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ABSTRACT

Statement of the Problem: Physical activity levels generally decrease during
adolescence and adulthood. A better understanding of patterns and determinants of
physical activity through adolescence can inform physical activity interventions
aimed at youth.

Methods of Investigation: Subjects were 1206 Montreal adolescents followed over
4.5 years. Physical activity was measured using a modified Weekly Activity
Checklist. Trajectories were identified using the multilevel model for change.
Demographic, psychological, and behavioural predictors were explored separately
by sex.

Results: A cubic trajectory controlling for season emerged. Activity peaked at age
13.5, decreased, and increased again at age 16.5, but showed significant
heterogeneity both within- and between-subjects. Males had higher physical activity .
levels than females at all ages. Depression, stress, sedentary behaviours, and alcohol
use.affected physical activity trajectories.

Conclusion: Physical activity levels follow a complex, curvilinear pattérn during
adolescénce, and begin to decrease by age 14. Physical activity promotion
interventions should focus toward this age group to promote increased physical

activity participation.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Physical activity reduces the risk of several chronic diseases including
coronary heart disease, hypertension, obesity, type II diabetes, osteoporosis, certain
cancers (e.g., colon cancer), age-related functional limitations, and some
depressions.!”” Although the association betweeﬁ physical activity and health has
not been investigated among adolescents to the same extent as in adults, it has been
reported that physicai activity has at least modest positive effects on health

- outcomés in youth such as aerobic fitness,3 blood lipids,? blood pressure,'%11 body
compositioﬁ,9 glucose metabolism, skeletél health, and psychological health.612-14
Positive effects of daily physical activity on student performance and academic
achievement in terms of grade-point average, memory, decision-making and specific
skills such as reading and mathematics have also been reported.15>-17 Active
participation in sports and exercise that children enjoy may have beneficial
emotional impacf as well, such as reducing negative affect, increasing self-esteem,
and elevating feelings of well-being.11121218-20 In addition, several reports have
linked later-life protective effects (e.g., reduced risk of breast cancer)?22 to physical
activity in the adolescent years.

Despite these benefits, only 30% of Canadian females and 40% of Canadian
males aged 13-17 years are active enough for optimal growth and development.?

Physical activity guidelines for adolescents suggest that: 1) all adolescents should be



physically active daily, or nearly every day; and 2) adolescents should engége in
activities of at least 30 minutes duration, three or more times per week, at levels of
~ moderate té vigorous intensity.¢ However, in 1999, only 57% of Canadian students
engaged in at least 30 minutes of moderate or 20 minuteks of vigorous activity for a
minimum of four days per week 24

In addition, the literature is generally consistent that physical éctivity levels
decline with age .22 Longitudinal studies document age-related declines in the
frequency of physical activity participation during the teen years ranging from 8.8%
in males (4.7% in females) per year?6 to 43% (26%, respectively) ovér four years.?> A
ten-year study revealed a decline in total habitual physical activity of up to 83%
from age 10 to age 19 years.?

Although many studies have described determinants of physical activity in
youth,3035 few describe changing patterns of physical activity as a function of time
during adolescence. Declines in physical activity may occur as a result of decreases
in the number of activities in which adolescents participate, decreases in the time
spent in each activity, or a combination of these.?5 There may also be psychological
or behavioural factors that contribute to decreased participation, such as high stress
or cigarette smoking.

It is generally believed that physical activity behaviours in youth are
importanf determinants of physical activity levels in adulthood 72936 Therefore,
increased understanding of factors that contribute to patterns of physical activity

durihg adolescence might be able to inform the devélopment of effective publié



health interventions for physical activity targeted to youth and adults. In addition,
increased undetstanding of changes in physical activity participation in youth has
~ the potential to identify critical time periods at which declines are greatest®” so that

interventions can be targeted to youth at critical or vulnerable ages or life stages.

1.2 Objectives

This thesis uses data from the McGill University Study on the Natural History
of Nicotine Dependence in Teens (NDIT) to describe longitudinal patterns of
physical activity levels during secondary school. The primary objectives are:

- 1) to describe trajectories of physical activity levels over time among adolescents
aged 12-17 years; and
2) to determine if trajectories differ in males and females.
Secondary objectives are:
1) to identify factors that contribute to changes in physical activity levels over
time; and

2) to determine if these factors differ in males and females.

1.3 Overview of thesis

Chapter one provides the background and importance of physical activity
participation and objectives for conducting this research. Chapter two reviews the
literature on the epidemiology of physical activity in adolescents, and includes a
critical review of different approaches used to define and measure physical activity

in youth. This is followed by a review of the published literature on age-specific



longitudinal trends in physical activity in adolescents and determinants studied to
date. Chapter three describes the methods used in the NDIT Study, as well as the
methods used to address the objectives of this thesis, including analytical
exploratory and explanatory techniques. Chapter four presents the results, including
graphical représentations of trajectories. Finally, Chapter five discusses the
interpretaﬁon and implications of the findings, it describes study limitations, and it

proposes directions for future research.



CHAPTER TWO: LITERATURE REVIEW

This chapter reviews the current literature on levels and determinants of
physical activity in the adolescent population (aged 11-18 years). Specifically, the
chapter will review current definitions of physical activity used in the literature, and
methods for assessing physical activity will be described. Longitudinal studies
examining changes in physical activity through the adolescent years will be

reviewed, as well as the literature on predictors of physical activity in adolescents.

2.1 Definitions of physical activity

Physical activity is most often described as a behaviour encompassing ”aﬁy
bodily movement produced by the skeletal muscles that results in a substantial
increase in energy expenditure over the amount expended at rest.”3%, 3% It can be
categorized acéording ;co intensity, duration, pattern of intensity by duration, or
frequency.”3? Intensity is often expressed in metabolic equivalents (METs; i.e., the
rate of energy expenditure expressed in kilocalories per kilogram body weight). One
MET is equivalent to the energy expended by a person while sitting at rest;4 light
activities (e.g., walking) are generally between 1.0 and 2.9 METs, moderate activities _
between 3.0 and 5.0 METs, vigorous activities between 5.1 and 6.9 METs, and very
vigorous activities are generally 7.0 METs or greater. Frequency of physical activity is
most often reported as the number of activities participated in per day or per week;
duration is typvically reported in minutes or the percentage of time spent being

active.4! The purpose of participation can also be used to categorize physical activity,



for example, into either leisure-time physical activity or work-related physical
activity. Habitual physical activity incorporates all types of physical activities that
are participated in regularly.

Exercise is considered to be a subcategory of physical activity, referring to
physical activity that is planned, structured, repetitive, and purposive for the
improvemenf of physical fitness,”42 and often involves higher levels of exertion than
physical activity.39 Physical fitness is different from physical activity; it is considered
generally as the ability to carry out daily tasks and includes characteristics such as
cardiorespiratory endurance, skeletal muscular endurance, strength, and power,
speed, flexibility, agility, balance, reaction timé, and body composition.” Although
physical activity and fitness are closely related in the sense that each fitness
component aids in the ability to engage in physical activity, the terms should not be

used interchangeably.

2.2 Measurement of physical activity in adolescents

There are many different ways to measure physical activity, and each has
strengths and limitations. Methods of assessing physical activity in children and
adolescents are similar to those used in adults, but the feasibility and validity of
-some methods rﬁay differ in the pediatric population.?® Physical activity assessment
based on self-report questionnaires, for example, must use items which are written
in simple language so that children do not have difficulty reading or understanding

the questions. In fact, pictures are sometimes used to help describe behaviours,?” and



reference cues may be provided to help estimate duration times for physical activity
participation.3
Methods of physical activity measurement can be categorized into two

groups: measures based on direct monitoring and measures based on self-report.

2.2.1 Direct monitoring

Methods of direct monitoring include direct observation, use of mechanical or
electronic devices, and physiologic measurements. Each of these methods reduces
the problem of recall bias (a difficulty with self-report measures), but are costly and
often present significant burdens to participantsb and staff, and therefore are largely
used in small-scale studies.

Direct (behavioural) observation involves watching a person and recording
what they do, either in real time or on videotape. It is well suited to studies of
children.4! Ho‘wever; this approach is often difficult to use because the times and
places available for observing children are limited.# As well, direct obs‘efvation can
be reactive, affecting the physical activity behaviours of the child, and cannot be
used in large areas or to estimate physical activity during daily living (i.e.,
observations need to be confined to a defined space such as a school gymnasium or
playground).4

Mechanical and electronic devices have been developed to measure physical
activity by continuously monitoring heart rate, particularly to measure the duration

and intensity of physical activity.” Heart rate monitors estimate daily energy



expenditure (i.e., oxygen uptake), based on the assumption that the relationship
between heart rate and oxygen intake is linear,” and thus provides an objective
indicator of the physiological effect of physical activity. However, other factors can
significantly inﬂuence heart rate, including psychological stress and changes in body
temperature, introducing measurement error into the estimates.4!- Furthermore,
heart rate monitors require calibration for each individual, they have to be worn for
long periods of time (which may be inconvenient and cause discomfort), and they
are unreliable for low intensity physical activities,” Whicﬁ are common in children,#
and heart rate tends to remain elevated after the cessation of movement.4 There are
also risks of equipment failure, loss, or tampering, which could influence the data
collected.4

Another direct measure of physical activity involves detecting motion. A
simple example of this measure is' a pedometer, Which estimates the distance walked
or run by counting steps. However, this method cannot accurately register energy
expenditUre during an acti{fity which does not involve mbving the lower limbs, such
as throwing, carrying, or lifting.#14” A more sophisticated sensor is the Caltrac
accelerometer: a motion sensor that measures vertical acceleration, but a major
disadvantage is its inability to record activities in the horizontal plane accurately,
such as cycling.# There are also physiological monitors of energy expenditure, but
these methods are too complex and expensive for large scale stﬁdies. Some of the
techniques are not appropriate for use with active subjects (e.g., with direct

calorimetry, the participant has to remain in a metabolic chamber; indirect



calorimetry requires that the participant wear a mask and carry equipment that
analyzes expired air)’. A method based on doubly labeled water, Which measures
isotopes every few days or weeks in the urine of participants,” is suitable for use in
active subjects since it is non-invasive, does not interfere with normal activity
patterns, ahd can measure activity over one to two weeks. This method, however, is
costly, has a high participant burden, and it is difficult to obtéin stable isotopes.4!
Another limitation of these physiological methods is that they cannot distinguish
between different types of activities in which the individual has participated. As
well, participants are aware that they are being assessed, which may cause a change

in typical behaviour.%

2.2.2 Self-report

Techniques used to gather information through self-report include:
surveys/questionnaires, diaries, and logs. Surveys are the most practical method in
large populations because they are convenient, relatively easy to administer,
unobtrusive, and relatively inexpensive.”414%48 However, some participants may not
remember specific details of past physical activity behaviours, resulting in recall
bias. This is more likely té occur in retrospective surveys, especially when the time
frame is many years. Children, in particular, have difficulties recalling past aétivity
becauée levels of activity vary widely from day to day. In addition, children often

lack the ability to estimate the duration of their activities.41/44
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Diaries are prospectively completed records of physical activity engaged in
during a pre-specified time period, generally limited to spans of one to three days.”
They require sustained effort on the part of the participant, and they may produce
changes in physical activity behaviours, resulting in self-report bias. Diaries are not
feasible in studies involving young children.# Logs provide a’recor'd of participation
in specific types of activities, rather than in all activities.” However, they have the
same limitations as diaries, including that they can only be used for short periods of
time and thus are not appropriate to measure long-term physical activity patterns.

In addition to the difficulties mentioned above, self-report methods have the
potential fof exaggerating the amount of activity participated in.4! In a review of
local and regional studies in the United States, those using self-report methods
indicated much higher levels of physical activity than studies using other methods.3?
However, these studies varied considerably in their method of assessment and age
of participants, and most were based on small sample sizes.?

Evidence suggests that children as young as ten years old éan provide self-

- reports of at least modest reliability and validity.# Sallis et al.43 developed several
formats of physical activity self-report questionnaires for use with children and
evaluated them in fourth grade students. Each questionnaire asked the subject to
check off (for each day of the week) which activities on a list they participated in for
at least 15 minutes continuously; 20 activities were provided in the list. One of the

| formats was the Yesterday Activity Checklist, which asked subjects to put an “X”

beside any activity they had participated in the day before. Another format, the
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Weekly Activity Sum, required subjects to write down the number of times they had}
participated in each activity in the preceding week. Finally, the Weekly Activity
Checklist asked subjects to check which activities they had participated in on each
individual day of the previoué week. Validity of these three approaches was tested
against the Caltrac accelerometer. The Weekly Activity Checklist had the highest
reliability (R=.74) and validity (correlating significantly with fhe Caltrac scores at
both assessment periods), compared with the Yesterday Activity Checklist (R=.60)
and the Weekly Activity Sum (R¥.51). They also noted that using a two-week recall
performed more poorly compared to using a one-week recall, suggesting that
shorter periods of recall place fewer cognitive demands on children.#? In terms of
reliability, a review of self-report methods# found higher test-retest reliability
coefficients in oider children and adolescents than in younger children.

To date, there is no accepted “gold standard” measure of physical activity,
making it difficult to establish the validity of the simpler field measures.?® For
studies involving a large sample with interest in long-term activity patterns, it may
be that the only feasible approach involves the use of questionnaires.#? A
standardized measurement approach would ensure comparability between studies
and compatibility in the collection and analysis of large-scale surveillance data.®
Ainsworth et al.5! developed a coding scheme for physical activities in order to
improve comparability across studies. Specifically, by knowing the purpose of the
activity (i.e., occupation, sports), the specific type of activity, and the intensity (ih

METs), physical activities can be classified by rate of energy expenditure and can be
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estimated for all activities, specific activities, or activity types. This coding scheme is
presented in the Compendium of Physical Activities,5! but is based on adult data.
Therefore, estimates for intensity level using this Compendium may be
inappropriate for the pediatric population. Development of reliable and valid
methods for the assessment of physical activity in children and adolescents is

recognized as a priority for epidemiologic and interventions studies.*

2.3 Changes in physical activity in adolescents with age

Searches were conducted to locate all studies measuring physical activity in
adolescents, using the following criteria: (i) the study had a longitudinal design with
a follow-up period of at least one month; (ii) the study assessed physical activity or
leisure habits, with no limits on the measurement technique (e.g., self—feport, heart
rate monitoring); and (iif) the study population included adolescents (preferably, but
not restricted to, between age 12 and 17 years). Databases searched included
Medline, PsycINFO, and SPORTDiscus using the OVID search engine (limited to
English language articles and “human” subjects). The time period searched covered
1970 to 2005. Search terms included ‘adolescen$ or youth$’ (Huﬁcated to capture all
relevant terms), ‘physical activity or leisure’, and ‘longitudinal’. Reference lists from
all key articles were also consulted.

Table 2.1 summarizes the 12 longitudinal studies identified in the search, that

_ measured physical activity in early- to late-adolescence. (Text continues on page 20.)



el

Ayrsuaqur jo - Suisn ‘snoxogia papioda1
arnsesw ON paururexs SA SeRjIALOR os[e
sonIALIOE SOOUSIIPTP eropowr ‘reaf ysed
ouros axmdeo umop - X3g Y3y ‘syaods ur sowrm (ereway g/
jou Kew Jeak Apy3i[s uay pue neajerd sapeuray s103o1paxd [enprarpur 0T 35e9] 38 uI rewt O1F) 7L =U e 2002
1ad sauwun ‘ourOdp JUSISISUOD B SI[B]N renuazod 10§ - sa sprods paredonred vd ‘ySmgsnid T2 3o uorey
01 3s¥9] e TeaA (oea je Soeuro] Uey) SAROe uo1ssaxdax wed) se [[Pm SOTATIOR 1eau JOIRSIp [0S
uonedpnred a1owr ApueonyTudrs a1om SOfeIN Teaur se ‘saTjIAnOe [ie syeorput ueqnqns ap3urs "9oudSIOpE
jo (80°¢) senIAOe sfads 0] payse B WOJJ payImnay e[ 03 pruu
juawaxmboy  1ea£ 01 (G0'z) T Tedk woxy %96 JO IoquInu paredwod spelqns - , !(ounyeseq Je GT WO SSIATDE
serq [resax Aq Apuesygrulis paurop sopIADE ur sadueyd . Dpeam SJUA0SA[OPY -Z1 pade) g-z soperd es1sfyd swn
o0} 3oalqns pariodar jo roqumu uesy aururexs xad simoy ur 10§ 91 UIOK] SJUSPMIS & | 2INSI9] JO IO
aq Aewr So[ewIdy Ul 0} VAONV 9WIL SINSIS] TeauonSINY Qurxds pue pquinu
uvonedpnred 9,9¢ PUe SO[RW Ul 9 Y PIseaIdap samseawt [[exoa0 Aanpy ayput Ajfenuue ayp jo Apmys
reafjsed (oIm /s1y) Limanoe [eorsy pareadoy ue poALd( e | - I[qRIIPON N s1eeky e [eurpny8uory
(GySrupru
(VdA) SLAN 03 wrey
arouwr 10 woxy) ¥oo[q
9 pue (VdN) auum apnunu
SLHN 9 pue -0¢ A1943 "G00T
€ usamidq Ioj uon z<""T2 19 DO
sem Apanoe -edonaed (N g6g ‘ourfaseq
urewt jo Aysuayun 968) 8g0I=u “SoTeway
ay YoM jrodax eurjore) JudSAOpL
9zIs N4 pue aurpeseq ur sAep !saIATOR Inog ut (spooyos Suowre
ordures a3xey ssoxoe Apuedyudis a3ueyp ¢ snoraaxd paurrojrad J[PPIW pajeIOSse Ieaf [ ssoe
shep ¢ 10a0 jou prp Ananoe fedrsAyd jo [aas] PpooYIEI ay jo Apuoururod pue) s[ooyds Aranpoe reorsAyd
uonedonred Aep 1od wmuxeur yoes 10§ Aep GG Jo sy y3ry 71 woxy Bupunrepdxe
Kianoe Aranoe TeorsAyd snoxoBia yo yoojq UOReULIOUT 1ad sypojq ® popnpur aurpaseq ye apeid J0J JOIU0D
reorsAyd uru-Qg 1 Jo a8eraae ue pue Lep -y Suisn Uru-Qg - (@vdae) G UISTIVINAL o [eroraeyaq
ssasse AjuQ 1od fy1anoe TeorsAyd sjerspowr jo pauwszoyiad Jo Iqumu HEAEN (000¢ Jo 1m159WaS poaredrad
safewr 0} SYOO[q urw-gg omy Ajpyeunxordde Buropowx ay oyux Ayanopy Burxds ur N ‘6661 pue £o>eonyye
s[qeziyersual jo a8eraar ue ur Sunedpyred uonenba Po112AU0D res1s&yq 3o xsawas Surids -J[os sIoLLreq
10N payrodai safeway 9y |, [eanonng pmueq e Aeqg-¢ ur surjaseq) 1ed ] e jo uostredwo)
azig ajdureg /Sumnyag
syjSuang spoyjowr duUdIAJY
/ suoneywry sSurpuiy 1ofepy [eonsHeIS vd Joamsedly | 2amog eyed / spelqng /porrad /opiL Apmig

(ng) dn-mojjo

"$1U2083]0pY U1 S]a03] Aj1a11ov worshyd Surinsvaws sarpnys [urpngiSuo] fo Awwmng *1°7 9o,




14!

selq [[edo1 uRY} SO[RUIJ YOr[(q I0J I9MO] Burmp Buay Afrep eay 93xe]
renuajod aIom S[aAS] AJIATIOR {(AMyMm 10§ g 122k O} reak JO sopIALIOR B Wo1j osje pue
-OVH £T PPeIq 10§ '€ :6-T sreak) sade G Ieak uroxy Jo uondeyy xo0j paxmbax ‘HO ‘mewInur)
ayy Bursn 123unoX ye vey (ayym I0j G'¢ asoy) woy ayy pue je) 2a0qe pue ‘v ‘As[eriag
JUOWISSISSL ‘soeunaj yoe[q 10 yoom I1od sowp paiagip Aouanbauy armrpuadxe 9pISING SPLOSIP
1eaf )sed -1LAN TV :8-G s1ea) sade 1apjo G Iealk Apfosm agy £35u0 Jooyos uroiy .
powrogiad e 193a1d sem SOI0DS UT SUTISP 0} [ 1eak £q f1anoe axmbei yeyy paamxar) Apmg 2002
SanIALOE JO [enuuE Uesw 3Y) ‘SadeI YI0q 104 WOLJ SII0DS popiodar safrapoe PTESH pue YIMOID) 3" € 39 Wy
uonemp sy} SO[eWIDY IPYM UT %F9 Lanoe oes 10§ 3WN}-2IMSIo] aymmsuy poorg
Junodoe op im paredurod 9,001 Sem sofeway ur sofueyp SIHN @y Jo jnoqe poyse pue ‘Sun 4reapf “aoudsa[ope
Iy} Jou op Jor[q 10§ $9X00S YV} Werpaur ul Pyaym djewnss ue -(OVH) JeuoneN ayj woxj Surmp sorewray
591008 OVH aseaIdep ayy ‘pourad awmes Surm(y QUIMLINIP Burfjdnmw arreu surpeseq je s1esk O AIYMm pue
sa[ew 0} 01 1ok 03 | xeaf uroxy 03 suogenba Aq -uonseny) -6 poBe SHTVINTA Safewdy Yoe[q uI
a[qezierouad % €8 £q pourpap dnoid sfoym Supewnsa pamdwod Aapy A[penuue Kranoe reorsAyd
10N 9y} 10§ 9100s A31ALDE UCIPIA paziferauar) 2100G [enyqey N ‘s1edd g1 ur surpe(g
(Varp
Lranoe (sorewuay
9ZIs eorsAyd 1/¥9 ‘sefews
o[dures o3re SLAN € Aysuayur 8829) 66LT1=Y
(03 -g se pauysp -MO[ pue YI[esE]
pafjonuod (varn (VaAW) JUIDSIAOPY JO
jou) smyeys Lianoe Ananoe Apms peurpmyiduo]
SDURIAJIP fyanoew Lyrsusyur peotsAyd [euoneN o) woy 2002 5”2 19
Aypeuoseas (fm /smoq ¢1°0) potrad 14-1 ayy pue -MO] snoxogia surfaseq je (s1ead udsIE-UOpIOD)
01 10alqns IDA0 AJIAROR AJISUUI-MO] IS} Ajanoe ug ‘SIHAN 8 0} sjerepow 61-T1 sade) 71~/
aq Aely pasea1oulr syuddsajope “‘@feraae uQ Aduerp 1wal -G se paunep ur uon sopei ur spuepmg smels
(sn safewr Suoure SJUIWIIINAP IAJeair) -1 pue [enrux VJIAN -edphred (9661 W3roMmI2A0
ur) paseq Joom Jo s1o9p30 vdI1 uo 1sndny o judy) pue suraped
-[ooyos ‘aAne 1ad s;noq g1°0- Jo uweswr ajdures apednsaaur pue VAAWN uoneuLIOfUT Zaaepm pue (G661 Aanoeur pue
“uasaxdai e yum “Aanoe reorsfyd snoxoBia 03 s[epour 10J Yoam Pa10a[[0d pquiada( 03 [rdy Kyrapoe peorsAyd
AJreuoneu 0} Jjeropowr A[foom pasealIdap uorssaI3al 1od synoq " - Aoams W1y WONII[[0d) Ur SOOURIYJIP
sem afdureg syuadsa[ope ‘@3eIaae uQ onst3o] 1M SJIUN awoy-uy 1 oaep aeaf | onnpg
yoea
I0J uoneINp
sasA[eue [euoseas sA pue
parenbs punox-1eak Aouanbaxy
azig oydwes /Sumpps |
\MMNMMMHMA s3urpury rofey thMMMMW Vd joamsealy | dmog eje( / s13lqng /porrad /oL wa Mm

(n4) dn-moryjoq




Sl

Kouanbaryg payroder sofewr ‘did o8e L1on0 3y -[oruRy fianoepe] o -uonsany e Arenuue ‘sieo g o ur saduey)
(prom
SoouSNYyur snoraaxd
uoseas 119y} WOy
03 300lqns jJou pauruLIaiep)
Apuaredde wdq
ureg 091 (K1ande
ing - (Am( snoxo3ia) so[eway 6/,
-dag) reak (0T '1- %05 “¢8°0- :0%¢) 3u33of ‘sorew Tg=U :¢ Teak
[ooypos a3 Apanoe (eorsAyd snoioBia 105 e pue (wdq) so[euIey ()4
moydnoxyg; y99yye Juednruds nur ‘sa[ewr ¢/=U :7 Jeak
awnAue sem xas,08e ou “(7/ T~ JUSIIJR00 Surpepowr 1ad syeaq SoTeUIdy g6 ‘soreur
resf-oy-1esk soTeway) x9s ‘(96 T=v19¢) Pasmmw 0¥ Inoqe POL=u [ 1wk
woij g Jo9y)0 98¢ aAnedau JuedHIUSIS Buisn Jo sajer yreay (sAepiooypos 0In) 1919%7 JO
Joom awres ‘Ayanpe TedrsAyd ajerepowr 10 e | pojeSnsoaur sajeIousg ¢ a0 wdy] A1 513 U s[ooyds 0007 55" T®
ayy SBurmp SPIOYSaI} Yoq 2A0qE so8ueyd (f1anoe 0} ureg woxy aJejs G woxy 30 Suonswry
Py Youo S3)vI J1eaY JIM SI[UUIA] Uk SWn reurpm3uo] djerapou) aynurnw paymiax (111 a3e
passassy arowr Apueoygrudis juads sofejy e uo Bunjem -Ag-opurnu) ueow) aureseq it *Ajranpoe reorsAyd
pouad snoq saduSnJuI s[stiq Burioyruowr g opeId Ul JUSPNIS e SPIo-1ead-g]
JUDUISSISSE ANUTW-QT pasn ATuo arojaIay Armyewr 1SJJO-IMO el ajer jreay Appenurue -1 1 ut sadueyd
Lep ¢ flup ‘quanbaijur ooz spouad aynunu-gz e | pue xes 98y 9y 9SOy e | snonupuo) e nAsIedkg e Teurpmiduoy
yoam rod
sown- AN
se paje[nojed
sem
21008 Apjoam
J8eroae
[[eraA0
ue pue
‘paununs
aroMm (errym
azs sway OVH 9911 “PeId €Icl)
o[dures a31e| [[e 0] sorj[e) SI[RWID] GLET=U
uSrsap Apfoom o | 012671 (OQ ‘uoydurysepy
aanadsoxd paurroyrad sreak ur pe ur uonezruedio
wray-Suory sopeuray NIYM SeM I YPIYM -INSTUNIPY  » dURUAITE W
azig a[dureg /Sunyeg oUSISIS
\MMMMMNMA sSurpury 1ofel MWMMMMHW Vd Joamsedjy | odmog ejeq /spalqng /pourad /oL hmu :Mm

(n4) dn-moqrog




91

mﬁwﬁzo uon

S91008 U0 paseq SA[EWd] ZZET=U o
G- saealk Ayjanoe £103a33e> -edpnred jo D ‘uoidurysep
woy % ¢l Aq pue §-¢ s1eak woy uerpaur Ayanoe Aouanbaxy ur uoyeziuedio
%01 4£q paurap ‘g-¢ s1eak woxy ug 33uey oes 10J pue adfy soueURIUTEW
aseoIdop Apea)s $a100s dexj[e) oy axredwrod parenojed passasse yipeay ad1e
$9100s OVH 0} pasn 3533 21008 -{OVH uo1j osje pue ‘H{O
azis ur 9,¢g Jo aurpap ‘porad Apms axrenbs-np Lyanoe arreu “DeUUIIU)) pue YD
sjdures a3r1ey 2Inud 1340 ‘0T 1eak 0y neajerd UeWIpaLL] Apream -uonsang) ‘Korox1ag apIsimo
uSisep pue g Teak 0} asearoul uayy ‘g 1eak ‘porzad Lrewruns Kiampy S[ooyds woIy
aapoadsoxd 03 pue (902 £9q) Z 01 G Jeak wroxy Apms 5910 -OVH o Temqey pamaoai (SHON)
ur1a}-3uo Ajdreys ‘g 0 T 1ead woy A[Ipes)s padueyd ‘Kep (urux Apms yeat] pue
SEIq Jyesol PRUII3p - 531008 DV H WP Apueoyrudis /sepunu 0€ < ‘unu g pmord ([ THN) 0002
renusjod $91008 $21008 -TANW -9T ‘U G aymmsuy poorg 2 Te 30 wwuny
- OVH 1 xeaf wew ss9[ [[e INq ~ § Tk Aranoe se passaxdxa -1) vogeinp pue ‘Sun 4resy]
ayp 3ursn woty %9g £q 0T Teak ul asesrour IyIayYMm anea TN EREIET [euoneN a1 wroij ‘90udDsa[ope
jusuISSasse ‘g 1824 0} 9SLIIIIP Apeals ‘C aUnuEXd Arewrums e e Joy ur aurfeseq je s1eak g1 Surmp jr0100
1eak)seg 1294 03 9, T JO aseadur ‘g 1eak ur 01 159) yuex 10 TN U0 poredonaed -6 PIBeSHTVINAL [eroeIq e ur
saTewt 0} aswaroap dreys /(v gg) 01 01 [ Teak pousis sired paseq 21008 sapIAToR - sreak 61-81 Ayranoe 1eoisAyd
a[qezmerauald woyy Liranoe jeorsAyd ur ssearsp paysrew parenopeo (av) Lreiq sade [pun Ajfenuue ur sa8ueyd
1) \ | JU)SISUOD - SAI00S (JY URIPIN UOXOI[IM -av e Lianoy Qdfsteakop e reurpryr8uory
I9puad yoea 8 .
10§ smyeys 10 G Jo SIAN (oreway
Ayianoe arom ¢ yxods %6°0G) 9G9=u e
J0 sxoyrpaxd Jo T J1 aAnpOR e ur un eurjore))
sIopua3 159} 0) [opowr paIopIsuod -edpnred YJION UI S[OOYDS
poq 103 dnoid aZe Jursearour suonenba ‘cI107 JO 10 Burpeas Areyuowrapd woxy
JIIM SUOp SaRIAROE ST0I03IA Sunewnse SIHN oToMm ' wox paImioa1 Apms
JO I3qUINU U 95€2109p JuedyudIg paziferauan) sanIAnRDOR Sunpfue (DIHD) Wnox pue
uSisop [[ex2A0 algns yoes coyjoz ~jsouwr pIp URIP[IYD) UI YI[edE] 0002
aanoadsoxd sapranoe Lreyuapas axow pajrodax I10J sme)s Kreyuapas se Aqrensn Aoy Te[ndSeAOIpIe)) 9 Te 30 Aoprrg
wIa}-3uog sofeway ynq ‘sopuas Jo ssaypredax fy1apoe uo pezuo3aje) sanIATOR ay) woxy
JUSWSSIsse s3oalqns 1opjo sy ur pagroder 109yJ0 owin 8 somp auraseq je § pue ¢ Apmig DIHD
Aragoe Apuanbaiy sxowr a19m (Areyuapas) possosse I0‘G‘g‘TJo ay} ajyeorpul sopeId ur syjuapmIg e ay [, :s1operd
restsAyd € 10 7 JO SLHA YIIM SaNIAIDY 5159} anfea 1N 03 spoalqns (s1ead w01 ySnonyy
jo 3red jou so[eway pIp ueyy sepragoe ¢ doy arenbs-np e poulsse pase /1-¥1 pode ‘epeid pi€ JO sonIALOR
uonjemp pue II3Y) UI SADIANOE SNoJ0JIA droun [PZsuSel] sem - aIreu -p0T PUe~y6 01) UOWIIIod
syjSud | spoyjour a715 3dwies /Suniag dUIIIFIY
\m.wo_.-ﬁwwnmﬁ sSurpury 1ofeq _awr—mﬁﬁﬁm Vd JO 2Insedly | 22Inog ejeq / s1alqng /porrad JomiL Apms

(n4) dn-mojjog




L1

az1s sjdwres awmn ng (38 01 M /SIYT'6) %8 ‘ajeIopour) MITAISIUT auo uroy
[rews Apreq Pposea1dap safewsy ‘s1edk GT 10A0) Lyisuaqur jo ay 03 Jouad paimuax Apmig
painseawx awin 1940 sutaped tepuls S[2A9] ¢ oI syguowr YIfeaH pue y3moir)
sem fpanoe PaMOYS Sa[euIay pue sa[ewt Y JH.L pepIaIpqns " g o Sunmp wepIswy ) 000T &' T2
eorsdyd UI S9[BWId) pUe SS[ewl UadMIaq uap ‘(feam fagoe woxy suraseq Je pjo 30 US[OYDOIA UBA
1894 Jo wn SOOUSISJJIP JUedLIUSIS ON (pasayus /senurua ur) resrs&yd sreak ¢T spalqng e
yorym Iespd 1291 awin,Xos paremored TemIqey (£z 98%) 1661 ur -Apmg yaresy
j0U asnedaq 93e woxy asearour 96 ‘9f-¢T 93e ‘aum sum (VJHIL) Jo seare urede ua ‘(17 93¢) pue pmoIn)
sansst Burmp 9,0z ‘sopewr ur asesIdaq ‘X3S) yuour Ljianoe PoI12A0D 6861 ur uree uoy [ewrpnu8uog
Ayeuosess 12-91 93%e woiy asearour -aInseaw [eorsAyd MBITATSUL “(91 93¢) 0361 03 WepIajsuy
o1 algns %G © Aq PoMOIJ[OJ ‘%€ sem 9T-CT pareadar 103 Ap[oom [w10) paimonys Arenue N3 (1661 :ojdoad BunoA jo
Apenusio 98¢ Surmp safeway ur 25BAIA(] VAONVIN a8eroay e BLETS -£/61) STedA CT o | Aypanoe [edisAyJ
. 9861
ur so[ew pjo-reak
: -g] 0] TZL Sem 9ZIS
adures jsajeurs
sajewr ue; aanoe Afjuonbory ngq ‘a3e pue reak
ar10wW safewroy ‘g 98e JoPy Yoom uo Surpuadap=u
ursop (reak xod 9,G'7) soTeway ur QTG xod a01my pueyury
aanoadsoxd wosj pue (reak 1ad 9, /°¢) sorew [PA9] JsE9[ J® JO ur SumMo} AJISIoATUM
wray-3uo] ur GI-z[ woj 3sadasys seurpap a8eyoeaje Kouanbary e uon 9A WOIJ PAyINIIAL
yurod ‘21 98e ye 150y3ny 110ds paziuedio SIOUIIIJJIP ynm spalgns -edpnred Apms suug 0002
JustaIMSLIW ur uonedpnred jo Aousnbar, Jopusd papnpul vd Sunog ur sty 97 Te 10 vwre[a],
yoeo je pourad Apms aredwod umseawr awIm-2INSsIa] Tenoseaorpye)
SJUSWISSasse IS 1940 (%,87) SO[EWD) Uetp 0} 515931, wepuado e | jo Aysusyuy ayy woxy ‘pueuLy
prepuegs (%/8) sorew xoy 1odaays surpag paysay axe (£ouanbaiy pue (0861) sureseq 1e ur pooyjnpe
joasn (seyeway 10§ 9 /% ‘Sofew 10§ %8°Q) sasatpod Ay uo paseq) fousnbay pIo sTea4-gT pue ‘GT BunoA
Sunsa S9X9s 30q J0J G[ pue g] safe ou - swim. pemdwod jnoqe payse 71 ‘6 pedespalgqng . 03 JnoA woxy
sisayod Ay usamiaq 1say3ny sem reak xad IDA0 SpURI) . vdjo - axreu sreoh ¢ Lyranoe feorsAyd
[eonsnels oN Kouanbaiy ur suypsp a8ejuadreg saquIsag xopujwng e -uonsangy AAd N STedhTL J0 SurpPR(
: . IOJUOI]
Aranoy
senpe)
IeaA jsed
sread Apms jyoam /sawm) ay unmp (earym
usaMIaq LAN [o0Y2s jo %6¥ I>eId %15)
azig ardureg / Sungeg
syjSuang spoyjouw DU
/ suoneymury sSurpury 1olely [eonsHES Vd Jo 2Imsed]y | 22Imog ejeq / MMMWAMHM M» WNWM& /oL Apmg




81

JO 3501} M /s1y ¢'F 0} paredurod “m /sy - U SoNIARDR - aIreu MaN uI (SQHINA)
Spremo} 8’/ yuads sorew ‘gy o3 Je ‘sofewroy JO sIaquInu -uonsang Apmg juowrdofeasq 2661
Areonnpa 105 M /sy G/ yim paredwod v g pue Aanoy pue yreafy < "Te 39 Aanoq
pue ur ym /sig /11 yueds sajeur g a3e aum fjanoe [e21sAyg KLreurdpspnmy
padejueape ye :sofewey we Ayanoe fedysdAyd aredwoo Yeom /smoy o, urpaum(y a1 jo yed *a0usdse[Ope
3y} spremoy ur swm arow Apueoyrudis 01 359 yuex uo paseq amsro] arom spredone] o | Sunmp sopranoe
Aqreonmo yuads sapew ‘sode yoq 1y uBrs sired - fiapoe BJOSIUUTIA] (1661-0661) eors&yd
~U0DIOII0S (Im /sSIq 1'9 SA M /SIY /6) paydyew TeotsAyd ur ap g1 a8e e N pue awr) 2INSIof
paselq 8T 99w je et 1oy Sy Apueoyruls UOXOJ[IM yuads sury, JO PaySISU0d (8661-2661 Surmp pue Sunrods
jeyMamos sem g1 o3¢ ye Lfjranoe TeorsAyd sigawered sanIAnde MOIAISJUL Pa1991]00) GI @3¢ ur a3ueyd
Joyo) ut Juads yoom 1ad sum ueapy -UoN jo £>usnbaixg aoej 0} deq jeoureseq ‘sreak ¢ e | pue Aymunuo))
Aysuapun
pue
saseyJ Kep yoes 10§ uonemp
1poq ur ampuadxe Surpnpur
payedonaed LN 1210} ‘skep
yeyy asoy} e opraoxd ¢ snoraaxd
papnpur 0} pawuns ayy urmp
sasdeuy 2IoM sanjeA saniAnOe
az1s ‘onfea LN S, PP sorewt 8661 62" T°
Qm&EGm Trewig sonIAnOe JO s \mufwﬁuﬁ passasse 1Gg=Uu \mwﬁgww yG=u ° 19 0ZUSIOI(]
safTuIej Iaquunu oy} yeyy 4q - 1661 (trnossiy
uerseone)) ur saueyd perdnnw pue 1661 ur) Ayrunururod ‘sisAfeue
ssep-afppru Vd Jo sanunu snoro3ia sunurexs sem aunf/AeN UIS}SOMPIA & w0y reurpmi3uoy
‘pajeanpa U UT 9[RSy 10§ %011 01 VAONV pajyedonred UL MITATSJUL aurpaseq Je SpuapMs V I "uLapnyp
0} payruay A pue sarewr 10 9,9’ /1 £q pasea1dap saInseout awm awoy-ur operd yopueys o |  Juowe aspISXD
[IqezIjeraua) s[eAd] Ajranoe ‘s1ead ¢ 9y 18A0 pareadey JO Junoury pamipnng stead ¢ o [ Jo spueunumIazR(
(1IN
(SLEN 01< ¥ papasoxe :
‘snoroB1a 10 03 Tenba (srewnay
AxoA 1M Je1} 86 ‘O[eW ) IS[=U e
JueoyTudIs sem 109JJ9 duin) STHIN 0L sapgranoe SpURLIASN
pue (¢'/ 03 9°01) % 1S paseaioep -/ ‘snoJoBia reorsdyd o3 AmepISWy
sofeur Juesyrudis jou sem 10ajo SLAN 2% paInsar) ur jooyds Arepuodag
azig adureg /3unjag SoUSIaLS
\MMMMMH“MQ sSurpury 1oley ~MMMM_~M“W Vvd Joamsesly | somog eye( / spalqng /porrad /oL hw :Mm

(n4) dn-moqjoq




6l

saAEM
meycie (sepfo 766=1  »
e payrodox ¢) sfoans Aueurian) 3sop
syoafgng 11eJ Jo Auo aposida UI 90UIDSI[OPY
Aaams Ppaisisuod 1od wogemp pue pooypyD
aurpseq . sosffeuy a8eroae ur 101ARYYg P[es]
Oop jou pIp soAem ?Om_uamﬁonu pue som SaNIATOR [T jo Apmg usurarg
%9¢ {(sopho ¢ € [1e Je Aj1ande [ej03 10) SwWn Jo0j oxenbs Iad seposida jo uogeInp -urjzag ap jo yred
e pasordured JO S[9AS] UeIpaul ISR SoTe]N - pue) fyanoe pue se (Um0} ueqmqns) 9861
%79) %9-G ATuo (17 01 $°7) sasAjeue Jo Aouanbaxy ‘Kouanbaay uowaIg pue s[RI SN
ayer asuodsax 9,¢1 paddoip snoxo8ia 105 suur], aandnosap “(eBeioae ‘adfy (£ 981e]) urpreg
MO (M /sy 6’6 01 6'9) %6 paddoip oIseq Apreaf e oV} passasse u1 S[OOYDS g WO Apmg
ardures A1ATOR 9jeISpOW 10§ SWIL], JO JSISUO2 uo M /s1y) --a1reu durfeseq je g 10 UDUIdAG-UT[Iog
SARNDISUOD (Im /s 1) sTeak 0} SuI29s yoom xod -uonsenb Lopeidursjuepnis e | oy isjusdssjope
‘payoares Z 191ye 9,01 Aq paseaidap ‘aureseq - payeys juads awm paro s[eAIyuI ueurion) Juowre
Apuopuex Je M /Sy 10T sem A1anoe Aqreoyads pepnpur “surupe puow-g e vjep Apanoe peorsAyd
SUI00XSSY]D) [©101 JOJ oUIN} JO [9AS] URIPa]A 0N SOINSEIN 195 JO SOABM G ‘SIRdA7 o jJo sureped
paredronaed
pey
Lo yorym
Ul SeNIANDE
estsAyd
rejnuys
SIXIS pue sprods
pue sode jo uogeInp
seiq [redax udIMIDq pue (soreway G/¢
" enusyod SO[BUID) pue sa[ew SIOUDISHTP ‘Kousnbaiy ‘Sa[ew OQF) GL/=U *
‘reak y3sed wr UD9M]O( OUBIDJJIP JuedyyTudis ou Apms adfy 81-GT 98e woxy
qIuow yoea - g sem g1 oFe je pue 7 sem g oFe 03 VAONV ayy “reas spelgns sassosse
senlAoe JE SIMIANOE JO J3GUINU URIPSIN saInseawt snoradrd Apms sip (gz61
10§ J[edal $9X9s Y3oq 10J spmrudewr pareadey ay jo 1€ YoXey pue 761
uo poseq Je[IVIIS JO 2I9M SUONOINPaX a8eyuwo e Puowr yoes 1 ady waemiag
yodar Jjog own jelp Funsad3ns uonoerur paredonred 10j “[reda1 wpaun(] ut [eidsoy
JU3DSSP dwin, Xas JuedrudIs oN s[enprarpur 0} payse © WIoIj Y)aiq Je
ueadoinyg so[ewnoy 10§ Poym syuedonred paMaI) pueeaz
A az1g a1dwreg /Sunag U
\MM%MMNMA sSurpury xofep —MWMMM““W Vd Jo amnsedpy] | 9d1nog vjeq /spalqng /pourad /oL hw :Mm

(nA) dn-mojjog




20

The studies in Table 2.1 differed in subject deﬁograpMcs, sample size and levels
of external generalizability. Two of the studies present results from the same
longitudinal data source: the National Heart, Lung, and Blood Institute (NHLBI)
Growth and Health Study (NGHS).27/54 Howevér, the studies differ in their main
- objectives and in the outcome measure assessed and therefore both are included.
The generalizability of these two studies and one additional study®2 are limited

to females only.

2.3.1 Physical activity assessment

The methods of physical activity assessment differed between studies,
contributing to variation in the results. Most used self'-repoi‘t measures, one used
self-report in addition to a direct monitoring measure (the Caltrac
accelerometer),?” ‘and one used continuous heart rate monitoring.5 Of the studies
that used self-report measures (one used a semi-structured interview?28), no two
studies administered the same qUestionnaire (other than the two studies that
used the same longitudinal data set). Therefore, the physical activities measured
do not necessarily reflect the same behaviours. For example, the Minnesota
Leisure Time Physical Activity Questionnaire used in the study by Dovey et al.,*”
asked participants about sports and similar physical activities in which subjects |
had participated during school and outside of school, including competitive
sports and leisure time activities. Other qugstionnaires asked the participant to -

report only those activities in which they had participated a minimum number of
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times (e.g., the Modifiable Activity Questionnaire used by Aaron ét al.% required
the participant to report an activity only if they had participated in it at least ten
times in the past year). Several studies e*amined only moderate to vigorous
physical activities.?829525355 These differences in measurement limit the ability to

compare results across studies.

2.3.2 Measures of physical activity and change over time

In addition to differing methods of measurement across studies, the

* physical activity (outcome) score that was followed over time differed across
studies. For this reason, we will briefly describe the outcome measure used in
each study when describing the results. Several studies presented here had
baseline and follow-up data outside of the 12—17-year-old age range; where
possible, the results describe only the change in physical activity behaviours
throughout these adolescent years.

Two of the 12 studies used the frequency of activities (per year) as the
outcome measure, to determine how the number of activities changed over
time.2526 Aaron et al.% conducted a 4-year population-base(i longitudinal study
to describe the pattern of chénge in the number and choice of leisure timé
physical activities from mid to late adolescence. Subjects were 782 adolescents
aged 12 to 15 years at baseline recruited from a single suburban school district
near Pittsburgh. Subjects provided information about their involvement in a pre-

determined list of common recreational and leisure time activities, as well as the
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frequency and duration for each activity during the past year, using the
‘Modifiable Activity Questionnaire for Adolescents. Each activity, however, had
to have been performéd at least ten times over the past year, which may not
capture spontaneous physical activities or those perforrﬁed in physical education
classes. Moreover, a recall period of one year introduces a potential for recall
bias. The mean number of activities reported each year for the entire sample
decreased from 7.05 activities per week in year one to 3.08 activities per week in
year four, a significant decrease of 56%. Overall, 85% of subjects reported a
decrease in the number of activities they participated in, and only 5% increaséd
the number of activities over the four years. The decrease related primarily to a
decrease in the number of activities, rather than a decrease in the time spent in
specific activities.

Telama and Yang?® found similar results in Finnish youth. The data were
collected in a nationwide longitudinal study of subjects aged 9, 12, 15, and 18
years at the beginning of the study in 1980. The subjects completed
questionnaires every three years up to 1992. The questionnaire included
questions on the frequency and intensity of leisure time physical activity,
participation in sports club training, participation in sports competitions, and the
respondent’s habitual ways of spending their leisure time. The outcome
measured was frequency of participation based on a summed index of the
physical activities reported in the questionnaire. The results were reported for

those participants who reported a frequency of doing at least two activities per
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week. A consistent decline was found in subjects after age 12, with the greatest
percentage decline in frequency per year between the ages of 12 and 15 years
(8.8% for males, 4.7% for females). The three-year percentage décline between
these ages was 26.4% for males, and 14.0% for females. From age 15 to 18 years,
males decreased their (three-year) percentage frequency by 15.9% and females by
7.6%; the percentage decline in frequency per year through these ages was 5.3%
in males and 2.5% in females. The decline in physical activity was‘stee'per among
males than among females, and by the age of 18, female subjects engaged in more
physical activities than males. The frequency of i)articipation in organized sports
also declined significantly (at its steepest, by 3.7% per year between the ages of
12 and 15 years in males, and by 2.5% per year between 15 and 18 years in
Ifemales).

Dovey et a1.57. reported the frequency of participation in terms of duration
(hours per week). They found that adolescents from New Zealand also showed a
Significant decline in physical activity from age 15 to 18. This study measured
time spent in physical activity (in hours per week) based on the frequency and
duration of participation reported. Overall, the mean time per week spent
participating in physical activity decreased from 9.7 hours per week at age 15, to
6.1 hours per week at age 18. Sex-specific analyses revealed that males decreased
the time spent on physical activity from 11.7 hou;:s per week at age 15t0 7.8
hours per week at age 18; in females, this decrease was from 7.5 hours per week

to 4.3 hours per week. A significant difference was found between the sexes
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(males” activity was consistently higher thah females’; p < 0.001), but the sex by
time interaction was not significant (p = 0.257), suggesting that reductions over
time were of similar magnitude in both sexes. Further analyses showed that the
median number of #ctiviﬁes reported decreased over the three years, from seven
to three activities for both genders, from seven activities to three for males, and
from six activities to three for females.

Aaroﬁ et al.? reported a decrease in the mean number of activities from
seven to three in a similar age group (age 12 to 15 at baseline), but over a foﬁr-
year period. They produced an overall leisure time physical activity estimate (in
hours per week) by summing the individual (physical activity) response items,
weighted for duration and frequency. Similar to results reported by Dovey et
al.,5” the total number of hours of physical activity per week for the entire sample
declined by 26% throughout the four-year period. Sex-specific analyses revealed
a43% decrease in males, and a 26% decrease in females in terms of total hours of
physical activity per week. However, at each ye(ar, males were consistently more
active than females.

A decline was also seen in West German adolescents aged 11 years at
baseline and who were followed for two years. Fuchs et al.3 collected data in
questionnaires, including the type, frequency, and duration of activities (chosen
from a predetermined list of 11 specific activities). In addition to a total time for
activity measure, they grouped the activities into moderate and vigorous

intensity to determine the change in time spent in these activities. Overall, the
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median time for total activity decreased by 10% over two years, from 10.1 hours
per week at baseline, to 9.1 hours per week two years later. This decline is
slightly smaller than that reported by Aaron et al.” and Dovey et al.,5” but the |
subjects were younger and the follow-up period was shorter (two years vs three
years®” and four years?). This study5® was consistent with Dovey et al.” in that
males had higher median activity levels than females. Results presented by
intensity revealed that fhe time spent in moderate activity declined by 9% (from
6.5 to 5.9 hours per week), aﬁd the time spent in vigorous activity declined by
13% (from 2.4 to 2.1 hours per week).

Several other studies examined moderate and/or vigorous activities
specifically; most present the results in terms of the number of sessions/episodes
in which subjects participated. A longitudinal study of adolescents aged 11 to 19
years, conducted by Gordon-Larsen et al.,> showed that the frequency of weekly
moderate or vigorous physical activity decreased by about 0.2 sessions per week,
on average, over a one-year period, with greater declines seen in males (0.'25 Vs
0.17 bouts per week in females). The baseline number of sessions per week was
4.2 for males and 3.3 for females. Motl et al.52 examined in South Caroliﬁa how
the average number of 30-minute blocks of moderate .physical activity and
vigorous physical activity participated in per day changed in a sample of females
from grade 8 to grade 9. Females participated, on average, in two 30-minute
blocks of moderate physical activity and only one 30-minute block of vigorous

physical activity per day in grade 8. These scores did not change significantly
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, s
over one-year of follow-up. The subjects were, however, only asked to report

their physical activity from the three days (Tuesday, Monday, Sunday) prior to
the assessment (Which was always done on a Wednesday), which may not be ‘a
sufficient amount of time to capture usual physical activity. The results from this
study are not generalizable to males.

Armstrong et al.5 ﬁsed continuous heart rate monitoring to measure
moderate and vigorous activity behaviours in males and females aged 11 at
baséline, with follow-up annually to age 13 years. The monitoring period for this
study was three days. They chose a heart rate cut-off of 140 beats per minute
(bpm) to repreéent moderate activity and 160 bpm for vigorous activity (based on
‘previous assessments of subjects in the same age group, in which brisk walking
[a moderate activity] generated heart rates of about 140 bpm, and jogging [a
vigorous activity] generated heart rates of about 160 bpm). The objective was to
determine the number of 20-minute perioqls in the three-day monitoring period
that subjects had sustained continuous heart rates above each threshold, in order
to compare with recommended guidelines. However, at age 13, 82.7% of males
and 86.1% of females did not demonstrate even one 20-minute period of vigorous
physical activity during the three-day monitoring period; only 2.5% of males and
no females participated in the equivalent of one daily 20-minute period of
moderate physical activity. Ten-minute periods were more likely but still
infrequent. The percentage of subjects who sustained periods when their héart

rates were above 139 and 159 bpm during the three-day monitoring period
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decreased over the two-year follow-up. For the percent of time with heart rates
above 139 bpm, each increasing year of age contributed to a 1.6% decrease in
time spent above the threshold, and this was 1.7% lower for females. Similar
results were seen for the percent of time spent with heart rates above the cut-off
for vigorous activity; each increasing year of age contributed to a decrease of
0.8% of time spent, and was 1.2% lower for females. Neither acﬁvity threshold |
revealed a significant age*sex interaction effect, suggesting that réductions over
time were similar in males and females. Consistent with Motl et al.2 (in females
only), periods of 20 to 30 minutes of moderate to vigorous physical activity are
infrequent in this age group. It is possible that a measure of duration (in minutes
or hours per week) of moderate to vigorous physical activity, rather than bouts,
is needed to capture a more reliable estimate of this type of participation.
DiLorenzo et al.?? conducted a longitudinal study on 5t and 6t grade
students from Missouri, with follow-up three years later (in grade nine). The
primary measure of interest was time (in minutes) spent participating in
vigorous physical activity, calculated from the average three-day MET
expenditure (see description in Table 2.1). They noted a decrease in participation
of 17.8% in males and 11.0% in females over the three-year study period (the
average MET expenditure per three days for males was 4.5 at baseline vs 3.7 at
follow-up; for females, the average MET expendituré per three days was 3.3 at
baseline vs 2.9 at follow-up). Only the physical activity participated in during the

three days prior to the interview were assessed, and the sample size was quite
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small, consisting of predominantly Caucasian, middle-class families (therefore
generalizability may beklimited). ‘
| Bradley et al.5 examined changes in specific activities of elementary,
middle, and high school students longitudinally over six years of follow-up. The
primary outcome measure was a self-report of the three activities respondents |
did most often. This was used to estimate their typical activity patferns, with
activities being classified by intensity level. In each grade, males reported more
vigorous activities than females. Overall, there was a decrease in the number of
vigorous activities reported as subjects graduated to higher grades.

'Three studies examined change in habitual physical activity (HPA).
Van Mechelen et al.28 assessed HPA annually from age 13 to 16 years in Dutch
male and female subjects, with another follow-up assessment at age 21. Data
were collected from subjects in a secondary school in Amsterdam as part of the
Amsterdam Longitudinal Growth and Health Study, which began in 1977. The
physical activity measure included participation in organized sport activities,
non;organized sport activities and other leisure time activities, transportation to
school, work, etc., and work-related activities. However, to be included in the
HPA measure, an activity had to equal or exceed an intensity of four METs
(activities of moderate intensity). Sex-specific analyses revealed that from age 13
to 16 years, males decreased their total HPA by 20%, but then increased their
HPA by 5% between ages 16 and 21. 'There was a lesser change observed in

females: their HPA decreased by only 3% between ages 13 and 16, but increased
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their HPA by a similar 5% between ages 16 and 21. The time trends for both |
males and females, however, were not significant. }Males were significan_tly more .
active than females, and the decline was greater in males than females (such that
by age 16, females were 3.5% more activé than males). For both sexes at each
measurement point, at least 50% of the time was spent doing activities other than
organized or non-organized sports (except for males at ages 13 and 14). In fact, at
age 21, participation in organized and non-organized sport activities contributed
relatively little to the total amount of physical activity for both sexes. This; is
likely due to the fact that most participants would have left high school between
the interviews at age 16 and age 21, and consequently there are fewer options for
team sports.

Kimm et al.# exémined patterns of physical activity throughout
adolescence in females only using data from the Natidnal Heart, Lung, and Blood
Institute’s Growth and Health Study, and also noted increases in participation
during late adolescence. Baseline data collection began in 1985, when subjects
were aged nine and ten who were recruited from schools in California and Ohio,
as well as from a lérge health maintenance organization in Washington, DC.
Follow-up was conducted anﬁually until ages 18-19 years. Two self-report
instruments were used: a three-day Activity Diary (AD) to capture detailed,
short-term activity, completed for two consecutive weekdays and one weekend
day, and a Habitual Activity Patterns Questionnaire (HAQ) to assess habitual

activity during the past year. The HAQ assessed the type and frequency of
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participation in physical activity but was limited to acti%riti'es done outside of
school. A Caltrac Activity Monitor was also used in years three to five. Over the
entire study period, there was a significant decline of 35% in the activity diary
scores (expressed in MET-minutes/day; \\see Table 2.1), suggesting that the level
of females’ daily activity declined by 35% from ages 9-10 to ages 18-19 years.
HAQ scores showed a greater decline: 83% from ages 9-10 to 18-19. However, a
more detailed analysis over time (by study year) revealed an increase in
pa_rticipatidn from ages 16-17 to ages 18-19 yéars (according to both the AD and
the HAQ), although the level of physical activity did not achieve the same level
as at baseline (aged 9-10 years).

Using the same data and follow-up period, Kimm et al.>* examined the
HAQ scores separately for black and white females. There was a consistent
decline in median HAQ scores over the entire study period: by 100% in black
females and by 64% in white females. More specifically, by year eight, 56% of
black females and 31% of white females had HAQ scores of zero. The median
HAQ scores, however, increased among white females after year eight (aged 17-
18 years). The mean annugl declines in HAQ scores were greater at the older ages
for both races: from years five to eight, from 4.1 MET-times per week for black
females and 3.5 for white females, whereas annually from years one to five, the
decline was 3.5 MET-times per week for black females and 2.7 for white females,

annually.
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Summary

Despite substantial variation between studies in the characteristics of the
sample, in the methods, and in the tYpe of physical activity measured, the results
of the longitudinal studies reviewed here indicate that physical activity generally
declines through adolescence. Studies have reported reductions specific to
organized and non-organized sports, moderate and / or vigorous activities, and in
habitual physical activity. All studies consistently reported that males
participated in more activities than females, and although the participation in
physical activity decreased for both sexes as they got older, five studies found
that males deéreased their activity level at a faster rate. than females.25126:28;29;53
Three studies reported increases in physical activity as subjects. grew older,27:2854
namely in the late-adolescent years (at approximately age 16 years), but the
increases followed years of steady decreéses and thus, did not reach the same
level of participation as at baseline.

All longitudinal studies reviewed had subject follow-up intervals of either
one-year?27:285355 or three-years 262957 One study assessed the subjects at six-
month intervals,5 but only repbrted the baseline and annual follow-up
measures. Assessment of physical activity behaviours using shorter follow-up
time intervals (i.e., every two months) could provide a more accurate description
of how physical activity levels change through adolescence. It might identify
ages where physical activity increased (i.e., upon entry to high school when

opportunities to play sports increases®), or ages where the decline was greatest.
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Furthermore, identifying predictors of physical activity assessed over short time
intervals may help to explain patterns of physica.I activity throughout
adolescence; specifically, which factors predict increasing activity, and which
factors predict decreasing activity. This kind of data will help inform
interventions targeted at this age group in order to prevent or minimize

reductions in physical activity.

2.4 Predictors of physical activity in adolescents

Identification of the determinants of phyéical activity provides the
groundwork needed to develop rﬁc;re effective physical activify promotion
interventions, particularly if these determinants can be targeted for change.s® To
date, information on the determinants of physical activity relies largely on cross-
sectional studies, which can only provide information on factors associated with
physical activity (referred to as correlates). Inferences regarding causality cannot
be made based on cross-sectional data.®! Although longitudinal studies are
necessary to examine predictors of physical activity behaviour, few have been

conducted to date in adolescents.

2.4.1 Theoretical models

Studies of determinants of physical activity are typically based on theories
of behaviour, such as the Theory of Reasoned Action3¥34 and the Social Cognitive
Theory 29333562 Ecological frameworks have also been used to examine

interactions between the individual and multiple levels of the environment (e.g.,
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social, organizational, community, and legislative/ Poli_cy influences).6® Potential
influences have been classified into five categories, Based on previous reviews on
determinants of physical activity:606465

1. demographic and/ or biological factors ;

2. psychological / co”gnitiye /emotional factors ;

3. behavioural attributes/skills;

4. social/cultural factors;

5. indicators of the physical environment.
Table 2.2 summarizes the most commonly studied predictors/correlates of
physical activity in adolescents in both cross-sectional and longitudinal
(published) studies. Numerous other predictors/correlates have been examined
but were not incorporated into the table because there was relatively limited
evidence about their potential value as predictors (i.e., they were infrequently -
studied), or because they were captured under the subheadings presented in
Table 2.2. Appendix A presents a thorough review of the studies réviewed
(including a description of the study population, analytical techniques, each

predictor/correlate examined, and the main findings).

2.4.2 Demographic/biological factors
As shown in Table 2.2, the most commonly studied demographic
and biological factors examined include sex, age, and race. In all studies

comparing sex,3337:6366-68 males were consistently more active than females.
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Studies that did not examine the predictive effect of sex either stratified the
analysis by sex,2%313456626571 adjusted for sex,5727476 or the sample consisted of
females only 32355254 On balance, physical activity decreases as teenagers get
older. Cross-sectional studies found significant differences between ages such
that younger subjects participated in more activity than older subjects.32336267,78
This is consistent with the longitudinal studies reviewec?l in the previous
section— that physical activity decreases with age. However, age was not a
significant predictor in fourdsa75670 of thé five3537:56:6670 longitudinal studies
presented in Table 2.2,

Race was an inconsistent predictor, particularly when comparing race by
sex. Some studies found that Caucasian subjects participated in more physical
activity than African-American or Asian subjeéts.68;70;78 This was most consistent
among males than among females; Bradley et al.% found African-American
females participated in more physical activity than Caucasian females.

Socioeconomic status (SES) has been examined in this literature. Several
measures such as parental educational attainment,?/547074¢ number of parents in
the household,31;54}70 and parents’ employment®70 were used as proxy measures
for SES. Higher SES is typically assumed to be predictive of higher physical
activity levels; six®15468-7074 of nine313254:68-70.747579 studies found this association.

Body mass index (BMI) is a biological factor used to measure overweigh;c
and obesity and is hfpothesized to be negatively associated with physical

activity levels. Three studies found that a higher BMI is predictive of lower
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activity, but for females only;?13454 the other three studies found BMI was not

predictive/ correlated with physical activity 323577

24.3 Psychologicé]/cbgnitive/emotional

Self-efficacy and other Social Learning variables (e.g., barriers/benefits of
physical activity) were the most commonly studied predictors of physical
activity in this category. Self-efficacy is a measure of self-confidence to be
physically active; generally, higher self-efficacy is hypothesized to be predictive
of higher physical activity. S5ix293235:62 of the eight?%32-3552:62:63 studies which
examined self-efficacy reported this relationship. Self-worth was a significant
predictor of change in moderate physical activity and vigorous physical
activity,? although self acceptance was not.3s

Perceived benefits of physical activity were found to be positively
associated with physical activity in all croés—sectibnal studies,*15262 but were not
significant predictors in the two Iongitudinal studies which examined this
factor.2935 Barriers to physical activity, such as social barriers, cost, and time
constraints, are hypothesized to be negatively associated with physical activity.
Four studies2?313562 provided evidence to support this hypothesis although one
study contradicted this assumption: perceived barriers were found to be
positively associated with physical activity in subjects aged 10-16 years.3? Two
studies??52 found no significant association between perceived barriers and

physical activity.
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Stress and depression are hypothesized to be negatively associated with
physical activity. Two longitudinal studies in this review investigated the effects
of stress.1434 Reynolds et al.3* found stress to be inversely related to physical
activity levels among females, but not among males. In an intervention study,
Norris et al. reported that subjects who participated in a ten-week high-
intensity training program had significantly lower perceived stress than subjects
in either the moderate-intensity or flexibility training groups“or the control
group. Depression was investigated in five studies, 1437707273 buf only two (cross-
sectional) studies found it was a significant predictor of physical activity
(inversely).”27® Both studies, however, included a measure of anxiety as part of
the depression} measure. If should also be noted that in one of these studies,’2 the
anxiety/depression measure was only found to be significant in bivariate
analysis; it was no longer significant when the model controlled for sex, age, and
SES.

Five studies examined the relationship between body image (or similar
constructs) and physical activity. The one longitudinal study?®> (which included
only females) did not find a significant relationship; three of the four cross-
sectional studies®1:627677 found that body image was positively correlated with
physical activity.6276:77

Academic grades are also h}?pothesized to be positiveiy associated with
physical activity, such that activity levels should be higher with higher academic

achievement. Of the five studies that studied academic grades,3132626976 only two
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found a significént, positive relationship, one while controlling for sex? and the

other in males only.62

2.4.4 Behavioural attributes/skills

Behavioural attributes and skills include such behaviours as smoking and
alcohol use, diet, sedentary activities (T'V-watching, video game-playing), and
previous /baseline physical activity participation. Seven studies examined the
predictive ability of smoking and four found that smokers participated in less
activity;54697376 the other threé studies found that smokers’ participaﬁon in
.physical activity did not differ from that of non-smokers.326271 Of the four
studies that examined alcohol conéumption, three studies found no association
between alcohol use and physical activity.6%6973 However, one study foﬁnd that
those who drank more, participated in more physical activity.”

Eating a healthy diet was associated with higher physical activity in two
of three studies:6%7176 those who ate more fruits and vegetables’® and those who
ate breakfast regularly® had higher physiéal activity levels.

Only one longitudinal study examined the predictive ability of sedentary
behaviours on physical activity, and no significant relationship was found.® All
three cross-sectional studies, however, found a significant, negative association,
such that higher participation in sedentary behaviours was associated with less

physical activity participation.3%3%62
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Baseline/ previous activity level was only considered in longitudinal
-~ studies; three of the four3525471 found that it was a significant, positive predictor
of follow-up activity levels,345254 although two of these studies included female

subjects only.5254

2.4.5 Social/cultural factors

Social and cultural factors relate mainly to perceived support for physical
activity shown from friends, family,b teachers and coaches. Four of five studies
that investigated social support found that social support was predictive of
higher levels of participation in physical activity 3136263 although one study
found no association.?® Support and rnodeling from a coach was also a significant
predictor, but support and modeling from teachers was not (see Appendix A).62
Physical activity levels of the mother or father were not predictive of, or

correlated with, physical activity in adolescents.29:31;68

2.4.6 Physical environment

Factors associated with the physical environment include season,
availability of resources, and characteristics of the neighbourhood. The extent of,
and impact of, seasonality differences depend on the country of research; Canada
has a highly variable climate with considerably colder winters. Therefore, it is
hypothesized that participation in physical activity would be lower in the winter
months. Only two studies measured season as a predictor/correlate of physical

activity,®74 although one adjusted for season in the analysis.”> Of the two
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studies, one conducted nationally in the United States found no association
between season and physical activity,” and the other (conducted in
Saékatchewan) found that activities were higher in the spring than in the fall or
winte/zr.66

Three studies investigéted access to recreational / enviromﬁental facilities,
hypothesizing that lower access would be associated with lower levels of
participation in physical activity.2%626 Two studies supported this hypothesis:
resources available /in the home, neighbourhood, and school® and access to

recreational facilitiess? were significant predictors of higher physical activity.

Summary

This reviéw of pfedictors / correlates of physical activity behaviours in
adolescents shows there has been limited research conducted in this area within
the adolescent population. While demographic/biological factors were examined
most freqﬁently, many predictors included in other categories werevonly
examined in one study, and therefore due to a lack of evidence, were not
presented in Table 2.2; see Appendix A. This limits the strength of the evidence
and suggests a need for further research. The evidence for predictors examined
in multiple studies is generally inconclusive; some show evidence of an
association with physical activity, others show no association. This also suggests

a need for further research. Sex was the most consistent predictor of physical
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activity in adolescents, such that males participate in more physical activity than

females.

2.5 Contributions of this thesis to the literature

The studies summarized in this chapter contribute to our understanding
of physical activity behaviour in adolescents, but the studies reviewed have
marked limitations, particularly in describing physical activity over time. The
longitudinal studies reviewed in Table 2.1 (on page 13) describe patterns of
physical activity based on time intervals between assessments that were lengthy,
possibly obscuring short—term patterns of change. Furthermore, individuals are
likely to have their own distinct pattern of physical activity over time, and few
studies considered (or even adjusted for) within-person (intra-individual)
change, which may have biased the results. Studies examining predictors or
correlates of physical activity were limited, supporting the necessity for further
research. Most of these studies were based on simple pre-/ posf— designs, which
provide a baseline estimate and one follow-up measure, ignoring for the most
part, that variables change over time. Elucidating the nature of the relation
between potential predictor variables and physical activity over‘ time requires
that both physical activity and the predictor {fariables be measured frequently
over an adequate follow-up period. Trajectories using sophisticated
developmental models are critical to identifying inter-individual change in

participation in physical activity with age. These kinds of analyses will help
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identify critical time periods when adolescents should be targeted for activity
pro;notion. inteﬁentiom. The availability of potential predictor data over time
will enhaﬁce the ability to determine which factors predict ‘the shape of these
trajectories, which in turn can inform the development of more effective
interventions.

This thesis will use the multilevel model for change to investigate
trajectories of physical activity participation in adolescents. Data were collected
approximately every two months from age 12 to age 17 (inclusive). This thesis
‘will also investigate facf:brs that may explain both within-person and between-
persons differences in physical activity levels over time. The results of this thesis
will further our understanding of adolescent physical activity behaviours and
predictors of change, which can be used to improve existing efforts and

interventions aimed at youth of this age group.
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CHAPTER THREE: METHODS

This chapter is divided into two parts. Since this thesis is a secondary
analysis of data collected in the McGill University Study on the Natural History
of Nicotine Dependence in Teens (NDIT),8081 the first section (3.1) describes the
methods used in the NDIT Study, including the study design, method of éample
selection, data collection methods, and the survey instrument. The second section
(3.25 describes the methods used in this thesis. More specifically, the study
sample is described based on inclusion and exclusion criteria and missing data;
the study variables are defined; and all analytical techniques, including

preliminary, exploratory, and explanatory strategies are described.

3.1 NDIT Study Methods

3.1.1 Study Design

The NDIT Study is a prospective cohort study (1999-2005) designed to
investigate the natural course of early cigarette use and the development of
nicotine dependence in novice smokers. The cohort included 1293 students
initially aged 12-13 years. Participants were recruited from all grade seven
classes in a convenience sample of ten secondary schools in Montreal, including
“seven English and three French schools. Data were collected with self-report
questionnaires every two to three months during the ten-month school year. -
Ethics ap.proval ]for the study was obtained from the McGill University Faculty of

Medicine Institutional Review Board.
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Although the primary purpose of the NDIT Study was td describe the
development of nicotine dependence symptoms in relation to tobacco exposure,
data were also collected on a variety of other behaviours, indicators of health
status and possible health determinants. These included (among others): level of
physical activity, anthropometric characteristics, blood pressure, and
psychosocial characteristics including symptoms of stress and depression. Blood
samples were collected for investigation of a possible génetic prédisposition to
tobacco use and nicotine dependence.

The present thesis uses data from the NDIT Study to describe patterns in
physical activity participation over time among adolescents during their
secondary school years, and to identify factors associated with changes in

physical activity levels over time.

3.1.2 Sample

Description of schools
Secondary schools were selected based on consultation with school boards
and school principals to identify a mix of French and English schools, urban,
suburban, and rural schools, and schools located in high and low socioeconomic
neighbourhoods, all with a relatively low turnover of students. Thirteen schools
were approached and agreed to participate. However, two schools were

excluded due to a very low return rate of signed parental consent forms, and one
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school was excluded because the school administrators could not guarantee

cooperation over the entire study.

Recruitment of subjects

All students in all Secondary I (grade 7) classes at participating schools were
“invited to participate in the NDIT Study. Potential subjects were given an
information letter to bring home to their parents. Signed informed consent was

obtained from all subjects and from a parent/guardian.

3.1.3 Response

Over half of eligible students (56.2%) participated in the baseline data
collection. This relatively low response rate was due, in part, to a labour dispute
in Quebec that resulted in teachers in several schools refusing to collect consent
forms. The need for blood sampling for genetic analysis aiso likely impacted

adversely on the response rate.

3.1.4 Data collection methods

Baseline data were collected in the fall 1999. Subjects completed a 45-
minute questionnaire administered either in the classroom or in the school
cafeteria to groups of classes. Questionnaire administretion was repeated at
approximately two to three month intervals during the ten-month school year.

Most data collection took place during the months of October, January, March,
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and May. Alternative data collection dates were scheduled for students who
were not available on the originally scheduled date.

The NDIT questionnaire was administered in French or English according
to the language used in each school. Trained technicians measured height,
weight, waist circumference and triceps and subscapular skinfold thickness
according to a standardized protocol®? at baseline and then again at the end of

year three (spring 2002).

3.1.5 Survey Instrument

- The NDIT questionnaire collected data on behaviours (including cigarette
smoking, use of alcohol, and participation in physical activify, among others),
psychosocial variables (including symptoms of stress and depression, among
others), and sociodemographic characteristics. The items relevant to this thesis
are described in detail in Section 3.2.5. The specific questionnaire items for all

variables included in this thesis are presented in Appendix B.

3.2 Methods specific to thesis

This section describes the methods specific to the thesis analyses,
including data preparation, variable definitions and analysis. The NDIT team
provided the study data files containing all requested variables (a total of 103
-variables per wave of data collection) for 1293 subjects (623 male and 670 fémale).
Prior to the start of the analysis, ethics approval was obtained from the Ottawa

Hospital Research Ethics Board.
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3.2.1 Data processing

There were 18 survey cycles (data collection waves) available for analysis
in this thesis (4.5 years of data). Each wave of data was entered into a separate
SAS file. NDIT staff provided a copy of each file which contained the relevant
variables for the thesis analyses. The individual files were combined into a
master file with the variables renamed ’ch indicate the data collection wave in
which they had been collected. This file was then restructured to create a person-
- period structure in which each subject had multiple records, one for each wave of
collection.8

‘Each subject in the study had his/her own unique identification (ID)

number to facilitate tracking and merging of data on single subjects.

3.2.2 Inclusion/exclusion criteria

The analysis was restricted to data collected Whén subjects were between
age 12 and 17 years inclusive. There were only 22 measurement points for 11-
year-olds and eight points for 18-year-olds. Subjects were required to have
physical activity (outcome) measures for at least four time points to be eligible
for inclusion in this analysis. Only 6.7% of subjects were excluded for this
reason.

The final data set included 1206 subjects (579 males, 627 females) with
results for up to 18 waves of data when subjects were aged between 12-17 years

(for a total of 17,172 data points).
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3.23 Missing data

A serious problem in longitudinal studies is failure to obtain data from all
subjects at each wave of data collection, due to drop-out (attrition) or missing
one or more intermediate visits.8485 In this sfudy, subjects might not have
participated in one or more survey cycle for several reasons including absence
from school on the day of data collection; moved permaneptly (reason unknown
or reason known); transferred to another school; or refused to continue to

participate in the study. Missingness patterns will not be addressed in this thesis.

In order to ensure sufficient sample size over time in the study, the NDIT
team accepted new students after the baseline collection cycle. “Late joiners”
included those attending participating schools who agreed to participate in the

)

study after the baseline cycle, as well as new students who wanted to participate.

3.2.4 Time scale

The primary goal of this thesis was to describe changes in physical activity
as young persons mature through adolescence. The longitudinal nature of the
data collection, with multiple observations per subject, allowed a description of
the physical activity trajectory for every subject. The objective of the modeling
process was to describe the shape of these trajectories, as well as identify factors
that explain differences in trajectories between subjects.

The analysis models activity changes in relation to age. We considered

using calendar time rather than age, which would have identified grade-specific
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changes more easily than using age. However, age is the primary marker of the |
physiological changes which occur during the adolescent years, as well as a key
marker of changes in the social environment.

| Age was derived based on the subject’s date of birth and the date of
questionnaire compleﬁon, thus producing a continuous measure of age. As
recommended in the literature,® age was centered in fhe regression analyses at
the approximate mean age of subjects (14.5 years) over follow-up. This reduces

collinearity between age and higher-order polynomials of age (i.e., age?, age?).

3.2.5 Study variables

Dependent variable

The NDIT questionnaire included a seven-day physical activity recall,
which was used to develop the outcome measure investigated in this thesis. The
‘seven-day activity recall provided a measure of the frequency of physical activity
during the week preceding the questionnaire. Specifically, students were asked
to check, for each day, which activities (from a list of 29 activities; Table 3.1) they
had participated in for at least five minutes. This instrument was adapted from
Sallis’s Weekly Activity Checklist,*3 which has been validated in fourth grade
students, and is presently used in the SPARK Project.?¢ The SPARK version asked
respondents to complete a daily check list for a range of activities in which they

participated for at least 15 minutes.
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Table 3.1. List of activities included in the seven-day recall of participation in physical
activity, in the NDIT questionnaire.

= Bicycling to school, bicycling to do errands, going for a bicycle ride
* Swimming/diving

*  Basketball

= Baseball/softball

s Football
= Soccer
= Volleyball

= Racket Sports (badminton, tennis)

s Ice hockey/ball hockey

s  Jump rope

*  Downbhill skiing, snowboarding

»  Cross-country skiing

*  Jce skating

» Rollerblading, skateboarding

= Gymnastics (bars, beams, tumbling, trampoline)

= Exercise / physical conditioning (push-ups, sit-ups, ]umpmg jacks, we1ght—11ﬂ:mg,
exercise machines)

s  Ball-playing (dodge ball, kickball, wall-ball, catch)
* Track and field

* Games (chase, tag, hopscotch)

s Jazz/classical ballet

= Dancing (aerobic, folk, at a party)

= Outdoor play (climbing trees, hide and seek)

s Karate/ Judo/ Tai Chi/ Kung Fu

= Boxing, wfestling

= OQOutdoor chores (mowing, raking, gardening)

= Indoor chores (mopping, vacuuming, sweeping)
*  Mixed walking / running / joggmg

=  Walking

* Running/Jogging

= Other(s) > Name them

The original instrument correlated with an objective activity measure
(Caltrac accelerometer) at r=0.34 (p < .01), with a three-day test-retest reliability
coefficient of 0.74.43 The NDIT Study modified the checklist by reducing the time

of participation to five minutes in order to include all activities in which subjects
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had participated, even if only for a very short period of time. The list of activities
was also adapted to better reflect the physical activities commonly engaged in by
adolescents in Montreal. Students were provided with the option to add any
activity not listed in the checklist. No information was available about the léngth
of time the student spent on each activity.

The number of activities reported in the seven-day activity recall was
summéd for each student to provide a continuous score indicating the number of
physical activities participated in during the previous week. This score was used
as the main outcome measure investigated in this thesis. Scores ranged from 0 to

154 (median=15.0; mean=19.7; standard deviation=15.6).

Candidate predictor variables

The NDIT questionnaire alsd collected data on a range of factors
hypothesized to be associated with physical activity behaviours. These factors
were either time-invariant (fixed; not changing over time) or time-varying
(changing over time). Consistent with previous reviews on determinants of‘
physical activity,5%6465 the candidate predictor items were classified into four
categories: 1) demographic/biological factors, 2) psychological/ emotional
factors, 3) behavioural attributes, and 4) indicators of the physical environment.

The 11 candidate predictor variables examined in the analysis are

summarized in Table 3.2.
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Table 3.2. List of candidate predictor variables examined in the analysis.

Category Variable Level of Range / Groups
. measurement
Demographic/  Sex Dichotomous Male* vs Female
biological
Subject country of birth Dichotomous Born in Canada* vs Born
’  outside Canada
Parent’s country of birth Dichotomous Both parents born in

Canada* vs One or both
parent(s) born outside

Canada
Baseline BMI ~__ Continuous 13.3 -39.8
Psychological/  Depression score Continuous 1.0 - 4.0 (higher score
emotional means more depressed)

Stress score Continuous 1.0 - 4.0 (higher score
means more stressed)

Behavioural TV-watching (hours per day) Continuous 0-18
attributes

Computer/internet/video Continuous 0-18

game-playing (hours per day)

Alcohol use Dichotomous Does not drink at least once
per month* vs Drinks at
least once per month

Cigarette smoking Dichotomous Does not smoke everyday*
vs Smokes everyday

Physical Season Categorical Spring* vs Fall or Winter
environment

Note. * denotes reference group.

Demogmphic/biologicul items
Candidate predictor variables in the demographic/biological category
included sex, country of birth of student, and country of birth of the biologic
father and mother. Each of these factors was a time-invariant (dichbtomous)
candidate predictor. The information regarding these variables was collected at
replicate interviews; the replicate information was checked for consistency

throughout the study.
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~ Baseline body mass index (BMI) was also included in this category. BMI
was calculated based on physical measures of height and weight (taken by
trained technicians at baselihe). Height was converted to meters and weight to
kilograms. BMI was then calculated according to the standard formula:
weight(kg)/height(m)2. Although BMI was collected at two waves, only baseline
values were e>{<amined because there were fewer than the fpur data points per

subject needed for the trajectory analysis. Therefore, baseline BMI was a

continuous, time-invariant candidate predictor variable.
Psychological femotional items

Psychological /emotional factors included symptoms of depression and
stress. Depression symptoms were measured using a validated scale8”-% which
comprised six items. Subjects Were asked to report how often in the past three
months they had experienced each of the following: too tired to do things;
trouble going to sleep or staying asleep; feeling unhappy, sad or depressed;
feeling hopeless about the future; feeling nervous or tense; worrying too much
about things. Responses ranged from never to often on a 4-point scale. Depression
symptoms were measured as the mean value of the summary score based on
these six itemsi Subjects who did not complete at least 60% of the items (i.e., 4 of
6 items) were assigned a missing value for their depression score at that wave.
The available items were summed and the sum was then divided by the number

of valid responses to obtain a depression score between 1 and 4. Higher scores
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represented more depression symptoms. This variable was a continuous, time-
varying candidate predictor, measured at each data collection wave.

Stress was measured using a 13-item scale.’! Subjects reported how much
they had been worried or stressed (not at all, a little bit, quite a bit, or a whole lot)
during the past three months by any of thé following factors: parents sé_parating
or divorcing, loneliness, breaking up with a boy or girlfriend, relationship with
father, relationship with mother, relationship with sibling, relationship with
friends, a health prollolem,' weight, sex, a new family, financial problems in
family, or school work. Symptoms of stfess were measured as the mean value of
the summary score based on these 13 items. Subjects who did not complete at |
least 60% of the items (i.e., 8 of 13 items) were assigned a missing value for the
stress score at that wave. The available items were summed and the score was
divided by the ﬁumber of valid responses to obtain a stress score between 1 and
4. Higher scores represented more symptoms of stress. This variable was a
continuous, time-varying candidate predictor, measured at each data collection

wave.
Behavioural attributes
Data on behaviours other than participation in physical activity included
sedentary activities (time spent watching television (TV); time spent using the
computer or internet, or playing video games), use of alcohol, and cigarette

smoking. Each behavioural attribute was asked at each data collection wave.



57

Subjects were asked to report how many hours, on average, they watched
television per day. They provided separate estimates for weekdays and
weekends. The average arﬁount of time spent watching TV (daily) was
computed from the weekday and weekend estimates using the calculation:
(average hours during the week * 5) + (average hours on weekend * 2) / 7 days
per week. TV-watching was a continuous, time-varying candidate predictor.

Subjects were also asked to report how many heurs per day, on average,
they played on the computer, used the internet, or played video games. |
Estimates were provided separately for weekdays and weekends; therefore the
average time spent (daily) on these activities was computed from the weekday
and weekend estimates using the calculation: (average hours during the week *
5) + (average hours on weekend *2) / 7 daye per week.
Computer/internet/video game-playing was a continuous, time-varying
candidate predictor.

It was decided a priori that any reported value over 18 (hours per day) for
the measures of TV-watching and computer/internet/video game-playing
would be discarded as a reporting error (and therefore set to missing), since it is
effectively impossible to watch TV or play video/computer games more than 18 |
hours per day.

Alcohol use during the previous three moﬁths was measured on a 6-point
scale with responses ranging from never to everyday. For this analysis, a

respondent was categorized as using alcohol if he/she reported drinking alcohol
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at least once per month during the three months preceding the interview.
Alcohol use was a dichotqmoué, time-varying candidate predictor.

Cigarette smoking was measured on a 6-point scale ranging from “I have
never smoked a cigarette” to “I smoke cigarettes every day”. A respondent was
considered to be a smoker if he/she feported smoking cigarettes every day.

Cigarette smoking was a dichotomous, time-varying candidate predictor.
Physical environment items

The only candidate predictor related to the physical environment was
season (fall, winter, spring). The effect of Canada’s highly variable climate on
physical activity participation was explored by defining a variable to reflect the
season in which each questionnaire was completed. These were grouped into
seasons according to calendar dates: Spring (March 20 to June 21), Summer (June
| 22 to September 21); Fall (September 22 to December 20) and Winter (December
21 to March 19). Since the only questionnaires completed during the summer
were collected within two days of the start of fall (nine subjects on September 20,
2000; five subjects on September 21, 2000), these observations were allocated to
the fall season and the summer season was excluded from the analyses. Season
was a categorical variable, with spring as the reference category and dummy
variables for fall and winter. Season was a time-varying candidate predictor,

measured at each data collection wave.
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3.2.6 Analysis

Selection of analytical technique

Longitudinal data involves the collection of data on the same subject from
at least two distinct time points. The focus is on the within-person change or
trajectory. Predictors or determinants of the outcomevwill often influence the
trajectory of change (e.g., the slope of a linear trajectory) rather than altering a
mean value. In addition, within—subject observations display auto-correlation
which can lead to violation of the standard assumption of independence between
data points, which is required for traditional analyses such as analysis of
variance (ANOVA) and ordinary least squares (OLS) regression. Therefore
standard analytical approaches cannot be applied?? and statistical techniques that
account for repeated observations of the same individual are required.3¢ A range
of techniques were considered for this thesis.

In addition to the issues outlined above, specific features of the study
design must be considered. The simplest design involves collecting information
from every subject at each data collection wave (a balanced design) where the
waves are spaced at equal time intervals (timé—structured). The outcome
variables can be eithef continuous or categorical.

For a balanced, time-structured design, multivariate analysis of variance
(MANOVA) or ANOVA for repeated measurements can be used. However, both
require that each subject in the sample have cyomplete data; if one subject is

missing data for one time point, all other data for that subject are deleted from
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the analysis. These methods are inappropriate when there are unequal time
intervals between measurements (time-unstructured). Since the NDIT data
involved an unbalanced, time-unstructured design, MANOVA and mixed model
ANOVA were ruled out as possible anélytic techniques.

" Time series and survival analysis are two alternative techniques for
analyzing longitudinal data. Time series analysis can identify patterns/ trends
over time and can be used to predict future events or occurrences. However, it is
based on the assumption that succeeding values in the data file represent
consecutive measurements taken at equally spaced intervals (i.e., time-
structured). Survival analysis is used to describe whether and/ or when events
such as death occur. The outcome measure in this thesis is not an “event” and
therefore survival analysis was not appropriate.

OLS methods can be applied to estimate within-subject trajectories. A
separate regression analysis is performed for each subject, leading to a set of
regression coefficients, and the distribution of these coefficients can be examined
to identify trajectory patterns. While OLS provides unbias’ed estimates of the
subject-specific coefficients, statistical testing is invalid due to auto-correlation.
However, OLS regression methods are suitable for an initial examination of
unbalanced, time-unstructured designs.

The Random Coefficient model is an extension of the OLS approach which
treats the regression coefficients of the OLS regression modelg as random

variables rather than as fixed values, unique to each subject. This approach forms
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the basis for the Multilevel Model for Change, the analytic approach which is
adopted in this thesis. This technique does not require the data set to be
balanced, nor does it réquire it to be time-structured; it is also designed for |
continuous outcomes, the values of which change over time.83 In addition, it can
quantify variation around the mean at two leveis,55 summarizing the degree to
which within- and between-person values differ from the population average
values.? Consequently, the Multilevel Model for Change was selected as the

most appropriate analytic strategy.

Multilevel Model for Change

The multilevel model for change incorporates two independent but linked
regression models which are designated as the level-1 and level-2 models. The
level-1 submodel describes how each personin the sample changes over time
(within-person), and the level-2 model describes how these changes vary across
all persons in the sample (between-person).8 Specifically, once an individual
growth trajectory has been specified at level-1, a level-2 model can be postulated
to describe how level-1 individual growth parameters are associated with

between-subject (level-2) factors, such as sex or country of birth.
- The level-1 submodel for individual change

Atlevel-1, the goal is to describe the shape of each subject’s individual
growth trajectory (i.e., the way his/her physical activity levels change over time).

The level-1 component, also referred to as the individual growth model,
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represents the change we expect each subject to experience during the study
period. If the iildividual growth model changes linearly over time, the level-1
submodel can be described as:

Yii= n,,+ n, (AGE;-14.5) + ¢, (1)
where the subscripts i and j identify individuals and occasions (data collection
waves), respectively. The individual growth parameter for intercept ()
" describes individual i's physical activity level at age 14.5 years; the individual
grciwth parameter for slope (z,,) characterizes fhe shape of the ith subject’s true

trajectory of change over time. We can compare inter-individual (between-
person) differences in change (at level-2) by studying the inter-individual
irariation in these growth parameters (since each subject’s trajectory differs only
in the magnitude of these parameters).

The level-1 submodel also accounts for the effect of random error, &

associated with the measurement of individual i on occasion j, accounting for the

differences between true and observed trajectories. Each level-1 residual (&, )

thus represents the part of subject i’s level of physical activity at time j not
predicted by his or her age. vIt is possible to reduce the magnitude of the level-1
residuals by introducing time-varying predictors, other than age, into the level-1
submodel.

There are, however, assumptions about the distribution of the level-1

residuals that must be taken into account. In traditional OLS regression, the
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residuals are assumed to be normally and independently distributed with mean
0, with a common but unknown variance, o. This assumption, however, does

not usually hold up in longitudinal data.?3 Since the same person is measured on
more than one occasion over time, any unexplained person-specific (time-
invariant) effect on the residuals will create a correlation across occasions,
referred to as auto-correlation. 2 In addition the outcome may have a different
precision and reliability for individuals at different times, being higher or lower
on some occasions over others, having an inconsistent effect for each individual
subject. Consequently, the error variance may differ over time, and thus, the
level-1 residuals will be heteroscedastic over within-person occasions. This
introduces a bias in the estimated variance components, which does not have

critical implications for this thesis.
The level-2 submodel for systematic inter-individual differences in change

The level-2 model assumes that the regression coefficients in the level-1
submodel are random variables. It develops a second regression model which
uses the level-1 regression coefficients as the dependent variable and time-
invariant predictors as the independent variables. Thé goal is to identify
heterogeneity in change across individuals, and to determine the relationship
between time-invariant predictors and the shape of each person’s individual
growth trajectory, assessing inter-individual (between-person) differences in

change.?3 Modeling the individual growth parameters from the (linear) level-1
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submodel, and testing if they differ by sex (a time-invariant predictor), we can

write the level-2 submodels as:
7o, = Yoo+ Yo SEXi+ &, )
7, = Yt YuSEXi+ &, | )
In general, the two components consider the intercept (7,,) and the slope (z,,) of

an individual’s growth trajectory as level-2 outcomes that may be associated with

the predictor, sex, allowing each cdmponent to have its own residual - &£, and
&, , which are assumed to follow a bivariate normal distribution with mean 0,

and unknown variances, o;and o}, and unknown covariance, o, . These

. 0 2
assumptions can be expressed as: EO'] ~N ([ } |:U° GO‘D . The two level-2

2
1 0}loy o

submodels have seven population parameters: four regression parameters (the
y’s), two residual variances (o; and o), and a parameter representing the
covariance between the residuals (o, ). The regression parameters — 7., 701, %10
and y,, —are known collectively as the fixed effects: ¥, and 7, are level-2
intercepts, y,, and y,, are level-2 slopes. The fixed effects capture inter-individual

differences in change trajectories according to values of the level-2 predictors, in

this case, sex. The three residual parameters (&, and ¢,,) and the covariance
between them (which are labeled o7, o7, and o, respectively), represent the

portion of the level-2 outcomes that remain unexplained by the level-2
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predictors. Specifically, the variance o represents the population residual

variance in true physical activity level at age 14.5 years, and o} represents the
population residual variance in true annual rate of change. Finally, the

covariance o, represents the relationship between the unexplained variance

components, permitting the level-2 residuals to be correlated, and thus
summarizing the association between individual status at age 14.5 years and
individual rates of change.

We must also make assumptions about the level-2 residuals. In this
example (of a linear change trajectory), the residuals are assumed to follow a

bivariate distribution: the two level-2 residuals &, and &, are bivariate normal

with mean 0 and unknown variances, o}and o;, and unknown covariance, o, .

Composite specification

The level-1 and level-2 models can be combined algebraically into one
composite model. This specification is required by some statistical software
programs, including SAS, and represents a more parsimonious way to codify
hypotheses.82 This composite model reflects the conceptual framework behind
the multilevel model: focus first on individual change, and next on inter-
individual differences in change.

By substituting the level-2 models into the level-1 submodel, the
composite specification becomes:

Yi= vt 71 (AGE;j - 14.5) + y,, SEX; + 7,,SEX; (AGE; - 14.5)
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+ 50[ + 51:' (AGE17 - 14'5) + &y (4)

This substitution results in a cross-level interaction (associated with y,,) between

the time-invariant predictor and (temporal) age. This examines the possibility
that the effect of age on physical activity trajectories differs by sex.

Interpretation of the parameters can be described using the composite
model in equation (4). In this case, we have modeled a linear change trajectory of
physical activity over time (i.e., with age centered at 14.5 years) that assesses
inter-individual differences based on the time-invariant predictor, sex. In

particular, the fixed effects (the ¥ ’s) describe the average change trajectories for
individuals distinguished by sex; y,, and ‘ym are the intercept and slope for the
average change trajecto;y of males (the reference group for sex), (¥, + 7, ) and
(710 * 711) are the intercept and slope for the average change trajectory of females.

The random effects (associated with the corresponding fixed effect)
quantify the variation around these (fixed effect) estimates. If the level-1 variance
cbomponent is significant, we conclude that, for an individual, physical activity
levels vary over time; also, that there is within-person variation that can still
potentially be explained by modifying the trajectory shape through inclusion of
higher-order polynomials of time (age) or by adding other time-varying
predictors to the model. If the level-2 variance components are significant, we
conclude that individuals vary from one another in their level of physical activity

(for intercept) and their rate of change (for age) to an extent greater than would
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have been expected by chance. We can also say that there is variation at that level
that can still potentially be explained by adding other predictors to the model.
One benefit of the composite model is that the (time-invariant) residuals in the

composite model (&,,, &, ) adjust for both auto-correlation and heteroscedasticity

within-persons.

Computer software for analysis

All analyses were conducted using SAS version 8 (SAS Institute, Inc.,
Cary, NC). Multilevel modeling was c;arried out using SAS PROC MIXED. An
unstructured covariance structure was chosen to estimate the variance-
covariance matrix, in order to estimate a separate variance/covariance
component for each of the elements in the model.* This structure was chosen
because it is the most suitable for data with unequally spaced intervals.? Full
Unrestricted Maximum Likelihood Estimation methods (MLE) were used to

estimate the growth trajectories (model parameters).

3.2.7 Data analysis

Preliminary analysis was conductéd to detect daté quality issues,
problems with variable definitions, etc. Exploratory analysis was conducted to
identify the general shape of physical activity behaviours over time, in
preparation for building the multil\evel model. Finally, explanatory analyses (the
focal analytic techniques for this thesis), were used to idehtify quaﬁtitative

trajectories and the impact of candidate predictor variables.
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Preliminary analysis
Data clean-up

Preliminary analysis involved a thorough examination of the data to
identify outliers, errors, and missing values. Descriptive statistics were produced
at each time point to identify unusual or implausible values (e.g., subjects who
reported‘ playing more than 18 hours of video games per day); these were
detected based on frequency distributions (for categorical Varjables), and by
examining mean, range, and variance (for continuous variables). If we identified
a value which was a data entry error, corrections were made to the data file.
Values which were implausible but which were verified as correct by the NDIT
office were re-coded as missing. No subject had the physical activity score re-
coded since even the highest level (154 activities per week) was considered
possible if the subject was very physically active. All time-invariant candidate
predictors were assessed for consistency qf the results obtained at multiple data
collection times; it was decided a priori that for those subjects with inconsistent
responses, their fixed variables would be based on their baseline survey. The
only exceptions were when responses were the same at each time point except at
baseline: the consistent response was used as the value for the fixed variable.
Only two subjects required corrections due to data entry errors, 72 subjects
required corrections due to inconsistent (time-invariant) responses, and 54

subjects required re-coding due to implausible values.
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Exploratory analysis

Exploratory analyses served to identify important features of the data and
to prepare for model building.3® Before defining a level-1 gfowth model, it was
necessary to conduct-a number of exploratory descriptive analyses to detect
general trends (or shapes) in subjects’ physical activity behaviours over time.
This involved an investigation of empirical growth plots (i.e., subject-specific
graphs to reveal the trajectory of physical activities levels over time). Two
approaches were used to produce thesé plots: spline ‘curving methods and OLS
regression modeling.

Initially, empirical growth plots were produced: the physical activity
responses for each subject were plotted on a graph (one graph for each subject).
Spline methods, which do not impose a specific functional forrn, were used to
smooth the curve in each empirical plot.82 Subsequently, OLS regression, which
imposed a linear trajectory model, was conducted within each subject. Each OLS
model produced estimates for the model parameters as well as estimates of the
residual variénce statistic (a measure of the goodness of fit of the model). Thesé
were examined using scatterplots to detect extreme values.

For all other (continuous) time-varying predictors (i.e., depression, stress,
TV-watching and compufer /internet/video game;playing), Loess smoothihg
methods Were used to detect overall temporal trends for these factors.

Distributions of the variables at baseline were examined for significant

differences between males and females; chi-square tests were conducted for all
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categorical variables and Wilcoxon rank-sum tests for all continuous variables (a
non-parametric test was required because the continuous variables were not

normally distributed).

Explunatory analysis

The explanatory analysis involved examination of a sequence of models.
Initially, we explored methods to model the trajectories using two level-1
predictors: age and season. Then, we examined the impact of time-invariant
predictors (sex, country of birth, baseline BMI) through a level-2 model. Finally,
we examined the impact of time-varying predictors by including them in the
level-1 submodél. Analyses were first conducted on the entire sample, but it was
decided a priori that if physical activity trajectories differed by sex, the analyses
would be stratified by sex to model the independent predictors.

The primary time predictor in the level-1 submodel was age. In order to
model a curvilinear trajectory, agé was inclﬁded with quadratic (age?) and cubic
(age®) terms in addition to the linear term. Season was also introduced and
controlled for as a level-1 time-varying predictor. As noted earlier, age was
centered (by subtracting 14.5) in the models to reduce collinearity with the non-
linear térms.

Goodness of fit statistics, including deviance, AIC (Akaike’s Information
Criterion)%, and BIC (Bayesian Information Criterioﬁ)97, were used to assess the

best fit models for change in physical activity over time. The deviance is based on
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a likelihood ratio test, and is defined as: -2 timés the difference between the
residual log likelihoods of two models_nestéd within each other. This statistic can
be compared to the chi-square distribution with degrees of freedom equal to the
difference in the number of parameters _foi' the two models. Comparison of the
deviance for two models requires that models be nested within each other (i.e.,
the comparison model has constrained ?arameters that are a subset of those in
the model being compared) and both are fit to the identical set of data. If the
deviance decreases significantly, the model with the smaller deviance is a better
fit than the model with the larger deviance. The AIC and BIC can be comparéd
for an); models, regardless if they are nested, but similar to the deviance, they
must also be fit to the identical set of data. Both the AIC and BIC ap};ly a penalty
to the deviance based on the number of parameters éalcula‘ted; BIC also penalizes
the deviance based on the sample siiej Raftery®® declares a difference in BIC of 0-
2 to be “weak”, 2-6 to be “positive”, 6-10 to be “strong”, and over 10 to be “very
strong”. Improvements to the model should be evident in all three statistics. .
However, if there were any discrepanciés between the measures as to whether a
model is better, the final decision was made based on the BIC statistic; in such a
case, thé effect of the predictor is most likely to be marginal. In addition to these
measures of goodness of fit, we also produced pseudo-R? statistics, similar to
traditional adjusted-R?2 statistics, by comparing the residlual variance of the

model to a reference model.
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All models produced fixed effects (which describe the overall trajectory of

the sample) and random effects (the deviations from the overall trajectory).

Hypothesis tests (in the form of a Wald z-statistic: the ratio of the |
estimated variance component té its asymptotic standard errors?) were
conducted to exémine the two-sided null hypothesis that, controlling for all other
predictors in the model, the population vélue of the parameter is 0. Tests on the
fixed effects help identify which predictors to retain, and thus, which have an
effect on physical activity trajectories.

The fixed effects provide the Beta values for the average trajecfory for the
subjects. The random effects are variance components which can be used to
'determine the variability of Beta value between individuals. A high variance
component suggests that there could be factors not included in the model which
might explain the variability in Betas.

All age effects and the intercept were included as random effects, allox&ing
the associated regression parameters to vary across subjects. Significance of the
variances of these random effects indicates sufficient variation in the individual
trajectories and that there are non-random differences which can still potentially
be explained by predictor variables. In particular, significance of the level-1
residual implies the existence of additional outcome variation at level-1.
Significance of the level-2 residuals imply the existence of variation in the
corresponding level-1 regression parameter: true physical activity status at 14.5

years (variance associated with the intercept), true rate of change (variance
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associated with age), and in thé case of a significant cubic model, in the true
‘quadratic (variance associated with age?) and cubic variation (variance associated
with ége3). Significance of the residual covariance between each level-2 residual
summarizes the strength of association between the parameters; for example, the
covariance between the true intercept and the true rate of change. It must be
noted that the covariances produced by the multilevel model for change do not
confribute to the objectives of this thesis, and therefore were not reported or
assessed for significance.

Those variables with both a p-value < 0.05 and which improved the
goodness of fit of the model (based on measures of deviance, AIC, and BIC) were
considered to have an effect on and explain physical activity levels over time.

The addition of time-invariant predictors to the composite model aufomatically
produces cross-level interactions between each level-1 predictor and the time-
ihvariant predictor added, and thus_was assessed to determine whether age,
age?, age®, or season effects varied with the predictor. No interactions were
generated between time-varying predictors and the variables in the level-1
model. However, if there were a priori reasons to believe that a specific time-
varying predictor had a different effect on physical activity at different ages,
these interactions were derived. This was only the case for depression and stress

effects.
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Level-1 models

Atlevel-1, physical activity was expressed as a function of age. The overall
physical activity trend across subjects was modeled using a nested series of
candidate models of increasing corﬁplexity. Four primary models were
considered: the uncondiﬁonal means model (which contained no predictors), the -
unconditional growth model (a linear age effect) and models with quadratic and
cubic growth terms. The non-linear terms were included since previous studies
have indicated a nén—linear association between physical activity throughout
adolescence 2728 We also considered higher order models, but the complexity

‘and potential for model QVer—épe’cificatioﬁ were significant issues and, taking
into account there has been no prior evidence or theoretical basis to suggest such
a complex trend, we decided to limit the models to the cubic term. We allowed
the intercept and each time effect to vary across persons (random effects)..

The unconditional means model includes only a random effects intercept
term. It quantifies the total outcome variation across people without regard to
time or other predictors and produces a comparison of within- and between-
subject variability.83 This model also provides the benchmark of within;person
variance that was used to judge successive models.?

The unconditional growth model introduces age to the unconditional
means model to produce a linear trajectory in activity. The addition of higher
powers of age permits the level-1 model to incorporate non-linear trends. With

the additional terms, the interpretation of the model becomes more complex, but
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as we describe in the next chapter (Results), these terms were required for
describing the physical activity trajectories of this sample. To consider the most
- complex model, we express the level-1 model for »a cubic change trajectory as:
Yij= my+ 7, (AGEj ~ 14.5) + 7,, (AGE;j - 14.5)2 + 7, (AGE; - 14.5)° +¢,. (5)
There are four parameters of a cubic change trajectory_: the intercept (mo;), which
defines the average physical activity at age 14.5 years, and three higher order
polynomials of time: linear time (age, r,,) which defines the slope of the physical
activity curvé at age 14.5 years, quadratic time (age?, 7,;) which represents the
curvaturé of tﬁeslope at age 14.5 years, and finally, cubic time (age3, 7,,) which
reprevsents.tthe rate of change of the cﬁrvature of the slope at ége 14.5 years.
Season
Season was included in the level-1 submodel primarily to adjust for

potenfial confounding. Season was not, however, included as a random effect

because it was assumed that the effects of season did not vary across subjects.3
Predictor analyses

All models which included predictors were based on the optimal model
selected from level-1 (the base model). Hence, the analysis implemented a series
of models consisting of the base model and models including various terms to
represent the predictor(s) under study. Specifically, potential predictors were

added one-by-one to their appropriate component of the multilevel model, and
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examined for their relationship with physical activity at age 14.5 years, linear ege
effects, quadratic age effects, and cubic age effects.

The predictor analyses began with ti1e inclusion of sex (at level-2) to
determine if physical activity trajectories were different for males and females.
As mentioried ai)ove, if the fixed effect for sex was significant (an indication that
the sex-specific physical activity trajectories are, in fact, different), all predictor
analyses were to be conducted separately for males and femaies. Time-invariant
predictors were introduced (at level-2) first, followed by the addition of time-
varying predictors (at level-1). In order to ensure statistical comparability of
nested models within each predictor analysis, it was necessary o exclude any
observations with missing values for any of the Variaoles potentially included in
the model. For example, when modeling depression, data points with missing
values for age, season and depression were excluded from all models. Essentially
this means that various predictor models are based on differerit sample sizes.

Significance of the fixed and /or random effects, as well as the goodness of
fit statistics of the model were assessed to determine which predictors influenced
the age-specific trajectories of physical activity in this sample. No attempt was
made to examine the joint predictive ability of the predictor variables (in a
multivariate model), as this is a preliminary study of physical activity trajectories
and predictors in this data set. (This limitation will be addressed in the

Discussion; see Chapter 5.)
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'CHAPTER FOUR: RESULTS
4.1 Sﬁbject characteristics
The sfudy sample included 1293 subjects at baseline (defined as a subject’s
| first measurement wave). From this initial sample, 1206 subjects (579 males
[48.0%] and 627 females) responded to at least four follow-up questionnaires
ovef 4.5 yéars, yielding a total of 17,172 measurement points.

Characterization of the sample is challenging since many of the variables
are time-varying and were measured at multiple time points. We will initially
present a summary descﬁption of each variable at the baseline visit. This will be
followed by a description of the age-related trends for the variables Whicﬁ were

measured on more than one occasion.

4.1.1 Distribution of study variables at baseline

Demographic Chéracteristics of the sample are presented in Table 4.1. The
;hajority of subjects (97.4%) were aged 12 or 13 years on entry into the study and
most had been born in Canada. The few subjects who were older than age 13
years at baseline had ﬁot been present at the time of data collection in grade 7 but
joinéd the study in later grades. The distribution of age (p =0.31) and country of
birth (p =0.95) was similar in males and females.

Table 4.2 shows sex-specific descriptive statistics for the primary outcome
(number of physical activities per week) at baseline, and the potential prédictor’

variables.



Table 4.1. Dewﬁographic characteristics of subjects (n=1206) at baseline by sex among

adolescents aged 12-17 years.

All participants Males Females
(n=1206) (n=579) (n=627)
Characteristic n (%) n (%) n (%)
Age
12 910 (75.5) 428 (73.9)  482(76.9)
13 263 (21.8) 137 (23.7) 126 (20.1)
14 24 (2.0) 9(1.6) 15 (24)
15 - 8(0.7) 5(0.9) 3(0.5)
16 1(0.1) - 0(0.0) 1(0.2)
Country of birth (n=1206)
Canada 1117 (92.6) 536 (92.6) 581 (92.7)
Other 89 (7.4) 43 (7.4) 46 (7.3)
Parents’ country of birth (n=1142)
Both in Canada 700 (61.3) 349 (625) 351 (60.1)
One or both in Other. 442 (38.7) 209 (37.5) 233 (39.9)

Note. No significant differences were found between males and females at p <0.05.

- Table 4.2. Descriptive characteristics of subjects’ level of physical activity and pbtential
predictor variables at baseline, by sex among adolescents aged 12-17 years.€

Characteristic Number of All Males Females
_ subjects® participants (n=579) (n= 627)
Outcome Measure :
Number of physical 1206 15.0 16.0* 14.0
activities (per week);
median
Potential Predictor Variables
Baseline BMI; median 1117 19.1 191 18.9
TV- watching (hours per 1174 25 2.6* 23
day); median
Computer/internet/video 1182 09 1.3* 0.5
' game- playing (houts per
day); median
Depression score (range 1189 2.0 1.8¢ 22
14); median
Stress score (range 1-4); median 1184 1.3 12* 14
Alcohol use (at least once 1206 152 (12.6%) 83 (14.3%) 69 (11.0%)
per month); n (%)
Cigarette smoking (daily); n 1196 33 (2.8%) 10 (1.7%)* 23 (3.7%)

(%)

Note. € Medians reported for continuous variables due to skewed distribution.

2 Missing values excluded. * Significant difference between males and females at p<0.05.
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Participants reported a median of 15 activities per week at baseline, although
males reported significantly more activities per week (16.0) than females (14.0,p
<0.001). Baseline BMI was similar in males aﬁd females (p=0.40). Males reported
spendihg significantly more time watching televisién (p=0.002) and playing
computer/internet/video games (p<0.001) than females. Females had
significantly higher depression (p<0.001) and stress (p<0.001) scores than males. .
There were no differences between males and females in the use of alcohol

(p=0.08), however significantly more females smoked cigaretteé every day

(p=0.04).

4.1.2 Age-related changes in study variables

Qutcome measure

Figure 4.1 shows age-related trends in physical activity participation, both
overali and by sex. This preliminary trend curve treats the data points as if they
were independent observations and ignores the fact that each subject contributed

“multiple observations and displays a unique agé-specifié trend. These curves are
presented to give an initial overview of the trends with age. The curves were
smoothed using Loess. Overall, activity levels remained unchanged to age 14
and generally decreased to age 17. In males, there was a steady decline in activity
level from age 12 to age 17. Activity levels increased in females up to age 14 and

declined to age 17.
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Figure 4.1, Temporal trends in number of physical activities per week over 4.5 years, by
sex among adolescents aged 12-17 years.
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Potential predictors

Figure 4.2 shows terhporal changes in dgpression scores. Overall,
depression scores were constant over time until age 14, and then increased to age
17. Females showed steady increases in depression symptoms with increasing
age while males showed an initial decline in depréssion scores, followed by an
increase. It is not known if small changes (0.1-0.3) in depression scores have
clinical significance. Females in this sample reported higher levels of depression
symptoms than males at all ages; again, the clinical significance is unknown.

“Stress scores were constant over time (Figure 4.3). Females had highér

stress scores than males at all ages, and their scores tended to increase with age.



Figure 4.2. Temporal trends in depression scores over 4.5 years, by sex among

adolescents aged 12-17 years.
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Figure 4.3. Temporal trends in stress scores over 4.5 years by sex among adolescents

aged 12-17 years.
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| Among males, s&ess scores tended to decrease until age 15.5, aﬁd then began to
incréase fo age17. It is not known if these differences in stress scofes have clinical
significance.

Figure 4.4 shows age-related changes in the nﬁmber of hours per week

‘spent watching television. Ovérall, hours of TV-watchihg increaéed_ to age 14,

and then declined steadily to age 17. Males at all ages reportéd more hours of TV |
than females at all ages; males increased the hours of TV-watching to age 14 and
then decreased to age 17, whereas for females hours of TV-watching was stable
to age 14 and then decreased to age 17.

Figure 4.5 displays temporal trends in hours spent on fhe
computer/ internet or playing video-games. Computer/ internet/ bvideo game-
playing followed an inverted U;shape pattern, with number of hours increasing
until age 14.5, and then decreasihg to age 17. Males spent more time on the
computer/internet or playing video games than females at all ages, but their use

declined at a faster rate than females.

4.2 Exploratory analyses of temporal trends in physical activity i)articipation

Empirical growth plots (scatterplots of physical activity level and age at
each measurement wave) produced for each of the 1206 subjects were examined
to characterize the subject-specific shape of the age-trajectory (linear vs non-

linear), the degree of variability in activity levels, and the presence of outliers.



Figure 4.4. Temporal trends in hours per day spent watching TV over 4.5 years, by sex

among adolescents aged 12-17 years.
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Note. Interpret gfaph with caution: Loess smoothed curves (smoothing parameter = 0.6) ignores

within-subject linkages.

Figure 4.5. Temporal trends in hours per day spent playing video games over 4.5 years,
by sex among adolescents aged 12-17 years.
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Spline smoothing methods were used to further identify the overall trajectory
shape. A number of observations can be made from &amination of the plots for
all 1206 subjects: |
1. | Most plots displayed substéntial variation in physical activity
parﬁciﬁation over time. In many cases, the pattern appeared random,.
with peaks and valleys showing a fluctuating pattern. This may reﬂect, at
least in part, seasonal effects or measurement error.
2. Phystcal activity levels were generally below 40 activities per week.
Howetfer, subjects with large variation in physieal activities across
, measurement occasions tended to have more oecasions when the activity
levels were over 40.
3.© A substantial range of trajectory patterns was observed. Some subjects
displayed a relatively constant level of physical activity over time. Others
showed evidence for increasing, decreasing or non-linear patterns of
change.
Figure 4.6 displays representative spline—smoothed»k growth trajectories fora
sample of subjects selected to reflect the range of patterns observed in the
sample.
Ordinary Least Squares (OLS) regression was used to fit a preliminary
model to explore the range of trajectories. A separate linear OLS model was fit
to each of the 1206 subjects, providing estimates of the intercept, slope, and

residual variance for each subject. Since this analysis ignores the correlation
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Figure 4.6. Smoothed empirical growth plots for a selected, representative sample of

~ subjects.
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between observations of the same'subject, formal statistical analysis is not
useful. However, the distributions of these parameters provide descriptive
information to inform more formal modeling. For exampie, if there is a wide
vdvistribution of residual variances, we can assume that a linear model may not be
‘ap‘propriate to explain the physical activity trajectories in this sample.

Figure 4.7 displays histograms of the observed variation in the fitted OLS
trajectories for (a) the intercept, (b) the slope, and (c) the residual variance. It is
apparent from Figure 4.7 that there is considerable variation in both the fitted
intercepts and fitted slopes, reflecting the heterogeneity in trajectories for each
subject. The distribution of the residual variances (the majority are well above
zero) confirms that linear OLS regression is a poor suminary of the trajectories of

this sample.

Summary of exploratory analyses

Examination of the collection éf empirical growth plots reveals that the
overall trend appears to be a gradual decline in number of physical activities.
However, there is substantial variation in trajectories of physical activity levels
in this sample. In parﬁcular, it appears unlikely that a linear change trajectory is
suitable to model these trajectories and that a quadratic or a cubic change

trajectory will need to be explored.
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Figure 4.7a. Distribution of the fitted intercept in OLS regression.
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Figure 4.7b. Distribution of the fitted rate of change in OLS regression.
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Figure 4.7c. Distribution of the fitted residual variance in OLS regression.
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4.3 »Explanatory analyses of temporal trends in physical activity participation
Explanatory analyses were cond_ucéted to determine the overall physical

activity trajectories of this sample. Sﬁbsequent analyses identified predictors of

change (or shape) in these overall trajectories and in particular, their ability to

explain variation in the trajectories of this sample.

431 Modéling the physical activity trajectory using age and season—
the level-1 individual growth model

As discussed in the Methods (Chapter 3), the overall physical activity
trend across subjects was modeled using a nested series of candidate models. For

all models, the time effect was modeled by age, with age being centered at its



89

approximate mean (14.5 years). The results of the four nested models are
pfesented in Table 4.3.

The unconditional means model, which contains no predictors (only the
intercept term) and produces trajectories which are parallel to tfhe x-axis,
provides a benchmark for comparison of the remaihing models.? It partitions the
total variability of the physical activity values into Wlthll‘l- and between-subjects.
Subsequent models will reduce Ithe within-subject variability.# The within-
subject variance re?resents 42% of the variance in physical activity levels. The
remaining 58% of the total variance in mean physical activity lies between-
subjects. Both the within- and between-subject random effects are statistically
significant (p <.001), showing that adolescents differ frbm one another in
physical activity (between-persons) and that the average adolescents” physical
activity varies over time (within-person), respectively.

The unconditional growth model represents a linear change trajectory,
assuming that physical activity for all subjects follows a linear trend. The
unconditional growth model is preferable to the unconditional means model as
shown by the goodness of fit statistics (Table 4.3). Comparing the level-1 residual
variance with that of the unconditional means model yielded a pseudo-R? of
17%, indicating that 17% of the within-subject variation in physical activity is

explained by a linear trajectory.
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The addition of a quadratic term to the model revealed a significant fixed
effect, demonstrating that the trajectory of physical activity has a curvilinear
component over time (or with age). Addition of the quadratic term significantly -
improved the fit of the model over‘ the linear model (Table 4.3; page 90).
Furthermore, the random effect for age? was significarit, indicating that subjects
displayed heterogeneity in the curvature (quadratic) effects of age on physical
activity participation. The quadratic model accounted for 22%pof the within- |
person variation over time and improved the pseudo-R2 by 5% over the linear
model.

The inclusion of a cubic term to the trajectory also revealed a significant
fixed effect, suggesting that the trajectory of physical activity follows a cubic
pattern with age. All goodness of fit statistics improved substantially (Table 4.3;
page 90). In additioh, t£1e fandom effect for age3 was significant, suggesting that
subjects displayed heterogeneity in the cubic effects (the rate of change of the
curvafure) of age on physical activity participation. The overall cubic trajectory
model accounted for 25% of the within-person variance in physical activity levels

over time and improved the pseudo-R2 by 3% over the quadratic model.

Controlling for seasonality
The cubic model provided the best fit to the temporal trends in physical
activity. However, this model ignores the possibility that physical activity varies

by season (e.g., lower in the winter, higher in the spring). We introduced
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seaso'nalify for two reasons: first, because there was a fluctuating temporal
.physical activity pattern evident in the exploratory graphs (suggesting season
may be a factor, since there are four measurement points per year); and second,
because physical activity levels have been shown to vary by season in other
-studies.?® Since there wefe no measurements in the summer, we were only able
to consider three seasons: fall, winter and spring. Spring was chosen as the
reference season because it had the largest number of data points. Two dummy
variables were created for fall and Wmter. These seasonal (fixed) effects were
then added to the cubic model (Table 4.3; page 90).

The addiﬁon of seasonality into the level-1 submodel improved the fit
consicierably. The within-person variance was reduced by an additional 3% in
comparison to the cubic model without season. The level-1 model containing
linear, quadratic, and cubic age effects, as well as seasonality, explained 27% of
the within-subject variance of physical acti\fity over time. We therefore
considered this “base model” as the most appropriate in explaining individual
differences in subjects’” physical activity levels over time, and base all subsequent
models as comparisons to this one.

The trajectories of the level-1 submodel are shown in Figure 4.8. The
interpretation of the curve is complex. The effect of season in the model will
produce a step-like discontinuity in the curve with three “steps” for each one-
year period (i.e., one for spring, one for fall, and oné for winter). Seasonality is

particularly difficult to graph when using age as the temporal factor because the



93

Figure 4.8. Trajectories of the level-1 growth model (displaying the effects of season).
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“steps” will depend on the age of the subject at certain measurement occasions

(i-e., a subject who has a birthday in the fall, will be the same age six months later

in the spring). Consequently, we present four representative graphs, one for each

season a subject might be born. In future presentations of representative

trajectories, the seasonal effect will not be displayed since it can tend to obscure

the overall effects being considered. Instead, we will display hypothetical curves
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that would be observed if subjects remained in the spring (reference) season
throughout the year. |

As can be seen in Figure 4.8 aﬁd from the results in Table 4.3 (on page 90),
the average number of activities at age 14.5 for the previous week (in the spring)
was 21.8. These activities decrease by 0.9 activities in the fall (represented by the
shorter “step”-down) and by more than 3 in the winter (the greater “step”-
down). The overell trend is that activity levels peak at about age 13.5 years,

decrease, and then increase slightly at about age 16.5.

4.3.2 Addressing Model Assumptions

The multilevel model for change invokes a nurhber of assumptions
regarding the data, particularly related to the residuals. First, since the level-1
errors are unobserved, the distribption of the level-1 residuals are assumed to be
normally distributed with mean 0 and unknown variance, o’ . The level-2
residuals are assumed to be multivariate normal (because there are four random
effects in the base model: infercept, age, age?, and age3) with mean 0 and

unknown variances and covariances. These assumptions can also be stated as:

Coi 0oy Oy 0n Oy
- 0||o, o} o, ©
1
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2
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Maximum likelihood estimation also assumes that the level-2 residuals are
»independenf of the level-1 residual and that all residuals are independent of the
model’s predictors.

Two inipoftant properties of the composite mﬁltilevél model are that the
occasion-specific residuals can be both auto-correlated and heteroscedastic
within-person. Auto-correlation is expected given there are up to 18
measurement waves. To assess the assumption of homoscedasticity, scatterplots
of the level-1 residual against time (age), the fall season, and the winter season
were assessed (see Figures 4.9 - 4.11). Despite slight variability with age and
season, there is no strong heteroscedasticity evident in the graphs.

Normality plots were also developed to assess the assumption of normally
distriﬁuted residuals, by plotting the raw residuals at level-1, and the four raw
residuals at level-2 against their normal scores (Figures 4.12 - 4.16). None of the
plots form a straight line, which would be the case if the distribution was normal.
Given that the base model is a curvilinear trajectory, departing from the linearity
assumptions most often required in regression analysis, these figures confirm the

departure from normality.



- Figure 4.9. Test of heterosceddsticity in the base model, age.
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Figure 4.10. Test of heteroscedasticity in the base model, fall season.
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Figure 4.12. Test of normality in the base model, residual.
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Figure 4.13. Test of normality in the base model, intercept.
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Figure 4.14. Test of normality in the base model, age.
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Figure 415. Test of normality in the base model, age?.
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Figure 4.16. Test of normality in the base model, age?.
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4.3.3 Approaches to improve the level-1 growth model

Several approaches were explored to further improve the level-1
submodel. Firét, the phy;ical activity outcome was transformed to test if
variability was reduced and compliance improved with the linearity /normality
assumptions. Examination of the raw data for physical activity showed that,

while the number of physical activities per week ranged from 0 to 154, about 99%
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of measurements were below 78. Furthermore, the residuals from the base model
were skewed. Three transformations of physical activity were expiored: square
| root, cube root and log(PA+1) (refer té Appendix C for tabular displays of the
results). These reduced the long tail of physiéal activity values. However, none
of thesé transformations improved the fit of the model; the R2 values for the
transformed models were similar to those of the untransformed base model (0.27;
Table 4.4). They also did not improve compliance With the linearity /normality
assﬁmptions. Therefore, it was decided t;) retain the untransformed physical
activity outcome variables since this simplified interpretation of the results.

A second approach addressed the potential that extreme levels of physical
activity might influence the models. High values of physical activity might
reflect reporting errors or a lifestyle involving high activity levels (e.g., a
competitive athlete). The analyses were repeatéd after excluding subjects with
fnore than 84 activities per week (84 activities per week is a high parﬁcipation
level, requiring participation in at least 12 activities per day and a total time
commitment of at minimum, 60 minutes per day). All level-1 submodels were
re-run in the reduced data set. The results were esseﬁtially idéntical to the
previous analyses which included these subjects (Appendix C). In the absence of
any statistical evidence to support excluding the extreme’ values, it was decided

to retain the extreme values of physical activity in the data file.
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Table 4.4. Overall R2 values for transformed models of physical activity.

Model
Untransformed Transformed: Transformed: Transformed: =~ Removal of
(level-1 base model) square rootPA  cube root PA log(PA+1) extreme values
’ _ ’ (PAs < 85)
R2 0.27 0.27 0.23 0.24 0.26

4.3.4 Explaining variability in trajectories

This section presents the results of our examination of several potential
predictor variables on the physical acﬁvity trajectories in this sample. It was
decided a priori that if differences between trajectories were found by sex, all
predictor analyses would be conducted separately for males and females. The
first section discusses the find‘ings of time-invariant predictors introduced to the
base model at level-2 (to explain between-person variability in trajec_tories), and -
second, the effects of time-varying predictors introduced at Ievel-lv (to explain
within-person variability in trajectories).

Time-invariant characteristics at level-2 to examine between-person differences in

physical activity trajectories

It was hypothesized that trajectories will vary depending on certain
characteristics of individuals (typically time-invariant). For example, we
hypothesize, based on theoretical and empiﬁcal evidence, that physical activity
trajectories will differ according to sex. To examine between-person differences
in physical activity trajectories, time-invariant predictors were introduced into

the level-2 model. Each time-invariant predictor was modeled as a linear
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predictor for each of the Beta values for age, age?, age3,‘ and season. The
composite model yields interaction effects between the level-2 predictor and each

of the time variables, as well as with season.

Assessing differences in physical activity trajectories by sex

Sex was introduced to the base model at level-2 to examine whether the
‘distribution of the intercept or the pattern of change differed between males and
females. If this is the case, and the fixed effects for sex are significant, further
predictor analyses will be conducted separately for males and females.

The results of adding sex to the base model are presented in Table 4.5. The
 fixed effect for sex was significant, suggesting that the average level of physical
activity in males and females were différent. The significant interactions with
both age3 (p < .01) and winter season (p < .001) indicate that there were
differences in the age-trajectories by sex. In particular, there was less of a
decrease in physical activity during the winter in females than in males; as v;rell,

- females’ activity began to increase at age 16.5, whereas males’ physical activity
just decreased at a slower rate. The goodness of fit statistics were much lower
than the base model, but the interactions between sex and age, age?, and the fall
season were not significant, suggesting that linear age effects, qﬁadratic age
effects, and activity participation in the fall are the same for males and females.

Consequently, these fixed effects were dropped from the model. Exclusion of
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Table 4.5. Parameter estimates and standard errors for physical activity models including

sex.§
Model
Parameter and Fit statistic Level 1 Base Model Model with Sex Final Sex Model
Fixed Effects: .
Intercept (Status at 14.5 years) 21.76 (0.402)*** 23.55 (0.58)*** 23.74 (0.53)***
Sex ' -3.46 (0.80)*** -3.82 (0.67)***
Age 2,01 (0.19)** -1.96 (0.27)** -2.10 (0.19)***
Age? -0.58 (0.08)*** -0.57 (0.11)*** -0.57 (0.08)***
Age? 0.32 (0.04)*** 0.24 (0.06)** 0.26 (0.05)**
Fall -0.93 (0.17)*** - -0.62 (0.24)* -0.93 (0.17)***
Winter -3.06 (0.17)*** -3.49 (0.24)*** -3.64 (0.22)***
Sex*age -0.27 (0.38)
Sex*age? -0.01 (0.16)
Sex*age? 0.12 (0.04)** 0.12 (0.04)**
Sex*fall -0.59 (0.34)
Sex*winter 0.84 (0.33)* 1.13 (0.29)**
Variance Components (Random Effects): '
Level 1 :
Within-person 75.56 (0.93b)*+ 75.49 (0.93)*+* 75.50 (0.93)***
Level 2
Intercept variance 170.72 (7.62)*** 167.99 (7.51)** 167.99 (7.51)***
Linear term variance 25.20 (1.78)**+* 2517 (1.77)*** 2519 (1.77)***
Quadratic term variance 3.84 (0.32)*** 3.83 (0.32)*** 3.83 (0.32)***
Cubic term variance 0.68 (0.09)*** 0.67 (0.09)*** 0.67 (0.09)***
Overall R21 0.273 0.274 0.274
Change in R2# 0.154 0.154
Deviance 128910.4 128860.2 128863.8
AlIC 128944 4 128906.2 128903.8
BIC 129031.1 129023 .4 129005.7

Note. 8 Model based on n=579 (8226 observations) males, n=627 (8888 observations) females; ***
p<0.001; ** p<0.01; * p<0.05; t compared to unconditional means model;  compared to the base
model’s level-2 intercept variance; 2 standard error of the fixed effect
b standard error of the variance component '

these terms resulted in the same overall R2 as when these interactions were

included. Furthermore, despite the slightly higher deviance than the model

including these terms, the AIC and BIC in particular, are lower. Overall, this

model accounts for 27.4% of the within-person variation in physical activity

trajectories; sex explained almost 2% of the between-person variance. The
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trajectories shown in Figure 4.17 display the physical activity patterns in spring,

by sex.

Predictor trajectory analyses - stratified by sex

- The significant fixed effect of sex was evidence that males and females
have different physical activity trajectories. Therefore, further predictor analyses

were conducted sex-specifically.

Figure 4.17. Trajectories of physical activity by sex.

PA over time
by sex, in spring

# of PAs
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241
22

20+ ‘
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164/
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Note. Seasonal (“step”) effects ignored to avoid obscurities and ease interpretation.
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Subject country qf birth
Subjects’ country of birth was introduced at level-2 to examine whether
| trajectories differ for subjects born in Canada or born outside of Canada. The
results of adding this characteristic to both the males’ and females’ bése model
are presented in Table 4.6. Despite a significant fixed effect and change’in
deviance for males, the BIC measure was higher than the base model; the
- goodness of fit statistics for the female models were much larger than their base
model. Therefore, there was no evidence to suggest that subject country of birth

influenced age-specific trajectories of physical activity in either males or females.
Country of parent’s birth

Country of parent’s birth was introduced at level-2 to examine whether
trajectories differ for subjects who have both parents born in Canada with
subjects who have af least one parent born outside of Canada (Table 4.7,> page
- 106). For both males and females, the addition of parental country of birth to
their respective base models increased the goodness of fit of the models, and
neither revealed a significant fixed effect. Therefore, there was no evidence that
country of parent’s birth influenced the age-specific trajectories of physical

activity in either males-or females.
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Baseline body mass index (BMI)

BaselineA BMI (a continuous measure) was introduced at levé1-2 to examine
' Wﬁéther trajectories of subjects with lower BMIs differ from subjects with higher
BMIs. The results of adding this measure to both the males” and females’ base
models are presented in Table 4.8. Neither model produced a significant fixed
effect for baseline BMI, nor did the goodness of fit statistics improve. Therefore,
there was no evidence thaf BMI at baseline influenced the age-specific trajectories

of physical activity in either males or females.

Predictive utility> of time-varying predict0r§ within séx—speciﬁc sub-groups

The impact of each potential tirne-ve;rying predictor on physical activity
was explored independently in several models, as described in the Methods
(page 75). We also assessed whether the effect of the predictor was constant for
‘all subjects, by including the potential predictor as a random effect in the base
model. And finally, when there was an a-priori reason suggesting that the
potential predictor could be expected to affect the pattern of change in physical
activity with age, interactions between the potential predictor and each age effect

were modeled.
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Depression

| The depression score was introduced to bbt_h the males” and females’ base
models to examine whether trajectories of subjects differed with véry’ing levels of
depression (Table 4.9). Figure 4.18 displays no evidence of non-linearity in the
effect of depression score on physical activity in males. Models using quadratic
terms (nof reported here) confirmed this conclusion. Therefore, we retained
depression scores as a continuousbvariable with only a linear term for males.

The addition of depression scores in the males’ physical activity base

model revealed a significant fixed effect for depression and improved goodness
of fit statistics (Table 4.9; page 110), suggesting that depression inﬂuenced the

age-related physical activity trajectories in males.

Figure 4.18. Non-linearity testing of depression scores, in males.
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Three fixed effects were added to assess interactions between depression score
and each of the three age effects.

This model revealed a hon-significant interaction between depression
scores and age, suggesting that depression does not have an effect on the linear
effects of physical activity trajectofies 1n maies. The BIC statistic was also higher
than the model including a fixed effect only. |

A random éomponent associated Wlth depression scores was added to the
model with a fixed effect only. The significant random effect suggests that males
displayed heterogeneity in the effects of depression on physical activity
participatioh‘ This model had the greatest improvement in goodness of fit
statistics. In addition, the change in R? of the within-person variance from the
base model shows that depression scores explain an additional 2% of the
variation in physical activity levels in males. Overall, this model accounts for
30.1% of the within-subject variatién in physical activity; 1.7% of this variation
comes from inclusion of the random effect associated with depression scores.

In females, Figure 4.19 displays no evidence of non-linearity in the effects
of depression scores on physicél activity. Models using quadratic terms (not
reported here) confirmed this conclusion. Therefore, we retained depression
scores as a continuous variable with only a linear term for females.

The significant fixed effect for depression (included in the females’ base
model) suggests that depression scores influenced the age-related physical

activity trajectories in temales (1able 4.9; page . Inclusion o mteréction terms
ivity trajectories in females (Table 4.9; page 110). Inclusion of i
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between depression scores and each of the three age effects were not significant
and increased the goodness of fit statisticé, suggesting that depression scores do
not have an effect on the linear, quadratic, or cubic effects of physicél activity
trajectories in females.

| Inclusion of a random cOmenént, however, was significant, suggesting
that females displayed heterogeneity in the effects of dei;ression scores on
physical acﬁvity participation. The deviance and AIC (goodness of fit) statistics
were coﬁsiderably lower than the model including a fixed effect only; the BIC
increased by 0.4 over the linear ﬁodel, but was nearly equivalent given the

addition of five more parameters.

Figure 4.19. Non-linéarity testing of depression scores, in females.
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In addition, the change in R2 of the within-person variance over the base
model shows that depression scores explained an additional 1.4% of the variation
in physical activity levels in females. Overall, this model accounts for 26.4% of
the within-subject variation in physical activity; 1% of this variation comes frém
inclusion of the random effect associated VVlth depression scores.

Stress

The stress score (a continuous measure) was introduced to both the males’
and females’ base models to examine whether trajectories of subjects differed
with varying levels of depression (Table 4.10). Figure 4.20 shows some evidence
of non-linearity in the effect of stress scores on physical activity in males. The
goodness of fit statistics for each non-linear model (including a quédraﬁc term;
including terms for each quartile) confirms that the degree of non-linearity is
minor: each shows improvements in the goodness of fit statistics from the base
model, but the goodness of fit was wofse than the model including a fixed effect
(linear term) only (data not shown). We thus retained stress scores as a
continuous variable with only a linear term fof males.

The addition of stress scores in the males’ physical activity base model
revealed a significant fixed effect for stress and improved goodness of fit
statisﬁcs, suggesting that stress influenced the age-related physical activity
trajectories in males. Three fixed effects were added to assess interactions
between stre}ss scores and each of the three age effects. This model revealed a

non-significant interaction between stress scores and age, suggesting that stress
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'Pigure 4.20. Non-linearity testing of stress scores, in males.

Linearity testing: Stress score
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does not have an effect on the linear effects of physical activity trajectories in
males (Table 4.10). The BIC statistic was also higher that the model including a
fixed effect only.

A random component associated with stress scores was added to the
model with a fixed effect only. The significant random effect suggests that males
displayed heterogeneity in the effects of stress on physical activity participation.
This model had the greatest improvement in goodness of fit statistics. The
change in R? of the within-person variance from the base model shows that stress
scores explain an additional 3% of the variation in males’ physical activity levels.

Opverall, this model accounts for 30.3% of the within-subject variation in physical
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activity in males; 2.3% of this variettion can be attributed to inclusion of the
taridorrt effect associated with stress scores.

In females, Figure 4.21 displays no evidence of non-linearity in the effect
of stress scores on physical activity in females. Models using quadratic terms (not
re};ofted here) confirmed this conclusién. We thus retained stress scores as a
continuous variable with only a linear term for females.

The addition of a fixed effect for stress scores substantially improved the
fit of the model (Table 4.10; page 114); significance of the fixed effect suggests
that stress influenced the age-related physical activity trajectories in females.
Three fixed effects Were added to assess interactions between stress scores and
each of the three age effects. This model revealed a non-significant interaction
between stress scores and age?, suggesting that stress does not have an effett on

- the cubic effects of physical activity trajectories in females. The goodness of fit
statistics improved from the model including a fixed effect only.

The addition of a random component associated with stress scores to the
model including a fixed effect only revealed a significant random effect,
suggesting that females displayed heterogeneity in the effects of stress on
physical activity participation. This model had the greatest improvement in
goo.dness of fit statistics, even over the model including the interactions between
stress scores and each age effect. The change in R? of the within-person v;riance
from the base model shows that stress scores explain an additional 3% of the

variation in physical activity levels in females.
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Figure 4.21. Non-linearity testing of stress scores, in females.

Linearity testing: Stress score
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Overall, this model accounts for 27.3% of the within-subject variation in
females’ physical activity; 2% of this variation comes from inclusion of the
random effect associated with stress scores.

TV-watching

TV-watching (a continuous measure) was introduced to the both the
males” and females’ base models to exarﬁine whether trajectories of subjects
differed with varying amounts (in hours per day) of TV-watching (Table 4.11).

| Figure 4.22 shows evidence of non-linearity in the effect of hours of TV-watching
on males’ physical activity. Therefore, for males, we can not retain hours of TV-
watching as a linear variable. Both of the non-linear models that were assessed in

males revealed a significant fixed effect for TV-watching but neither improved
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Figure 4.22. Non-linearity testing of time spent watching TV, in males.

Linearity testing: Hours of TV -
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the fit of the model. Consequently, there was no evidence to suggest that hours
of -TV-Watching influenced the age-specific trajectories of physical activity in
males. |

Figure 4.23 displays no evidence of a non-linear relationship between the
impact of TV—Watching and females’ physical activity participation. Models using
quadratic terms (not reported here) confirmed this conclusion. We therefore
retained hours of TV as a continuous variable with only a linear term for females
(Table 4.11; page 118). The significant fixed effect and the improvement in
goodness of fit statistics suggest that hours of TV-watching influenced the age-

related physical activity trajectories in females.
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Figure 4.23. Non-linearity testing of time spent watching TV, in females.

Linearity testing: Hours of TV
Females

Beta value
o
o
1

Hours of TV (median of quartile)

The change in R? of the within-person variance from the base model shows that
TV-watching in females only explained an additional 0.3% of the variation in
physical activity levels. This is a minor impact although the model did suggest
that higher amounts of TV-watching were associated with slightly higher levels
of physical activity (0.4 activities per week). Overall, this model accounted for
26% of the within-subject variation in physical activity.
Computer/internet/video game-playing

The average time spent playing on the computer or internet, or playing
video games (a continuous measure) was introduced to both the males’ and
females’ base models to examine whether trajectories of subjects differed with
varying amounts (in hours per day) of computer/ internet/ video game-playing

(Table 4.12).
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Figure 4.24 reveals some evidence of non-linearity in the effecf of
computer/internet/video game-playing on physical activity in males. However,
non-linear models revealed no significant fixed effects for either a quadratic
term, nor for the fixed effects of each quartile; the goodness of fit statistics also
increased over the base model (data not shown). We therefore retained hours of
compu.ter /internet/ video game-playing as a continuous variable with only a
linear term for males. Despite a significant fixed effect, a signiﬁcant change in
deviance and a lower AIC measure, the BIC increased over the base model.
Therefore, we conclude there was no evidence to suggest that hours of
computer/internet/video game-playing influenced the age-specific trajectories

of physical activity in males.

Figure 4.24. Non-linearity testing of time spent playing video games, in males.,

Linearity testing: Hours of video games
Males

Beta value

Hours of video games (median of quartile)
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Figure 4.25 shows no evidence of a non-linear relationship between the
‘impact of computer/internet/video game-playing and females’ physical activity
participation. Models using quadratic terms (not reported here) confirmed this
conclusion. We therefore retained hours of TV as a continuous variable with only
a linear term gor females.

As shown in Table 4.12 (on page 121), the fixed effect for
computer/internet/video game-playing was significant. Howéver, when a
random effects term was ;added to the model, the fixed effect was no longer
significant, but the goodness of fit statistics were much lower than the model

including a fixed effect only.

Figure 4.25. Non-linearity testing of time spent playing video games, in females.

Linearity testing: Hours of video games
Females
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Additionally, the significant random effect suggests that the impact of
computer/internet/ video game-playing on physical activity for females displays
important heterogeneity. |

'The change in R? of the within-person variance from the base model
shows that computer/internet/ video game-playing in females only explained an
additional 2% of the variation in physical activity levels. This is a minor impact
although the model did suggest that higher amounts of
computer/internet/video game-playing were associated with slightly higher
levels of physical activity (0.2 activities per week). Overall, this model accounts
for 26.9% of the within-subject variation in physical activity; 2% of this vériation
comes from inclusion of the random effect associated with hours of
computer/internet/video game-playing.

Alcohol use

Alcohol use in the past three months was introduced to both the males’
and females’ base models to examine whether trajectories of subjects differed by
alcohol use (those who drink at least once per month vs those who do not drink
at least once per month) (Table 4.13). In males, the fixed effect for alcohol use was
significant, suggesting that alcohol use influenced the age-related physical
activity trajectories in males. The addition of a random component associated
with alcohol use, however, showed a greater improvement in the goodness of fit
statistics. Furthermore, the random component was significant, suggesting that

males displayed heterogeneity in the effects of alcohol use on physical activity
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participation. The change in R? from the base mbdel’s within-subject variance

- shows that alcohol use explains an additional 2.7% of the variation in physical
activity levels in males. Overall, this model accounts for 30.6% of the within-
subject variation in physical activity; 2.4% of this variation can be attributed to
inclusion of the random effect for alcohol use.

In females, the fixed effect for alcohol use was significant, suggesting that
alcohol use influenced the age'-related physical activity trajectories in females.
The random component associated with alcohol use, however, was not
sigﬁificant, suggesting that females did not display heterogeneity in the effects of
alcohoi use on physical activity participation. Furthermore, the goodness of fit
statistics improved greater in the model including a fixed effect term only, based
mainly on the BIC statistic (Table 4.13; page 125). The change in R? from the base
model’s within-subject variance shows that alcohol use in females explains only
an additional 0.3% of the variation in their physical activity levels. But overall,
this model accounts for 25.4% of the within-subject variation in physical activity

in females.
Cigarette smoking

Cigarette smoking was introduced to both the males’ and females’ base
models to examine whether trajectories of subjects differed by smoking status
(those who smoke every day vs those who do not smoke every day) (Table 4.14).
For both males and females, neither model produced a significant fixed effect for

cigarette smoking, nor did the goodness of fit statistics improve.
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Inclusion of a random component associated with cigarette smoking in
males was significant; however, the goodness of fit statistics were higher
than the base model. Therefore, there was no evidence that cigarette
smoking influenced the age-specific trajectories of physical activity in

 either males or females.

Summary of differences in predictors for males and females

In general, the age-related physical activity trajectoriés for both
males and females were influenced by similarv predictors. None of the
demographic/biological predictors were significant in either sex, yet
depression and stress ‘(psychological / emotional predictors) were
positively associated with physical activity trajectories in both séxes. The
only behavioural attribute that was significantly associatéd with physical
activity trajectories in both sexes was alcohol use (positively); sedentary
behaviours x;vere positively associated with physical activity trajectories in
females only.

Each of these predictors may have shown a different effect if
included in a multivariate model, but this thesis was a preliminary study
of physical activity trajectories in this data set, and intended to examine
the relationships of each predictor independently, in order to lay the

groundwork for future studies using the NDIT data.
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| CHAPTER FIVE: DISCUSSION

The objectives of this thesis were to describe trajectories of physical
activity in adolescents from age 12 to 17 years, and to identify factors that.
influenced the shape of these trajectories. In addition, differences between
males and females in trajectory patterns were investigated. Our analyses
revealed that physical activity levels through adolescence can be
described as complex, curvilinear patterns that are influenced by time-
varying factors (some in atypical directions) including symptoms of
depression and stress, and sedentary behaviours. Marked differences
were notéd in the trajectories of males and females: rﬁales were more
active than females at all ages, but activity levels in males decreased at a
faster rate. Factors that influenced physical activity trajectories in both
sexes included: depression scores, stress scores, and aléohol use; sedentary
behaviours (TV-watching, computer/internet/ video game-playing) were
predictive of physical activity patterns among females only. Country of
birth of the subject and his/her parents, BMI at baseline, and smoking

were not associated with physical activity trajectories in either sex.

Physical activity trajectories through adolescence
Our analysis revealed an overall trajectory pattern best described
by a cubic function. Specifically, physical activity levels increased from

age 12, peaked at approximately age 13.5, decreased to age 16.5, and then
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began to increase again to age 17. This suggests that physical activity
behaviours of adolescents are complex since they in fact fluctuate through
adolescence. The declines observed from age 14 to 16 years are consistent
with declines observed in most longitudinal studies of physical éctivity in
this age group.2-27525457 However, no study to date has documented
increases in physical activity participation from age 12 to 14, and several
studies report that declines are in fact, most pronounced at these ages. 2628
One possible explanation for the increases observed in our study is that
secondary schools often provide a broader range of sports and fitness
activities than elementary schools,* and subjects in thié study had just
entered secondary school (grade 7). Students may have taken advantage
of the increased availability of sports and physical ‘activity opportunities
as they entered high school. Alternatively, students may have actively
sought out opportunities for social interaction through intramural or
extramural sports, in order to establish new friendships and participate in
new social circles.

Increases in physical activity after age 16 have been observed in
other studies.?28 Van Mechelen et al.? for example reported a 5% increase
in total habitual activity in both males and females from age 16 to age 21,
most notably in time spent in “other” activities (including physical
activity at work or school, active transportation, household activities,

shopping, and leisure time activities other than sports activities). Other
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studies have reported increases in specific types of activities during the
late-adoleséent years, such as low-intensity activities.%100 The increase in
participation observed in this analysis may be specific to low-intensity
and/or “other” activities (such as indoor/ outdoor chores). NDIT data
could be used in further analyses to investigate if increases in physical
activity are due to stable and/or increased participation in only a few
specific activities, rather than a general increase in activities overall. It is
possible that adolescents in this age group prefer certain types of activity,
such as individuall sports (i.e., running, swimming) rather than team
spofts (i.e., basketball, hockey). Participation in team sports tends to be
more stable over time in males than participation in individual sports,
although the reverse has been observed. among females.? Better
understanding of preferences for certain types of activities may help in the
conceptualization and develépment of intérvention strategies targeted to

young males and females.

Sex differences in pkysical activity trajectories

One major finding in this analysis is that physical activity
trajectories differed between males and females. Consistent with previous
studies,25:26:28,2953;5557 males were more active than females at all ages. Also
consistent, males decreased at a faster rate than females.25:26533557 The

cubic curve, however, was more prominent in females. At age 16.5,
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- physical activity levels among females increased, whereas the rate of
decline in physical activity decreased among males. Additional waves of
NDIT data (after 4.5 years) may show that activity levels among females
eventually exceed activity levels among males, as has been reported in
previous studies.?62 [t is possible that physical activity patterns are more
stable for males during adolescence than for females, as jariz et al 101

found in a similar population.

Individual differences in physical activity trajectories

The finding that physical activity follows a cubic pattern during
adolescence was based on the overall sample trajectory (i.e., the fixed
effects). We also found evidence for substantial within- and between-
subject heterogeneity in the trajectories. That is, subjécts display different
patterns of change in physical activity levels as they grow older. These
differences impact on the average level of physical activity as well as on
~ the pattern of change over time. This study was unable to characterize the
heterogeneity in more detail. Available predictor variables provide some
explanation of the differences but still left considerable unexplained
heterogeneity. Future analyses might use cluster or similar methods to
identify groups of subjects displaying more homogeneous trajectories,
particularly to examine between-subject differences in physical activity

trajectories.
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No prior study has considered the presence of individual (within-
subject) differences in trajectories. But this important finding indicates
there is considerable variation in physical activity behaviours in |
adolescents. Several factors may contribute to unstable physical activity
patterns during adolescence within-subjects. According to Freud02 and
Erikson,!9 the adolescent years are marked by transitions and changes. In
particular, external changes in lif_e' events (e.g., entering and leaving high

| school, entry into the work force) may affect the pattern of physical
activity participation during adollescence,64 due to increased
role/responsibilities and social demands.1% Unfortunately, NDIT data do
not capture the period of transition into secondary school, nor the period
post-secondary school, and therefore these transitions should not directly
influence the physical activity trajectories in this sample. However, entry
into the work force and other increased role/responsibilities and social
demands (e.g., dating/relationships, tests/exams, peer pressure) may
have variable effects on different individuals, which could potentially
result in heterogeneity in physical activity participation. To consider two
extremes, an individual (with potentially effective coping strategies) may
adjust well to busy schedules, in which case their physical activity
patterns would be relatively stable because they are able to continue with
established behaviours. On the other hand, an individual (with potentially

poor coping strategies) may struggle with greater time demands, resulting
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in unstable physical activity due to the inability to maintain common
behaviours when time is limited. These differences in coping mechanisms
may contribute to within-subject heterogeneity in physical activity
patterns through adolescence.

Within-subject heterogeneity may also be a result of changes in
motivation sources. Shephard8 reports that during adoléscence, cues or
role models for an active lifestyle shift from the parent or coach to the peef
group. Therefore, individuais with athleﬁc Peers may have higher
physical activity than individuéls with few or no athletic peers. There was

no information in the NDIT to explore this relationship.

Seasonal differences

Data collection waves at approximate two-mon&l intervals allowed
assessment of seasonal variation in physical activity levels. Consistent
with other studies 3866105 activity levels were highest in the spring, lower
in fall and lowest in winter. Warmer temperatures and longer daylight
hours in springsé likely contribute to higher levéls of participation in
physical activities. Declines in the fall and winter may relate in part to
weather and to higher demands of schoolwork during the winter months.
Aaron et al.?5 assessed the stability of year-round activities versus seasonal
activities in subjects aged 12-15 years, and reported that over four years,

year-round activities were more stable than seasonal activities. Strategies
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to promote physical activity need to include ways for adolescents to
maintain activity levels throughout the year, particularly during the
winter seéson.

The finding that number of physical activities declined to a greater
extent among males during the winter months is unexpected; the reason

for this difference is unclear.

Explaining individual differences in physical activity trajectories — predictor
analyses '

Another unexpected finding was that both depression and stress
had significant, positive effects on physical activity trajectories in both
sexes. To date three longitudinal studies have reported no
association,14i35;70 although two cross-sectional studies reported that
depression was inversely associated with physical activity.”273 However,
the measures of depression used in these cross-sectional studies
encompassed indicators of anxiety, and it is possible that the inverse
association’273 reflected a combination of the effects of depression and
anxiety (i.e., high levels of anxiety might have a strong negative
relationship with physical activity). Norris et al.14 found that subjects who
participated in a ten-week, high-intensity training program had
significantly lower anxiety scores than subjects who participated in a

moderate-intensity training program. However, there were no significant
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differences between anxiefy scores in the high- or moderate-intensity
training groups and the flexibility training or control groups.14

Results for two longitudinal studies434 suggest a significant,
negative relationship between stress and physical activity. One
intervention study examined the effects of physical activity by level of
intensity, and a significant, inverse relationship was observed only among
those in the high-intensity training group (no relationship was found for
those in the moderate-intensity or ﬂexibility training groups, or in the
control group).1 In a female-only sample, Reynolds et al.,* found a
significant, inverse relationship at 4 months of follow-up, that was no
longer apparent at 16 months.

Due to limited evidence regarding the relationship between
physical activity and both depression and stress, the positive associations
found in this study are neither confirmatory nor contradictory of existing‘
evidence. It may be that adolescents with depression symptoms
participate to a greater extent in physical activity or alternatively, that
participation leads to more depression symptoms. Paluska et al.1% suggest
for example that excessive physical activity may lead to overtraining,
which may in turn lead to symptoms of depression.

Adolescents can be exposed to many stressors such as pressure to
excel at school, family difficulties, stresses associated with phyéical

maturation, and peer pressure, that may relate to the positive association



137

between stress and physical activity. Commitments to sports teams or
competitive sports may be an additional source of stress if they result in
léss time to focus on other activities. If sports are competitive, there may
be increased pressure to perform well. Alternatively, it is possible that
high levels of stress result in higher activity levels, as a stress-coping
mechanism. Exercise may shift a person’s focus away from everyday
stressors, allowing a temporary escape from the burdens of life.104 Future
studies should examine the natural course of ’physical activity in relation
to both depression and stress.

There were significant random components associated with both
depression and stress, indicating substantial inter-individual variation in
the effects on physical activity participation. Heterogeneity in the
relationsﬁip between stress, depression and physical activity would need
to be considered. |

The positive association between physical activity pérticipation and
sedentary behaviours observed among females is inconsistent with
previous research. However, the magnitude of the association was small
(an increase of 0.4 activities per week for each hour of TV-watched per
day and 0.2 activities per week for each hour of increased
computer/internet/video game-playing). Furthermore, given that each
sedentary activity added little explanatory variance in activity levels (TV-

watching only accounted for 0.3% of the within-person variance,
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computer/internet/video game-playing accounted for 0.2%), it is unlikely
that this relation is clinically meaningful. In fact, significance may simply
relate to the increased statistical power associated with large sample sizes.
Previous cross-sectional studies have reported an inverse relationship
between sedentary behaviours and physical activity in females,32 males,52
and both sexes;? one ‘longitudinal study found no association.3> However,
a positive relationship was reported in two cross-sectional studies of
younger children (aged 9-13 years'?” and 9-15 years!8), It is conceivable
that individuals with high levels of activity watch more TV pe/rh_aps |
because they are less interested in school work. It is also péssible that
individuals who remember and report participation in numerous physical
activities also have a tendency to recall and report more sedentary
behaviour.108

Alcohol use was positively associated with physical activity levels
in both males and females. This is consistent with one crosé-sectional
study in youth;7® and also with studies of adults.®5 Physical activity
participation can provide opportunities for a social interchange and use of
alcohol is then an integral part of post-activity social gatherings.®® The
adolescent population in this analysis is below the legal drinking age in
Quebec. However, 50% of males and 53% of females at age 17 reported
that they had consumed alcohol (the proportion was lower at younger

ages; 14% of males and 12% of females reporting drinking at age 12).
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Smoking was not a significant predictor of age-related physical
activity trajectories. Others have found a significant (inverse) relationship,
but measures of smoking status differ across studies. Aarnio et al.®
grouped subjects into regular smokers, occasional smokers (including
quitters) and non-smokers. Pate et al.”¢ classified subjects as smokers if
they had smoked in the past 30 days. Kimm et al.>* categorized subjects as
smoker if they responded yes to “smoked daily”, “almost daily”, or
“weekly”. We re-ran our analysis broadening ouf definition of smokers to
include subjects who had smoked once or a couple of times each week
(rather than smoked everyday), with no substantive changes in the results.

None of the candidate demographic or biological predictor
variables (i.e., subject’s country of birth, parent’s country of birth, baseline
BMI) influenced age-related physical activity levels in either males or
females. In contrast, O'Loughlin et al.1% found that country of birth was a
strong predictor of physical activity in a younger study population (i.e.,
students in grades 4 and 5). BMI has been reported to be a significant
predictor of physical activity, but only in females.31:3454 Consistent with
this current analysis however, the majority of studies répbrt no

association.32:356277



140

Proportion of variability explained in physical activity trajectories

Just over 27% of the within-person variance in physical activity was
explained by a cubic Change trajectory, controlling for season. The
inclusion of time-varying predictors added minimal explanatory variance
(atits highest, a 3% increase in explained variance with the addition of
stress to the models for nﬁales aﬁd females). A multivariate model would
likely explain a greater percent of the within—i)erson variance. It is

plausible that important predictors were not considered in this analysis.

Limitations

This analysis is subject to several limitations. First, this was a
secondary analysis of .an existing database, the study and the primary
objective of which was not related to physical activity. The variables
available for analysis were limited to those collected in the context of the
original objectives. Other predictor variables that may have influenced
age-related trajectories in male and female adolescents that were not
assessed in the NDIT Study include puberty,% illicit drug use,”6110
parent/ friend/ teacher support,?>213 barriers to physical activity, 313235
and availability of resources in the home, school, or neighbourhood
environment 296263

There were, however, a number of potential predictors that were

measured but could not be analyzed due to exclusion criteria used in this
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analysis. For example, questions were asked in collection cycles 7 and 11
on self-esteem. Self-esteem has been associated, both positively and
negatively, with levels of physical activity.1333 Data were collected in
c&c_les 7 and 12 on chronic health problems (asthma, for example may
explain limited physical activity levels in subjects with this problem).
Finally subjects were asked in cycles 11 and 12 about their academic
performance; an exploration of the relationship between academic
performance and physical activity participation may have provided an
interesting perspective. However, data on these variables were collected
~ in only two collection waves and therefore were excluded as potential
predictor variables.

Social factors, such as family and peer influences, were not assessed
in the NDIT questionnaire. Social factors have been examined in previous
studies and have provided useful predictive information.6064:65

Another limitation is that the measure of physical activity used in
this thesis did not assess duration of participation. It measured instead,
frequency of participation in activities in which the subjects participated
for a minimum of five-minutes. It is unlikely that participation in physical
activities for as little as five minutes results in health benefits or in habit-
forming behaviours. Without consideration of the duration of
participation, the total time spent participating in physical activity cannot

be assessed. In addition, self-report measures are prone to overestimation
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of physical activity participation, an effect which can be exacerbated if the
questionnaire provides a checklist of activities#! (as in the NDIT Study).

The omission of socioeconomic status (SES) as a predictor variable
is a limitation, because higher SES is associated with higher levels of
physical activity.31:546970,74

Another limitation is that our analysis examined the influence of
candidate predictors on physical activity trajectories univariately; a
multivariate model was not developed, and therefore the analysis could
not identify independent predictors of activity levels (i.e., the impact of
specific factors in the presence of other factors), and it neglected the
necessity to control for confounding effects.

Because we did not compare the characteristics of subjects retained
in the study with those who were excluded (due either to dropping-out or
to missing data), selection bias cannot be ruled out. External
generalizability may also be limited because subjects were recruited in a
convenience sample and the baseline response was 56%. Measurement
error may also have been present because the data were collected in self-
reports by adolescents, which are subject to recall bias and overestimation
of activity participation.4! Finally, due to the nature of longitudinal
studies, repeated questionnaires may alter behaviour with respect to

initiating health-related changes.1!! This is unlikely in NDIT, however,
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because the primary purpose was to measure nicotine dependence

symptoms and tobacco exposure.

Strengths

There are a number of strengths in this study as well. First and
foremost, the long-term, prospective design allowed for the assessment of

physical activity patterns (developmental trajectories) through
adolescence. In addition, the time-interval between assessments was
approximately two months (during the school year), which provided great
detail on how physiceﬂ activity levels change in this age group. This
represents a significant imprévement over previous longitudinal studies
that are limited by short follow-up periods and long time intervals
between assessments. The short time-intervals between data collection
waves also allowed for the assessment of seasonality‘ as a predictor of
physical activity. Data on caﬁdidate predictors were collected using the
same assessment methods at each of the 18 data waves. The sample size
was large, composed of 1206 subjects and 17,172 data points over the 4.5-
year study period.

The analytic approach used in this thesis (i.e., the multilevel model
for change) permitted modeling changes over time for each person in the
sample, and allowed assessment of how these changes varied across

subjects.8 Consequently, we were able to assess the degree to which both
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within- and between-person values differed from population average
values in this age group. No published study to date has reported physical

activity trajectories in adolescents using such sophisticated analyses.

Suggestions for future research

Understanding patterns of physical activity during adolescence is
important for identifying youth at risk for inactivity as adults, as well as
for developing effective interventions aimed at promoting increased levels
of activity. Longitudinal studies that collect data repeatedly at short time
intervals over long follow-up periods, can accurately describe the pattern
of physical activity behaviours, particularly if the data are modeled using
sophisticated regression (trajectory) analysis.

Results of this analysis show that, although physical activify
declines through adolescence, there are periods in which activity levels
may increase. Future research should identify factors that contribute to
this rise in activity. Do adolescents participate in more organized sports
through these ages? Are the activities primarily individual sports since
organized sports may not be readily available in late-adolescence? Is the
increase in activities specific to low-intensity activities rather than
moderate or vigorous activities? Knowledge of these factors can help

shape physical activity promotion strategies.
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Changes in levels of activity observed in this analysis relates to
changes in frequéncy of participation. However, without a measure of
duration of physical activity, it is not possible to assess whether duration
of participation changes. It might be useful to group activities according
to i:ntensity (i.e., using the Compendium of Physical Activities,5! a
classification tool to measure energy costs for specific activities) to

- determine if increases were specific to low-intensity activities. The NDIT
questionnaire assessed participation in school sports teams and
participation in sports and/or lessons outside of school; it would be

- interesting to describe trajectories (and possibly even identify predictors

of change) in these specific activities.

There is limited evidence regarding factors that influence age-
related changes in physical activity during adolescence. More longitudinal
studies are needed to examine the relationships between health-related
behaviours, and in particular, how these behaviours change over time and
influence the pattern of physical activity through adolescence.
Furthermore, knowledge of the determinants of physical activity can
provide the basis to develop more effective interventions, especially if
these determinants are amenable to intervention and can be targeted for
change.®0

NDIT data could be stratified by school to ascertain if students in

English or French-language schools have differing activity patterns.
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French and English schools may differ in terms of the physical activity

curriculuﬁ. If patterns differ according to language, interventions may

need to be tailored to éccount for these factors. The influence of
socioeconomic factors should also be assessed.

Physical activity is determined or influenced by a variety of
factors.6* Multivariate models should be developed using NDIT and other
data to identify independent inﬂuence.s on physical activity trajectories.
The direction of association between the predictors and physical activity
may change in the presence of other factors, and undoubtedly, these
factors are interrelated.

Due to the heterogeneity in trajectories observed in this study,
future studies should identify subgroups of adolescents with distinctive
developmental trajectories. Subject characteristics can then be identified to
determine their effect on trajectory membership.

Future research must also focus on identifying factors that increase
physical activity. Activity preferences and recruitment strategies that can
be used to make activity participatioh more appealing for adolescents
should be a high priority.

Considering the limited generalizability with the NDIT, it is
hopeful that other researchers will take the many strengths of these data |
and apply them to other longitudinal studies with greater generalizability,

perhaps in a population-based sample. Furthermore, careful consideration
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of other health-related behaviours that may be associated with physical

activity over time need to be examined.

Conclusion

This study has implications for the conceptualization and
development of programs to promote physical activity, further analysis of
NDIT and other data, and future monitoring of physical éctivity in
Canada. The adolescent years are a time when independence is
established. Lifestyle rhab‘its developed during this life stage are likely to
be constant for many years.112 It is essential that we prevent declines in
physical activity levels during adolescence, and that we identify factofs
that promote healthy levels of participatio_r} in physical ac’civity.113
Effective physical activity promotion interventions aimed at adolescents
may have the potential to prevent inactivity in adulthood, the onset of
chronic diseases in later life, and the economic burden these health

problems will eventually have on the health care system in Canada.
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Appendix B. NDIT questionndire items for variables included in this thesis

MCGILL UNIVERSITY STUDY |
ON NICOTINE DEPENDENCE IN TEENS

1, In what month is your birthday?

January July

O O

O February O August
O March O September
O April O October
O May O November
O June a

December

2. On what day of the month is your birthday? Circle the correct day.

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30

3. In what year were you born?

1984
1985
1986
1987
1988
Other

Dooooo

Specify year

5. Areyoua...?

O Boy O Girl



11.  Were you born...?

O in Canada —»

178

Name province

O Outside Canada —»

Name country

13.  Was your biologic father born...?

O In Canada —

OR O | don't know which

province
Name province

O Outside Canada —

OR O I don’t know which

country
Name country

O | don’t know

14, Was your biologic mother born...?

Od In Canada —»

province
Name province

O Outside Canada —

country
Name country

a | don’t know

OR O | don't know which

OR O | don’t know which

15.  Now, think about the physical activities that you did last week from
Monday to Sunday outside your regular school gym class. For each activity
that you did for 5 minutes or more at one time, mark an "X" to show the

day(s) on which you did that activity.

Mon

Tue | We | Thu| Fri | Sat

Sun

Bicycling to school, bicycling to do errands, going
for a bicycle ride
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Swimming/diving

Basketball

Baseballisoftball

Football

»Sccce]r s

VoIIeybaII

Racket Sports (badminton, tenms) .

Ice hockey/ball hockey

Jump rope

Downhill sknng, snowboardlng

Cross-country skiing

Ice skating

Rol,lejifb»lading,' skateboarding

Gymnastics (bars, beams, tumbling, trampoline)

Exercise / physical conditioning (push-ups, sit-ups, | |

jumping jacks, weight-liting, exercise machines)

Ball-playing (dodge ball, klckball wall-ball, catch)

Track and f eld

Games (chase, tag, hopscotch)

Jazziclassical ballet

Dancing (aerobic, folk, at a party)

Outdoor play (climbing trees, hide and seek)

Karate/ Judo/ Tai Chi/ Kung Fu

Boxing, wrestling

Outdoor chores (mowing, raking, gardening)

Indoor chores (mopping, vacuuming, sweeping)

Mixed walking / running / jogging

Walking

Running/Jogging

Ot‘her(s) — Name them
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 On weekends, | usually watch

18. How mdny hours of television (including video movies) do you usually
watch in a single day? If the answer is zero, write "0” in the box. If
the answer is less than # hour, write LT #”

On weekdays, | usually watch hour(s) of television a day

| hour(s) of television a day

19. How many hours do you usually play video or computer games, or
use the Internet in a single day? If the answer is zero, write "0” in the
box. If the answer is less than § hour, write LT £ ‘

On weekdays, | usually play video or ‘
computer games .... h‘?”r(s) aday
On weekends, | usually play video or
computer games .... hour(s) a day
20. During the past 3 months, how often have you..?
Never Rarely Som:tlme Often
Felt too tired to do things O O O O
Had trouble going to sleep or staying 0 O O O
asleep




181

Felt’unhappy, séd, or depressed : O O O O
?Fé‘lt'hopeléﬁs’s‘éboutt«hefuture - ’ *’"|:| | a | D _::1 
Felt nervous or tense | | | O O O
'Wriije,d 't,c‘>o;r’nucHabéUt’ﬁian El | o D v‘ O |

21. During the past 3 months, have you been worried or stressed by
any of the following...?

e

Thi? (Toes

nc;:’ ar::gly A 'ti)ti:le Qu;:te alA v;l:tole
Your parents separating or divorcing O O O O
Lonefiriess e S e
Breaking up with your boyfriend or girlfriend D a O O
,Yoﬁffelatibnship with your father . EI . o | o O
Your relationship with your mother O O O O
Your relationship with your brother(s)/ Sister(s) a o 0 IEI
Your relationship with your friends O O a O
VA health problem (such as acne orasthma). EI‘ O O O
Your weight O O O (|
Sex O O | 0O O
Your new family (parents remarried) O O O O
Financial problems in your family O O El -0
School work -Od O O O
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Other(s)— Please describe

a) O O

b) a a O O
22. During the past 3 months, how often did you..?"

) Onceora| Onceora
Nover | Altto | couploot | couploof | Usualy
. month week
Drink alcohol (beer, wine, hard liquor) O a O O O

24. Check the one box that describes you best...

O
O

I have never smoked a cigarette, even just a puff > Go fo question 32
| have smoked cigarettes (even just a puff), but not at all in the past

twelve months

| smoked cigarettes once or a couple of times in the past twelve

months

| smoke cigarettes once or a couple of times each month

| smoke cigarettes once or a couple of times each week

* Smoking a cigar and Using chewing tobacco were also assessed in this question.
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Appendix C. Results of models with physical activity transformations and
exclusion of physical activity extreme values — Attempts to improve the level-1
submodel

Table C.1. Results of models using square root physical activity.

T compared to unconditional means model
a standard error of the fixed effect
b standard error of the variance component

Model
Parameter and Fit statistic Unconditional  Unconditional Base model
means model growth model
Fixed Effects:
Intercept (Status at 14.5 years) 4.12 (0.042)*** 4.12 (0.04)*** 4.34 (0.04)***
Age -0.15 (0.01)*** -0.24 (0.02)***
Age? -0.06 (0.01)***
Age? 0.04 (0.004)***
Fall -0.10 (0.02)***
Winter -0.34 (0.02)***
Variance Components (Random Effects):
Level-1
Within-person variance 1.26 (0.01b)*** 1.04 (0.01)** 0.92 (0.01)***
Level-2
| Intercept variance 1.54 (0.07)*** 1.52 (0.07)*** 1.81 (0.08)***
Linear term variance 0.13 (0.01)*** 0.27 (0.02)***
Quadratic term variance 0.04 (0.004)***
Cubic term variance 0.01 (0.001)***
Overall R2t 0.175 0.270
Deviance 55926.8 54219.6 53264.2
AIC 55932.8 54231.6 53298.2
BIC 55948.1 54262.2 53384.8
Notes. '
*+* p<0.001
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Table C.2. Results of models using cube root physical activity.

Model
Parameter and Fit statistic Unconditional - Unconditional Base model
means model growth model
Fixed Effects: v
Intercept (Status at 14.5 years) 2.51 (0.02a)*** 2.51 (0.02)*** 2.60 (0.02)**
Age ~0.07 (0.006)*** -0.11 (0.009)***
Age? -0.02 (0.004)***
Age? 0.01 (0.002)***
Fall -0.04 (0.009)***
Winter -0.15 (0.009)***
Variance Components (Random Effects):
Level-1
Within-person 0.26 (0.003by*** (.22 (0.003)*** 0.20 (0.002)***
Level-2
Intercept variance 0.28 (0.01)*** 0.27 (0.01)** 0.32 (0.014)***
Linear term variance 0.03 (0.002)*+* 0.05 (0.004)***
Quadratic term variance 0.007 (0.003)***
Cubic term variance 0.0001 (0.002)***
Overall R2t 0.154 0.231
Deviance 29056.9 274124 26640.9
AIC 29062.9 274244 26674.9
BIC . 29078.1 27455.0 26761.5
Notes.
*** p<0.001; * p<0.05

t compared to unconditional means model
a standard error of the fixed effect
b standard error of the variance component




Table C.3. Results of models using log(physical activity + 1).

Model
Parameter and Fit statistic Unconditional - Unconditional Base model
means model growth model
Fixed Effects: :
Intercept (Status at 14.5 years) 2.75 (0.0172y*** 275 (0.017)*** 2.85 (0.020)***
Age -0.08 (0.007)*** -0.12 (0.010)***
Age? -0.03 (0.004)***
Age? 0.02 (0.002)***
Fall -0.04 (0.010)***
Winter -0.16 (0.010)***
Variance Components (Random Effects):
Level 1
Within-person 0.33 (0.004P)***  0.27 (0.003)*** 0.25 (0.003)***
Level 2
Intercept variance 0.33 (0.014)***  0.33 (0.014)*** 0.38 (0.018)***
Linear term variance 0.03 (0.002)*** 0.06 (0.005)***
Quadratic term variance 0.009 (0.001)***
Cubic term variance 0.0009 (0.0002)***
Overall R2t 0.182 0.242
Deviance 32773.3 311185 303779
AIC 32779.3 311305 30411.9
BIC 32794.6 31161.1 30498.5
Notes.
*** p<0.001; * p<0.05

T compared to unconditional means model
a standard error of the fixed effect
b standard error of the variance component




Table C.4. Results of models excluding physical activity values greater than 84.
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Model
Parameter and Fit statistic Unconditional  Unconditional Base model
means model growth model
Fixed Effects:
Intercept (Status at 14.5 years) 1940 (0.322)***  19.44 (0.32)*** 21.37 (0.37)**+*
Age -1.21 (0.17)** -1.97 (0.17)%**
Age? -0.56 (0.07)***
Age? 0.31 (0.04)***
Fall -0.88 (0.16)***
Winter -2.93 (0.16)***
Variance Components (Random Effects):
Level 1
Within-person 93.40 (1.05b)**  78.07 (0.91)*** 68.74 (0.85)***
Level 2
Intercept variance 115.92 (5.09)***  115.70 (5.09)*** 141.69 (6.42)***
Linear term variance 8.93 (0.56)*** 20.14 (1.48)***
Quadratic term variance 3.34 (0.28)***
Cubic term variance , 0.44 (0.07)***
Overall R2t 0.164 0.264
Deviance 128856.3 127339.0 126321.6
AIC 128862.3 127351.0 126355.6
BIC 128877.6 127381.6 1264422
Notes. '
** p<0.001; * p<0.05

1 compared to unconditional means model
2 standard error of the fixed effect
b standard error of the variance component



