it will not change your relationship with the research team or your school.

What is the project about?

As you may already know, the Children’s Health and Exercise Research team have been studying young people’s health and fitness for a long time.  For this study we are interested in looking at how exercising in different ways may affect your health.  For example, how can different exercise tests affect how your blood vessels work and/or your ability to clear fat from your blood. 

Who is taking part in the study?

We need 10 children (boys only) between the ages of 8-10 to take part in the project.

What will I be asked to do?

If you volunteer for this study, you will be asked to first visit the University to go over all of the tests and measures that will be done throughout the study.  If you are happy with these tests, and believe that you can do them, then we will ask you to come back to the University on 5 different occasions.  Three of these visits will last for the entire school day (8:00 AM – 4:00 PM), and two visits will occur during after-school hours (3:30 – 6:00 PM).  For each visit, we will pick you up from school and transport you to the University and back.  

Visit 1

During this visit, we will pick you up from your school and take you to the University.   We will ask you to walk on the treadmill at different speeds. This will seem easy at the start, however will gradually get harder and harder. It is very important for you to walk for as long as you can until you cannot keep going. During this test, we will measure all the air you breathe out through a mouthpiece.  You will have done a similar treadmill test as a participant in our first study.  After this test, we will talk to you about the 2 exercise tests that we plan to do for the study.  You will have an opportunity to try out part of the treadmill walking test, and also part of the activity test in the sports hall, to make sure that you are able to perform these tasks and are willing to do so during the real tests.   We will also talk to you about other measures that we will do as part of this study.  For example, as part of the study, we will need to take some blood samples from you.  This will be done as a very quick prick of your finger, and only a small amount of blood will be taken.  We will also ask you to eat 2 special meals at the University, one in the morning at approximately 9:00 AM and one in the afternoon at approximately 12:00 PM, on 3 different days.  This meal will contain white bread, cheddar cheese, butter, mayonnaise, potato crisps, whole milk and milkshake powder. We will also need to ask you some questions about the types of food you eat and will record this information.

We will also need to measure your physical activity on certain days throughout the study.  You will need to wear a physical activity monitor attached to a belt on your hip for 2 days prior to the start of each trial (6 days in total).  We will ask you to wear this monitor on the belt given to you around your waist for seven days and nights, except for when you are swimming, showering or bathing. It is very important that you wear this monitor at all times, except for those activities that were just listed.  We will ask you to fill in a log sheet for each day you are wearing the belt, which describes the time that you get up and go to bed, as well as any time when it was removed and why. You will have worn this monitor as a participant in our first study.  

If you are happy with all of these measures, then we will arrange for a time for you to come back to the University to start your first trial.

Main Trials

Rest Trial

Day 1:

For this visit we will ask you NOT to eat or drink from 10pm the night before and not to take any medicines.  We will provide you with some food to have for your breakfast on the day of the visit. To measure blood pressure, we will place a special cuff around your arm and pump it up.  The cuff will go up tight for two minutes, and will then be released, so we can measure how fast your blood is flowing.  We will listen to the blood flow using a special listening tool (stethoscope) as we let the cuff down.  This will only take a few minutes and is very simple to do. After this, we will take a small sample of your blood by quickly pricking the top of your finger.  When these tests are done, we will ask you to eat the first special meal.  We will then take 3 more fingertip blood samples throughout the morning. To measure how well your blood vessels work you will be asked to lie down on a bed. We will then gently clean your forearm and attach a small plastic ring to the surface of the right forearm and fill it with a special fluid. We will also attach a small pad to your wrist.  These are attached to a battery (like the batteries you use in a torch) so that it creates an electrical circuit.  You may feel a slight tingle in your wrist when we attach the battery to you .  We will then measure how well your blood vessels work by shining a special red light onto your skin.  You will not feel this and it does not do you any harm.  This will take about 1 hour.  In the afternoon, you will eat the 2nd special meal, which is identical to the first. We will then take 3 more fingertip blood samples throughout the rest of the day. During the day, we will monitor how your blood pressure changes throughout the day and also measure your height, weight and body fatness. For the rest of the time, you will be able to rest in our lab.

Continuous Exercise Trial

Day 1:

For this visit, you will be asked to perform an exercise test on the treadmill.  You will be walking uphill on the treadmill for approximately 1 hour in total.   A computer will be set up in front of you so that you can watch a DVD while you are exercising, to make the test more enjoyable for you.  Every 15 minutes, you will be able to take a short break.  Just before this break, we will measure all the air you breathe out through a mouthpiece.  Your heart rate will be measured during the entire test. To measure heart rate, we will ask you to wear a strap that is placed around your chest, which will record how fast your heart is beating.  After the whole test is done, we will measure your heart rate and blood pressure, in the same way as we did before. 

Day 2:

This visit will be exactly the same as Day 2 of the rest trial (except we won’t measure your height, weight and body fatness again).  

Intermittent Exercise Trial

Day 1:

For this visit, you will be asked to perform an exercise test involving walking, running, sprinting and jumping exercises with lots of rests between exercises.  This will take approximately 2 hours to complete.

Day 2:

This visit will be exactly the same as Day 2 of the rest trial (except we won’t measure your height, weight and body fatness again).  

When will I do it?

You will be able to do some of the tests in school time and some of the tests outside of school time with at least one other child. There will be someone there to answer any questions you may have.  You will receive the activity monitor at school, and will wear it for the 2 days before you are meant to come to the University.  All of the tests will take place at the Children’s Health & Exercise Research Centre and the school sports hall at the University of Exeter.  You will be picked up at school by the research team and afterwards you will be taken back by the end of the day.   You will be having your lunch at the University, so please bring a packed lunch with you.  

Can I change my mind?

You can stop being in the study at any time.  This will not affect your relationship with the research team or your school.

What will you do with the information?

All the information collected will be stored on a computer and the results will be confidential to the Children’s Health & Exercise Research team.

What if I have any questions?

If you have any questions then please feel free to ask any of the researchers listed below at any time.

What do I do next?

If you have read and understood everything that we want you to do and are happy to take part please sign the consent form, which is attached to this sheet.  Your parent/guardian must also sign this form.

Thank you, 

Michelle Stone


Dr. Ann Rowlands
      Dr. Andrew Middlebrooke

This project has been reviewed and approved by the Ethics Committee of the School of Sport and Health Sciences.

The influence of continuous and intermittent exercise on postprandial lipaemia and microvascular resistance in 8-10 year old boys

Consent form for Child Participant

Name…………………………………………………………………

I agree to take part in the study as described in the enclosed information sheet.  The study has been clearly explained to me.  

I understand that:

· I will participate in 3 different trials: a rest trial (1 visit), a continuous exercise trial (2 visits), and an intermittent exercise trial (2 visits) at the Children’s Health and Exercise Research Centre.  The intermittent exercise test will take place at the University of Exeter (Streatham Campus) sports hall. 

· I will be asked how I felt during the exercise tests.

· I will have my height, weight and body fat measured.  

· An assessment of heart rate, blood pressure and blood vessel function will be performed and fingertip blood samples taken.  

· I will have to consume 2 specially prepared meals on day 2 of all trials, and following this, fingertip blood samples will be taken. 

· I will be asked to record dietary information and wear a physical activity monitor. 

· I am free to request further information at any stage.  

I know that:

· I can withdraw from the study at any time without giving a reason or affecting my relationship with either the research team or the school.

Signed……………………………………………………………………….  Date………………………………….

Please return this form to your teacher as soon as possible – Thank you.

This project has been reviewed and approved by the Ethics Committee of the School of Sport and Health Sciences.

APPENDIX B

HEALTH SCREEN FOR CHILD VOLUNTEERS 
(PARENTAL FORM)
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HEALTH SCREEN FOR CHILD VOLUNTEERS (PARENTAL FORM)


Name:   ...............…………………

It is important that volunteers participating in research studies are currently in good health and have had no significant medical problems in the past.  This is:

(i) To ensure their own continuing well-being 

(ii) To avoid the possibility of individual health issues confounding study outcomes. 

Your answers to the questions in this questionnaire, on behalf of your child, are strictly confidential.

Please complete this brief questionnaire to confirm your child’s fitness to participate:

1.
At present, does your child have any health problem for which they are:

(a)
On medication, prescribed or otherwise
Yes  EQ \X(  )  
No  EQ \X(  )  
(b)
Attending a general practitioner
Yes  EQ \X(  )  
No  EQ \X(  )  
(c)
On a hospital waiting list
Yes  EQ \X(  )  
No  EQ \X(  )  
2.
In the past two years, has your child had any illness that required them to:

(a)
Consult your family GP  
Yes  EQ \X(  )  
No  EQ \X(  )  
(b)
Attend a hospital outpatient department
Yes  EQ \X(  )  
No  EQ \X(  )  
(c)
Be admitted to hospital  
Yes  EQ \X(  )  
No  EQ \X(  )  
3.
Has your child ever had any of the following:

(a)
Convulsions/epilepsy
Yes  EQ \X(  )  
No  EQ \X(  )  
(b)
Asthma
Yes  EQ \X(  )  
No  EQ \X(  )  
(c)
Eczema
Yes  EQ \X(  )  
No  EQ \X(  )  
(d)
Diabetes
Yes  EQ \X(  )  
No  EQ \X(  )  
(e)
A blood disorder
Yes  EQ \X(  )  
No  EQ \X(  )  
(f)
Head injury
Yes  EQ \X(  )  
No  EQ \X(  )  
(g)
Digestive problems
Yes  EQ \X(  )  
No  EQ \X(  )  
(h)
Heart problems
Yes  EQ \X(  )  
No  EQ \X(  )  
(i)
Problems with bones or joints
Yes  EQ \X(  )  
No  EQ \X(  )  
(j)
Disturbance of balance/coordination
Yes  EQ \X(  )  
No  EQ \X(  )  
(k)
Numbness in hands or feet
Yes  EQ \X(  )  
No  EQ \X(  )  
(l)
Disturbance of vision
Yes  EQ \X(  )  
No  EQ \X(  )  
(m)
Ear / hearing problems
Yes  EQ \X(  )  
No  EQ \X(  )  
(n)
Thyroid problems
Yes  EQ \X(  )  
No  EQ \X(  )  
(o)
Kidney or liver problems
Yes  EQ \X(  )  
No  EQ \X(  )  
(p)
Allergy to nuts
Yes  EQ \X(  )  
No  EQ \X(  )  
If YES to any question, please describe briefly if you wish (for example, to confirm problem was/is short-lived, insignificant or well controlled.)  .......................................................................................................……………………………………...

...........................................................................................................................................................

What is your ethnic origin?







(Ethnic origin questions are not about nationality, place of birth or citizenship.  They are about colour and broad ethnic group – UK citizens can belong to any of the groups indicated).
     

 White





Mixed 

British



 EQ \X(  )   

White & Black Caribbean

 EQ \X(  )  
Irish



 EQ \X(  )  

White & Black-African


 EQ \X(  )  
Any other White background
 EQ \X(  )  

White & Asian 


 EQ \X(  )  
(please specify)…………………

Any other Mixed background 

 EQ \X(  )  
                                                                           (please specify)………………………….

Asian or Asian British                        
Black or Black British 

Indian



 EQ \X(  )                
Caribbean



 EQ \X(  )  
Pakistani


 EQ \X(  )                
African




 EQ \X(  )  
Bangladeshi


 EQ \X(  )               
Any other Black background

 EQ \X(  )  
Any other Asian background   EQ \X(  )  
(please specify)………………….

Chinese or other ethnic group      

Chinese                           
 EQ \X(  )    

Any other                           
 EQ \X(  )  
(please specify)………………….

Thank you for your cooperation!
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APPENDIX C
PHYSICAL ACTIVITY MONITORING REMINDER FORM, INFORMATION LETTER AND ACTIVITY RECORD FORM
          Page Number

Physical activity monitoring reminder form





271
Information letter








272
Activity record form








273
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Are you wearing your activity monitor today?

As a helpful reminder to you and our activity team, check the box below before you leave for school to say that you are wearing your activity monitor.

	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	
	
	
	
	
	
	


Thank you!!

University of Exeter, School of Sport and Health Sciences

Physical Activity Monitoring Team:

Michelle Stone, Nidzam Jawis, 

Dr. Ann Rowlands and Dr. Andy Middlebrooke
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IMPORTANT INFORMATION ABOUT THE ACTIVITY MONITOR

The activity monitor is a small, plastic box with a machine inside of it.  When you wear the activity monitor, it measures how much you are moving.  We will use the information the activity monitor records to find out more about the activity of kids like you!

You should remember a few important things about the activity monitor:

· Snap the belt around your waist.

· Place the monitor over your RIGHT HIP.

· Make sure IT IS THE RIGHT WAY UP (Note – you should be able to read the “ActiGraph” label on the device).

· DO NOT GET THE MONITOR WET (Sweat is okay).

· Wear the monitor all day and all night, including during school and while playing sports.

· When you take off the monitor to shower, bathe, or swim, record the times in your activity log.

· Record the time when you take off the monitor to give it back to us.

INSTRUCTIONS TO FILL OUT LOG

An example of how to fill in the activity log is on the next page.

We want to know:

· When you take the monitor off

· Why you took it off

· When you put it back on

Thank you for your help!

Michelle Stone, University of Exeter, Children’s Health and Exercise Research Centre
ACCELEROMETER LOG SHEET
Subject Number:……………………………Date of Birth:……………………….School:………………………………………………………

	DAY 

AND DATE
	Number of times taken off
	Reason for taking off

	Amount of time NOT worn


	Example
	2 or twice
	1. Shower


2. Swimming


3.


4.

	20 minutes

45 minutes



	Day 1


	
	1.


2.

3.


4.

	

	Day 2
	
	1.


2.


3.


4.

	

	Day 3
	
	1.


2.


3.


4.

	

	Day 4
	
	1.


2.


3.


4.

	

	DAY 

AND DATE
	Number of times taken off
	Reason for taking off

	Amount of time NOT worn


	Day 5
	
	1.


2.


3.


4.

	

	Day 6
	
	1.


2.


3.


4.

	

	Day 7
	
	1.


2.


3.


4.

	


APPENDIX D
EXAMPLE OF FOOD DIARY 
Food Diary -  Recording Sheet. 






Subject Number:​___________________

Date of Birth:________________________

DAY 1

Date:







Was today a normal eating day?
YES        Or
NO

	Time
	Food & Beverages
	Measured amount 

of food

(Example - 1 tbsp of sugar, 1 apple)
	Brand / Description
	Method of preparation
	What were you doing 

when food/beverage eaten?

(Example - watching TV; on the computer; at the dinner table)

	Breakfast


	
	
	
	
	

	Morning snack


	
	
	
	
	

	Lunch


	
	
	
	
	

	Afternoon 

snack


	
	
	
	
	

	Dinner


	
	
	
	
	

	Bedtime snack
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� It should be noted that for simplicity, all references to GT1M ActiGraph will be referred to as ActiGraph for the purpose of this thesis.  This simply reflects the older ActiGraph 7164 model being replaced with the newer GT1M model.





� A version of this paper has been published as: Stone, M.R., Rowlands, A.V., & Eston, R.G. (2009). Relationships between accelerometer-assessed physical activity and health in children: impact of the activity-intensity classification method. Journal of Sports Science and Medicine, 8, 136-143.





� A version of this paper has been submitted to Preventive Medicine (March, 2009).


� A version of this paper has been published as: Stone, M.R., Rowlands, A.V., Middlebrooke, A.R., Jawis, M.N., & Eston, R.G (2009). The pattern of physical activity in relation to health outcomes in boys. International Journal of Pediatric Obesity. Available online as of April 3, 2009: DOI: 10.1080/17477160902846179.





� Note: Where there were significant relationships between summary measures of activity and health outcomes, relationships with the corresponding activity pattern variables (frequency, intensity and duration of bouts) were explored. Where relationships were non-significant, aspects of the activity pattern were greyed-out (i.e., not followed-up). In cases where total physical activity was related to a health outcome, relationships with the pattern of ≥LIGHT bouts (i.e. all movement) were investigated.  


� It should be noted that only correlations between bouts of  >LIGHT intensity with the change in peak flux (peak) and AUC for ACh from rest to post-exercise were investigated to follow up the significant relationships between these measures and the summary measures of activity (total and time spent in light physical activity and sedentary behaviour, see Table 6.4).  


� A version of this paper will be submitted to Medicine and Science in Sports and Exercise in May 2009.
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