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ABSTRACT

Physical activity (PA) has been identified as an important agent in the prevention
of chronic diseases such as obesity, cardiovascular diseases, and metabolic syndrome. In
order to know more precisely the levels of PA during childhood and adolescence, it is
necessary to develop and validate instruments able to adequately and widely assess PA
to identify the impact on health in primary and secondary school populations. Quantifying
PA will be helpful in order to focus school and community interventions on those groups
with unhealthy lifestyles. In this sense, longitudinal studies help move researchers closer

to understanding determinants and mediators of PA patterns.

The Physical Activity Questionnaire (PAQ) is a self-report instrument developed
specifically for Children (PAQ-C) and later adapted for Adolescents (PAQ-A), which has
been widely used to assess PA in healthy school populations. However, there is a lack of
uniformity and information about the meaning of final score, which would differentiate

sedentary behaviors in youth.

The overall purpose of this dissertation research was, on the one hand, to validate
PAQ psychometric characteristics in Spanish children and to determine cut-off points that
would improve the utility of the PAQ-C and PAQ-A for future research applications; and,
on the other hand, to study longitudinal changes of body composition and PA behaviors

in adolescence using this tool.

The main variables of different studies included in this dissertation were evaluated
as follows: PA level was evaluated using the Physical Activity Questionnaire (PAQ-C or

PAQ-A) and/or accelerometers (Actigraph GT3X); body composition was assessed by
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anthropometric measurements; sexual maturity was estimated by predicted percentage of

adult stature; and dietary intake was assessed by a self-administered food-frequency

guestionnaire.

The most important results show:

a)

b)

In the first study, test-retest reliability showed an Intraclass Correlation
Coefficient of 0.96 for the final score of PAQ-C, which obtained a consistency of
Cronbach's a of 0.76. Moreover, few and low correlations (rho=0.228-0.278, all
P<0.05) were observed between PAQ-C and triaxial accelerometry and the
accuracy analysis performed with the concordance coefficient correlation reported
a low accuracy of PAQ-C compared with accelerometry (r=0.192, P=0.092). To
sum up, the results suggest that PAQ-C had a high reliability but a questionable

validity for assessing PA in our sample of Spanish children.

The main finding of the second study was to determine a PAQ-C and PAQ-A
score cut-off point of 2.75 to discriminate 60 minutes of MVPA, which is
associated within a total volume of 10664 steps/day for children and 9701
steps/day for adolescents. However, area under the curve (AUC) values of PAQ-
C score were no significant (P>0.05) and only weak (AUC<0.7) discriminators
between “active” and “non-active” children. So, according with the ROC analysis,
only the PAQ-A can be a useful tool to classify adolescents as active or inactive

following international recommendations as criteria.

13
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¢) In the longitudinal study, significant differences for FMP were found among S1,
S2 and S3 (23.4148.24 vs. 21.89+7.82 vs. 22.05+8.06, P<0.05; respectively); a
significant interaction with sex was observed (P<0.05), but not for maturation.
Regarding PA, S2 was significantly higher than S3 (2.58+0.72 vs. 2.29+0.73,
P<0.001). An interaction between PA and maturation was statically significant
(P<0.05). Our results suggest that body composition changes observed during
adolescence are not driven by changes in PA. Moreover, the interaction analysis

suggests that sex affects PA behavior, but not maturation or nutritional variables.

These overall results suggest that the PAQ appears to be a more appropriate tool to
measure PA in adolescents than in children, and it may discriminate active and inactive

students in adolescence according to international guidelines.

In addition, assessments conducted longitudinally in this dissertation show the
problems of progressive decline of PA among adolescents, which seems to be influenced

by the gender, regardless of maturation.

14
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CHAPTER I: INTRODUCTION

PHYSICAL ACTIVITY AND HEALTH IN YOUTH

Physical activity (PA) is recognized to have important benefits for all segments of
the population °. The World Health Organization (WHO) has published official PA
guidelines ®, which provide specific recommendations for the type and amount of PA
needed for different segments of the population including children and adolescents,
adults, the elderly, and those with special needs. A review by Janssen & Leblanc 3
summarized the various health benefits of regular PA. According to the review, PA has
been shown to improve body composition, promote glucose homeostasis, enhance insulin
sensitivity, reduce blood pressure, improve lipid lipoprotein profiles (e.g., through
reduced triglyceride levels, increased high density lipoprotein HDL cholesterol levels and
decreased low-density lipoprotein LDL), reduce systemic inflammation and blood
coagulation, promote autonomic tone and enhance cardiac and endothelial function. In

short, regular PA is absolutely critical for good health.

PA is important for all segments of the population but there is considerable interest
in promoting PA in youth. This is due in large part to concerns over the increasing
prevalence of obesity, but also to the growing consensus about the importance for good
health. Childhood and adolescence are important periods of life because of dramatic
changes in various physiological and psychological aspects, such as hormonal regulation,
body composition, transient changes in insulin sensitivity 7. More significantly, many
lifestyle habits established during childhood and adolescence periods tend to track into
adulthood 8. Preventing obesity in early life is critical since evidence suggests that

overweight youth have a five times greater risk of being overweight than normal weight

15
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children of the same age °. In this sense, childhood and adolescent overweight and obesity
show a high prevalence in Spain ®!. Longitudinal studies, both follow-up and
intervention, help move researchers closer to understanding determinants and mediators
of PA and adiposity *2. An advantage of these designs is that they can address reverse

causality.

The needs for children and adolescents warrant unique activity guidelines. The PA
guidelines suggest that children and adolescents should accumulate 60 minutes or more
of PA daily. The amount of PA recommended to youth is twice that of adults, not only
because youth have more freedom and greater needs for PA, but also because forming a
healthy lifestyle at an early age has an influence on lifestyle later on. The United States
is not the only country that has adopted national PA guidelines for youth. A number of
other countries including Australia, the United Kingdom, and Canada have published
their own guidelines. Though there are minor discrepancies between them, all of the
guidelines suggest that youth should engage in at least 60 minutes of MVPA on a daily

basis.

The message of formalized youth PA guidelines has generated considerable interest
in understanding and promoting levels of PA in children and adolescents. Schools have
been targeted as one of the most promising settings for reaching and impacting youth. A
variety of assessment tools are available but they differ in validity and feasibility. There
are various options or methods for assessing PA. However, emphasis will be based on
more practical methods that can be used in schools since there is specific interest in

documenting levels of activity during the school day.

16
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PHYSICAL ACTIVITY MEASUREMENTS FOR YOUTH

Following the postulates of Corder '3 and Sirard **, this section will provide a brief
overview of the most common methods to measure or estimate PA (not criterion standards
such as DLW or indirect calorimetric) in youth, and additional strengths and weaknesses

(table 1). We can classify these methods in two groups: subjective and objective methods.

The first category include questionnaires, interviews, activity diaries, and direct
observation. These methods vary in the measured variables and therefore in their primary

outcomes.

The second category involve the measurement of physiological or biomechanical

parameters and use this information to estimate PA outcomes.

Table 1. Advantages and disadvantages of methods used to assess physical activity

Advantages Disadvantages
Heart rate Suitable for all populations. Only useful for aerobic activities
monitoring Low respondent burden for short period.  Conditions unrelated to PA can cause an
Physiological parameter. increase in heart rate without a

Provides information about intensity. corresponding increase in VO?
Good  association  with  energy

expenditure.

Easy and quick data collection.

Relatively cheap.

Multi-sensor Suitable for all populations Data analysis relatively complex.
systems Low respondent burden Monitors relatively expensive.
Relative ease of data collection
Pedometers Suitable for all populations Children may tamper or alter behaviour.
Low respondent burden Are specifically designed to assess
Objective measure of common activity walking only.
behaviour Inability to record non-locomotor
Easy data collection and analysis movements.
Cheap Inability to examine the rate or intensity
of movement.
Direct Mostly used in paediatric studies Expensive as labour intensive.
observation No respondent burden Observer presence may artificially alter

provides excellent quantitative and normal PA patterns.
qualitative information

17
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Accelerometers

Suitable for all populations.

Low respondent burden.

Obijective indicator of body movement
(acceleration).

Inaccurate assessment of a large range of
activities.

Financial cost may prohibit assessment of
large numbers of participants.

Provides information about intensity,
frequency and duration.

Relatively easy data collection.
Suitable for all populations

Low respondent burden

captures quantitative and qualitative
information

Ease of data collection and analysis
Cheap

PA, physical activity; VO?, oxygen uptake.

From Warren et al. 2010, partially modified.

Proxy reporters required for children and
possibly elderly.

Reliability and validity problems
associated with recall of activity.

Self-report

P Heart rate monitors and multi-sensor systems (objective method)

Heart rate monitors are the most common direct physiological measure used in free-
living settings . There is a strong linear relationship between heart rate and energy
expenditure across the moderate and more vigorous intensity PA, although this
relationship is not as strong in the light intensity range 1’. Overall error rates relative to
the criterion measure are typically <3%, although this accuracy may be higher for some
individuals 8. Agreement across heart rate monitor units is also very strong. Heart rate
monitor are excellent options for activities that may not be measured well with an
accelerometer including cycling, swimming, and other non-ambulatory activities 1°. Some
of the existing limitations of heart rate monitors are the necessity to account for blood
pressure attenuating medications, focus of relative over absolute intensity, and potential

discomfort of wearing the unit for long periods of time.

Multi-sensor systems combine multiple physiological and mechanical sensors to
provide more precise measures of PA and energy expenditure. Parameters may include
accelerometry (at multiple placements), heart rate, galvanic skin response, respiration,

skin and core temperature, bioimpedance, global positioning, among others. The

18
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advantages of multi-sensor systems are the additional precision, especially among non-
ambulatory activities, that may come from triangulating energy expenditure estimates
from multiple sensors. However, the cost and potential inconvenience of more complex

systems may make these advantages less important depending on the application *°.

There is no gold standard objective wearable monitor. The choice of objective
wearable monitors is complex due to many factors including the specific PA component
of interest, the rapid and evolving evolution of technology and algorithm development,

and practical considerations include ease of use, cost, and logistics.

» Pedometers (objective method)

In recent years, with the advancement of computing technologies, and the desire to
track and evaluate PA, pedometers have become increasingly complex. Early forms have
used a hip-worn mechanical sensor to identify steps based on the force on the unit
generated from a typical heel-strike during ambulation. In the past 10 years the
technology underlying pedometers has transitioned primarily to microelectromechanical
systems and algorithm-based processing of the microelectromechanical systems signal to
identify steps. Accuracy of these pedometers has improved with the transition toward
microelectromechanical systems 2° and are excellent in measuring steps at walking speeds
> 2 mph 2%, Crouter et al. ?? evaluated the accuracy of 10 different hip worn pedometers
and found 8 of the 10 devices had excellent test—retest reliability and accuracy was > 95%
and increased as walking speed increased. Karabulut et al. 2 examined the accuracy of
two models of Omron pedometers on a treadmill at varying walking speeds (2-4 mph)

and found both monitors were within 1.5% of actual steps taken. While most pedometers
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are designed to be hip-worn, the most accurate placement for detecting steps appears to
be the ankle #. The accuracy of pedometers is more compromised at slower walking
speeds (< 2 mph), at other monitor placements (e.g., wrist, pocket), and among older

adults and those with gait impairments *°.

The appeal of the pedometer to objectively monitor PA is their ability to quantify
ambulatory activity during walking, jogging, and running through a common and easily
understood metric (i.e., steps). Pedometers are of relative low cost and can be an
important means for providing behavioural feedback and motivation. Pedometers may
also be capable of providing a valid estimate of PA intensity 2*. The primary
disadvantages of the pedometer is their inability to measure non-ambulatory activities,
posture, and energy expenditure, and their reliance on proprietary algorithms to determine

steps *°.

P Accelerometers (objective method)

Accelerometers are small wearable monitors that record accelerations in gravitational
units on one or more planes at sampling rates >1 time/second (typically 40-100 hz).
Captured accelerations are then processed to a lower resolution (i.e., epoch) and then
calibrated to a known criterion measure (e.g., oxygen consumption or DLW). Most of the
existing calibration studies rely on a unitless intensity metric or “counts” and then apply
thresholds to summarized data to output the duration and frequency of PA into sedentary,
light, moderate, and vigorous intensities. There is controversy over the appropriate pre-
and post-processing methods (many of which are proprietary in nature) and thresholds

for various populations and desired PA component . More recently, pattern recognition
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techniques have been explored that develop algorithms to detect PA types (e.g., running
vs. walking) and EE that do not rely on proprietary processing and threshold methods
2627 These efforts have been modestly fruitful (although have limited validity in free-
living settings) and are computationally resource-intensive and therefore not practical for

most end users.

Most single-sensor accelerometer systems perform poorly compared to the gold
standard of DLW 28, Calibration studies have shown a wide range of correlations (r = 0.45
to 0.93) with measures of oxygen consumption and METs 2°. This wide range is due to a
number of protocol-related variations including the monitor under study (i.e., some
monitors and their associated algorithms are more accurate than others), monitor
placement (i.e., hip, wrist, ankle, trunk), activities under investigation (e.g., ambulatory
PAs are more accurate than non-ambulatory PAs such as cycling and household chores),
and context (laboratory-based studies have greater accuracy than free-living studies).
Accelerometers are typically worn on the hip, although increasingly are being fixed to the
wrist or ankle. Hip-worn accelerometers are assumed to provide the most accurate
assessments of normal ambulation, although recent comparative studies have shown only
minimal differences in accuracy between the hip and wrist *°. There is an increased
interest in moving monitor placement from the hip to the wrist for practical reasons
including increased wear time (i.e., fewer need to remove the device) and ability to

accurately monitor sleep.

The appeal of the accelerometer for measuring PA (and sedentary behaviours) is
the detailed and relatively precise manner, with minimal invasiveness, in which the

frequency, duration, pattern, and intensity of activity can be monitored over days, weeks,
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and even longer. However, accelerometers are not without considerable limitations. Some
of these limitations include the proprietary nature of many algorithms to quantify PA,
lack of sensitivity on sedentary and light-intensity range of the activity spectrum, and

inability to detect non-ambulatory activities such as cycling and weight-lifting *°.

» Self-reports (subjective method)

Self-report instruments are the most widely used tools to assess PA and include self
or interviewer-administered questionnaires, recalls, logs and activity diaries °. Self-
report methods are the cheapest and easiest way to collect PA data from a large number
of people in a short time. There are numerous limitations to self-reported methods, which
include: difficulties in ascertaining the frequency, duration and intensity of PA, capturing
all domains of PA, social desirability bias and the cognitive demands of recall 3. The
sequential cognitive processes underlying the storage of memories have been described
along with models explaining their retrieval, illustrating the complexity of the task
especially to report durations 4. These issues along with problems with reliability,
validity and sensitivity have been comprehensively summarized 2. However, structured
questionnaires provide an assessment of PA by domains, which is not obtained when
using objective measurement of PA and may have the potential to provide valid estimates

of PA and time spent at different intensity levels on group level.

A list of PA questionnaires designed to measure PA in young shown in table 2

(children), table 3 (adolescents) and table 4 (both):
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Table 2. Self-report methods validated for assessing physical activity in children.

Self-report Sample Evaluation Aim Admin. Criterion Validity
2013. Youth 343 Past week Habitual PA Self- ACL PA: r=0.58
Activity children at school and administered SWA (P <0.001)
Profile out of school Armband  Sedentary
(YAP) 33 and sedentary behaviour: r =

behaviour 0.75 (P
<0.001)
2011. Pre-PAQ 67 children  Past3days Habitual and Parent reported  ACL r=-0.07 -
34 sedentary Actigraph  0.19 (P >0.05)
activities in
home
environment
2010. BONES  40children  Past2days = Common Interview ACL rho = 0.47-
physical activities and Actigraph  0.48 (P <0.01)
activity survey Total METs
35
2010. 86 children  Past week All organised  Interview ACL r=031(P
MRPARQ 3¢ and Actigraph  <0.05)
non-organised
PA
2006. The 66 children  Past day PA intensities  Self- ACL rho =0.45 (P
Multimedia and EE administered Actigraph  <0.01)
Activity Recall (computerized)
for Children
and
Adolescents
(MARCA) ¥
2006. School 67 children  Past7 days MVPA and Self- ACL MTI  rho=0.44 (P
Health Action, sedentary administered <0.01)
Pl