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Abstract

Background: The prevalence of obesity is increasing in ajrsents of our society. While
research exists on the physical consequences sitpfthe social implications of childhood
obesity require study. Those who are obese arelyidifferent from their peers and are more

likely to experience physical and verbal abuse wd¢wnpared with their normal weight peers.

Objectives The objectives of the two studies comprising thisis were to examine, 1) the
temporal sequence between adiposity class andmyliyvolvement, and, 2) to determine

whether the relationship between adiposity classveegapon carrying is mediated by bullying.

Methods: Objective 1Participants were administered tHealth Behaviour in School-Age
Children Survey (HBSC) in 2006 and 2007. Study outcome®welf reports of: 1) physical
bullying victimization and perpetration, and 2)aténal bullying victimization and perpetration.
Relationships between adiposity and the four fonirsullying were investigated in separate
analyses using a repeated measures de3lgactive 2 A cross-sectional analysis of the health
experiences of 7877 Canadian children (11-15 yesisy the 2006 HBSC survey was
conducted. Relationships between adiposity statdsxeapon carrying were evaluated using
multi-level logistic regression. Mediation by builg involvement was assessed using standard

methods.

Results Objective 1 Adiposity class was shown to precede bullyinglagment, with obese
males reporting 2-fold increases in both physical eelational victimization, while obese
females reported 3-fold increases in perpetratfarlational bullying.Objective 2 Results

suggest that overweight and obese males repoddeed odds of weapon carrying compared to



their normal weight peers. Among obese males,glartédiation of this relationship was
observed by acts of: physical victimization, redatl victimization and physical perpetration. No

such relationships were observed among female stside

Conclusions Objective 10ur study demonstrates the importance of adipassiiys as a
determinant of poor interpersonal relationshipesehfindings are congruent with previous cross-
sectional studies, and confirm that obese youthatincreased risk of social consequences
attributable to their appearan€zhjective 20verweight and obese male students appear to be
more likely to carry weapons for defensive andmdfee purposes, a behavior mediated in part

by bullying involvement.
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Glossary of Key Variables

Body Mass Index BMI, or Body Mass Index, is a ratideight to weight used to classify

individuals as normal weight, overweight or obésaeits: kg/nt

Physical Bullying This is when a perpetrator causam to the victim through activities such

as kicking, punching or pushing

Relational Bullying  This is when someone spreadkcioas rumours or lies about the victim

or can also include withdrawing friendship and abekclusion

Weapon Carrying In this thesis, weapon carrying @effned as carrying either: 1) brass
knuckles, 2) mace/pepper spray, 3) firearms otidjssclubs at school in

the previous 30 days.
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Chapter 1
Introduction

1.1 General Overview

Obesity is a rising problem in all segments of sariety, and affects the young, the old
and crosses racial and economic boundaries. Coasegsi of obesity can range from direct
physical problems, including diabetes and muscalesél pain, to psychological symptoms, such
as decreased self-esteem and depression. Thegseabealth outcomes may not manifest for
several years. Of more immediate concern are ttialsamifications of excess adiposity, such as

discriminatory behaviours.

Two of the most notable discriminatory behaviowgegienced by young people are
bullying and weapon carrying. Bullying is a comnmmmoblem in school-aged children, with
approximately 36% of Canadian students involveblltying as victims, 39% as perpetrators and
20% as both (1,2Physical bullyings when a perpetrator causes harm to the victioutth
activities such as kicking, punching or pushingilevtelational bullyingis when someone
spreads malicious rumours or lies about the vietid may also include withdrawing friendship

and social exclusion (2).

Weapon carrying is an emerging social phenomen@aimada. Seventeen percent of
boys and four percent of girls reported carryingeapon in 2006, with the vast majority carrying
a knife (61% and 72% respectively (1)). Those iagdlin bullying are also more likely to carry
weapons (3,4), with those who are victimized likelyuse weapons defensively, while those who

are perpetrators likely to use weapons as a mdansmidation (2,3).

Novel hypotheses that have been suggested ard Jlatiposity is a potential
determinant of interpersonal violence, such asylmglbehaviour; and 2) this relationship

emerges during developmental periods such as agoles (2,5).



To account for the impact of excess adiposity ariasénteractions, Lerner proposed that
the physical attributes of a person affects thgjchosocial development and functioning (6).
This model, entitled the “Dynamic Interaction Modgroposes that an individuals’ appearance
will affect how others react and respond to thersdaial contexts, affecting their self-esteem,
self-concept and how they then act towards otfidnis. basic theory underlies much of the work

in this thesis.

One of the more notable studies that has linkeposity and interpersonal violence was
performed by Janssen al. (2). This study found that overt and indirect ity increased with
increasing BMI (2). One limitation of this study svthat it was cross-sectional in nature and thus
could not demonstrate temporality. A second lirtats that it did not examine any
consequences of bullying. Hence, my thesis wasldeeé with two objectives: 1) to determine
whether adiposity precedes interpersonal violetimes extending the cross-sectional findings of
Jansseet al. (2); and 2) to determine whether bullying involverhmediates the relationship

between adiposity status and weapon carrying ithyou

Results from this thesis could inform the contdrihterventions aimed at reducing
interpersonal violence, potentially making them eneffective, while also adding to the
understanding of the origins of youth violence. éithe long-term intrapersonal and
interpersonal problems that can result from invigat in interpersonal violence, it is important
that the underlying mechanisms that place indiM&laarisk of such violence, in this case

adiposity status, are investigated.



1.2 Societal Importance

Increased adiposity class is accompanied by inededasks of numerous direct and
indirect health consequences. By expanding our ledye of obesity as part of the origins of
youth violence, teachers and healthcare profedsiaaa better deal with obesity as a warning
sign for outcomes as diverse as interpersonalvaepsychosomatic complaints and

depression (7).

This study is important for several reasons: 1)enlythg causes of interpersonal violence
among youth are not fully understood, and novalisgiare required to investigate these
etiological relationships; 2) adiposity has beeggasted as a possible determinant in recent
cross-sectional analyses; these findings requinéiromation in longitudinal analyses; 3)
interventions surrounding the prevention of bullymrequire a solid evidence base. My thesis

provides new information that informs part of tlemtent of such interventions.

1.3 Objectives and Hypothesis

This study investigates the associations betwegrosity and interpersonal violence in
children. Our specific objectives were to learn enabout the relationships between adiposity and
bullying, then adiposity and weapon carrying bebawi This is a manuscript-based thesis and is

organized as follows:

1.3.1Manuscript 1: Obesity as a Determinant of Two Formsof Bullying in Ontario Youth

The objective of this manuscript was to confirm findings of Jansseet al. (2), who
found, cross-sectionally, that students who weeselor overweight were more likely to be

involved in physical bullying than their normal \ght peers, both as victims and perpetrators.



The current manuscript builds on these resultsvajuating this relationship via a longitudinal
analysis. Using the 2006 and 2007 Ontario subsadaigleHealth Behaviour in School Aged
Children Survey, the relationships between the exposur@daili) in 2006 and the outcomes
(physical and relational bullying) in 2007 were lexsded, and it was hoped that a temporal
relationship between the variables could be comfitnit was hypothesized that those that are
obese at baseline are more likely to become viatinperpetrators of either form of bullying than

their normal weight peers.

1.3.2Manuscript 2: Bullying Involvement as a Mediator of Weapon Carrying in Obese
Youth

The objective of this second manuscript was to éxarthe relationship between
adiposity and weapon carrying in youth. Using tB86Health Behaviour in School Aged
ChildrenSurvey, associations between adiposity and weagagicg were evaluated. After
controlling for school, home and neighbourhooddexseparately, the impact of bullying as a
mediator was assessed using Sobel’s test of meulidtiwas hypothesized that the focal

relationship between adiposity status and weapowing is mediated by bullying involvement.

1.4 Thesis Organization

This thesis conforms to the Queen’s University $tlod Graduate Studies and Research
guideline “General Forms of Thesis” (8). The secohdpter is a review of the literature
surrounding interpersonal violence and its relaop with adiposity in this population. The third
chapter of the thesis is brief description of thetiods used, including the HBSC survey
methodology and statistical methods employed. ®helh chapter is Manuscript 1, which

analyzes the relationship between adiposity andféwas of bullying (physical and relational) in

4



a longitudinal sample of school children in Ontafiibis manuscript is in submission form for the

journalObesity The fifth chapter is Manuscript 2, which investigs the relationship between

adiposity and weapon carrying behaviour cross-aealiy in a sample of Ontario school

children, and bullying involvement as a mediatotiio$ relationship. This manuscript is in

submission form for the journBlediatrics Chapter 6 contains a summary of both studiesjsand

followed by a general discussion and conclusions.
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Chapter 2
Background and Literature Review

2.1 Introduction

The purpose of this chapter is to introduce thédabtbesity problem in Canada, as well
as its possible relation to interpersonal violetehis context, “child” will refer to those in
school ranging from 7 to 17 years of age, andlvélused synonymously with “children,”

“youth,” and “school-aged children”.

It has been shown that children as young as thoskmentary school show a preference
for those who appear physically similar to therigratitizing those who do not fit their
preconceived notions of “normalcy” (1). Those whe abese are visibly different from their
peers and thus are more likely to experience dzatan, physical and verbal abuse when
compared with their normal weight peers, and this tbeen supported in the literature (2-5).
These discriminatory behaviors can develop in yeuith continue into adulthood, putting
overweight and obese youths at increased riskdor psychosocial adjustment during the

growth period.

This review will summarize the literature surroumgladiposity and the key outcomes
(bullying and weapon carrying) (Figure 1). Firsie turrent obesity epidemic will be reviewed.
Second, an analysis of the literature surroundinlyibng, specifically, weight-based teasing, will
be conducted. Third, weapon carrying will be inigated. Fourth, these three themes will be
discussed and their relationship to each otheriderex. Finally, gaps in the literature and
directions for future research will be identifiddhose who are obese have been shown to be
consistently more likely to be involved in both ploal and relational bullying compared to their
normal weight peers (2-5). This review will summaarprevious research that has led to that

assertion.



Exposure: Outcome:

Adiposity =P |nterpersonal violence

Normal weight Physical bullying

Overweight and Relational bullying

Obese Weapon carrying
Confounders

Demographics
Physical activity
SES

Figure 1: Conceptual model of the relationship leemvadiposity and interpersonal violence

2.2 Adiposity in youth

Overweight and obesity are growing issues foregtisns of our society, affecting both
genders and crossing lines of race, culture and BisSa multi-faceted problem, with
implications ranging from direct physical conseqesnto discrimination by others. Of particular
interest in this thesis is the extent to which adity affects interpersonal relationships. In this
section, four themes will be discussed: 1) measenewf adiposity, 2) the scope of the obesity
epidemic in Canada, 3) the physical and psychoégionsequences of excess adiposity and

finally, 4) the social consequences of excess aitijpo

2.2.1Measurement of adiposity

Body mass index (BMI) is a ratio of height to weiglnd is a commonly used method of
evaluating a person’s health risks based on ttgisipal characteristics (6). Adult cut-offs for
overweight and obese are 25 kgmnd 30 kg/mrespectively and are primarily related to the

added risk of mortality that accompanies excesghtdi’). Health risks increase in a curvilinear
7



fashion as BMI increases, and while these stanclargoints exist for adults, these are not

appropriate for children since children vary thriodige growth period (8).

As a result, a separate set of cut offs have @elbermined for youths that take into
account their changing bodies. Ceteal.conducted a cross-national survey that took data fr
several countries (9). Thus, these BMI values alie-and-nation-independent, and were
designed using growth curve modeling to pass thrahg adult BMI values for overweight (25.0
kg/n?) and obesity (30.0 kgfnat entry into adulthood at exactly 18.0 yearagé (Figure 2)

(9). These cutoffs were endorsed by the Internati@iesity Task Force and are used

widely (10).

Adiposity status was determined by student selbntefpr both manuscripts in this thesis.
Validation for this method of data collection haseh performed and despite the slight
underestimation of BMI, it has been found that gsialf-reported BMI is a reliable method of
examining the relationship between body weightsifeesition and later outcomes (11-13). These
measures are commonly used when providing popuakiticel estimates of the prevalence of
obesity due to the ease with which they can beisejcompared to other measures such as skin

fold testing and dual energy X-ray absorptiometry.



Males Females

26 el -~ 91

Body mass index (kg/m?)
2
]
]

75

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Age (years) Age (years)

Figure 2: Internationally determined growth curf@schildren from ages 0 to 20. The solid lines
indicate percentile distribution, while the dasliads passing through 25 kgfrand 30 kg/rh
represent cut-offs for overweight and obese respygt From Coleet al. (2000)

2.2.2The prevalence of obesity in Canada

The prevalence of being overweight or obese ia®ing in both the US and Canada
(14,15). In Canada, being overweight or obeserg s@mmon, with a 2004 national survey
finding that 18% of youths were overweight, whifé 8vere obese (16). From the years 1981 to
1996, the percentage of 7 — 13 year old boys €legsis overweight in Canada increased from
11% to 33%, while the prevalence of being overweaghong 7 — 13 year old girls increased
from 13% to 27% in Canada (14). In the same tim@ggethe percentage of obese boys and girls
rose from 2% to 10% and 2% to 9% respectively (TAgse represent two to five-fold increases,
and occurred during adolescence, when childreneaesensitive to the views and opinions of
others. This recent increase highlights the impaezof studying the physical, psychological and,

particularly the social consequences of exceswaitip



2.2.3Physical and psychological consequences of excedpasity

Excess adiposity can have effects on the physezith of the individual, and also in
determining a healthy mental state. There are tirealth risks associated with excess adiposity,
such as cardiovascular and metabolic problems, meseletal pain and increased blood
pressure (8,17,18). In addition, children who drese also suffer from psychological ailments,
including decreased self-esteem (11) as well apsyms consistent with depression (19). While
the chronic conditions of obesity such as cardiafaic disease and osteoarthritis may not
develop for several years, this thesis is partitytzoncerned with more acute social factors
associated with childhood obesity. Childhood olydsés been associated with increased risk
taking behaviour, including solvent abuse and dskiat drugs (18). In addition, obese youths
may be discriminated against by their peers ay earpreadolescence (2,20). Motivations

behind these social behaviours are poorly undetdstnod may be driven by societal values.

2.2.4Social consequences of excess adiposity

Obese individuals may suffer from stigmatizatiorotigh the life span from their peers
(2-5), family members (21), and even the medicatrooinity (21). These social stigmas occur
despite the fact that childhood obesity is a higitlgvalent condition (14,15), that is caused by
several factors that are beyond a young persortsotde.g., genetics (22), parents’
socioeconomic staty®3), built environments (24)) and not merely &latpersonal willpower
to engage in physical activity. These negativituakbs towards obese youths may manifest in
antisocial interpersonal behavior (25), and arathio scope, ranging from friendship choices
(1,26), to romantic endeavors (5). These behavicamtinue into adulthood, with obese adults
reporting lower levels of acceptance and interpeabkdiscrimination (25). Validated measures of

these antisocial constructs exist (13,27,28).

10



To account for the impact of excess adiposity ariasénteractions, Lerner proposed a
theory by which the physical attributes of a peraffacts their psychosocial development and
functioning in the “Dynamic Interaction Model” (29)his model proposes that an individuals’
appearance will affect how others react and respotitem in social contexts, affecting their
self-esteem and subsequent self-concept. Empsiggiort exists for this theory (26). Decreased
self-esteem has a negative impact on self-conceplemds to depressive symptoms in
adolescents (11). Given the importance placed gaipl attractiveness by society, adolescents
who are considered physically unattractive ardgit hisk for developing a poor self-concept that
may remain with them for their life. At a time whgouth are particularly vulnerable to the views
and opinions of others, this raises concerns faathy transition to adulthood (3). These

interactions can manifest in many ways, and onefasation of this is bullying.

2.3 Bullying

Bullying is a mechanism by which perpetrators dithlilominance over their victims
and tends to occur between individuals that knoshedher (30). This behaviour involves two
major aspects: 1) there must be a power dispaeityden the victim and the perpetrator and 2)
the behaviour must occur several times, with tienition of the perpetrator firmly establishing
their authority over the victim (30). With repeatmdlying, the perpetrator solidifies their power
over the victim, resulting in the victim feelingyerless to defend themselves from this
aggressive behaviour. Bullying was operationallfirdel in the 2005/2006 Health Behaviours in

School Aged Children Survey (HBSC), as:
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“BEING BULLIED is when another student, or a group of
students, say or do nasty and unpleasant thingisntor her. It
is also bullying when a student is teased repeatadi way he
or she does not like or when he or she is delibbrgft out of
things. But it iNOT BULLYING when two students of about
the same strength or power argue or fight. Itgs aotbullying
when the teasing is done in a friendly and playfay.”(31)

This survey used questions developed by Olweusdlate bullying behaviours in
youth (32). These questions have been shown todgate when estimating the prevalence of
bullying in youth (33). Defined types of bullyingea physical, relational, verbal, cyber and
sexual harassment. This thesis is concerned withiqdd and relational bullyind?revious
longitudinal studies have examined these formautifing due to their high prevalence (2),
especially since their prevalence differs markddifwwveen males and females (4,5,30)ysical
bullying is when a perpetrator causes harm to the victioutih activities such as kicking,
punching or pushing, whileelational bullyingis when someone spreads malicious rumours or

lies about the victim and may also include withdregMriendship and social exclusion (4).

In this section, two themes will be investigat&ithe prevalence of, and gender

differences in, bullying involvement; and 2) conseiaces of bullying involvement.

2.3.1The prevalence of, and gender differences in, bullyg involvement

Boys and girls differ significantly in the types lodillying that they are involved in. In
Canada, boys are much more likely to be physicaditimized, with 44% of boys reporting being
physically victimized, compared to 32% of girls§(01] (30). Girls are more likely to be
perpetrators of relational abuse than boys (63#tria vs 42% in boys [ p<0.001] (30)), which
includes behaviors such as spreading rumours as@liout each other, as well as exclusion from

social activities and groups (4). It has been hypsized that this is due to the perpetrators
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targeting that which is important to their gendeith boys valuing physical dominance and girls
valuing close, intimate relationships. This isstiated by girls experiencing higher levels of
relational aggression (for example, spreading falegours and social exclusion) (34), and boys

experiencing higher levels of physical aggression.

Differences also exist in the duration of bullyimgce it starts. While Craigt al. found
the same percentage of victims report being bufiedeveral years (23% in boys and girls), they
also found that significantly more boys reportethgdullied for a week or less (40% in boys
compared to 23% in girls [p < 0.01] (30)). Evenhntihese differences, both girls and boys are
significantly more likely to victimize those thateaobese or overweight physically compared to
those of normal weight (2,4,35). Due to all of théactors, gender specific analyses of this topic

are warranted, as gender is suspected to be an eftalifier for bullying involvement.

2.3.2Consequences of bullying involvement

Bullying can lead to both physical and social peols if not addressed at an early stage.
Some of the consequences of bullying include biimhysical fights, being injured as a result of
a physical fight, carrying a weapon, and carryingeapon at school (36). This has been shown
for both bullies and victims (36). While these deshs may be considered acute in nature, the

social ramifications of bullying involvement in yilucan extend into adulthood.

Bullying involvement has been shown to increaseotiids of poor social and emotional
adjustment (37). In addition, children who bullyets are more likely to be involved in other
problem behaviours, such as underage drinking, s/gps well as poor academic achievement
(37,38). Perpetrators of bullying behaviours magticme to bully others as they age, in work and
other situations, including sexual harassment aawitah aggression (39). Perpetrators of bullying

are also more likely to be involved in criminal bgflour in adolescence and adulthood
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(36,40,41). These problems need to be addresseguliths. Risk factors for bullying involvement

should be identified to prevent bullying from canting through the lifespan.

2.4 Weapon Carrying

Weapon carrying is a dangerous behaviour, as wellmarker for later violent
behaviours. Carrying a weapon at school can rasakpulsion from schools (42), however,
despite this, 17% of boys, and 4% of girls repodaatying weapons to school on the 2006
HBSC survey in Canada (27), although a decreafeiprevalence of weapon carrying and
violent crimes has been observed in Canada sipeakin 1991 (43,44). The category of
“weapons” is broad, and includes: knives, brascki®s, mace/pepper spray, firearms and
sticks/clubs. Some of these weapons could be wsatwh-offensive purposes, such as knives in

rural environments. However, the remaining weambearly have dangerous offensive potential.

Highlighting the problems that can arise from weaparrying at school are recent
statistics from the Canadian Centre for JusticésHitzs. The Centre estimates that 13% of all
youth crimes occur on school property, and 7% bbstcrimes involve a weapon of some
description (44). Weapon carrying in youth is alglee that can continue through the lifespan,
burdening the legal and penal systems as theshgam at higher risks of incarceration and
armed violence (45-47). In order to reduce weaorying at schools, and to prevent these later
health problems from developing, potential deteemta of weapon carrying need to be

understood.

2.4.1Risk factors for weapon carrying

Potential determinants of weapon carrying at schmblide: the school environment

(48), bullying involvement (36,49), and the peréapthat other students are carrying weapons
14



(50). The latter factor may be motivated both Ipeeceived need for self-defense, and also the
perception that weapon carrying is a normative ieloa (50). However, contradictory research
exists, from a study using the National Longitudliddy of Adolescent Health that found no
effect of community-level factors on student weaparrying (51). Individual-level factors, such
as being threatened with a weapon, being robbedhool and fear for personal safety may be

affecting the likelihood of weapon carrying amomggdents (50).

One of the major determinants of weapon carryingpiith is being in a physical fight.
Physical fighting has been consistently associaitdincreased odds of weapon carrying, with
those involved in fights having 2.02 times the odfisarrying a weapon (95% CI. 1.56-2.63)
(52), although contradictory evidence does ex@hfa similar study reporting that those
involved in fights have 0.87 times the odds of waraparrying (no 95% CI given) (51). In
addition, those who carry weapons are more likelye injured while fighting. This finding is

consistent across cultures, countries and gendgré1).

2.5How do adiposity, bullying and weapon carrying relae?

Evidence has consistently shown that obese youwtes higher risks of victimization by
bullying compared to their normal weight peers. rEhare also marked sex differences in
involvement; males are more vulnerable to physigdimization, while females are more
vulnerable to relational victimization (2-5). Thediecriminatory behaviours are due to those who
are obese not meeting physical ideals set by peetsociety at large. Involvement in bullying
can have wide ranging consequences, which can impggchological, emotional and social

development in youth.

Some of the possible health effects of bully-viégdation include decreased self-esteem

(11) and increased reporting of symptoms consistéhtdepression (19). A potential coping
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mechanism that youths may employ to protect therasdrom bullying is weapon carrying
(36,49). A study performed in the US using the 2B@alth Behaviour in School Aged Children
survey showed that youths bullied weekly have iiné$ the odds of weapon carrying in school
(95% CI: 1.2-2.2) compared to those not bullied] paerpetrators of bullying behaviour show 3.2
times the odds of weapon carrying (95% CI: 2.3-438)37). This observed increase in odds of
weapon carrying in school occurred regardless @thdr the student was bullied in or outside of
school (36). For victims, this is likely for protean (36). A strength of the study by Nansehl.
was that it was also able to investigate the effe€bullying involvement outside of the school
environment in addition to bullying within schoolhose who were bullied away from school
were more likely to carry weapons, more likely sibvolved in physical fights, and more likely
to be injured from their fight involvement (36). i§tis hypothesized to be a result of decreased

adult supervision.

This potential coping strategy is concerning aslygeaught carrying weapons on school
property risk suspension (42). More importantlyapen carrying during adolescence is
indicative of violent offenses in young adulthoedy(, armed violence) and is predictive of future
incarceration (45-47). It is currently unknown whet adiposity is an independent predictor of
weapon carrying, or if this relationship is medibby bullying involvement. If obese youths are
resorting to weapon carrying as a result of bugjyimvolvement, then motivations that underlie

this behavior need to be understood and prevented.

2.6 Summary and directions for future research

There is an obesity epidemic occurring in the Westeorld. Childhood obesity could
later result in a multi-faceted problem for our llezare system; with implications ranging from

an increased burden on our healthcare system thplwgical symptoms for those affected by
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interpersonal violence. Two gaps identified in literature include: 1) the lack of prospective
cohort studies that can evaluate temporality betvadesity and interpersonal violence, 2)

comorbid determinants of excess adiposity.

A shortcoming of the current obesity literaturéhiat most studies are cross-sectional in
nature (36). As a result, temporality between desid later social outcomes, such as bullying,
cannot be determined. For example, isolated yautngsbe victimized more, but they may also
be avoiding others for fear of victimization (3This would not be clear from a cross-sectional

analysis.

A combination of factors is suspected to be resptsmor increases in adiposity among
our youth, with increased inactivity (4,53) and ealthy dietary patterns (18,54,55) suspected to
be main risk factors for later obesity. These fexctve also been investigated longitudinally,
showing that these factors individually predictrgrased later obesity (56). However, these
factors are also intertwined with other potentigk factors, including SES, ethnicity and
urban/rural status. These clusters of risk facteed to be investigated to tease out their potentia
effects, or determine if they act as part of adafgctor. This has particular significance for
public health researchers; as if this is foundedrbe, then interventions need to be expanded to
consider these factors in tandem and not in ismlatknowing the clusters of risk factors
associated with excess adiposity may also helploeebetter understanding for the

psychosocial outcomes that may occur.

One of the potential outcomes of excess adiposiiyterpersonal violence (4,5). While
previous research has examined adiposity and hgligioss-sectionally, further research is
required looking at adiposity as a predictor oétdiullying involvement. Bullying and weapon
carrying both have very serious consequences, @nd able to better understand why these

issues occur will help inform public health professils and educators. Using newly developed
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statistical techniques that allow us to sampleamalyze data accurately from individuals in

widely disparate walks of life, these relationships be evaluated.
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Chapter 3
Methods
The purpose of this chapter is to describerbalth Behavior in School-Aged Children

Survey, as well as the statistical methods uséisrthesis.

3.1 The Health Behaviour in School-Age Children Survey (HBSC)

TheHBSCsurvey is an international survey coordinatedhgy\World Health
Organization that aims to measure the health offymudeveloped countries on dimensions of
health behaviours, outcomes and social resoureesei@ly, there are 41 different European,
North American and other countries involved in HRSCsurvey. The research within this thesis
involved analysis of data from both the 2005/06 &#anHBSC and the 2005/06 - 06/07

longitudinalHBSCOntario subsample.

3.1.1The CanadianHBSC Survey Procedures

Two separatélBSCsurveys were used in this thesis and will be dedlt in turn. The
Canadian nationaiBSCsurvey sampled 9672 students from 188 schoolsa@ibprovinces
and territories. A systematic, single-stage cluséenpling approach was employed to select
classes of students from across Canada. As partéraationaHBSCprotocol (1), the sample is
self-weighting. The number of classes in speciflioels was estimated based on: the number of
teachers, the number of grades, the total numbstudénts and enrolment by grade. The first
three factors were sampled at the school levellevthe last was sampled at the provincial level.
Classes were systematically selected based ortioelgurisdiction, province, language,

public/Roman Catholic designation, community siad Ebcation. This gave each class an
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approximately equal chance of being selected. Thedis in the national sample were selected
to be representative of the Canadian populatigrooth aged 11-15 years. Youth in private,
special needs or those who were home-schooledexeteded from the sample. In addition,

youth that were institutionalized, incarceratedhomeless were not sampled.

The longitudinal subsample was a convenience saafdl@ Ontario schools sampled
during the administration of the natiomBSCsurvey. Of these schools, 16 were followed up in
2007 (one withdrew due to a student death the wégie survey). Youth in Ontario who were
participating in the follow-up survey were assig@eghique identifier to ensure that they could

be followed up at Time 2 (2006/07). This was kegha school, in the principals’ offices.

3.1.2Ethical Approval of the Survey

The Queen’s University Research Ethics Board amgatakie study. Consent was also
sought from the school board and each individuabst The study used an active consent
procedure for acquiring parental consent, in wigialents or guardians were sent letters asking
for consent. Finally, the child’s consent to papéte in the study was acquired. Approximately
74% of students in the sample participated, ang b0% of students declined to participate or
spoiled the questionnaire. Other non-participargsevstudents who failed to return the parental
consent form, who did not receive parental consemtho were absent on the day the survey was

administered.

Teachers administered the 40-minute pen and papezysduring class time, typically
within the classroom setting. The students seatsthned surveys in envelopes themselves, thus

ensuring the anonymity of their responses.
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3.1.3Validity and Reliability

The main variables under study for this thesisuidel body mass index, bullying
involvement and weapon carrying. All questions hlagen piloted for face validity and focus
groups were administered the questions to ensatetté target population could understand the

guestions.

The questions used for assessing BMI relied oresiiusklf-report of height and weight.
Breneret al. have shown that BMI is underestimated in this pagmn, and this may bias our

effect estimates towards the null (2).

The HBSC bullying questions were developed oridgyniay Olweus and have been
shown to provide accurate estimates of prevaleBicd hese questions have been shown to be
internally consistent, and are appropriate foraess cultures (4). Two specific forms of
bullying were investigated in both manuscripts. $itgl bullying perpetration was assessed
through a single questionl: Kit, kicked, pushed, shoved around, or lockedtaerostudent(s)
indoors’ Two questions were asked about relational bufjyperpetration: 1)I“have kept
another student(s) out of things on purpose, exadddm or her from my group of friends, or
completely ignored him or hgrand 2) 1 spread false rumours about another student(s) and
tried to make others dislike him or HeAffirmation of either or both of these relatidraullying
guestions indicated relational bullying perpetnatidnalogous questions were also used to assess

victimization by the two forms of bullying, for atal of four measures of bullying involvement.

Finally, questions on the HBSC survey pertainingié@apon carrying were developed
initially for the Youth Risk Behavior Survayd have demonstrated reliability (5). Two questio
were asked about weapon carrying; one regardinduragion of weapon carrying, and the other
about the type of weapon carried. Both referretthéoschool context. The second question was
chosen in order to exclude knives from our analySexe knives can be carried for religious,
cultural or recreational purposes, they were exaduidom subsequent analyses.
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3.2 Statistical Analysis

Two major statistical methods were employed in thésis: multi-level logistic
regression and mediation analysis. All estimatessgbciation in this thesis were calculated using
multi-level logistic regression which provided oddsio estimates. In addition, the potential
mediating effect of bullying on the relationshigween adiposity and weapon carrying was

considered.

3.2.1Multi-level modeling

Much of the research surrounding health behavimusshool-aged children uses
information derived from several schools withinesographical area, such as a school board,
province or state. It is expected that the studeittin a school will be more similar than those
between schools, and this would result in clusteoithe data. Clustering will erroneously
reduce the standard error and result in a higkelitiood of incorrectly rejecting the null

hypothesis if not accounted for (Type 1 error) (6).

Multi-Level Modeling is a statistical technique tlzantrols for the effects of clustering,
as well as allowing the examination of variablemattiple levels (7). As a result, environmental
and individual level variables can be considerethimiem when developing a model, adding
considerably to the statistical robustness of tbdeh It must be noted here that traditional multi-
level modeling was not employed in this thesis, igttégher order factors are used to predict
individual level effects. Instead, a multi-leveafnework was employed to control for the

clustering of our data.

Both manuscripts controlled for clustering at twadls. A between-students level was
considered, which compared a student to their paacsa between-schools level was considered.

In addition, for the first manuscript, students avadministered the test at two separate points in
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time. In order to control for the effects of timedachanging levels of covariates, a repeated
measures analysis strategy was employed, formimighén students level for the multi-level

model. Thus the first manuscript contains threelewa within students level, a between students
level and finally a between schools level. While thpeated measures approach did allow for us
to control for the effects of time, it cannot derawate temporality between the exposure (obesity

status) and outcome (bullying involvement).

All analyses were performed using SAS version %ah@the PROC GLIMMIX
procedure (SAS Institute Inc., Cary, NC). A majwesgth of this procedure is that it allowed for

random effects to be considered at the variouddess opposed to fixed effects.

3.2.2Mediation

Mediation is a mechanism by which variables thgafan exposure-outcome
relationship can be examined (8). Mediation cand®l to explain how “external physical events
take on internal psychological significance” (9rExample, the impact of a management
training program on worker satisfaction may be rattl by employee attitudes towards
management (10). Figure 1 illustrates simple maxtiafor this thesis, the outcome variable was
weapon carrying behaviour at school, the independsiable was adiposity status, and bullying

involvement was the mediating variable.
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Independent variab| @ =) Outcome variable

Figure 1: A single mediator model (illustrationdndaron and Kenny, 1986 (9))

In order for indirect or mediated effects to besidared, three conditions must be satisfied:

1. The exposure must be significantly associated thighoutcome (i.e. Path C)

2. The independent variable must significantly afthet mediating variable (i.e. Path A)

3. The mediator must significantly affect the outcoraeable, while controlling for the

effects of the independent variable (i.e. Path B)

If these criteria are met, then Sobel’s test of imt&mh can be conducted, and the result will
show whether the mediation suspected is statiltisgnificant (11). Perfect mediation occurs
when a relationship between two variables disaggaon the inclusion of a third variable (10),
while Sobel’s test evaluates whether the mediailuserved is statistically significant. Mediation
is distinct from the concept of a confounder, asealiating variable can be part of the causal

chain, while a confounder cannot.
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Abstract

Negative stigma and discriminatory behavior maynsfi®m socially undesirable
“appearances, such as excess adiposity. Theséatitimes may manifest as bullying behavior.
Previous cross-sectional studies have shown tlatv@ight and obese youths are more likely to
be involved in bullying. Here, we examine relatioips between obesity and bullying in a
longitudinal analysis. We studied the health eigperes of 1738 youth from 17 Ontario high
schools. Participants were administeredHiealth Behaviour in School-Age Childr&urvey in
2006 and then again in 2007. Study outcomes wdfreeports of: 1) physical bullying
victimization and perpetration, and 2) relationallying victimization and perpetration.
Relationships between adiposity and the four fopirsullying were investigated in separate
analyses. Focal relationships between adipositybaliging experiences were evaluated using a

repeated measures multi-level logistic regresdiahdccounted for clustering at the school level.

We found that obese males reported 2-fold increiasesth physical and relational
victimization, while obese females reported 3-fioickeases in perpetration of relational bullying.
In addition, excess adiposity was shown to pretedlging involvement in this study. Among
those free of bullying at baseline (2006), sigaifitincreases in perpetration of relational
bullying were reported by obese females in 2007 (@2). Our study demonstrates the
importance of adiposity status as a determinapbof interpersonal relationships. These findings
are congruent with previous cross-sectional studied confirm that obese youths are at

increased risk of social consequences attributaltlecir appearance.
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Introduction

Interpersonal violence is a contemporary adoledoealth problem and novel research is
required to examine its determinants. Adolescemntsived in interpersonal violence during their
youth are more likely to be violent during adultddd,2). Of more immediate interest, is how
antisocial behaviors can be established as eapyeaadolescence (3) or even preschool (4), and
manifest themselves in various forms of bullyingisTmay affect a child’s self-esteem and

subsequent self-concept during their adolescentyea

Bullying is a common problem in the Canadian scheystem, with approximately 25 -
27% of students involved in bullying as victims, -282% as perpetrators and 19 - 21% as both
(5). Of particular concern are physical and retsidorms of bullying due to their high
prevalence among males and females respectivelPk§pical bullying includes behaviors such
as punching, kicking and shoving. Relational bullyincludes spreading false rumors or social

exclusion (6).

The physical appearance of children is one of nsgible determinants of bullying
experiences (3,6). These etiological relationshgsbe explained through the “Dynamic
Interaction Theory” proposed by Lerner (7). Thisdelbsuggests that an individual’s appearance,
and particularly their adiposity status, affectsviwihers react and respond to them in social
contexts, possibly through behaviors such as mglyRelationships between obesity and
bullying have been demonstrated in cross-sectamallyses of adolescent populations (6,8,9).

There is a need for longitudinal confirmation oddk cross-sectional findings.

The current analysis explored the temporal sequietveeen adiposity status and reports
of bullying. Based upon the past cross-sectionaky®,8), we hypothesized that males who are
obese at baseline would be more likely to becoroms and perpetrators of physical bullying,

and that obese females would be more likely tcetationally victimized. In theory, increased
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adiposity would make obese youths targets for play&iullying; however, it would also help
those involved in physical bullying dominate the@ers at key developmental stages of life. For
relational bullying, increased adiposity statusgsoso advantage, but children could still be

victimized for not meeting physical ideals (7).

Methods and Procedures

Survey and Study Population

Health Behaviour in School-Aged Childr@#BSC) is an international survey conducted
in affiliation with the World Health Organizatiod@). The survey examines the health, well-
being, and health behavior experiences of adol¢st@tween the ages of 11 to 15 across
member nations (41 nations in 2006) (5). The 2086adian HBSC involved 186 schools and
9672 students (for a full description, see Bogtal. (5)). Seventeen schools in Ontario agreed to
a special follow-up study in 2007. Of these, 16oethiwere surveyed again in 2007 (one
withdrew due to a student death), making 2031 stisdevailable for longitudinal analyses. The
present study focused on these 2031 students: 283further excluded based on; missing height
and weight data (n = 271), no date of birth infatiova(n = 15), implausible height information
(n =2) or implausible changes in heights or wiigh = 5), leaving a final sample of 1738

students (85.6%).
Survey Methods
Body Mass Index and Obesity Classification

In order to calculate body mass index (ko/(11), heights and weights were provided by
self-report. While standard BMI cut-points exist &ults, these are not appropriate for children

(12). Coleet al. have proposed an international set of growth cuapgsopriate for children that
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are culture-and-nation-independent (11). Childrenexclassified as normal weight, overweight
or obese based on age-and-sex specific half-yeguotuts; endorsed by the International Obesity
Task Force (13). Such measures of self-reported iBMhildren are consistently associated with

later health outcomes, despite slight underestomaif BMI, especially among girls (14-16).

Bullying

The HBSC bullying questions were developed oridgyniay Olweus and have been
shown to provide accurate estimates of prevalehite These questions are internally consistent,
and are appropriate for use across cultures (18)off values for these questions were
determined based on prior research and theorétypaltheses showing that frequent bullying has
different health consequences to occasional biglgdr). Children were asked questions about
both perpetration and victimization of bullying laefor, with possible cut-offs ofrever”,
“once or twice”, “2 or 3 times a month,’“once a week”or “greater than once a week’As per
existing precedents (17), bullying involvement wliaghotomized (lfess than once a moriths.

“greater than or equal to 2 or 3 times a mdiitthe latter category is indicative of seriouses

of bullying (10).

Two specific forms of bullying were investigatedhyBical bullying perpetratiowas
assessed through a single questibit; kicked, pushed, shoved around, or lockedtzo
student(s) indoors.Two questions were asked about relational budjyperpetrationl) “I have
kept another student(s) out of things on purposeluded him or her from my group of friends,
or completely ignored him or hérand 2) 1 spread false rumours about another student(s) and
tried to make others dislike him or HeAffirmation of either or both of these relatidraullying
guestions indicated relational bullying perpetnatidnalogous questions were also used to assess

victimizationby the two forms of bullying, for a total of fooreasures of bullying involvement.
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Covariates

Several potential confounders were consideredarattalysis of focal relationships
between adiposity and bullying. These included messof: gender, life satisfaction, socio-
economic status (SES), physical activity and “scitame” (19). All analyses were stratified by
gender, as several studies have established thaeges differ significantly in bullying
involvement (3,6,20). Life satisfaction was meadwseing the Cantril Ladder (10). Life
satisfaction is a proxy measure of psychosocialnes (21). These may impact a student’s
ability to cope with bullying victimization, or ris$ becoming a perpetrator of bullying behavior.
Socio-economic status was measured via the Farffilyelice Scale, a composite and validated
score of material wealth, characterized using Exgjsjuidelines (10,22). Physical activity was
measured through ordinal response categoriesdanumber of days in a week with more than
60 minutes of moderate to vigorous physical agtivithis was characterized as eithéess than
30 minutes a day“ 30-60 minutes a d&yr “greater than 60 minutes a dayVhile physical
activity levels tend to be over-reported, repoftthe number of days with 60 minutes of more
physical activity are generally accurate (23). 8oréme is the sum of self-reported time spent
watching television, playing video games and usimgersonal computer daily. While screen time

may be underestimated, previous studies have stimtthese underestimates are minimal (19).

Statistical Analyses

Descriptive analyses were performed to profiledtuely population by sex, adiposity
class and bullying involvement at Time 1 (2006) dinde 2 (2007). Second, a repeated measures
multi-level logistic regression model was employedjuantify associations between adiposity
and bullying involvement. This was performed us8AS version 9.1.3 and the PROC

GLIMMIX procedure (SAS Institute Inc., Cary, NC).
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The multi-level model consisted of three levelswithin students, 2) between students
and 3) between schools. Students were administieesist at two time points. Using a repeated
measures approach, any changes between Time lime®Tor each individual student could be
controlled. This formed the “within students” lew#Ithe multi-level model. The second level
controlled for any variation between students. ln¢he third level considered clustering that
may occur within schools. Since schools may hawdestts of similar backgrounds, this may
impact our findings due to students within a schmhg more similar than those in other

schools.

A backward elimination process with a 10% changeffiact estimate criteria was used to
identify covariates to be retained in the mode)(Z4us, the adjusted model controlled for
screen time and life satisfaction. Age (25,26) famdily affluence status (3,27) were also forced
into the adjusted models based on literature-bpssrkdents. All odds ratios and 95%

confidence intervals were estimated using the nbweaht group as the referent group.

Third, an exploratory sub-analysis was conductedrachildren who reported that they
were free of the bullying outcome of interest (mgad in 2007) at baseline (2006). Incident
cases of each type of bullying in 2007 were idesdifind contrasted across baseline adiposity

groups. Analyses involved cross-tabulations anlldfis Exact Test.

Results

Table 1 profiles the demographic characteristicghefstudy sample. At both time points
approximately one-quarter of males and one-sevafrfimales were overweight or obese.
Sixteen percent of males changed BMI category betiiéme 1 and 2, while only ten percent of

females change BMI category in the same time pehiadractions between adiposity class and
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year of survey administration were found to beigiaally non-significant, and were not further

considered.

Prevalence of bullying

Males reported higher levels of bullying involverhéran females for: physical
victimization (2006; 4.4% vs. 1.6%), physical pdgrption (2006; 5.3% vs. 0.9%) and relational
perpetration (2006; 5.1% vs. 2.6%). At Time 1, feasaeported higher levels of relational

victimization than males (10.8% vs. 6.9%, TableSthilar results were found at Time 2.

Adiposity and bullying

Among males, increased odds of bullying involvemeete observed in association with
higher adiposity class for physical victimizatiamdgperpetration, though neither of these
represented significant increases with increasttigasity class (p = .17 and .30 respectively).

Trends towards significance were observed forimglat victimization among males (p = .07).

Overweight and obese females reported 1.29 (02585) and 2.98 (1.03 - 8.61) times the
relative odds of relational bullying perpetrati@spectively, and this trend tended towards

significance (p = .06) (Table 3). No other sigrafit trends were identified among females.

Incident cases of bullying

Among those free of bullying in 2006, no signifitdifferences in the proportion of
incident cases of bullying were reported by mahe2d07 by adiposity class (Table 4). However,
trends were seen for physical victimization, witB% of normal weight youth who were not

victimized at Time 1 experiencing victimizationTdime 2. This rose to 3.8% and 7.5% among
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overweight and obese males respectively (Tablampng females, significant differences were
found for relational perpetration, with the highlestels reported among the obese (p = .02, Table

4).

Discussion

This study confirmed that obese males experiendettZncreases in odds of
victimization due to two major forms of bullyingb®se females reported weaker yet similar
increases in odds of victimization. In additioneeb females reported 3-fold increases in
relational perpetration. These findings are congiruéth previous cross-sectional studies (6,8,9)
and confirm that obese children are at risk foisdamnsequences attributable to their

appearance, consistent with Lerner’'s Theory of fddrBehavior (7).

Our study findings are important as increased wewlent in bullying is associated with
other forms of interpersonal violence as childreswgand develop. Victimization due to bullying
can lead to engaging in and being injured from aydights, and weapon carrying for self
defence (28). Perpetration of bullying behavior oamifest in adolescence and adulthood in
forms such as sexual harassment and marital aggng29). In addition to this, perpetrators of
bullying are also more likely to be involved inmainal behavior (2,28,30) . Thus, these
relationships have long-term health and social eguences, especially during critical periods of

the life course.

Important gender differences were observed in indlirfgs. Boys and girls differ
significantly in the types of bullying that theyrpaipate in. In Canada, boys are much more
likely to be bullied physically, while girls are meotypically involved in relational bullying
(31,32). This may be attributable to perpetratargdting that which is important to their peer
group, with boys valuing physical dominance oveirtpeers and girls valuing close, intimate
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relationships (33). Both girls and boys are sigaifitly more likely to victimize those that are
obese or overweight physically compared to thoseofal adiposity status, and this was
observed in this study for obese youth (3,6). ir@ations aimed at such differences have shown
mixed receptiveness to anti-bullying interventitiysgender, with some studies showing no
differences following interventions (34), and othévoring either girls (35,36) or boys (37).

However, clearly such differences exist in expargsrwith bullying by gender.

This study has several strengths. First, the regeatasures design represents a basic
form of longitudinal analysis, while most exististyidies are cross-sectional in nature (6,8,9).
Second, past longitudinal studies of this issuestimen conducted previously in the very young
(elementary students aged 7.5 to 8.5) (3). ReBolts adolescents (our study) and the younger
context (past studies) are consistent. Hence, glmgh may face bullying experiences
throughout key developmental periods. Third, oudgtcontrolled for several established
confounders (10,22,26,27), using validated metlodismeasures (14-17,38). Fourth, since the
HBSC survey instrument has been standardized atierrally, study results are potentially

reproducible in other countries, as well as atovipicial level within Canada.

Limitations of this study warrant comment. The slegize available was somewhat
modest for some analyses, with few incident cagbsitying occurring among those free of the
outcome at baseline. This limited us from condgctirconventional cohort analysis. The time
period under observation was also short, and a&at-yerhaps had insufficient latency to observe
effects. Key variables under study were self-regghrand while extensive validation work has
been performed (14-17,38), self report bias isatilissue. In addition, cultural variations were
not taken into account. Different cultures havéedifig views on interpersonal violence, and this
is can play a major role in bullying behavior (181,39,40). These limitations may collectively

affect the generalizability of the study to otheuth populations.
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School-based anti-bullying interventions have b&®mwn to be effective overall, with
recent studies showing estimated reductions of tt837% (34,36,37), despite gender
differences in receptiveness. These interventiang flocused on increasing awareness
surrounding bullying behaviours, empowering bys&adind providing support for victims (35-
37). Targeting those at particularly high risk lalying involvement may increase the
effectiveness of interventions, as well as decngasegative psychosocial consequences of
bullying involvement. Particular focus should bédpa school level interventions, using
technigues similar to those combating racism amadigediscrimination, to reduce the prevalence
of weight-based teasing. Promoting an environmégrerall body types are accepted is one
avenue by which this psychologically damaging barasan be reduced and hopefully

eliminated.

Conclusion

Interpersonal violence can affect the healthy dgumlent of children as they transition to
adulthood. Our study findings demonstrate the ingrme of physical appearance as a
determinant of bullying experiences among Canagiauth. This research adds to the growing
body of literature that shows that excess adipdsi/consequences beyond direct physical

health.
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Table 1. Profile of the Ontario longitudinal sample2006 (Time 1) and 2007 (Time 2)

Variable

Time 1 Time 2
N (%) N (%)
Gender
Male 820 (47.2) 820 (47.2)
Female 918 (52.8) 918 (52.8)
Adiposity Group
Males Normal Weight 625 (76.2) 607 (74.0)
Overweight 148  (18.0) 168 (20.5)
Obese a7 (5.7) 43 (5.2)
Females Normal Weight 780 (85.0) 786 (85.6)
Overweight 109 (11.9) 104  (11.3)
Obese 29 (3.2) 28 (3.1)
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Table 2. Profile of bullying involvement in the @nib longitudinal sample at Time 1 and Time 2

Time 1 (2006) Time 2 (2007)
Sex
Number Number
Type of bullying Total  of cases (%) Total ofcases (%)
Males
Physical Victimization 811 36 4.4) 815 34 (4.2)
Perpetration 80¢ 43  (5.3) 813 4z (5.2)
Relational Victimization 80¢ 56 (6.9) 814 51 (6.3)
Perpetration 80¢ 41 (5.1) 813 47 (5.8)
Females
Physical Victimization 91z 15 (1.6) 916 17 (1.9)
Perpetration 917 8 (0.9) 916 14 (1.5)
Relational Victimization 91: 99 (10.8) 916 8t (9.3)
Perpetration 91! 24 (2.6) 917 4C (4.4)
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Table 3. Results of repeated measures multi-legg$lic regression analyses examining adiposity sk factor for bullying

Crude Risk Ratio

Adjusted Risk Ratid

Normal Normal
Sex Weight Overweight Obese Weight Overweight Obese
Type of Bullying OR OR (95% CI) OR (95% CI) OR Q5% Cl) OR (95% CI)
Males
Physical Victimization 1.00 1.39 (0.75 - 2.55) 2(4606 - 5.73) 1.00 1.09 (0.56 - 2.10) 2.07 (0.8902)
Perpetration 1.00 1.14 (0.65 - 2.03) 1.59 (0.6798 1.00 1.10 (0.61 - 2.00) 1.71 (0.70 - 4.18)
Relational  Victimization 1.00 1.41(0.85-2.35) 1@(0.97-4.54) 1.00 1.24 (0.72 - 2.14) 2.11%0.8.70)
Perpetration 1.00 1.24 (0.71-2.14) 1.06 (0.386P 1.00 1.11 (0.63 - 1.96) 0.99 (0.35-2.75)
Females
Physical Victimization 1.00 0.25 (0.03-1.88) 2(0044 - 9.06) 1.00 0.24 (0.03 - 1.80) 1.32 (G.B®4)
Perpetration 1.00 0.38 (0.05 - 2.88) 1.44 (0.18.71 1.00 0.41 (0.05 - 3.20) 1.52 (0.17 - 13.3)
Relational  Victimization 1.00 0.85(0.49-1.47) 08.(0.95-4.58) 1.00 0.73 (0.40-1.32) 1.7670.4.03)
Perpetration 1.00 1.17 (0.54 - 2.55) 2.80 (1.0x5y 1.00 1.29 (0.58 - 2.86) 2.98 (1.03 - 8.61)

2 adjusted risk ratios control for screen time, agif-esteem and family affluence score
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Table 4. Bullying involvement in 2007 among studefinée of that form of bullying in 2006

Fisher's
Normal Weight Overweight Obese exact test
Sex
Number Number Number
of new of new of new
Type of bullying Total cases (%) Total cases (%) Total cases (%) p-value
Males
Physical Victimization 572 17 (3.0) 156 6 (3.8) 40 3 (7.5) .22
Perpetration 56¢ 26 (4.6) 151 5 (3.3) 38 2 (5.3) .70
Relational  Victimization 55¢ 26 4.7) 145 6 (4.2) 41 2 (4.9) 1.00
Perpetration 56! 28 (5.0) 153 8 (5.2) 41 1 (2.4) .86
Females
Physical Victimization 76€ 15 (2.0) 102 0 (0.0) 28 0 (0.0) 43
Perpetration 77 11 (1.4) 102 0 (0.0) 28 1 (3.6) .25
Relational Victimization 701 47 (6.7) 91 3 (3.3) 20 1 (5.0) 43
Perpetration 75¢ 29 (3.8) 100 2 (2.0) 27 4 (14.8) .02
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Abstract

Purpose Being overweight or obese are prevalent condit@mong young people. These
conditions may be accompanied by social conseqseRecejudicial attitudes towards those who
are obese may manifest as antisocial interperdmteviors, such as bullying. While evidence
links increased adiposity status with increasetyimg, it is unknown whether this extends to
more precarious behaviors such as weapon carfJhegpurpose of this study was to evaluate
relationships between adiposity status and risksvé@pon carrying among Canadian school

children, and to assess whether this relationship mvediated by reports of bullying.

Methods: We conducted a cross-sectional analysis of thétexperiences of 7877 Canadian
children (11-15 years) using the 2086alth Behaviour in School-Aged Childrg#BSC) survey.
Relationships between adiposity status and weapoging were evaluated using multi-level

logistic regression that accounted for school-lelestering. Evidence of mediation by bullying

involvement was assessed using standard methods.

Results Overweight (OR: 1.45, 95% CI 1.04-2.02) and ol€xe: 2.19, 95% CI 1.43-3.35)
males reported higher rates of weapon carryindivel#o normal weight males. Among obese
males, there was partial mediation of this relatfop by physical and relational bullying, either
as a perpetrator or a victim. No evidence of aiaiahip between adiposity and weapon carrying

was identified for female students.

Conclusions Overweight and obese male students appear toobe likely to carry weapons for

defensive and offensive purposes, a behavior nestliatpart by bullying involvement.
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Introduction

Being overweight or obese are emerging health ssaoeng children across the gldBe
While chronic conditions associated with obesitgtsas cardiometabolic disease and
osteoarthritis may not develop for several yearsias consequences of obesity encountered by
obese persons can begin as early as preadoleséer@bese individuals may suffer from
stigmatization from their peefs”, family member$, and even the medical commuriityFor
children, these social stigmas occur despite tbietifi@t childhood obesity is a highly prevalent
condition®? that is caused by several factors that are begopaling persons control (e.g.,
genetics, parents’ socioeconomic statisbuilt environments') and not merely a lack of
personal willpower to engage in physical activityegative attitudes towards obese youths may

manifest in antisocial interpersonal behavfor

Bullying is one important negative interpersonaltpem that may emerge from these
social tendencies. Obese youths have higher riskistomization compared to their normal
weight peers. Males are suspect to physical viettion, which includes behaviors such as,
kicking, punching and shoving another person, wigifeales are suspect to relational
victimization, which includes behaviors such asalaexclusion and spreading lies about an
individual **”. Possible health effects of bully-victimizatiorcinde decreased self-este&hand

increased reporting of symptoms consistent withekgion*,

A potential coping mechanism that youths may emgbgyrotect themselves from
bullying is weapon carrying. This strategy is concerning as youths caughycayweapons on
school property risk suspensidhMore importantly, weapon carrying during adoleszeis a
precursor to violent offenses in young adulthoad.(@rmed violence) and is predictive of future
incarceratiort”™. If obese youths are resorting to weapon carrgimg result of bullying

involvement, then this is a behavior that needsetanderstood and prevented.
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To recognize the extent to which overweight andseb@uths are bullied by their peers
and to assess if this is associated with weapagiogrbehavior, we analyzed data from the 2006
CanadiarHealth Behaviour in School-Aged Childr@ABSC). This is a national survey of the
health experiences of 9672 youth aged 11-15 frawsacCanad®. Specific objectives were to
determine whether being overweight or obese iscétsal with increased odds of weapon
carrying in youth, and whether this relationshipisdiated by relational or physical bullying
involvement. Our primary hypothesis was that rafeseapon carrying would be higher in obese
youth, and that bullying involvement may indirecigcount for the relationship between

adiposity and weapon carrying, as weapons may ioeddor offensive or defensive purposés

Methods

Data Source

Health Behaviour in School-Aged Childr@#BSC) is an international survey conducted
in affiliation with the World Health Organizatiéh The Canadian arm of this survey was
administered in 2006, and involved reports frorarge and diverse sample of Canadian young
people. The Queen’s University General ResearcitEBoard approved the Canadian HBSC
survey protocol. Consent to participate was soagtite school board, school, parental and

student levels.

Data were available from 186 schools, with 96728 atis aged 11-15 years. This
represents 74% of the total number of students katfih Of non-responding students, 10%
deliberately spoiled their survey, and the remaimither did not obtain parental consent, failed
to return the consent form or were absent on the afeadministratio’. The survey excluded
those who were enrolled in private or special neetieols, as well as those who were home-

schooled or incarcerated. In addition, 1685 stuslemtre excluded from this analysis based on
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missing heights or weights (n=1544) or missing aédteirth information (n = 141). The final

sample available for analysis was 7987 studentd 46)L

Overweight and Obesity (Primary Exposure)

Heights and weights were provided by self-repod aged to calculate body mass index
(BMI, kg/m?) % Participating children were either classifiechasmal weight, overweight or
obese based on age and sex specific BMI valuesafmeeby Coleet al?2. These BMI values
are culture-and-nation-independent, and were dedigsing growth curve modeling to pass
through the adult BMI values for being overweighf.0Q kg/ni) and obese (30.0 kgfinat entry
into adulthood at exactly 18.0 years of @g&hese criteria have been endorsed by the
International Obesity Task Foré& Despite slight underestimation of BMI, especialigong

girls, self-reported BMI is consistently associatéth later adverse health outcort&&**>

Weapon Carrying (Primary Outcome)

The primary study outcome was any reported weaparying behavior in the previous
30 days. Weapons were chosen that were clearhyfflensive or defensive purposes and
included: 1) brass knuckles, 2) mace/pepper s@airearms and 4) sticks/clubs. Knives were
(conservatively) excluded as they may be carrieshém-aggressive purposes in some
environments (e.g., hunting in rural areas). Qoaston the HBSC survey pertaining to weapon
carrying were developed initially for théouth Risk Behavior Survend have demonstrated

reliability 2°.
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Bullying (Potential Mediator)

Two specific forms of bullying were investigatedtiis manuscript; physical bullying
and relational bullying. Children were asked quesiabout both perpetration and victimization
of bullying behavior, with possible cut-offs ohéver”, “once or twice”, “2 or 3 times a month,
“once a week”or “greater than once a week’As per existing precederfts bullying
involvement was dichotomized, with the first twerits corresponding tatne or low
involvemeritand the final three corresponding t@fular involvement Both physical and

relational bullying were characterized in this mamnn

Physical bullying perpetration was assessed thraugjhgle question: ‘hit, kicked,
pushed, shoved around, or locked another studeint{sprs” Two questions were asked about
relational bullying perpetration: 1) have kept another student(s) out of things omppse,
excluded him or her from my group of friends, amptetely ignored him or herand 2) 1
spread false rumors about another student(s) aied tio make others dislike him or Hef
positive response to either of these two relatitdllying questions indicated relational bullying
perpetration. Analogous questions were used t@assetimization, such as in the case of
physical victimization: I'was hit, kicked, pushed, shoved around, or loékddors” Questions
about bullying have been shown to have internasisbency, as well as being appropriate for use

across countries and culturés

Other Covariates

Several covariates were considered as potentidégnders based on previous literature
and included measures of: age, gender, life satisfa socio-economic status, physical activity,
“screen time,” and perceived quality of the homaighborhood and school environments. The

sexes differ significantly in bullying involvemeht® and it was suspected that this would

55



modify the relationship between bullying involverhand weapon carrying. Life satisfaction was
measured using the Cantril LaddérLife satisfaction is a proxy measure for psycioieo
resource$’, these may impact a student’s ability to cope Wiillying victimization, or resist
becoming a perpetrator of bullying behavior. Saionomic status was measured via the Family
Affluence Scale, a composite and validated scoreaitrial wealtf**", Physical activity was
measured through ordinal response categoriesdanumber of days in a week with more than 60
minutes of moderate to vigorous physical activitigis was characterized as eithdess than 30
minutes a day “30-60 minutes a dayr “greater than 60 minutes a dayVhile physical

activity levels tend to be over reported, repoftde number of days with 60 minutes of more
physical activity are generally accurdteScreen time is the sum of self-reported time spen
watching television, playing video games and usimgersonal computer daily. While screen time
may be underestimated, previous studies have stmtithese underestimates are minifal
Home, neighborhood and school environments wereactexized using previously validated

scales used in other HBSC studis

Statistical Analysis

Focal relationships between adiposity status (nbweéght, overweight and obese) and
weapon carrying were evaluated using multi-levgldtic regression that accounted for clustering
at the school level. All statistical analyses weeeformed using SAS version 9.1.3 using the
PROC GLIMMIX procedure (SAS Institute Inc., CaryCIN A backwards elimination process
with a 10% change in effect estimate criteria weedun the assessment of confoundérall
models were stratified by gender and controlleddge, gender, life satisfaction, socio-economic
status, physical activity, “screen time,” and péered quality of the home, neighborhood and

school environments.
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Each of the four forms of bullying (physical vicimation and perpetration, relational
victimization and perpetration) was characterizetbpendently as a potential mediating factor.
As per existing precederits® there was evidence of mediation if: 1) sociaffypbrtant increases
in the focal relationship between adiposity clasd weapon carrying (Path C; Figure 1) were
found (OR > 1.5), 2) statistically suggestive (fhG&.relationships were observed for Paths B and
C, and 3) statistically suggestive (p < .10) resulkere found for Sobel’s test of mediatinif
inclusion of the suspected mediator in the multatermodel reduced the main effect to the null
(OR = 1), this was interpreted as full mediatidrthis reduction was smaller, partial mediation
was present. Finally, multivariate models were a@anvestigating the percentage change in
effect estimates after including vs. not includeagh bullying measure, while controlling for

other suspected confounders.

Results

Higher percentages of males than females reporteghen carrying (7.2% compared to
1.3%; p<.0001), and more males than females weradfto be overweight (19.1% vs. 12.0%; p<
.0001) and obese (7.3% vs. 3.9%; p<.0001) (TablEdgh of the pathways necessary for
mediation to occur was then assessed for stremgtistatistical significance of association

(Figure 1). Odds ratios below are reported with 9sfidence intervals in brackets.

Path A: Adiposity status leading to bullying

No statistically significant relationships betwestiposity status and bullying were found
for overweight males (Table 2). Obese males wenetikely to be involved in bullying as

relational victims (OR: 1.52 (1.06 — 2.19)) comphte their normal weight peers. Overweight
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females were more likely to be relationally victiad (OR: 1.41 (1.07 — 1.86)) compared to their

normal weight peers (Table 2).

Path B: Bullying leading to weapon carrying

Bullying involvement in any form resulted in elegdtand significant (p<0.01) odds for
weapon carrying among both males and females (TbMales who were relational and
physical victims of bullying behavior reported 1-fédd (1.19 — 2.44) and 2.12-fold (1.42 — 3.15)
increases in relative odds of weapon carrying,aetbgely. This extended to perpetration as well;
with male relational perpetrators reporting 3.58H(2.36 - 5.35) increases in relative odds of
weapon carrying, while male physical perpetrateported 3.67-fold (2.48 — 5.43) increases in

relative odds of weapon carrying (Table 2).

Females also displayed increased odds of weapoyir@aupon bullying involvement.
Females who were victimized relationally reporteg42fold (1.35 — 5.18) increases in relative
odds of weapon carrying compared to their normadiepeers, while victims of physical
bullying reported 6.21-fold (2.84-13.6) increasesdlative odds of weapon carrying (Table 2).
Female perpetrators of bullying behavior also regzbincreased odds of weapon carrying.
Perpetrators of relational bullying behavior repdrb.71-fold (2.65 — 12.3) increases in relative
odds of weapon carrying, while physical perpetsateported 5.49-fold (2.04 — 14.7) increases in

relative odds of weapon carrying.

Path C: Adiposity status leading to weapon carrying

Overweight and obese males reported 1.45 (1.04-2r022.19 (1.43-3.35)-fold
increases in relative odds of carrying a weapathmol, respectively. No statistically significant

associations were identified among overweight @setfemales (Table 2).
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Assessment of mediation

Among overweight males, no evidence of mediatiotheffocal relationship between
adiposity and weapon carrying was found (Tablé&)ong obese males, evidence of mediation
of the relationship between adiposity and weaporyirey was found for: relational victimization,
physical victimization and physical perpetratiorifle 2). Moderate changes in effect estimates
were found upon inclusion of the suspected medi@ibese males were found to have 2.19 (1.43
— 3.35)-fold increases in odds of weapon carrying,after controlling for relational
victimization, these odds decreased to 2.12 (1.38)3a decrease of 6.4%. Similar effects were
observed for physical victimization and perpetmatieith 5.9% and 7.8% decreases in the

magnitude of the odds ratios being observed reispéc{Table 3).

For females, no evidence of mediation was foundtduke lack of associations between
adiposity status and weapon carrying for both oeggtt and obese females (OR’s of 1.13 (0.49

— 2.63) and 0.54 (0.07 — 4.07) respectively).

Discussion

Through this analysis we demonstrated the existehstong and significant
associations between adiposity status and weapoyirpamong adolescent males. Bullying
involvement partially, but not completely, mediatbdse relationships among obese males only,
indicating that bullying is a component cause oépan carrying. Bullying involvement may be
one indicator of antisocial behavior, but othettdas, such as physical fighting or gang
involvement may also influence the relationshipneetn adiposity and weapon carrying. In

contrast to males, adiposity status was not agdsalcigith weapon carrying among females.

The gender differences observed in this study firgterest. Our findings were congruent

with previous studies that have identified relagioips between victimization by bullying and
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increased weapon carryilg® While these studies combined males and femalésein

analyses, we found that both genders reportedfisigni increases in the relative odds of weapon
carrying and that this relationship was not unitjuene gender. Weapon carrying may be a
coping strategy used by victims of both physical eglational bullying, who are carrying
weapons for self-defend2 In addition, perpetrators of physical and relagicbullying were also
found to be more likely to carry weapons, possiblintimidate others. Direct involvement in
bullying at the individual level may explain adiftgsveapon carrying relationships among

males.

In contrast, there was no evidence of a relatignbbtween adiposity status and weapon
carrying behavior among girls. Thus, the adiposigapon carrying relationship was not
mediated by bullying behaviors. Large increaseblénodds of weapon carrying were found

among females involved in any form of bullying (GR.5 in all cases) (Table 2).

We suggest two reasons for the lack of observedioakhips between adiposity class and
weapon carrying in girls: 1) female involvementéfational bullying is more prevalent than
physical bullying, and 2) fear of physical victirmtion may be driving this relationship rather
than actual involvement. First, a weapon conferadwantage to the carrier when relational
bullying is considered. Second, while adiposityustanay not be a determinant of weapon
carrying among females, fear of being victimizedvides an impetus for weapon carryifig
Higher-order factors, such as perceptions of schafdty, which may be influenced by overall
bullying prevalence, may affect the prevalence e&pon carrying at school among females
While we did control for the quality of school eraiments, we could not measure whether
individuals were fearful of victimization or felhgafe at school. It is suspected that this fear may

be responsible for the observed relationship, rdtien adiposity status, among females.

This study has several strengths. First, the statisanalysis accounted for clustering of

the data that may occur within schools as studgitisn schools are likely to have more similar
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experiences with bullying than between schoolsoBeécboth the main exposure and outcome
measures are validated constrdét8?*2 Third, since the HBSC survey has been standatdize
internationally, this study is highly reproduciliteother countries to determine if this finding is

culturally unique, or if these findings are genieadble beyond Canadian borders.

This study also has several limitations. First, thuigs cross-sectional nature, it was not
possible to establish the temporal sequence betadipnsity, weapon carrying and bullying
involvement which limits causal inferences. Secqisical and relational bullying are not
mutually exclusive behaviors. Third, a student’diwagion for carrying a weapon could not be
assessed from this survey. While it was inferred teapons are carried for defensive purposes,
this conclusion is speculative. Fourth, the in&piid test for gang involvement formed a
limitation as this was not asked on the HBSC suri#th, response bias may be present as
students may not report weapon carrying behavaspite confidentiality. Finally, selection bias
may also be present due to: 1) absenteeism froookiftstudents are bullied excessivéiyand
2) children who are heavily involved in weapon gang may not be in the public school system
due to expulsion or truancy. These youth wouldhaste been captured by the 2006 HBSC

survey.

This study adds to the growing literature surrongdiouth violence. While several
studies have investigated adiposity as a poteai@rminant of bullying involvemedf™”, and
others have investigated bullying involvement agterminant of weapon carrying to our
knowledge no studies have linked increased adipwdih increased odds of weapon carrying.
Since only partial mediation of the focal relatibipsby bullying involvement was observed, a
cluster of factors may be responsible for the iaseel likelihood of weapon carrying reported by
obese males. Other suspected risk factors for weeaiwying include, but are not limited to:
physical fighting®, fear for personal safefyand perceptions of school safdtyFurther research

is required to determine if these factors act iraelently or collectively as mediating variables.
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Conclusion

Bullying is one of several antisocial behaviors nerweight and obese individuals may
encounter. In order to reduce the prevalence sktldéscriminatory behaviors, a societal level
approach must be taken. Similar to combating raeisthreligious discrimination, the onus
should be placed on modification of societal atits. Promotion of an inclusionary environment
at the school level, combined with education ofytbeng, are potential methods of addressing

these psychologically damaging behaviors.
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Mediator: 1
Bullying involvement
_ Path A Victimization Path B
Exposure: Perpetration
Adiposity
Normal weight Outcome:
Overweight Weapon carrying
Obese 2
Path C
>
Confounders
Demographic characteristics
Family affluence status

Figure 1. Conceptual framework for study of thetiehship between adiposity and weapon carrying. tdh box (labeled 1) indicates the
mediated relationship, while the second box (lab@leindicates a direct relationship. Bullying itw@ment refers to either physical bullying or

relational bullying®®
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Table 1. Profile of the national sample of partigifs in the Canadian HBSC, 2006

Variable

N %
Gender(n = 7987)
Male 3878 48.6
Female 4109 51.7
Grade (n = 7987)
Grade 6 1160 145
Grade 7 1403 17.6
Grade 8 1591 19.9
Grade 9 2050 25.7
Grade 10 1783 22.3
Weapon carrying
Males (n = 3802)
Yes 273 7.2
No 3529 92.8
Females (n = 4075)
Yes 52 1.3
No 4023 98.7
Adiposity status
Males (n = 3878)
Normal Weight 2853 73.6
Overweight 741 19.1
Obese 284 7.3
Females (n = 4109)
Normal Weight 3457 84.1
Overweight 494 12.0
Obese 158 3.9
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Table 2. Assessment of possible mediation of thalfrelationship between adiposity class and weapaotying by bullying involvement

Pathway in the proposed modél

Sex Path A Path B Path C Sggﬁl'ts Test ,\P/Iﬁggnb
Weight Class Weight class> Bullying Bullying > Weapon Carrying Weight Clask Weapon Carrying
Bullying Modality Odds ratio (95% CI) P-value Oddgio (95% CI)  P-value Odds ratio (95% CI)  P-value P-value
Males (n = 3802)
Overweight
Relational Victimization 1.02 (0.77 - 1.36) .87 Q@.19 - 2.44) .004 44 No
Physical Victimization 1.21 (0.87 - 1.69) .26 2(1242 - 3.15) .0002 1.45 (1.04 - 2.02) 028 .15 No
Relational Perpetration 1.06 (0.72 - 1.56) .75 3586 - 5.35) <.0001 .38 No
Physical Perpetration 1.17 (0.81-1.70) A1 35674 - 5.43) <.0001 21 No
Obese
Relational Victimization 1.52 (1.06 - 2.19) .02 Q@.19-2.44) .004 .04 Yes
Physical Victimization 1.43(0.92-2.21) A1 2(1242 - 3.15) .0002 219 (1.43 - 3.35) 0003 .08 Yes
Relational Perpetration 0.92 (0.51-1.64) 77 3586 - 5.35) <.0001 .62 No
Physical Perpetration 1.59 (0.96 - 2.63) .07 35679 - 5.43) <.0001 .04 Yes
Females (n = 4075)
Overweight
Relational Victimization 1.41 (1.07 - 1.86) .01 2@.35-5.18) .005 .04 No
Physical Victimization 1.26 (0.78 - 2.05) .35 6(2184 - 13.6) <.0001 1.13 (0.49 - 2.63) 71 .18 No
Relational Perpetration 1.00 (0.61 - 1.66) .99 R2Z&5 - 12.3) <.0001 49 No
Physical Perpetration 1.33 (0.67 - 2.65) 42 52004 - 14.7) .0007 .22 No
Obese
Relational Victimization 1.51 (0.97 - 2.35) .07 2@.35-5.18) .005 .07 No
Physical Victimization 1.63 (0.80 - 3.32) 17 6(2184 - 13.6) <.0001 0.54 (0.07 - 4.07) 55 .10 No
Relational Perpetration 1.46 (0.71 - 3.02) 31 R2Z@5 - 12.3) <.0001 .16 No
Physical Perpetration 0.99 (0.30 - 3.33) .99 52004 - 14.7) .0007 .51 No

@All models control for: age, life satisfaction, sm@conomic status, physical activity, “screen tihand perceived quality of the home, neighborhand
school environments.
PEvidence of mediation was inferred from the magtetand significance of Paths A, B and C, and Ssttett®=¢
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Table 3. Results of multi-level logistic regressamalyses examining overweight and obesity asfaisiors for weapon carrying among males
(n=3802).

Adjusted modef, also controlling for indicated bullying form
Relational victimization Physical victimization Réibnal perpetration Physical perpetration

Weight Class Adjusted model*

Odds ratio (95% Cl) Odds ratio (95% CI) % change Odds ratio (95% CI) % charlge  Odds ratio (95% CI) % charlge Odds ratio (95% CI) % charlge

Normal weight 1.00 1.00 1.00 1.00 1.00
Overweight 1.45(1.04 - 2.02) 1.45(1.04 - 2.02) .9-0 1.41 (1.00 - 1.97) -10.1 1.47 (1.05 - 2.06) 35 1.44 (1.03-2.01) -3.0
Obese 2.19 (1.43-3.35) 2.12 (1.38-3.24) -6.4 12721.38 - 3.26) -5.9 2.26 (1.47 - 3.48) 5.8 2136 - 3.24) -7.8

All models control for: age, life satisfaction, sm@conomic status, physical activity, “screen tifaand perceived quality of the home, neighborhand
school environments.

Posp change: percentage change in the effect estirnptesincluding that form of bullying (QRustea— ORudjusted + bullyingd ORadjustea— 1)
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Chapter 6
General Discussion

6.1 Summary of Key Findings

The purpose of this thesis was to investigate sooisequences associated with excess
adiposity among Canadian youth. The first manusesipmined youth in grades 9 and 10 at
baseline, then followed these children after orag.y®bese and overweight males reported 2-fold
increases in both physical and relational victirtiaa while obese females reported 3-fold
increases in perpetration of relational bullyingligosity class was shown to precede bullying
involvement in a sub-analysis of those free ofdbtzome at baseline. These findings are
congruent with previous cross-sectional researed) @nd confirmed that important social

consequences may be experienced by obese youths.

The second manuscript was based on a Canadianesafmluth from grades 6 through
10. Results suggest that overweight and obese megest increased odds of weapon carrying
compared to their normal weight peers. Among obegles, partial mediation of this relationship
was observed by acts of: physical victimizatiomatienal victimization and physical
perpetration. Bullying involvement may be one irdiér of antisocial behaviour, but other
factors, including physical fighting (4) or fear foersonal safety (5hay also be mediating the

focal relationship. No such relationships were ol among female students.

The manuscripts reported slightly different asatians between adiposity class and
bullying involvement. For example, in Manuscrippldese males reported 2.07 (0.85 - 5.02)-fold
increases in relative odds of physical victimizat{Manuscript 1, Table 3), while in Manuscript
2 obese males reported that they had 1.43 (0.221)-Bold increases in the relative odds of
physical victimization (Manuscript 2, Table 2). $may be due to differences between the study
populations on the dimensions of age and geograbloication. The first manuscript sampled

youths from grades 9 to 11, while the second mamisampled youths in grades 6 through 10.
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In addition, the first manuscript only included losi from Ontario, while the second manuscript

included youths across Canada.

6.2 Limitations of the Thesis

Both manuscripts were subject to similar limitaioRirst, the HBSC survey was
completed via self-report. While students are astof the confidentiality of their answers, some
may still falsify responses to specific questidiswever, the measures have been tested for
reliability and have been found to be reliable mees of their respective constructs (6-10).
Second, both manuscripts are suspect to respaaselttiose youths who are heavily involved in
bullying or weapon carrying may underreport thewralvement. Third, cultural variations may
exist in bullying involvement and these could netdontrolled for using available measures

(6,11-13).

The first manuscript suffered from some specifigitations. The small number of
incident cases of bullying prevented us from cotidgca conventional prospective cohort study.
Second, the short period of follow-up may not hbgen sufficient for bullying behaviours to

manifest.

The second manuscript also had some unique limitsitiSince this manuscript was
cross-sectional in nature, temporality could noabsessed as part of this analysis. Second, the
motives behind weapon carrying could not be evellidtvVhether this relationship was due to

bullying involvement or other factors remains unkmo
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6.3 Strengths of the Thesis

Both manuscripts had common strengths. The usaulti-level modelling is a primary
strength, with several advantages. This approaek dot assume that the observations are
independent. Since the students are selected bylsghe HBSC sampling frame), it stands to
reason that those students within a school withioee similar than those between schools. As a
result, an assumption that each student experidvatealviours independent of others would
erroneously decrease the standard error assogigtethe final measures of association. This
thesis used a large sample of the Ontario youtllptpn for the first manuscript, and the
representative national youth population for theosel manuscript. Finally, the survey instrument
itself has been extensively validated and is anrate measure of the constructs it measures (6-

10).

The first manuscript is one of two studies thatehewestigated bullying involvement
longitudinally among youth. The previous studydaled youths from 7.5 to 8.5 years of age, and
results from these two school contexts are comgistdis suggests that obese youths may be
involved in bullying through the life course. Thecend manuscript is the first to evaluate the
relationship between weapon carrying and adipasitys. This study shows that adiposity can be

associated with direct social outcomes of a veripge nature.

6.4 Statistical Power

Power in this study refers to the ability to cothpconclude that the risks of obese
children being victims or perpetrators of bullyidiffer significantly from normal weight
children, assuming they actually do differ. Poweisvestimated based on classical power
calculations, adjusting for the HBSC design eff#ct.4. Since multi-level modelling is a
relatively new technique, there is no standard t@agpproach power calculations in this context.

The design effect takes into account the clusteetdre of the data when calculating the sample
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size, as the clustering will erroneously reducestia@dard error. This would result in a higher

likelihood of incorrectly rejecting the null hypasis if not accounted for (Type 1 error).

Power calculations were performed and are availabdpopendix C. We were
sufficiently powered to detect all four forms ofllying among males, with statistical power
above 80% if odds ratios above 2.5 existed. Howekiere are insufficiencies in power for small
odds ratio estimates, and only 18%-25% power wagable for odds ratios of the order of 1.5.

This was due to the small sample size available.

6.5 Future Research Directions

Future research should continue to explore theakoohsequences of excess adiposity in
youth. A prospective cohort study, following stutiethrough all four years of high school,
would be ideal to track the development of thedmbieurs and to establish temporality between
the variables of interest, although it may be sasfgemethodological challenges. Research
surrounding the coping mechanisms employed by ymu#tdress victimization is lacking. Such

research would allow policymakers to create mofecéf/e interventions.

The results of Manuscript 2 revealed that bullyimgplvement partially mediates the
relationship between adiposity status and weapowying. However, due to only partial
mediation being observed, other factors may beoresple for this behaviour. This is an area that
requires further study to determine the motivessfeapon carrying among youth. Weapon
carrying is a marker of later violent behaviour analy lead to other serious health issues to both
the carrier and their peers. Once the motives lbelvgapon carrying at school are understood,
interventions can be developed to address theseam) and hopefully reduce weapon carrying

at school.
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6.6 Public Health and Policy Implications

Although the results seen in Manuscript 1 are Bohia distinct relationship is observed
between adiposity class and later odds of bullyiwglvement. Results of the second manuscript
show that obese males are likely to turn to weajpsre potential coping mechanism. These
behaviours need to be understood so that schadllilgerventions can be employed that

encourage youths to appreciate their peers regardfetheir appearance.

In both of the studies in this thesis, distinctdgndifferences were found. Bullies will
target that which is important to their peers, ting males may be physically bullied, while
females may be relationally bullied (14). Schootdxzhanti-bullying interventions have been
shown to be effective overall, with recent studibswing estimated reductions of 13% to 37%
(15, 17, 18). In these studies, gender differem@re found in receptiveness. Our results support
these observations. As a result, interventionslghmel gender-specific in order to maximize their

effectiveness.

Targeting those at particularly high risk for sgiediorms of bullying involvement may
increase the effectiveness of interventions, atagetlecreasing negative psychosocial
consequences of bullying involvement. However, /diésigning these interventions, care must
be taken to avoid blaming the victims of these bihas and further ostracizing them from their
peers. Current interventions have focused on isgrgawareness surrounding bullying
behaviours, empowering bystanders and providingauor victims (16-18). These
interventions should also consider that extreméyimgl may lead to weapon carrying and other
behaviours. Particular focus should be paid to aldlevel interventions, using techniques similar
to those combating racism and gender discriminatmreduce the prevalence of weight-based
teasing. Promoting an environment where all boggs$yare accepted is one avenue by which this

psychologically damaging behavior can be reducedhapefully eliminated.

74



6.7 References

(1)

(2)

3)

(4)

(5)

(6)
(7)

(8)

(9)

(10)

(11)

(12)

Janssen |, Craig WM, Boyce WF, Pickett W. Associaibetween overweight and
obesity with bullying behaviors in school-aged dhéin. Pediatrics 2004;113:1187-1194.

Pearce MJ, Boergers J, Prinstein MJ. Adolescergtitghevert and relational peer

victimization, and romantic relationships. Obes.R892;10:386-393.

Neumark-Sztainer D, Falkner N, Story M, Perry Cnhatan PJ, Mulert S. Weight-teasing
among adolescents: correlations with weight statukdisordered eating behaviors.
Int.J.Obes.Relat.Metab.Disord. 2002;26:123-131.

Muula AS, Rudatsikira E, Siziya S. Correlates ofp@n carrying among high school
students in the United States. Ann.Gen.Psychid0§8;7:8.

Rudatsikira E, Singh P, Job J, Knutsen S. Variabtsociated with Weapon-Carrying
among Young Adolescents in Southern Californiardaluof Adolescent Health
2007;40:470-473.

Strauss RS. Childhood obesity and self-esteemafiedi 2000;105:15.

Himes JH, Hannan P, Wall M, Neumark-Sztainer D t&tacassociated with errors in
self-reports of stature, weight, and body massxndélinnesota adolescents.
Ann.Epidemiol. 2005;15:272-278.

Brener ND, Mcmanus T, Galuska DA, Lowry R, Wechs$leReliability and validity of
self-reported height and weight among high schtumlents. J.Adolesc.Health
2003;32:281-287.

Boyce W. Healthy Settings for Young People In Candtiiblic Health Agency of
Canada: Ottawa, Ontario, 2008 pp 93-95

Brener ND, Kann L, McManus T, Kinchen SA, SundbEf Ross JG. Reliability of the
1999 youth risk behavior survey questionnaire. dlést.Health 2002;31:336-342.

Nansel TR, Overpeck MD, Haynie DL, Ruan WJ, Schiidt Relationships between
bullying and violence among US youth. Arch.Pediatnlesc.Med. 2003;157:348-353.

Pickett W, Craig W, Harel Y, Cunningham J, Simpg&gmolcho M, et al. Cross-
national study of fighting and weapon carrying atedninants of adolescent injury.
Pediatrics 2005;116:855-863.

75



(13)

(14)

(15)

(16)

(17)

(18)

Statistics Canada, Census of Population. Populatiaselected ethnic origins, by
province and territory (2001 Census). 2005; Avadadi:
http://www40.statcan.ca/l01/cst01/demo26a.Mwecessed 12/06, 2008.

Crick NR, Grotpeter JK. Relational aggression, gendnd social-psychological
adjustment. Child Dev. 1995;66:710-722.

Bauer NS, Lozano P, Rivara FP. The effectigsrof the Olweus Bullying Prevention
Program in public middle schools: a controlledltrdaAdolesc.Health 2007;40:266-274.

Andreou E, Didaskalou E, Vlachou A. Evalugtihe Effectiveness of a Curriculum-
based Anti-bullying Intervention Program in Greekrary Schools. Educational
Psychology 2007;27:693.

Frey KS, Hirschstein MK, Snell JL, Edstro,LMacKenzie EP, Broderick CJ.
Reducing playground bullying and supporting beliafs experimental trial of the steps to
respect program. Dev.Psychol. 2005;41:479-490.

Slee PT, Mohyla J. The PEACE Pack: an etialnaf interventions to reduce bullying in
four Australian primary schools. Educational Reske&007;49:103.

76



Appendix A

Manuscript 1 Exclusion Flow Chart

Entire longitudinal su-sampile
n=2031

n=29:

A 4

Sample available for analy
n=1738

A 4

Missing height or weight (n = 27
No date of birth information (n = 15)
Implausible height information (n = 2)

Implausible changes in height or weight (n = §
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Appendix B

Manuscript 2 Exclusion Flow Chart

Entire national samp
n=9672

n=168!

A 4

A 4

Missing height or weight (n = 154
No date of hirth information (n = 141)

Sample availableor analysi
n=7987
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Appendix C

Power Calculations

Power to detect Power to detect Power to detect

OR =1.50 OR =2.00 OR =2.50
Males
Physical Victimization 18% 53% 85%
Perpetration 20% 60% 90%
Relational Victimization 25% 69% 95%
Perpetration 20% 58% 89%
Females
Physical Victimization 11% 31% 59%
Perpetration 10% 26% 50%
Relational Victimization 33% 83% 99%
Perpetration 20% 58% 89%
Nexposed The number of students exposed (i.e. the nuek@ected to be obese or
overweight)
r The ratio of unexposed to exposed
p The proportion of students who have the outciraeare bullied)
Po The prevalence of bullying involvement in tneexposed
Py The prevalence of bullying involvement in #&xposed
d The difference betweenand p
Zal2 The level of significance (using = 0.05, .= 1.96)

Power = Zg = & {d [(nr)/p(1-p)(1+0)]" - Zus}
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Appendix D
Additional Tables

These tables indicate the association betweenotbariates and the outcomes of interest
in both Manuscript 1 and Manuscript 2. All analysese bivariate in nature, considering each
covariate as an independent predictor of the outcohinterest.
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Table 1: Associations between covariates and owsarhinterest (bullying involvement) for Manus¢ripamong males

Physical Perpetration

Physical Victimization

Relational Perpetration

Riglaal Perpetration

Weight Class

Family Affluence Status

School Activity

Outside School Activity

Self Esteem

Normal Weight
Overweight
Obese

Low
Medium
High

Low
Medium
High

Low
Medium
High

Quartile 1
Quartile 2
Quartile 3
Quartile 4

1.00
0.90 (0.41 - 2.01)
0.84 (0.19 - 3.66)

0.33(0.10 - 1.16)
1.14 (0.58 - 2.26)

1.00
2.17 (0.97 - 4.85)
1.78 (0.81 - 3.93)

1.00
1.33 (0.65 - 2.73)
0.86 (0.37 - 1.98)

1.00

1.04 (0.30 - 3.66)
2.54 (0.86 - 7.52)
1.19 (0.34 - 4.19)

1.00

1.60 (0.71 - 3.56)
2.83 (0.92 - 8.69)

1.32 (0.49 - 3.55)
1.42 (0.62 - 3.23)

1.00
0.61 (0.25 - 1.50)
0.68 (0.31 - 1.52)

1.00
1.02 (0.47 - 2.22)
0.32(0.10 - 1.11)

1.00

0.66 (0.26 - 1.68)
0.58 (0.24 - 1.39)
0.14 (0.03 - 0.67)

1.00
.051(0.51 - 2.17)
00788(- 3.37)

1.0
ABQ5 - 1.44)
0.78Q0- 1.47)

1.00
1051 - 2.35)
1.2%%0- 2.56)

1.00
o(9@3 - 1.86)
0.87{0- 1.86)

1.00

:340(0.14 - 0.85)
.440(0.20 - 0.96)
540(0.23 - 1.26)

1.00
1.28 (0.65 - 2.53)
1.66 (0.56 - 4.95)

0.00 (0.00 -@.0
0.87 (0.38 - 1.98)
0.94 (0.49 - 1.81)

1.00
0.91 (0.46 - 1.82)
0.63 (0.32 - 1.28)

1.00
1.03 (0.52 - 2.05)
0.93 (0.45 - 1.93)

1.00
0.30 (0.14 - 0.65)
0.22 (0.10 - 0.46)
0.24 (0.10 - 0.56)
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Table 2: Associations between covariates and owsarhinterest (bullying involvement) for Manus¢ripamong females

Physical Perpetration

Physical Victimization

Relational Perpetration

Rielaal Perpetration

Weight Class

Family Affluence Status

School Activity

Outside School Activity

Self Esteem

Normal Weight
Overweight
Obese

Low
Medium
High

Low
Medium
High

Low
Medium
High

Quartile 1
Quartile 2
Quartile 3
Quartile 4

1.00

1.00
0.52 (0.10 - 2.63)
1.00 (0.32 - 3.15)

1.00
0.16 (0.02 - 1.23)
0.52 (0.11 - 2.37)

1.00
0.27 (0.04 - 2.14)
1.03 (0.23 - 4.74)

1.00
1.70 (0.40 - 7.20)
1.03 (0.23 - 4.64)
0.83 (0.14 - 5.05)

1.00

1.00
0.39 (0.08 - 1.86)
0.87 (0.31 - 2.43)

1.00
0.97 (0.32 - 2.92)
0.96 (0.26 - 3.59)

1.00
0.23 (0.03 - 1.78)
1.29 (0.36 - 4.62)

1.00
0.33 (0.09 - 1.23)
0.33 (0.10 - 1.09)
0.13 (0.02 - 1.06)

1.00
0.45 (0.11 - 1.89)
4.75 (1.69 - 13.39)

1.00
AB21 - 1.41)
0.94170- 1.91)

1.00
(523 - 1.14)
0.52€0- 1.36)

1.00
B3 - 1.37)
0.3D€0- 1.39)

1.00
.690(0.29 - 1.65)
.700(0.31 - 1.56)
.550(0.20 - 1.49)

1.00
0.47 (0.19 -9)1
1.55 (0.52 - 4.59)

1.00
0.42 (0.22 - 0.80)
0.52 (0.31 - 0.87)

1.00
0.47 (0.26 - 0.84)
0.70 (0.38 - 1.31)

1.00
0.93 (0.53 - 1.61)
0.73 (0.34 - 1.59)

1.00

0.37 (0.21 - 0.67)
0.29 (0.16 - 0.51)
0.12 (0.05 - 0.31)

* indicates unstable effect estimates due to smialpkasizes
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Table 3: Associations between covariates and owgamfinterest (weapon carrying) for

Manuscript 2

Variable

Level

Males Females

Weight Class

Family Affluence Status

School Activity

Outside School Activity

Parental Involvement Scale

Neighbourhood Scale

School Environment Scale

Self-Esteem

Normal Weight
Overweight
Obese

Low
Medium
High

Low
Medium
High

Low
Medium
High

Low
Medium
High

Low
Medium
High

Low
Medium
High

Low
Medium
High

1.00
1.40 (1.04 - 1.90)
2.06 (1.40 - 3.05)

1.00
1.30 (0.61 - 2.78)
0.50 (0.07 - 3.69)

1.00
0.93 (0.58 - 1.49)
0.89 (0.56 - 1.41)

1.00
1.38 (1.01 - 1.88)
1.19 (0.87 - 1.64)

1.00
0.76 (0.55 - 1.07)
1.21 (0.90 - 1.63)

1.00
0.84 (0.62 - 1.14)
0.82 (0.59 - 1.16)

1.00
0.59 (0.41 - 0.85)
0.62 (0.47 - 0.82)

1.00
0.51 (0.38 - 0.69)
0.32 (0.23 - 0.45)

1.00
0.69 (0.50 - 0.94)
0.60 (0.44 - 0.82)

1.00
0.51(0.22 - 1.17)
0.49 (0.22 - 1.11)

1.00
1.03 (0.56 - 1.89)
0.69 (0.32 - 1.50)

1.00
0.58 (0.24 - 1.38)
1.39 (0.69 - 2.84)

1.00
0.42 (0.18 - 1.00)
0.59 (0.23 - 1.51)

1.00
0.51 (0.24 - 1.11)
0.41 (0.22 - 0.78)

1.00
0.37 (0.19 - 0.72)
0.13 (0.05 - 0.33)

1.00
0.48 (0.25 - 0.92)
0.28 (0.12 - 0.69)
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