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Abstract
Objectives: Overweight adolescents frequently fail to recognize that they are overweight. This
project examines the magnitude of weight status underestimation among overweight adolescents
and identifies predictors of this underestimation.
Methods: Data from the Canadian Community Health Survey (2001-2010) were used.
Overweight adolescents (N=11,452) reporting they were underweight or about right were
classified as underestimating their weight. The time trend in underestimation and effects of
individual-level characteristics on underestimation were examined using logistic regression.
Multilevel analysis examined the effect of weight status of community-based reference groups.
Results: For every 5 overweight male adolescents, 3 underestimated their weight; 2 of 5
overweight females underestimated. Exposure to overweight explained some of the variation in
underestimation across communities among females.
Conclusions: Weight status underestimation is a significant problem among overweight
adolescents. Understanding how adolescents perceive their weight is an important and novel
concept in maximizing the effectiveness of current approaches to adolescent obesity.

Keywords
adolescent, overweight, obesity, body mass index (BMI), perception, underestimation,
multilevel modeling, Canadian Community Health Survey (CCHS), weight status, interval odds
ratio (IOR), median odds ratio (MOR)
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Chapter 1

1

Introduction & Literature Review
1.1

Introduction

Child and adolescent overweight and obesity are increasingly important public health
problems, with substantial increases in the prevalence of both in Canada1,2 and around the
world.3 Overweight children and adolescents face an increased risk of developing
chronic diseases, including cardiovascular disease and type II diabetes. These diseases
are being diagnosed at younger ages than ever before.
Current public health strategies aim to raise awareness of the obesity epidemic and help
mitigate the effects of increasing weight on health. Despite this increased attention, a
large proportion of overweight adolescents fail to recognize that they are overweight.4-60
Instead, they think of themselves as being normal weight, and in some cases,
underweight. Overweight adolescents who fail to recognize that they are overweight tend
to be less motivated to lose weight61-63 and subsequently do not engage in weight
management behaviours.8,12,14,15,17-19,31,32,44,61,64,65 As a result, these overweight
adolescents face an increased risk of developing weight-related comorbidities later in life.
Further, individuals who underestimate their weight status may also have poorer physical
health than those who accurately recognize that they are overweight. A failure to
recognize oneself as overweight, however, may prove beneficial for other aspects of
adolescents’ well-being. In particular, adolescents who accurately identify themselves as
being overweight typically have poorer mental health and psychosocial well-being than
those who do not recognize that they are overweight.
Addressing weight status underestimation has been identified as an important next step in
addressing the obesity epidemic.66 However, because of both the positive and negative
implications of weight status underestimation, this is a challenging task. With this in
mind, it is important that we identify characteristics of overweight Canadian adolescents
who are most likely to underestimate their weight status. A better understanding of the
factors associated with weight status underestimation will enable us to better target
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healthy weight promotion strategies towards adolescents most likely to underestimate
their weight status. It will also provide key information to be used in the design of
strategies that promote the concept of healthy weight, including which adolescents these
programs are targeted towards. These approaches will not only promote the adoption of
accurate weight status perception, but also assist these adolescents in understanding the
health risks associated with their body weight and steps they can take to help achieve a
healthy weight. If these individuals continue to underestimate their weight status, they
will continue to be at an increased risk of developing other health-related complications.
At the same time, any programs aimed at addressing accurate perception of weight status
must be designed in such a way as to protect the mental health and psychosocial wellbeing of these adolescents.
The remainder of this chapter provides an overview of the obesity epidemic among
Canadian children and adolescents (Section 1.2), including risk factors for the
development of overweight during childhood and adolescence (Section 1.2.2) and the
health risks associated with being overweight during youth (Section 1.2.3). A discussion
of weight status underestimation is provided in Section 1.3, including the implications of
weight status underestimation (Section 1.3.1). An overview of current estimates for the
degree of weight status underestimation is provided in Section 1.3.2. Potential pathways
that lead to weight status underestimation are then outlined in Section 1.3.3. The chapter
concludes with a discussion of the challenges in comparing studies of weight status
underestimation (Section 1.3.4) and some of the factors that may be associated with
weight status underestimation among Canadian adolescents (Section 1.3.5), including
sex, actual weight status, age, ethnicity, and the weight status of an adolescent’s
community.

1.2
1.2.1

The Childhood Obesity Epidemic in Canada
Prevalence of Overweight and Obesity

Recent evidence has pointed to a change in the distribution of body mass index (BMI)
among Canadian adolescents. In 2004, the average BMI of Canadians between the ages
of 12 and 17 was 22.1 kg/m2—1.3 kg/m2 higher than the mean BMI for adolescents in
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1978/1979.1,2 An increase in the number of obese adolescents is largely to blame for this
increase in mean BMI—a phenomenon that shifts the distribution of adolescent BMI
towards the heavy end of the spectrum.2
As is suggested by the increasing average weight of Canadian adolescents, the prevalence
of overweight and obesity among Canadian children and adolescents is rising rapidly. In
2004, it was estimated that 26% of Canadians between the ages of 2 and 17 were either
overweight or obese—an increase of 70% since 1978/1979.1,2 Specifically, the
percentage of Canadian children and adolescents who were overweight increased from
12% to 18%; the prevalence of obesity almost tripled, increasing from 3% to 8%. This
increase in prevalence has been particularly pronounced among adolescents.1,2 Among
those aged 12 to 17, the prevalence of overweight doubled, increasing from 14% to 29%.
The prevalence of obesity in this age group tripled, increasing from 3% to 9%. An
estimated 1.1 million Canadians between the ages of 2 and 17 were overweight in 2004;
an additional half million were obese.1
Another national study using data collected in 2001 reported that the prevalence of
overweight among Canadians aged 11 to 16 was 15.0% (95% CI 13.9-16.1); 4.6% (95%
CI 4.0-5.2) were obese.67 Among boys, 18.3% (95% CI 16.5-20.1) were overweight,
while 5.8% (95% CI 4.8-6.8) were obese. The prevalence of overweight among females
was 13.3% (95% CI 11.8-14.8); 3.5% (95% CI 2.7-4.3) were obese.
Comparisons of the prevalence of overweight and obesity reported in different studies are
complicated by both the lack of a standard definition for overweight and obesity and the
use of different anthropometric measures.68 The differences in the estimates of the
prevalence of overweight and obesity above likely result from how overweight and
obesity were measured. The data collected in 2004 used measured height and weight to
calculate an adolescents’ BMI,1,2 while the study conducted in 2001 based estimates on
BMI calculated from self-reported height and weight.67 Despite the differences in the
methodology used, it is clear that the prevalence of overweight and obesity among
Canadian adolescents has reached alarming levels.68
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Geographic Differences
There are substantial disparities in the prevalence of child and adolescent overweight and
obesity across regions of Canada.2,69 The highest rates are observed in Atlantic Canada,
with combined rates of overweight and obesity in 2004 being 36% in Newfoundland,
34% in New Brunswick, and 32% in Nova Scotia.2,70 The prevalence of overweight and
obesity among adolescents in Prince Edward Island (30%) was not significantly different
than the national average (26%). Obesity alone was also significantly more prevalent in
these provinces than the national average (8%). The prevalence of overweight and
obesity in Manitoba (31%) is also significantly higher than the national average (26%).
While Quebec (23%) and Alberta (22%) both have combined overweight and obesity
rates significantly below the national average, the rate of obesity in both provinces (7% in
Quebec and 8% in Alberta) remains similar to what is observed nationally (8%).70
Similar differences across regions of Canada were observed in 1996.71 A child living in
an Atlantic province was more likely to be overweight than a child living elsewhere in
Canada (OR 1.45, 95% CI 1.28-1.65). Children living in a Prairie province (Manitoba,
Saskatchewan, and Alberta) were less likely to be overweight or obese than children
living elsewhere in Canada (OR 0.69, 95% CI 0.60-0.78). These regional differences
persisted after controlling for child and family characteristics (i.e. income, parental
education, and number of siblings).
Increases in the prevalence of overweight and obesity have been observed in all Canadian
provinces; however, the magnitude of these increases is not distributed uniformly across
the country.71 Between 1981 and 1996, the Atlantic provinces (Newfoundland, Nova
Scotia, Prince Edward Island, and New Brunswick) saw a significantly greater increase in
the prevalence of overweight and obesity than the rest of Canada, while the prairie
provinces saw a slower increase.71

1.2.2

Risk Factors for Adolescent Overweight & Obesity

Obesity is defined as the presence of excess fat and results from a broad spectrum of risk
factors that work together to influence energy balance, ultimately leading to the
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accumulation of excess body fat.72-74 These factors include, but are not limited to,
genetic susceptibility72; pre-existing medical conditions such as Prader-Willi, BardetBiedl, Alstrom, and Cohen syndromes75; socioeconomic status71,76-80; early life
characteristics such as high birthweight and rapid weight gain during the first year of
life,81-84 as well as being bottle-fed72,82,85-87; energy consumption and expenditure
habits3,35,67,72,74,75,78,81,88-92; and socio-environmental factors3,75 including family
characteristics,71,76,82,85,86,93,94 neighbourhood safety78,95,96 and socioeconomic status.97 In
addition, the prevalence of overweight is higher among males than females78,80,97-99 and
varies across ethnic groups. Although little research has examined the association
between ethnicity and adolescent obesity in the Canadian context, Aboriginal adolescents
in Canada are more likely to be overweight than their non-Aboriginal peers.100-102 In the
United States, adolescents of Asian background are the least likely to be overweight,
while those who are Black have the highest rates of overweight and obesity.78,103,104
Further, the influence of immigration status on overweight and obesity among Canadian
adolescents is not well understood among Canadian adolescents. Outside Canada, the
association between immigrant status and overweight also remains unclear—some
studies suggest immigrant children are at increased risk of being overweight while others
suggest the opposite.103,105
The remainder of this discussion focuses on risk factors that can be modified at the
individual level—these are the behaviours that adolescents can change when they are
aware that their weight is problematic. These individual-level risk factors are focused
around the idea of energy balance and the behaviours that influence energy consumption
and expenditure. When caloric consumption exceeds energy expenditure, there is a
positive energy balance leading to the development of obesity.
The changes in energy balance result from both an increase in energy consumption and a
decrease in energy expenditure. Since 1987, there has been a substantial increase in soft
drink consumption.72 The effect of this increasing consumption on the increase in
prevalence of overweight is made evident through significant associations between soft
drink consumption and childhood obesity.67,72,74,75 However, not all studies have shown
that increased soft drink consumption is associated with overweight.76 Increased
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consumption of diet soft drinks has also been linked to higher levels of overweight
among adolescents.74 Evidence has also suggested that increased fast food consumption
is also related to the increase in overweight and obesity but not to the same extent as soft
drink consumption.72 Increased portion sizes may also play a role.72,75 The relationship
between adolescent overweight and obesity and energy consumption is not necessarily a
straightforward one. Eating breakfast regularly and having high fruit and vegetable
consumption decreases adolescents’ risk of being overweight.35,67,74 Dieting, binge
eating, and engaging in other unhealthy weight control behaviours are also associated
with a higher probability of being overweight.74,88
This excess of energy consumption is coupled with a decrease in energy expenditure,
particularly through increased engagement in sedentary behaviours. Together, these have
led to an overall energy imbalance in favour of overconsumption of energy. Decreases in
energy expenditure resulting from increases in sedentary behaviours may be to blame for
the majority of the increase in overweight and obesity.89 Children engage in physical
activity less often, instead spending time engaging in sedentary activities including
watching TV and playing video games.72 Consequently, those who engage in sedentary
behaviours are at a much higher risk of being overweight than their active
peers.67,72,74,75,78,81,90-92 The relationship between sedentary activity and obesity is
independent of the effects of physical activity on health.106 The relationship between
increased participation in physical activity and decreased risk of overweight is not as
clear.67,72,74,76,78,90,98

1.2.3

Health Risks & Adolescent Obesity

This section provides a general overview of the relationship between overweight and
obesity and adolescents’ health and well-being. Overweight children and adolescents
face several challenges with regard to their physical, emotional, and social wellbeing.107,108 The impact of childhood obesity begins at a young age and persists into
adulthood.67,109-115 Childhood obesity is also an important predictor of adult obesity86,116119

and this persistence of excess weight may explain the continued effects of excess risk

into adulthood.113 The health risks faced by adolescents with severe obesity may be
particularly pronounced.120-122 If current obesity trends continue unchanged, this
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increasing weight could potentially outweigh the increases in life expectancy that have
been achieved through smoking reduction.123
Physical Health
Overweight adolescents report that, in general, their health is poorer than their normal
weight peers.98,124 Risk factors for cardiovascular disease (including blood pressure,
altered lipid metabolism), along with insulin resistance, are commonly observed among
overweight and obese adolescents.75,117,121,122,125-131 Clustering of these risk factors is
common among overweight and obese adolescents75,117,121,125-128,131; together, these risk
factors comprise the metabolic syndrome. Being overweight during childhood and
adolescence increases the risk of developing cardiovascular disease as an adult,67,111-114
independent of adult overweight status.112-114 In addition, obesity is associated with
insulin resistance131 and glucose intolerance75 among youth and is an important risk
factor for the early onset of type II diabetes.117,121,132 Adolescent obesity and weight gain
from adolescence to adulthood are both independent predictors of type II diabetes later in
life.111,115 Overweight and obese children are also at increased risk of musculoskeletal
complications,117,126,133 liver disease,117,126,134 early onset of puberty,117 sleep apnea and
other forms of sleep-disordered breathing,75,117,135 chronic inflammation,75 and asthma.75
Minor injuries, particularly sprains of the lower extremities, are more common among
overweight136 and obese adolescents.137,138 Overweight and obese adolescents are also
more likely to report functional limitations than their normal weight peers.124
Psychosocial Well-Being
In addition to the impact of overweight on adolescents’ physical health, it is also
important to consider the relationship between adolescent overweight and mental health.
However, the causal relationship between obesity and mental health is not
straightforward. Child and adolescent obesity can lead to poor psychological well-being;
at the same time, poor psychological well-being can contribute to the development and
persistence of obesity.117,139-141 This relationship is further complicated by evidence
suggesting that weight itself is not associated with poorer mental health, but how an
individual perceives their weight and their subsequent weight concerns.39,49,139,142-150 The

8

psychosocial impact of obesity is more pronounced among females30,142,151-154 and
overweight adolescents seeking treatment for their weight.139,141,144,152,155 It has been
hypothesized that these effects largely arise from weight-based teasing and stigma
towards obesity—something that begins at an early age.117,141
Overweight adolescents describe themselves as being ‘unhappy’ more often than their
normal weight peers.98 Adolescents with an obesity-related diagnoses (i.e. type II
diabetes) are more likely to have a psychiatric diagnoses than are adolescents with other
chronic conditions.156 Having a high BMI leads to the development of low selfesteem,39,43,51,109,124,139,151-153,157-162 depression,7,26,39,49,80,109,124,128,139,143,148,159,162-164 and
negative self-image and body dissatisfaction.98,109,110,144,152 Suicidal behaviours are also
more common among overweight and obese adolescents than among their normal weight
peers.28,146,147
Overweight and obese individuals experience higher rates of ADHD.126,139,165,166 Binge
eating and other eating disorder symptoms are also relatively common in the overweight
population117,151,167 and are frequently associated with higher levels of anxiety and
depressive symptoms.151 Further, because children who are overweight or obese tend to
be taller than their normal-weight peers, adults often think of them as being older than
they actually are and expect a higher level of maturity.117 This may lead to these children
feeling socially isolated.117 Overweight and obese adolescents are further marginalized
by their peers168,169 and experience difficulties making friends.64 This stigmatization may
be a more important predictor of obesity-related morbidity and mortality than obesity
itself.170 This stigmatization is more common among overweight females and this may
help explain the disproportionate degree of obesity-related morbidity and mortality faced
by females.170-172 These psychosocial effects cluster in overweight and obese children.152
Overweight and obese adolescents also have a lower perceived quality of life than their
normal weight peers.30,107,108,124,141,152,173-175 This is especially true with respect to
coping,173 physical health and social functioning,108,124,139,141,174,175 and school-related
domains.124,139,141,175 Obese adolescents being treated in a clinic scored similar to cancer
patients with regard to their quality of life.107 In addition, overweight adolescents
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experience poorer academic achievement than their normal weight
peers23,64,117,124,139,159,167,176,177 and frequently require extra academic assistance.141
Studies have suggested that overweight adolescents are more likely to engage in risky
behaviours, including smoking, using dieting pills, gambling, binge drinking, and are
more likely to have eating disorders, when compared to normal weight adolescents.149,167
This association may be mediated by the presence of other psychosocial risk factors, such
as low self-esteem160,167 and perception of overweight.149 However, substance abuse and
dependence diagnoses are not more prevalent among obese adolescents than their normal
weight peers.153
Health Care Utilization & Costs
The combination of these physical and psychosocial impacts of being overweight or
obese during adolescence culminates in the use of the health care system by overweight
and obese adolescents. An extra $14.1 billion are spent annually in the United States on
the health care for children and adolescents between the ages of 6 and 19 who are
overweight and obese.178 This includes the extra costs of outpatient visits, prescription
drugs, and emergency room visits. These children not only visit their family physicians
or paediatricians more frequently,99,179 but also have more visits to specialists,99 mental
health services,99 and emergency departments.178 They are also admitted to hospital more
often, and when hospitalized, have longer hospital stays than children who are not
overweight.179 Overweight children, as well as those with both diagnosed and
undiagnosed obesity, use more laboratory services than do normal weight adolescents.180
Overweight and obese adolescents also have increased medication costs, both
prescription and non-prescription, than normal weight adolescents.179
Overweight and obese children in the fifth grade in Nova Scotia (N=4,380) had higher
total health care costs than did normal weight children in the province.181 This included
lifetime physician cost, number of visits to primary health care providers, and specialist
referrals. Each overweight child cost an extra $156 per year, while an obese child costs
an extra $349.181 In another study conducted among adolescents in Ontario, those who
were overweight were not found to use excess physician costs compared to normal
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weight adolescents182 This study calculated physician costs from physician billing data
obtained from the Ontario Health Insurance Plan (OHIP) and linked with the Canadian
Community Health Survey (CCHS). It was suggested that, although there were no
differences for Ontario adolescents, the impact of their overweight on the health care
system would be observed in the future since obesity persists from adolescence to
adulthood.182

1.3

Weight Status Underestimation

The section on weight status underestimation first addresses the implications of weight
status underestimtion to health and well-being (Section 1.3.1), followed by an overview
of previous studies examining the magnitude of weight status underestimation among
adolescents (Section 1.3.2). Section 1.3.3 provides a discussion of possible pathways that
lead to weight status underestimation. A discussion of the challenges in making
comparisons across studies of weight status underestimation are provided in Section
1.3.4. To close out this section on weight status underestimation, a discussion of risk
factors for weight status underestimation is provided (Section 1.3.5).

1.3.1

Implications of Weight Status Underestimation

The focus of the current literature on weight status underestimation is on the relationship
between underestimation and engagement in weight management behaviours.
Engagement in these behaviours subsequently improves physical health, decreasing the
risk of developing obesity-related comorbidities. For example, a recent systematic
review found that physical activity alone can signficantly decrease the likelihood of an
overweight adolescent developing diabetes.183 Despite the important role of lifestyle
modifcations in minimizing the downstream risk of poor physical health, these
interventions tend to have limited effectiveness in minimizing the risks of overweight
outside clinical settings.184 Lack of motivation to lose weight is a frequently cited reason
for the failure of these weight management programs.184 Overweight adolescents who do
not recognize that they are overweight may not be aware of the increased health risks
they face (i.e. developing obesity-related pathology, including cardiovascular disease,
diabetes, and adult obesity). As a result, they are subsequently less likely to engage in
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weight management behaviours than are those who accurately recognize that they are
overweight. Engaging in weight management behaviours may mediate the relationship
between underestimation of weight status and poor physical health. There may also be a
direct relationship between weight status underestimation and risk of negative health
outcomes. For example, obese adults participating in the Dallas Heart Study (N=2,056)
who underestimated their weight status were more likely to have hypertension than those
accurately recognizing that they are overweight.66 Among diabetic individuals, those
who underestimated their weight status were also less likely to report being aware of their
disease. In addition, those who underestimated their weight status thought of themselves
as healthier and at a lower risk of having a heart attack, diabetes, or high blood pressure
than those who did not underestimate their weight status.
Although weight status underestimation may lead to poorer physical health outcomes,
adolescents who do not recognize that they are overweight exhibit better psychosocial
well-being compared to those who accurately recognize that they are overweight.
Underestimating one’s weight status has protective effects for the mental health of
overweight individuals, and consequently must be taken into consideration when
developing strategies targeting weight status underestimation among overweight
adolescents. The role of engagement in weight management behaviours in understanding
the relationship between weight status underestimation and improved psychosocial wellbeing is not yet understood and is an important area of future research.
Engagement in Weight Management Behaviours
Several models of behaviour change can be used to explain the relationship between
perceived weight and motivation to engage in weight management behaviours. As
examples, the Health Belief Model and the Precaution Adoption Process Model are
discussed. These models share a common basis in that they emphasize the importance of
perception and awareness of risk on engaging in weight management behaviours. The
Health Belief Model in particular points to the importance of “perceived susceptibility” to
health problems as a crucial mediating factor for engagement in preventive health
behaviours.185,186 This model suggests that overweight and obese adolescents who do not
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recognize that they are overweight consequently may not be aware of their increased
susceptibility to the health risks associated with being overweight. As a result, they may
not have the motivation required to engage in weight management behaviours.
The Precaution Adoption Process Model is a stage theory of behaviour change and posits
that individuals are first unaware of the risks associated with their behaviour (i.e. being
overweight); they then move into being aware of their weight but having no plans to
engage in any weight management behaviours.187 Adolescents in the final stages of this
model are actually engaging in weight management behaviours. The applicability of this
model to the relationship between weight status underestimation and engagement in
weight management behaviours is similar to the Health Belief Model. That is,
adolescents who do not recognize that their current weight-related behaviours are
increasing their risk of developing weight-related diseases are unlikely to engage in
behaviours that will help to mitigate this risk. For these overweight adolescents to
appropriately engage in weight management behaviours, they need to first perceive that
they are overweight and that their current weight increases their risk of developing
obesity-related comoribidities, such as diabetes and cardiovascular disease.
Several studies have tested the applicability of these models to the relationship between
weight status underestimation and adolescent engagement in weight management
behaviours. Adolescents accurately perceiving that they are overweight are not only
more motivated to lose weight61-63 but are also significantly more likely to engage in
weight management behaviours, than those who inaccurately perceive their weight as
normal or underweight.8,12,14,15,17-19,29,31,32,44,50,52,58,60,61,64,65 This association is likely
mediated by perceived pressure to lose weight.61 However, overweight adolescents,
especially males, who underestimate their weight status are more likely to engage in
physical activity than those who accurately perceive themselves as overweight.18,58
Similarly, studies have shown that females who accurately perceive that they are
overweight are more likely to be inactive than those who underestimate their weight
status.32 Not all studies have found an association between weight underestimation and
weight management behaviours among overweight and obese adolescents.20,188 It is also
important to note that adolescents facing increased pressure to lose weight, both in the
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form of parental concerns about weight and weight-related teasing, are at an increased
risk of overweight.74,88 This is likely the result of increased body dissatisfaction and
weight concern, both of which can lead to the development of overweight.74,88 Peer
dieting and parent overweight (as reported by the adolescent) were not found to be
associated with overweight among females, but peer dieting was found to be associated
with overweight among males.74
Some overweight adolescents recognize the need to lose weight without necessarily
recognizing that they are overweight.14,16,21,35,52 Although levels of weight status
underestimation appear to be relatively stable across time, data from Finland suggest that
overweight adolescents are increasingly engaging in weight management behaviours.38
The prevalence of weight control behaviours among overweight adolescent males
increased from 3% in 1994 to 18% in 2006; the number of overweight female adolescents
engaging in weight management behaviours doubled, increasing from 19% in 1994 to
39% in 2010. Although the proportion of adolescents engaging in weight management
behaviours increased between 1994 and 2010, the differences across years were not
significant for females and only the difference between 1994 and 2006 was significant for
males. There are, however, overweight and obese adolescents who report wanting to
weigh more than they currently do.35 For example, a study conducted in Australia found
that among those who are obese, 6.8% reported that they wanted to be heavier than their
current weight; this includes 2.4% of obese respondents who reported they wanted to be a
lot heavier than their current weight.35 Overweight adolescents reported that they
wanted to be heavier than they currently are 5.0% of the time. Making effort to gain
weight was reported by 2.6% of overweight and 2.6% of obese children and
adolescents.35
When being asked to select one of seven body figures that best described their current
weight, Portuguese adolescents engaging in dieting behaviours were more likely to select
a larger body figure than did individuals not engaging in dieting behaviours, controlling
for BMI, sex, age, and perceived weight status.64 A large gap in weight management
behaviours even exists among overweight adolescents diagnosed with type II diabetes,45
an effect possibly mediated by high levels of weight status underestimation in the sample
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of type II diabetes patients included in the study. Adolescents who accurately reported
their weight status reported fewer barriers to engaging in these behaviours.45
Accurately recognizing one’s weight as overweight also increases the probability that
adolescents engage in unhealthy weight management behaviours.15,18,19,29,32,44,50 As such,
a cautionary note is required when discussing weight management behaviours among
those who accurately perceive that they are overweight. These individuals are more
likely to engage in unhealthy weight management behaviours,32,50 such as skipping
breakfast,44,50 fasting (males only),19,29 purging,15,18,29,50,189 use of diet pills15,19,50 and
laxatives18,50,189 than those who fail to recognize that they are overweight.
Psychosocial Well-Being
Perceived weight status also plays an important role in understanding an individual’s
psychosocial well-being. As discussed in Section 1.2.3 above, the effect of overweight
on psychosocial well-being appears to be mediated by how an overweight individual
perceives their weight. The effect of perceiving one’s self as overweight on psychosocial
well-being may be mediated by body dissatisfaction9 and is stronger for females than for
males.7,162 Adolescents who recognize that they are obese report being the victim of
bullying more frequently than those who fail to recognize their obesity status; reports of
bullying are higher among males than females.32,150 Adolescents who report weightbased teasing subsequently perceive that they are under increased pressure to lose
weight61 and consequently experience poorer psychosocial well-being. Perceived
overweight is associated with feelings of stress,54,190 lower self-esteem,9,39,42,162 decreased
body appreciation,191 poorer quality of life,30,61 poorer social adaptation,49,192 social
isolation,56 poorer academic performance,23,54 behavioural problems,49,192 and increased
risk of depression and other emotional problems.7,9,16,24,26,32,48,49,54-56,143,148,162,163,189,192
Underestimation of weight status is also protective against engagement in suicide
behaviours,28,32,146-148,189 especially among females.193 The association between weight
status underestimation and suicide ideation does not persist when controlling for all
weight-related attitudes, including body dissatisfaction; this suggests that this relationship
is mediated by weight dissatisfaction.28
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Risk-taking behaviours are more common among those who are overweight, with female
adolescents who underestimate their weight status being more likely to engage in risky
sexual behaviours than those who do not underestimate their weight status.5 This
includes being less likely to use oral contraceptives and being more likely to have
multiple sexual partners.5 However, other studies have not found this same relationship
between sexual behaviours and weight status underestimation.189 Adolescent smoking,
marijuana use, and alcohol consumption are not associated with weight status
underestimation.189 Other studies have found that a desire to control weight is associated
with increased smoking among adolescents.149,194
The majority of studies examining the relationship between adolescent mental health and
perceived weight compare those who perceive their weight as overweight to those who
do not. Whether or not studies control for actual weight in the analysis, there is a clear
negative effect of perceiving oneself as overweight on psychosocial well-being. Those
adolescents who perceive their weight status as normal tend to have the best mental
health, comparing to those who perceive their weight as overweight.

1.3.2

Prevalence of Weight Status Underestimation

Overweight adolescents frequently fail to recognize that they are overweight. For
example, previous studies conducted in Canada have found that more than 35% of
overweight adolescents underestimate their weight status.13,195 Adolescent perception of
weight status has a high specificity but a low sensitivity for predicting actual weight
status; the sensitivity is especially low for males.52,196 This means that the majority of
adolescents reporting that they are overweight are in fact overweight, while a large
percentage of those who are actually overweight report being normal weight. The
agreement between actual and perceived weight status is poor to moderate for both males
and females.15,52,57
The degree of weight status underestimation across studies varies greatly (Appendix A).
The highest rates of weight status underestimation are typically found in the United
States and Australia.4,5,9-11,13,16-20,22-24,26,32-37,40-43,45,51,52,57-60 Studies conducted in
European and Asian countries tend to have lower rates of weight status underestimation
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among overweight and obese adolescents.6,12,14,15,21,25,27-31,38,39,44,46,48-50,53-56,59,60 In the
United States, estimates of weight status underestimation typically range from around
40% to 50% for males and from 15% to 30% for females among overweight and obese
adolescents. The highest level of weight status underestimation previously reported was
85.7% for overweight and 54.7% for obese males; 69.1% for overweight and 38.2% for
obese females.11 The data for this study came from a nation-wide methodological study
conducted as part of the Youth Risk Behavior Survey in the United States. The sample
used in this study had a higher prevalence of overweight and obesity than that of the
general American adolescent population. This may have contributed to the high level of
underestimation observed in this study.11 It is also important to note that this study relied
on a convenience sample and was consequently not representative of the population of
American adolescents. In contrast, a study of Dutch adolescents found that only 1.5% of
those who were overweight underestimated their weight status; the prevalence of
overweight among these adolescents was very low by comparison (6%).12
Despite the plethora of research studies examining the prevalence of weight status
underestimation globally, there has been very little research conducted on this issue in the
Canadian population. Further, what causes adolescents to underestimate their weight
status is not well understood, particularly among Canadian adolescents. The results of
the few studies examining weight status underestimation among Canadian adolescents are
highlighted below. Other notable findings from the previous studies examining weight
status underestimation presented in Appendix A are also discussed.
Two studies have examined weight status underestimation in Canada. One utilized data
available from the Quebec Child and Adolescent Health and Social Survey.195 The other
was conducted among attendees of a gastroenterology clinic in Hamilton, Ontario whose
health concerns were not related to their weight.13
The study conducted in Hamilton, Ontario occurred in 2005 and included only 53 patients
between the ages of 12 and 18.13 When asked to describe their weight status as
underweight, slightly underweight, average, slightly overweight, or overweight, 44.0%
(11/25) of all males and 35.0% (7/20) of females underestimated their weight status,
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relative to measured height and weight. Normal weight adolescents perceiving
themselves as underweight were included with overweight adolescents who
underestimated their weight status. Participants in this study were also asked to identify
their weight status using a visual scale developed by the study’s authors; similar results
were observed for both measures of perceived weight status.
The second Canadian study used data collected in 1999 as part of the Quebec Child and
Adolescent Health and Social Survey.195 It involved a provincially representative sample
of Quebec children and adolescents, aged 9, 13, and 16. Over 1000 students in each age
group participated. This study used a visual tool to measure weight perception.
Participants were presented with a series of seven body figures ranging from underweight
to overweight. Each figure was assigned a BMI z-score (i.e. -3 through +3). A BMI zscore was also assigned to each individual based on their measured height and weight
(using growth curves provided by the US Centers for Disease Control and Prevention;
CDC). The two z-scores were compared. An individual with a negative misperception zscore (i.e. perception z-score < BMI z-score) was considered to underestimate their
weight status. Among overweight adolescents, 71.4% underestimated their body size (i.e.
had a misperception z-score between -1 and -3); 59.4% of obese adolescents
underestimated their weight status.
In addition to the two studies of Canadian adolescents, a similar study examined weight
status underestimation among adults living in the Canadian province of Alberta in
2004.197 Perceived weight status was measured by asking participants if they would
describe themselves as underweight, about the right weight, or overweight. Their
response was compared to both their BMI and waist circumference. Overweight and
obese males and females were accurate in describing their weight status 83% of the time.
Among females deemed to be overweight or obese based on their BMI, 93.0% (95% CI
92.0-94.0) accurately perceived themselves as overweight; 71.4% (95% CI 69.6-73.3) of
males were overweight or obese. When comparing weight status underestimation to
actual weight status by waist circumference, 93.1% (95% CI 91.8-94.4) of high risk
females and 86.7% (95% CI 84.6-88.8) of high risk males accurately perceived
themselves as overweight. Those at high risk by both waist circumference and BMI were
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the most accurate in their perceptions: 95.7% (95% CI 94.6-96.8) of females and 87.4%
(95% CI 85.4-89.4) of males accurately perceived their weight status. The results of this
study may have been biased since participants were asked to measure their height,
weight, and waist circumference as part of the questionnaire. Because of these
instructions, participants may have been more aware of their weight status than if they
had not measured and weighed themselves. Further, the high degree of accuracy
observed in this study compared to the studies involving adolescents may have been the
result of a cohort effect, with adults in this study growing up in an era prior to the rapid
increases in overweight and obesity. This contrasts with the studies of adolescents who
have grown up in an era dominated by the increasing rates of overweight and obesity.
It is important not only to consider adolescents’ perceptions of their own weight, but also
their perceptions of how their parents and peers view the adolescents. Among males,
64.3% of overweight and 17.6% of obese adolescents believed that their parents thought
of them as being normal weight; 39.4% of overweight and 9.5% of obese females
believed the same.6 Among overweight males, 70.4% reported that their peers perceived
them to be normal weight; 3.3% of obese males reported that their peers considered them
to be underweight.6 An additional 30.0% of obese males thought their friends considered
them normal weight.6 For females, 59.5% of overweight and 21.1% of obese adolescents
believed their peers considered themselves to be normal weight; none believed their peers
thought of them as underweight.6 In this same study, 60.0% of overweight and 13.9% of
obese males perceived their current weight status to be either underweight or normal
weight, while 36.7% of overweight and 4.3% of obese females underestimated their
weight status.6 In general, levels of weight status underestimation are higher when the
comparison is made to how others perceive one’s own weight.
Trends in Weight Status Underestimation
Although there are no Canadian studies that examine time trends in weight status
underestimation, some studies have examined these trends in other populations. Overall,
the results of these studies are inconclusive. Despite increasing media and public health
attention focused on the obesity epidemic, there has been no change, from 1999 to 2007,
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in the proportion of American overweight and obese adolescents accurately recognizing
that they are overweight.22 Although not significant, it is important to note that the
prevalence of weight status underestimation among overweight females has increased
slightly; in contrast, males have become slightly better at recognizing that they are
overweight.22 Another study compared levels of weight status underestimation among
American adolescents between 1999 and 2010.34 This study found that the proportion of
overweight males accurately perceiving that they were overweight remained unchanged.
There was an increase in the proportion of overweight females who accurately perceived
that they were overweight.
Exploration of trends in weight status underestimation among ethnic subgroups reveals
that overweight Black male adolescents are becoming more accurate in recognizing that
they are overweight.22 While the proportion of overweight adolescents recognizing that
they are overweight has remained relatively stable, the overall prevalence of overweight
is increasing.22 This suggests that there is an increase in the overall number of
overweight adolescents who fail to recognize that they are overweight.22
A study of overweight Finnish adolescents similarly found that levels of weight status
underestimation remained unchanged between 1994 and 2010.38 However, in a different
study of Finnish adolescents, increasing levels of weight status underestimation were
observed between 1979 and 1999.27 Overall, the number of overweight adolescents who
underestimated their weight status increased.27
The proportion of overweight Spanish males (aged 20 and older) who failed to recognize
that they were overweight remained relatively stable between 1987 and 2006/2007; an
increasing number of females failed to recognize that they were overweight.198 Between
1995 and 2006/2007, there was an 8% increase in the proportion of parents failing to
recognize their child’s overweight status in both males and females (aged 5 to 15).
Weight status in children was determined using IOTF reference values and parentreported height and weight.
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1.3.3

Causal Pathways

A Shift in Societal Norms
Evidence has suggested that overweight is becoming the new ‘normal.’199 Although the
weight status underestimation appears to be relatively stable across time, given that there
is an increasing number of overweight individuals, the overall number of overweight
adolescents who underestimate their weight status may actually be increasing.22 As the
prevalence of overweight continues to increase, these trends emphasize the importance of
societal characteristics (i.e. the average weight of individuals in one’s community) in
influencing our own weight perceptions and consequently our weight. This concept can
be explained using the Theory of Endogenous Weight Norms.200 This theory posits that
people want to weigh less than the average individual and is based on two general
concepts: (1) an individual’s preference to be thinner than the average person; and (2)
that individuals tend to compare themselves to others. This theory can thus be summed
up by recognizing that, as people become heavier, ideal weight also becomes heavier.
That is, individuals prefer to be thinner than the average (relative weight), but the actual
weight this preference corresponds to is increasing (absolute weight). As a result of these
changing preferences, Burke and Heiland200 hypothesize that a normalization of a heavier
ideal weight may be an important contributing factor in the current obesity epidemic.
Perceptions of one’s weight are becoming increasingly based on subjective rather than
objective criteria for overweight.199,200 This includes adolescents increasingly comparing
themselves to their peers and less to external sources, such as the media.27 This theory is
supported by evidence from a study conducted by Maximova et al195 finding that
adolescents exposed to overweight at school and at home (i.e. parental overweight) were
at an increased risk of underestimating their weight status.
As an alternative to the Theory of Endogenous Weight Norms, Neighbors et al201 has
suggested two competing hypotheses that may explain the adoption of overweight as a
new normal: individuals are comparing themselves to those in their environment and
those individuals are becoming increasingly overweight. Alternatively, women may be
becoming more accepting of larger body sizes. These hypotheses are based on the Social
Comparison Theory.
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All of this has led to an increasing threshold for overweight.199 That is, the cut point or
reference value individuals use to decide whether or not they are overweight is
increasing. It has been hypothesized that the current rates of childhood obesity may
increase this threshold even further, resulting in further misclassifications of overweight
status among those who are overweight.199 While the Theory of Endogenous Weight
Norms and the hypotheses proposed by Neighbors et al201 are attractive explanations for
this change, other possible explanations cannot be ruled out. These include the influence
of the media and the effects of public health campaigns.199
Social Contagion of Obesity
It is evident that there is a relationship between exposure to overweight and risk of
weight status underestimation, and that this relationship may play a role in the further
propagation of overweight. This is supported by evidence suggesting that there is a
contagious component to the obesity epidemic. Blanchflower et al202 found that there is
evidence of a spread of obesity across European adults. Further, who someone compares
his or her weight to depends on his or her sociodemographic characteristics. For
example, those most highly educated compare themselves to others who are also highly
educated, a group of the population that tends to be thinner. Thus, individuals
demonstrate social comparison of their weight status to their peers. These comparisons
are based on relative measures of weight status rather than absolute measures.
Trogdon et al169 found similar results among American adolescents. There was a high
correlation between an individual’s weight and the mean weight of his or her peers, after
controlling for demographic characteristics, smoking, birth weight, and parental and
household characteristics. Adolescents whose parents have a high BMI are also more
likely to be overweight. Trogdon and colleagues169 hypothesize three mechanisms that
may lead to this contagious aspect of obesity. These are: (1) the direct effects of peers’
weight, ‘endogenous or causal effects;’ (2) characteristics of their peers other than their
weight, ‘exogenous or contextual effects;’ and (3) factors common to both the adolescent
and their peers, ‘correlated effects.’ Exogenous or contextual effects include
characteristics of a peer that influences that peer’s weight, which in turn affects an
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adolescent’s weight. Correlated effects are underlying factors that make an adolescent
and his or her peers similar, such as a school exercise policy. Females and those with the
highest BMI tend to be the most influenced by their peers, compared to males and those
with a lower BMI, respectively. The authors hypothesize that increasing comparisons
may similarly play an important role in the increasing prevalence of overweight among
adolescents.169
Younger high school students are more likely to be overweight if there is a high
prevalence of overweight among the senior students at their school.203 This effect
persisted when controlling for individual-level risk factors for overweight. However, this
study did not consider school-level predictors of overweight. It has also been shown that
the BMI of individuals in an adolescent’s peer group, particularly those of the same sex,
are important predictors of increased risk of overweight.204 Using techniques to adjust
for the bi-directionality of the relationship between peer and individual weight status, the
effect of overweight status on individual weight remained significant for females only.
This problem is exacerbated by the fact that overweight and obese adolescents are more
likely to perceive that the average weight of their peers is higher than it actually is.205
Adolescents overestimating the weight of their peers are more likely to underestimate
their own weight.205 As a result, these adolescents perceive the norm as being higher
than it actually is, and may in fact see themselves as having a weight that is similar to that
of their peers. These adolescents are consequently more likely to underestimate their
weight status.

1.3.4

Challenges in Comparing Studies of Weight Status
Underestimation

In addition to differences observed in estimates of weight status underestimation possibly
due to the context of the study (i.e. country of data collection), two main challenges exist
in comparing the results of these studies. Both relate to how actual weight status was
determined. The first challenge is the use of measured vs. self-reported height and
weight to calculate an individual’s body mass index (BMI). The second challenge is the
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lack of a consistent means of identifying whether or not a specific BMI is considered
overweight. These two issues are explained below in Sections 1.3.4.1 and 1.3.4.2 below.

1.3.4.1

Measured vs. Self-Reported Height and Weight

Estimates of the degree of weight status underestimation among adolescents vary greatly.
These differences may partly be explained by differences in the methodology used. In
particular, it is important to consider how actual weight status was determined (i.e. using
self-reported or measured height and weight). Brener et al11 provides a comparison of
estimates based on self-reported and measured height and weight: 57.5% underestimated
their weight status when compared to BMI based on self-reported height and weight;
76.4% of overweight adolescents underestimated their weight status when height and
weight were measured objectively. There was a similar degree of difference between the
two measures of BMI (self-report vs. measured height and weight) among obese
adolescents: 39.87% vs. 46.2%, respectively. The differences between self-reported and
measured height and weight were significant (p<0.0001), with the concordance between
self-reported height and weight with perception being higher (κ=0.17±0.02) than the
concordance between measured height and weight with perception (κ=0.09±0.02).

1.3.4.2

Definition of Overweight & Obesity in Adolescents

Body mass index (BMI) is commonly used to identify individuals who are overweight or
obese and is calculated by dividing weight by the square of height in metres (units:
kilograms per metre squared; kg/m2). It has been recommended as a screening tool for
overweight and is a good measure of body fatness in children and adolescents.206
Increasing BMI is predictive of increasing metabolic risk in youth125-128 and of disease
later in life.67,111 BMI is suggested for use when measuring the weight status of children
and adolescents in epidemiological studies207-211 and it is commonly used in surveys and
population-based studies when direct measures of body fatness are not feasible.3,212,213
The BMI at which a child or adolescent is determined to be overweight or obese depends
on their age and sex. BMI follows a J-shaped curve, with young children declining in
BMI after birth, followed by adiposity rebound around six years of age. The curve levels
out during the late teenage years and differs slightly for males and females.214-216 These
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growth curves are then used to determine which children and adolescents are overweight
or obese. However, several growth curves have been created and there is no widely
adopted growth chart for school-aged children and adolescents. Instead, several sets of
age- and sex-specific growth charts and reference values have recently been developed;
these include international charts (i.e. those published by the World Health
Organization216 and the International Obesity Task Force215) and country-specific charts
such as the one published by the US Centers for Disease Control and Prevention.214
There are no growth charts created specifically for Canadian children and adolescents.
World Health Organization
The World Health Organization (WHO) growth curves (for children aged 5-19) are a recreation of the 1977 NCHS/WHO growth curves using the same measured height and
weight data as the original growth curves.216 Only American data were used in growth
curve creation because international datasets varied in the study methodology used and
the quality of the data. Improved statistical techniques were used with the data that had
been collected for the previous growth curves. The purpose in creating these growth
curves was to create a single growth curve that could be used from birth to adulthood,
building on a previously created growth standard for children from birth to 5 years of age.
The goal of this growth reference was to establish a conservative definition of overweight
and obesity, since the association between elevated BMI and health risks is not well
established in the adolescent population.217
The WHO growth reference defines overweight as having a BMI one standard deviation
above the mean for age and sex and obesity as more than two standard deviations above
the mean. In 19 year olds, one standard deviation above the mean corresponds to a BMI
of 25.4 kg/m2 in males and 25.0 kg/m2 in females. A BMI of 29.7 kg/m2 is two standard
deviations above the mean in 19-year-old males and females. These values are similar to
the cut points recommended for adult overweight and obesity of 25 kg/m2 and 30 kg/m2,
respectively.
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International Obesity Task Force
The International Obesity Task Force (IOTF) provides reference values for overweight
and obesity for children and adolescents aged 2 to 18. Nationally representative crosssectional surveys from six countries (Brazil, 1989; Great Britain, 1978-1993; Hong Kong,
1993; the Netherlands, 1980; Singapore, 1993; and the United States, 1963-1980) were
used in the calculation of these reference values.215 The percentile corresponding to the
adult cut-points of 25 and 30 kg/m2 for overweight and obesity at age 18, respectively,
were determined for each data set. These percentiles were extrapolated across the span of
ages included in the dataset. The percentiles defining overweight and obesity in each
dataset were then averaged to obtain the percentiles for the international population. This
was possible because of the similarities in the shape of the percentile curves representing
25 kg/m2 and 30 kg/m2 in each of the data sets. The techniques used in the construction
of this growth curve minimized national variations in the prevalence of overweight. The
IOTF definition is better at predicting overweight than obesity.215 The IOTF growth
reference is limited in that it only provides a categorical measure of adolescent
overweight and obesity. That is, after applying these criteria, an individual is either
overweight, obese, or neither overweight nor obese.
US Centers for Disease Control and Prevention
The US Center for Disease Control and Prevention (CDC) revised their growth charts for
children and adolescents aged 2 to 20 years of age in 2000.214 These growth charts are
based on data from five American cross-sectional health surveys that took place from
1963 through 1994. The samples in each survey were representative of the American
population. Those over the age of 72 months were excluded from the most recent survey
to ensure that the growth references were not influenced by the increasing prevalence of
overweight and obesity among American children and adolescents. Children and
adolescents between the 85th and 94th percentiles for their age and sex are overweight;
those above the 95th percentile are obese. In addition, the CDC growth curves allow for
the calculation of a continuous measure of weight status, specifically BMI z-scores.
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Comparison of Definitions
The prevalence of overweight and obesity in Canadian children and adolescents varies
substantially depending on which of the three above growth references is used.218 The
differences are largely a consequence of the different methodologies used in the
construction of each of these growth curves. This includes (1) the different samples used;
(2) the statistical techniques used in the growth curve construction; and (3) the selection
of the reference value used to define overweight and obesity.
The prevalence of overweight and obesity among Canadians aged 12 to 17 in 2004
ranged from 28.0% (CDC) to 33.2% (WHO), depending on which growth reference was
used.218 The differences among the definitions is most pronounced for males aged 2 to 5,
with a difference of 18 percentage points being observed in the prevalence of overweight
between the WHO and IOTF definitions. The prevalence of obesity is similar across all
definitions. Among adolescents, the prevalence of obesity ranged from 9.4% (IOTF) to
12.4% (WHO). These prevalence estimates were nearly identical when comparing WHO
and CDC definitions (12.4% vs. 12.1%, respectively).
The recommendations for which growth reference to use in the Canadian context are
constantly evolving. In 2004, Canadian guidelines recommended that the growth of
individual children be monitored using the CDC references, while the IOTF references be
used for epidemiological purposes.207,219 These recommendations have been mirrored in
the United States.212 These guidelines were reinforced in 2010 in a study that compared
the prevalence of overweight and obesity among Canadian children and youth across all
three growth curves.218 However, also in 2010, an updated version of the 2004 guidelines
was published, now recommending that the WHO guidelines be used to monitor child
and adolescent growth.220

1.3.5

Predictors of Weight Status Underestimation among
Adolescents

Since weight status underestimation is such a common problem among overweight
adolescents, there has been a recent push for increased research in this area. In particular,
identifying influential factors for weight status perception is of increasing importance.4
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Included in this review are the effects of sex, severity of overweight, age, ethnicity, and
exposure to overweight. Despite socioeconomic status playing an important role in
increasing the risk of being overweight, there appears to be no association between
socioeconomic status and weight status underestimation.12,44,51,57,221

1.3.5.1

Individual Characteristics

Sex
Studies examining the accuracy of weight status perception among overweight
adolescents consistently find significant sex differences, with overweight male
adolescents being significantly less likely to recognize that they are overweight status
than their female counterparts.4,8,10-12,14-16,18,19,21,22,24,26,28,30,33,38,40,43,45-47,4952,56,57,64,195,196,221,222

This likely results from greater cultural desires for thinness among

females, as well as differing muscle to fat ratios for females and males.223 Although not
statistically significant, the last decade has seen slight increases in the proportion of
overweight males who accurately recognize that they are overweight.22,34 While Foti and
Lowry22 observed a slight decline in overweight perception among overweight females,
Neumark-Sztainer et al34 found a significant increase in the accurate perceptions of
overweight among overweight female adolescents.
Severity of Overweight
Obese adolescents are more likely than overweight adolescents to accurately perceive
that they are overweight; however, there is still a large disconnect between actual and
perceived weight status among those who are overweight.4,6,9,11,16,20,33,35,39,40,50-52,195
Further, as an adolescent’s BMI or BMI z-score increases, they become less likely to
underestimate their weight status.57,64,65,221 However, Viner et al51 found that increasing
BMI z-score was associated with decreasing accuracy in males but increasing accuracy in
females; it is important to note that this study included individuals ranging from
underweight to obese. The same relationship between weight status underestimation and
BMI z-score may not be observed when only those who are overweight and obese are
included.
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Age
The relationship between weight status underestimation and age (or alternatively pubertal
status) is not clear. Some studies have found that there is no relationship between these
two variables,12,222 while others have found a significant association.27,40,57,64,195 Those
who have found an association suggest that increasing age is associated with increased
risk of underestimating one’s weight status.40,57,64 Skinner et al45 found that adolescents
between the ages of 13 and 16 are the most accurate in their perceptions of their weight
status, when compared to those less than 13 years of age and those more than 16 years of
age. The effect of age on weight status underestimation may be different for males and
females: younger males are less likely to underestimate their weight status than younger
females, while older males are more likely to underestimate their weight status than older
females.27,195
Ethnicity
There has been no previous research examining the relationship between ethnicity and
weight status underestimation among Canadian adolescents. Within the Canadian
context, only one study has assessed the relationship between ethnicity and body image.
This study found that Aboriginal adults selected a larger body size to represent their ideal
weight than did non-Aboriginal adults.224
In the United States, significant differences in weight status underestimation among
overweight and obese adolescents exist across ethnic groups. Black adolescents are
consistently more likely to underestimate their weight status than White
adolescents.5,11,16,18,22,33,58,221 The differences in weight status underestimation across
other ethnic groups are not as clear. Some studies have suggested that Hispanic
adolescents are less likely to underestimate their weight status than Black adolescents,
but more likely than White adolescents.5,11 Other studies have either found that there are
no differences between Hispanic adolescents and those of other ethnic groups or that
these differences exist only in certain subpopulations of adolescents. For example,
several studies demonstrate that levels of weight status underestimation are similar
among Black and Hispanic adolescents.16,18,221 In contrast, Foti and Lowry22 found that
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levels of weight status underestimation among Hispanic female adolescents was higher
than among White female adolescents; the same was not observed among males. In
addition, levels of weight status underestimation are higher among Asian American
adolescents than among White adolescents.33 This contrasts with a study comparing
adolescents in the United States to adolescents in China, finding that levels of weight
status underestimation were substantially lower among Chinese adolescents than
American adolescents.60 Female American Indian/Native American adolescents are more
likely to underestimate their weight status than female Hispanic adolescents.58
Among adolescents in the Netherlands, those who are of non-Dutch descent were more
likely to underestimate their weight status than those who were of Dutch descent.12 In
contrast, there were no differences in weight status underestimation comparing those who
were born in the United Kingdom to those who immigrated there.51 American-born male
adolescents were more likely to underestimate their weight status than were immigrants
to the United states.221 Among New Zealand adolescents, those of East Asian descent
were the least likely to underestimate their weight status; Europeans and South Asians
were the next least likely; Pacific Islanders were the most likely to underestimate their
weight status.17 Similar ethnic differences are found in the United States and the United
Kingdom with regard to weight status underestimation: Black British adolescents were
less likely to accurately perceive that they were overweight, when compared to White and
Asian adolescents.46,51 No differences were found comparing weight perceptions in
Black Jamaican adolescents with Jamaican adolescents of other ethnicities.222
However, since these studies have been conducted outside Canada, their results cannot be
extrapolated to Canadian adolescents. These ethnic differences may result from different
cultures placing different meanings on body size.11

1.3.5.2

Community Characteristics

Weight Status of Community-Based Reference Groups: Exposure to Overweight
Adolescents and their behaviours are influenced by an array of sources and the exposures
that these sources provide. . This includes exposures found within the home (i.e. the
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weight status of parents or siblings), as well as from schoolmates and peers, the
community in which an adolescent lives, and the media. Each of these spheres may have
a unique effect on adolescents. Previous literature has focused both on the role of
overweight among parents and schoolmates on weight status underestimation among
overweight adolescents.
Parental weight is an important predictor of weight status underestimation among
overweight and obese adolescents. Martin et al221 found that having two obese parents
was significantly associated with increased weight status underestimation. This was
significant when males and females were combined, and in males alone, but not in the
model that included only females. Similarly, having only an obese mother was a
significant predictor of underestimation in the full sample and in males only. It is
important to note that the effect of maternal obesity was not a significant predictor of
weight status underestimation when an interaction between sex and BMI was included in
the model. Paternal obesity was not significantly associated with weight status
underestimation in either males or females. Similarly, Strauss65 found that paternal
weight did not influence perception of overweight, controlling for actual weight. In
contrast, adolescents with thin mothers were more likely to consider themselves as
overweight controlling for actual weight status—an effect likely mediated by pressure to
lose weight.65 It is not only parents’ actual weight that influences weight status
perception among adolescents. When parents underestimate their child’s weight status,
that child is also more likely to underestimate their weight status when compared to an
adolescent whose parents accurately perceive that their child is overweight.45
Peers are considered to be a very important comparison group for adolescents in their
perceptions of their own attractiveness—peers are more important than models and
celebrities.225 In addition, peers have been identified as being an important source of
information about one’s weight; adolescents frequently base their opinions of what
defines healthy weight by comparing themselves to their peers.226 Peers are also
influential in determining whether or not an adolescent engages in weight-related
behaviours, including exercise, sports, and fast food consumption, after adjustment for
school-level effects.227
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In a study of Quebec adolescents, Maximova et al195 found that increased parental and
schoolmate BMI were both independent predictors of decreased accuracy of weight status
estimation. The magnitude of the effect of schoolmate BMI on accuracy of perceived
weight status was stronger than the effect of parental BMI. Parental BMI was not a
significant predictor of underestimation among 13-year-olds, suggesting that adolescents
of this age rely heavily on their peers for comparisons of their weight.195 However, these
results were not stratified by sex, so the different effects of social comparisons on
underestimation in males and females could not be ascertained. As the prevalence of
overweight continues to increase, adolescents appear to becoming more desensitized to
overweight.226
It is interesting to note that studies based on samples with a high prevalence of
overweight tend have higher rates of weight status underestimation among overweight
adolescents than do studies with a lower prevalence of overweight. This supports
evidence suggesting that adolescents exposed to higher amounts of overweight and
obesity in their homes and at school tend to underestimate their weight status more
often.195,221 Brener et al11 examined weight status underestimation in a sample of
American adolescents. Their sample had a higher prevalence of overweight and obesity
than the general American population and very high levels of weight status
underestimation were observed. In contrast, studies that have a lower prevalence of
overweight tend to have lower estimates of weight status underestimation among
overweight adolescents. For example, Brug et al12 examined weight status
underestimation among Dutch adolescents between the ages of 13 and 19. The
prevalence of overweight in this sample was 6%, with 1.5% of these overweight
adolescents underestimating their weight status.

1.4 Summary
With almost 1 in 3 Canadian adolescents being either overweight or obese, it is important
that efforts made to address this epidemic be effective. This is especially true because,
left untreated, these adolescents face significant health risks down the road, including
being at increased risk of developing cardiovascular disease and type II diabetes.
However, these adolescents also tend to have poorer psychosocial well-being than those
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who do not recognize that they are overweight. Weight status underestimation represents
an important area of focus for future strategies aimed at decreasing overweight and
obesity among Canadian adolescents but the approach taken must be on that balances the
positive effects of underestimation on mental health with the negative effects on physical
health. Adolescents who accurately recognize that they are overweight are more likely to
engage in weight management behaviours than those who underestimate their weight
status. Since these adolescents do not engage in healthy weight-related behaviours, they
may be more likely to develop obesity-related comorbidities than those who accurately
recognize that they are overweight.

Future approaches to the obesity epidemic need to

focus on weight status underestimation.
This thesis begins to address weight status underestimation in a Canadian context.
Specifically, it focuses on understanding how common weight status underestimation is
among adolescents and if the proportion of overweight adolescents that underestimate
their weight status has changed over the past decade. It also examines characteristics of
adolescents who underestimate their weight status and the influence of exposure to
overweight as a predictor of weight status underestimation. The objectives are further
elaborated on in Chapter 2.
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Chapter 2

2

Objectives & Hypotheses
2.1

Objectives

There are three main objectives for this thesis. Firstly, this thesis aims to examine the
magnitude of weight status underestimation among overweight and obese Canadian
adolescents and whether or not the levels of weight status underestimation have changed
across time. The second objective is to examine the role of individual-level
characteristics (i.e. severity of overweight, age, and ethnicity) on weight status
underestimation and whether the effects of these characteristics are different for males
and females. Thirdly, this thesis explores differences in weight status underestimation
across communities and the role of the prevalence of overweight in these communities
plays in accounting for any variation across communities. These objectives are explicitly
stated below:
Objective 1
(a) Assess the magnitude of weight status underestimation among overweight
adolescents in Canada between 2001 and 2010, separately for males and females;
(b) Examine the time trend in weight status underestimation for overweight
adolescents from 2001 to 2010 among all adolescents and separately for males
and females
Objective 2
(a) Assess if individual-level characteristics, including age, severity of overweight,
and ethnicity, play a role in predicting the weight status underestimation among
overweight adolescents;
(b) Assess if the effects of the above characteristics on weight status underestimation
are different for males and females;
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Objective 3
(a) Assess the variation in weight status underestimation among overweight and
obese adolescents across communities;
(b) Examine if the prevalence of overweight in an adolescent’s community (i.e.
exposure to overweight) explains the variation in weight status underestimation
identified in sub-objective (a).

2.2

Hypotheses

Objective 1
Based on similar studies of adolescents outside Canada, it is expected that more than 20%
of overweight and obese adolescents will underestimate their weight status. Weight
status underestimation is expected to be more prevalent among males than females. In
terms of the trend across time, it is expected that the levels of weight status
underestimation will remain relatively stable from 2001 to 2010 for both males and
females.
Objective 2
Severity of Overweight: It is hypothesized that As the severity of overweight increases,
adolescents are more likely to underestimate their weight status. It is expected that the
effect of severity of overweight on weight status underestimation will be similar in males
and females.
Age: It is expected that the relationship between age and weight status underestimation
will be different for males and females. Specifically, based on previous literature, it is
hypothesized that, among young adolescents, females will be more likely to
underestimate their weight status than males. The reverse is expected for older
adolescents; specifically, in this age group, males are expected to underestimate their
weight status more often than females.
Ethnicity: No previous studies have examined the relationship between ethnicity and
weight status underestimation in a Canadian context. This objective explores the
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differences across ethnic groups in Canada. It is expected that the overall effect of
ethnicity on weight status underestimation will be significant. The effects of ethnicity are
expected to be similar for males and females.
Objective 3
Significant variation in weight status underestimation among overweight and obese
adolescents across communities is expected and that exposure to overweight will be an
important predictor of this variation across communities.
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Chapter 3

3

Methods

This chapter begins with an overview of the data used in this thesis (Section 3.1),
followed by the measures used in the analysis (Section 3.2), and an introduction to
multilevel logistic regression (Section 3.3). The specific details of the analysis completed
are provided in Section 3.4 and additional statistical considerations, including the
software used, missing data, survey weights, and the role of interview mode in the
analysis, is provided in Section 3.5.

3.1

Data Source

The objectives of this thesis were accomplished by conducting a secondary analysis of
the Canadian Community Health Survey (CCHS). The CCHS is a population-based
cross-sectional survey conducted by Statistics Canada and designed to gather information
from Canadians on their health and its determinants, as well as their use of the health care
system. The CCHS was conducted biennially from 2001 through 2005, with more than
130,000 Canadians surveyed during each wave. Starting in 2007, there were substantial
changes to the methodology of the CCHS. Instead of collecting data biennially, data
collection occurred on an ongoing basis. The total sample size was kept constant across a
span of two years (i.e. 2007-2008), with half being collected in each year. Despite these
changes, a sample size of at least 130,000 was maintained every two years. The data
collected since 2007 are available either as an annual component (file consists of all data
collected over one year) or as a combination of two years (i.e. 2007-2008). More detailed
information about the CCHS is provided in publicly available documentation from
Statistics Canada.228 All CCHS data from 2001 through 2010 were used in the present
study. An indicator variable for the year in which data were collected was computed (see
Section 3.2.5 below). Files were then combined to create one dataset for analysis.

3.1.1

Content of the CCHS

The content of the CCHS specifically reflects the role of this survey as a tool to gain
information about the health and health care utilization patterns of Canadians. To
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accomplish this task, the CCHS included three components: (1) common content; (2)
optional content; and (3) theme content. The common content included demographic
characteristics, height and weight, general health, health care utilization, and other basic
health information. This portion of the questionnaire was asked to all respondents in
each survey cycle. Optional content was selected for each survey wave by health regions.
Possible topics for the optional content included drug use, several mental health scales,
and changes made to improve health. Lastly, each wave of the CCHS had specified
theme content. Questions pertaining to the selected theme were asked to participants
across the country. These modules were typically selected from among the optional
content. There was a rotation of CCHS themes across cycles to allow for comparisons
from previous cycles. This project focuses specifically on survey questions related to the
weight of adolescents and their demographic characteristics.

3.1.2

Sampling Design

The target population of the CCHS was non-institutionalized Canadians, 12 years of age
and older, residing in each of the ten provinces and the three territories. The sample
population excluded those living on Indian Reserves and Crown Lands, institutionalized
individuals, full-time members of the Canadian Forces, and individuals living in remote
areas. Approximately 2% of the Canadian population was missed as a result of these
exclusions.
For the purposes of sample allocation, each province was broken down into several health
regions; each territory represents a single health region. The health regions typically
corresponded to local public health units or health authorities. A multistage approach
was taken to sample allocation. The goal of this sample allocation was to ensure that
reliable estimates could be obtained for each health region. The first stage of the
sampling strategy ensured a minimum of 500 respondents in each provincial health
region. The second stage of the sampling design distributed the remainder of the 130,000
respondents across health regions proportional to their population. The technique used
for sample allocation in the three territories was slightly different. It was pre-determined
that the Yukon and the Northwest Territories would each have a sample of 600, while
Nunavut would have a sample of 350.
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Statistics Canada used three complementary sampling frames to obtain a representative
sample of the Canadian population. Half of the sample was selected using an area
frame—or list of dwellings—based on the sampling frame developed for the Canadian
Labour Force Survey. This area frame was obtained using a multistage stratified cluster
design to ensure the sample was representative of all geographic regions and
socioeconomic strata. Another half was selected from a list frame of telephone numbers,
obtained from the Canada Phone directory. Telephone numbers were matched with
postal codes and then assigned to their corresponding health region. Random sampling
techniques were then used to obtain the required number of telephone numbers in each
health region. A small percentage (1%) of the sample was selected using random digit
dialling to account for unlisted telephone numbers.
Data were collected using computer-assisted interviewing techniques (CAI). Those
sampled by an area frame were interviewed either in person (computer assisted personal
interviewing, CAPI) or by telephone (computer assisted telephone interviewing, CATI).
Individuals sampled from either the list of telephone numbers or random digit dialling
were interviewed by telephone (CATI). The proportion of the population interviewed
using either mode varied across time and geography. The effect of these differences in
interview mode across time was taken into account during the data analysis; details are
provided in Section 3.5.4 below.

3.1.3

Study Population

The analysis for this project was based on CCHS data collected in 2001 (cycle 1.1), 2003
(cycle 2.1), 2005 (cycle 3.1), 2007, 2008, 2009, and 2010. The total sample size and
response rates for each survey cycle are provided in Table 1. All analyses were
conducted on adolescents between the ages of 12 and 18. Adolescents who were
pregnant at the time of the survey or those who had assistance in completing the survey
(i.e. responded via proxy) were excluded from the analysis. Substantial physiological
changes occur during pregnancy. As a result, pregnancy is of important consideration
when assessing data for an individual’s health, including their weight, and consequently
their body mass index (BMI). Since BMI does not maintain its usual interpretation in
pregnant women, no accurate measure of weight status in pregnant adolescent females
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was available, resulting in their exclusion from the analysis. Individuals reporting by
proxy were also excluded since an accurate estimate of an individual’s perceived weight
status cannot be obtained when someone else is answering on their behalf. The final
sample consisted of all adolescents who were either overweight or obese, as defined
below.

Table 1. Sample size and response rates by year for the Canadian Community Health Survey (CCHS)
2001

2003

2005

Survey Year
2007
2008

2009

2010

Sample Size (N)
Total
131,535 135,573 132,947
65,946
66,013
61,679
63,191
Adolescents only (aged 12-18)
15,419
16,610
14,424
6,220
6,737
6,474
6,422
Overweight & obese adolescents (aged 12-18)
2,189
2,653
2,375
973
1,068
1,126
1,068
Response Rates (%)
Overall
84.7
80.7
79.0
77.6
75.2
73.2
71.5
By health region
76.2-92.3 71.6-89.1 68.3-87.1 66.3-87.6 66.1-86.3 62.5-84.7 61.7-84.8
Note: Sample sizes are calculated using rescaled sampling weights provided by Statistics Canada (See Section 3.5.3).
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Defining Overweight in Adolescents
Several tools can be used to measure adolescent overweight, including methods that are
based on the level and distribution of fat in an individual, such as hydrodensitometry,
dual-energy x-ray absorptiometry, bioelectrical impedance analysis, and anthropometric
indices such as skinfold measurements and waist circumference. However, use of these
measures is not always feasible, particularly in large national surveys such as the CCHS.
Instead, the CCHS used body mass index (BMI) to identify individuals who were
overweight. BMI is defined as the ratio of weight to squared height (units: kilograms per
metre squared; kg/m2). Values for height and weight were obtained by asking
adolescents to report their height (without shoes on) and weight.
The exact BMI at which an adolescent is considered to be overweight or obese depends
on their age and sex. Growth curves created by the United States Centers for Disease
Control and Prevention (CDC) were used to (1) identify which adolescents were
overweight and obese and (2) compute BMI z-scores.214 The CDC growth curves were
chosen over other growth references (i.e. the IOTF or WHO growth references) because
they best reflected Canadian recommendations at the time of data collection.219
Consequently, if comparing their weight to objective standards, adolescents may have
been more likely to compare their weight to the CDC growth curves than other objective
criteria. Individuals above the 85th percentile for their age and sex were considered
overweight, while those above the 95th percentile were considered obese. Only those
defined as either overweight or obese were included in the analysis. BMI z-score was
used to measure severity of overweight and is described in Section 3.2.2 below.
BMI percentiles and z-scores were calculated using a SAS program available from the
CDC website.229 This program uses adolescents’ self-reported height and weight, as well
as their age in months, to calculate their BMI z-score. Since the age provided as part of
the CCHS is in years, a more exact measure of age was calculated by taking the
difference between date of interview and date of birth. Missing month of birth was
assigned a value of 7 (July); 4.0% of all adolescents had missing data for their month of
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birth. For respondents with missing day of birth, a value of 1 was assigned; this was the
case for 4.2% of all adolescents.
In addition, the SAS program provided by the CDC flagged extreme (i.e. biologically
implausible) values for height, weight, and BMI.229 Individuals whose self-reported
height, weight, and BMI exceeded these extreme values were excluded from the analysis.
This included individuals with: (1) a height-for-age z-score of less than -5 or greater than
3; (2) a weight-for-age z-score of less than -5 or greater than 5; and (3) a weight-forheight z-score of less than -4 or greater than 5.229 These extreme values are typically the
result of measurement or other administrative errors and were based on criteria proposed
by the World Health Organization and used in the growth charts published by NCHS and
WHO in 1977.229
Adolescents with missing data for height and weight were also excluded from the
analysis since the weight status of these individuals could not be identified.
Consequently, it could not be determined if these adolescents met the inclusion criteria of
being either overweight or obese. A total of 7.5% of adolescents were excluded from the
analysis either because of missing data for height and/or weight, or because their selfreported values were considered extreme.

3.2

Measurement Instruments

This project aimed to estimate the effects of sex, age, severity of overweight, ethnicity,
time, and exposure to overweight in the community on weight status underestimation
among overweight and obese Canadian adolescents. How each of these constructs is
measured and how they were used in the statistical model is explained below. A
complete list of CCHS variables used in the analysis is provided in Appendix B.

3.2.1

Perceived Weight Status

Perceived weight status was measured with the following survey question, “Do you
consider yourself: overweight, underweight, or just about right?” This question was
included in all cycles of the CCHS. A similar measure, including five possible responses,
for perceived weight status had a test-retest reliability score of r=0.69.230
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3.2.2

Severity of Overweight

Severity of overweight is measured using BMI z-score (based on age and sex). A
description on how BMI z-score is calculated is provided in Section 3.1.3 above. A
quadratic variable for BMI z-score was computed by squaring the above variable. All
regression models centred both the linear and quadratic indicators for severity of
overweight to improve the interpretability of the intercept in the model.

3.2.3

Age

The CCHS provided a measure of the age of respondents in years. This variable was a
derived variable calculated by taking the difference between the date of interview and
date of birth. This value for age was confirmed with the respondent during the interview.
A quadratic variable for age was computed by squaring the above variable. All
regression models centred the indicator for age to improve the interpretability of the
intercept in the model.

3.2.4

Ethnicity

The measure of ethnicity used was based on the question in the CCHS asking respondents
about their cultural/racial background. Specifically, they were asked:
“People living in Canada come from many different cultural and racial
backgrounds. Are you: White, Chinese, South Asian, Black, Filipino, Latin
American, South East Asian, Arab, West Asian, Japanese, Korean?”
Prior to June 2005, Aboriginal Peoples of North America was a potential response option
in the question stated above. After June 2005, a separate variable was used to identify
participants of Aboriginal descent, based on the question: “Are you an Aboriginal person
that is North American, Indian, Métis, or Inuit?” After these changes were made,
respondents identifying as Aboriginal were not asked if they belonged to any other racial
groups. Those who reported belonging to multiple racial groups were grouped as
belonging to those of mixed cultural background. The above responses were grouped as
follows: White, Asian (combination of the Chinese, South Asian, Filipino, South East
Asian, Arab, West Asian, Japanese, and Korean categories), Black, Latin American,
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Aboriginal, other, and mixed cultural background. Dummy variables were created for
each ethnic group. An additional dummy variable was created for those with missing
data on ethnicity. This included individuals who refuse to answer and those who did not
know their cultural/racial background.

3.2.5

Time

A discrete variable was created to reflect the timing of data collection. This variable took
on seven values, and was coded as follows: 0, 2001; 2, 2003; 4, 2005; 6, 2007; 7, 2008; 8,
2009; 9, 2010. A quadratic variable for time was computed by squaring the above
variable.

3.2.6

Weight Status of Community-Based Reference Groups:
Exposure to Overweight

There are several spheres of influence of adolescents. Previous literature has suggested
that both peer and parental overweight are important sources of comparison for
overweight.65,195,221,225,226 This present study expands on what has already been
established with regards to adolescents’ weight-based comparisons. In particular, this
study examines weight status underestimation among all individuals living in an
adolescent’s community. It is expected that individuals compare their weight to others in
their community when forming perceptions of their own weight. However, it is not
known who comprises the reference population within this community for this
comparison. For example, adolescents’ perceptions of their weight may be differently
influenced by the weight of individuals within different reference populations, including
both age- and sex-specific reference populations. It is, consequently, important to
identify what this reference population is in order to better understand what adolescents
base their perceptions of their weight on. For the purpose of this project, several
reference populations were explored. These included: (1) all individuals over the age of
12 within a community; (2) all individuals of the same sex as the respondent and of all
ages in a community; (3) all individuals between the ages of 12 and 18 in a community;
and (4) individuals between the ages of 12 and 18 and of the same sex as the respondent
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in a community. The effect of sex-specific reference populations were examined only for
adolescents of that sex.
The effect of exposure to overweight was examined using the prevalence of overweight
within each of the reference groups identified above. Among those 19 years of age and
older, those with a BMI greater than 25 kg/m2 were classified as overweight.
Adolescents (aged 12 to 18) were overweight if their BMI exceeded the 85th percentile
for their age and sex. Individuals with missing data for height and weight did not
contribute to the prevalence of overweight in their respective community.
There is no clear or well-established geographic reference community for defining an
adolescent’s exposure to overweight. Previous studies have focused only on classmate
and/or parental BMI as a source of exposure to overweight. This study expanded on
these conceptualizations by exploring two different operationalizations of community:
health regions and census subdivisions (CSDs). While neither is perfect given the CCHS
survey design, each has its own unique set of strengths and weaknesses. Since each
operationalization has strengths that outweigh the limitations of the other, the role of
identifying the heterogeneity across communities was examined.
Health Regions
The majority of health regions correspond to local public health units. Consequently, the
use of health regions enhances the applicability of the findings to public health care
providers. Public health strategies are often based at the level of individual health units.
Incorporating the findings of this study to population-based strategies aimed at adolescent
obesity is an important outcome for this project.
A second strength of using health regions to define community involves the ability to
make stable population estimates at the health region level. Since the CCHS was
designed to provide estimates of population-level parameters at the level of individual
health regions, this ensures that accurate, stable estimates of aggregate variables could be
obtained.
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The use of health regions, however, was not without significant limitations. The number
of health regions included in each cycle of the CCHS ranged from 121 to 136. Over the
course of the survey waves included in the analysis, the boundaries of some health
regions changed for administrative purposes. To ensure comparability of health regions
across time, modifications were made to those health regions with substantial boundary
changes. This included considerable changes to health regions in the provinces of
Alberta, British Columbia, and Prince Edward Island. As an example of such a
modification, all health regions in Prince Edward Island were grouped into one provincial
health region, since the number of health regions in the province changed from 2 to 4,
then to 3. Each of these changes resulted in substantial changes to the boundaries of the
province’s health regions. The modifications made to all health regions are outlined in
Appendix C. The final number of health regions included in the analysis was 109. These
combined health regions may be heterogeneous and mask potential differences across
communities. In addition, some individual health regions covered a large geographic
area. As an example, each territory corresponded to its own health region.
Census Subdivisions
CSDs were the second operationalization of community used in this thesis. CSDs
corresponded to municipalities or other geographic region considered equivalent by
Statistics Canada. The use of these geographic areas to define one’s reference
community addresses the key limitations associated with the use of health regions to
define community, in particular, the heterogeneity of these regions. Specifically, CSDs
are smaller in nature, resulting in more homogeneous communities.
However, the use of CSDs is also not without important limitation. Because CSDs are
smaller geographic areas than health regions, the number of respondents in a CSD is
much smaller than the sample size of a health region. As a result, which CSDs are
represented in each wave of the survey is not consistent across time. Consequently, even
when cycles are pooled across years, the sample sizes in some CSDs remain small. Only
CSDs with at least two male and two female overweight adolescents were included to
ensure sufficient power for the multilevel analyses. This ensured that there were at least
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two respondents in each cluster since multilevel analyses were stratified by sex. This
resulted in the exclusion of 1856 of 2402 (77.3%) CSDs and 3603 of 12683 (28.4%)
overweight adolescents. It has been suggested that the number of clusters is more
important than the number of individuals per cluster in obtaining accurate estimates with
multilevel analysis.231 The use of singleton clusters (i.e. clusters with only one
individual) introduces bias. A sensitivity analysis of cluster size compared results
obtained using the sample described above with analysis excluding CSDs with fewer than
5 male and 5 female overweight adolescents (Appendix D). Including only those CSDs
with at least five adolescents of each sex resulted in the exclusion of 2221 of 2402
(92.5%) CSDs and 6,636 of 12,683 (50.0%) of overweight adolescents. Similar results
were observed for both cluster sizes. The use of CSDs with at least two male and two
female overweight adolescents ensured both a greater number of clusters and
respondents, as well as a greater representation of all CSDs in the CCHS.

3.3 Overview of Multilevel Logistic Regression
Multilevel regression analysis is a tool that is commonly used to assess the effect of
community-level covariates on an individual-level characteristic. It is also a statistical
technique that allows for the assessment of variation across communities. These
attributes of multilevel regression analysis made it an ideal tool to address the questions
raised in Objective 3. This section provides readers with an overview of multilevel
regression analysis with a particular focus on the use of multilevel techniques to binary
outcomes (i.e. multilevel logistic regression).
Multilevel regression accounts for clustering within the data since individuals within
clusters are correlated.232 That is, individuals within a cluster are more alike than
individuals from different clusters. Because individuals are not independent, the
independence of observations assumption of usual regression analyses is violated.
Multilevel analysis relaxes the assumption of fixed effects for covariates in the model by
allowing these effects to vary across clusters. This is done by allowing the intercept and
slopes of individual-level characteristics (i.e. age, BMI z-score, and ethnicity), as well as
the slope for time, to vary. When these effects are not allowed to vary (i.e. are fixed
effects), the model is similar to a usual regression model. The main difference is that
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multilevel analysis assumes non-independence of individuals within a given cluster and
adjusts the standard errors accordingly.
When these regression parameters are allowed to vary across clusters (i.e. are random
effects), unique regression equations are estimated for each cluster. The output of the
analysis provides an average value of these parameters, as well as the variance in these
parameters across clusters. Significant variation for a random intercept indicates that
different clusters have different baseline levels of the outcome of interest, controlling for
all individual-level covariates in the model. When the variation for a random slope is
significant, the rate of change across values of that dependent variable is different across
clusters. Random effects are obtained by adding additional regression equations to the
model. The outcome for each of these regression equations is the parameter from the
initial regression equation. When no cluster-level covariates are included in the model,
the added regression equations include an intercept and a term for the variation. Clusterlevel covariates are added to this equation to examine the effect of cluster-level
covariates on the variance across clusters. These cluster-level characteristics predict the
parameters in the individual-level model. That is, they are used to predict the intercept or
slope for a particular cluster. The general equation for a multilevel logistic regression
model is as follows:
Individual-level equation:

Cluster-level equation:

where

is the probability of the outcome
is the number of individual-level covariates
is the number of clusters
is the number of cluster-level covariates
is an individual-level covariate
is a cluster-level covariate
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is the random variation associated with person i (fixed to π2/3 for a logistic
model)
is the random variation associated with cluster j

3.3.1
3.3.1.1

Interpretation of Multilevel Logistic Regression Analyses
Measures of Association

Individual-Level Effects
It is important to note that the regression coefficients in a multilevel model do not
maintain their usual interpretations.233,234 After exponentiation, the individual-level
coefficients are odds ratios for within-cluster comparisons relative to the residual
variation.233 That is, an odds ratio maintains its usual interpretation provided the
comparison is made for two individuals in the same cluster.
Cluster-Level Effects: The Interval Odds Ratio
The cluster-level coefficients are, after exponentiation, also odds ratios; however, like
their individual-level counterparts, they cannot be interpreted as a typical odds ratio.234
Instead, they are considered to be odds ratios comparing individuals from clusters
differing on the value of the cluster-level variable, but having the same random effect
(unj).234 In other words, the estimate obtained is an average odds ratio. The interval odds
ratio (IOR) has been recommended as an alternative measure to quantify the effect of a
cluster-level covariate.233,235 The IOR provides an interval of odds ratios used to compare
individuals with different cluster-level covariates. The middle 80% of odds ratios are
represented in this interval. Although the initial choice of an 80% interval is somewhat
arbitrary (see Larsen et al235), the use of an 80% interval has been recommended233,234
and is being used with increasing frequency in the epidemiological literature.236-238
The IOR incorporates both the average regression coefficient and the variance of that
coefficient across clusters.233-235 This provides a statistic that allows for assessment of
the importance of that covariate in explaining the cluster-level variance. An interval
containing 1 indicates large cluster variability in relation to the magnitude of the effect of
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that cluster-level variable.233,234 An interval that does not include 1 reflects a large effect
of that cluster-level covariate in relation to residual variation across clusters.233,234 The
formula to calculate the IOR is as follows:

where

and

are the 10th and 90th percentile

of the standard normal distribution, respectively
is the average parameter (random-effect) from the regression equation
is the residual cluster-level variance of the parameter of interest ( )
Cluster-Level Effects: Proportional Change in Variance
The proportional change in variance (PCV) allows for an assessment of how much
variance is explained by introducing a cluster-level covariate into the multilevel
regression equation. It is important to note that, in the case of a binary outcome, only
models with identical individual-level regression equations can be compared. The
formula for the PCV is:

where

is the variance for crude model (i.e. the model without cluster-level
covariates)
is the variance of the model adjusted for cluster-level covariates

51

3.3.1.2

Measures of Variance

Intraclass Correlation Coefficient
In a multilevel linear regression analysis, the cluster-level variation can be easily
quantified by computing the intraclass correlation coefficient (ICC).232 The ICC is
calculated by dividing the cluster-level variance by the total variance (sum of the
individual-level variance and the cluster-level variance). However, for multilevel logistic
regression analysis, the two variances are on different scales: the individual-level
variance is on the probability scale, while the cluster-level variance is on the logistic
scale.232-234,239 To calculate the ICC for the logistic case, the individual-level variance is
fixed to the variance of the standard logistic distribution (2/3).232-234,239 The formula
for the ICC then becomes:

where

is the cluster-level variance

Median Odds Ratio
To ease interpretability of cluster-level variation, the median odds ratio (MOR) has been
recommended.233-235 This measure translates the cluster-level variance to an odds ratio
scale.233-235 The MOR is an odds ratio that compares two individuals with the same
individual-level characteristics but randomly chosen from different clusters. The MOR
then reflects the median odds ratio of all possible comparisons of identical individuals
from different clusters.233-235 The possible values for a MOR are greater than or equal to
1. A large MOR is indicative of large variation across clusters while a value of 1
indicates no variation across clusters. The MOR can be compared directly to odds ratios
for fixed effects. The formula to calculate the MOR is:
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is the 75th percentile of the cumulative distribution function

where

of the standard normal distribution.
is the residual cluster-level variance of the parameter of interest ( )

3.4
3.4.1

Statistical Analyses
Preliminary Analyses

The prevalence of overweight and obesity at each survey cycle was determined for all
adolescents (aged 12 to 18) and all Canadians over the age of 12. Descriptive statistics
were computed for all other key variables in the analysis, both for all adolescents and all
overweight adolescents. This includes the calculation of frequencies for categorical
variables (sex and ethnicity), and means and standard deviations for continuous variables
(age and BMI z-score). Sampling weights (see Section 3.5.1 below) were used to ensure
these estimates reflected the unequal probability of selection inherent in the design of the
CCHS.

3.4.2

Objective 1

The first objective examined the magnitude of weight status underestimation among
overweight adolescents and how this has changed between 2001 and 2010. The first half
of this objective was assessed by determining the frequency of weight status
underestimation among overweight adolescents for both the full sample (i.e. combining
males and females) and separately for males and females. This analysis was completed
separately for each survey year. The complex sampling design of the CCHS was taken
into consideration in the analysis by using sampling weights provided by Statistics
Canada (see Section 3.5.1 below).
The time trend (both linear and curvilinear) in weight status underestimation was
determined using logistic regression. The overall time trend, as well as the separate time
trend for males and females, was estimated. The derivation of the time variable is
explained in Section 3.2.5 above. Interview mode was controlled for to ensure that
observed results were not the result of the changes made regarding the mode of data
collection across the survey cycles, as described in Section 3.5.4 below. All regression
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models were computed using sampling weights, as described in Section 3.5.3 below, and
robust maximum likelihood estimation, as described in Section 3.5.1 below.

3.4.3

Objective 2

The second objective examined the effect of three individual-level factors on weight
status underestimation: (1) severity of overweight; (2) age; and, (3) ethnicity. This
objective also identified the differences in these effects for males and females. This was
achieved using logistic regression. To examine the differences in each of these effects
for males and females, regression models including a term for the interaction between the
main effect of interest and sex were computed. Following evidence of a significant
interaction between these two variables, models were stratified by sex. All models
controlled for the effect of interview mode and used sampling weights (see Section 3.5.1
below). Robust maximum likelihood estimation (see Section 3.5.1 below) was
employed.
The first set of regression models measured the effect of severity of overweight on weight
status underestimation by including BMI z-score (see Section 3.2.2 above) as the
covariate of interest. Both the linear and the quadratic effects of BMI z-score were
evaluated. The interaction between sex and BMI z-score was assessed to determine if the
relationship between weight status underestimation and severity of overweight was
different for males and females. The effect of severity of overweight, adjusted for the
effects of age and ethnicity, was also estimated.
The second set of regression models measured the effect of age on weight status
underestimation by including age (see Section 3.2.3 above) as the covariate of interest.
Both the linear and quadratic effects of age on the risk of weight status underestimation
were assessed. The interaction between sex and age was also assessed to determine if the
relationship between underestimation and age was different for male and female
adolescents. The effect of age, adjusted for the effects of severity of overweight and
ethnicity, was also assessed.
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The predicted probabilities of weight status underestimation were computed across a
range of BMI z-score values and ages. Predicted probabilities were computed from
logistic regression models using both the intercept and corresponding regression
coefficients by first calculating the logarithm of the odds, then converting this to odds by
exponentiating the result of the previous step. Odds were then transformed into
probabilities. Given the following equation for a logistic regression model, the formula
to compute the predicted probability of an event occurring for a given value of the
covariate of interest (i.e. the probability that an adolescent underestimates their weight
status at a given age) is:

These predicted probabilities were plotted separately for males and females.
The third set of regression models examined the effect of ethnicity on weight status
underestimation. These models included the dummy variables defined above (see
Section 3.2.4) to represent each of the ethnic groups under study. The interaction
between sex and ethnicity was assessed to determine if the relationship between weight
status underestimation and ethnicity was different for male and female adolescents. This
was modeled by including an interaction term between each of the dummy variables for
ethnicity and the dummy variable for sex. The overall effect of ethnicity on weight status
underestimation was determined by comparing nested models (i.e. models with and
without dummy variables for ethnicity); Section 3.5.1 below outlines the likelihood ratio
test used to compare these models. In addition, comparisons across different ethnic
groups were conducted by repeating regression models with different ethnic groups
serving as the reference for each model. This was done for the crude effect of ethnicity
(i.e. the model controlling only for the effect of interview mode) and the model
additionally adjusted for the effects of severity of overweight and age.
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3.4.4

Objective 3

The third objective examined the variation in weight status underestimation across
communities and explored the effect of the weight status of community-based reference
groups on variation in weight status underestimation across communities. Multilevel
logistic regression, described in Section 3.3 above, was used to address this objective.
The variation across communities was assessed by allowing the intercept in the multilevel
regression model to vary. The analysis was repeated using both operationalizations of
community (health regions and CSDs). Separate models were run for males and females.
To ensure variation across communities was not the consequence of differences in how
data were collected in different regions, the model testing for community-level variation
controlled for the effect of interview mode. The amount of variation in weight status
underestimation across clusters was assessed by both the significance of the cluster-level
variation and the MOR.
This objective also aimed to determine whether exposure to overweight explained any of
the identified variation in weight status underestimation across communities. The effect
of exposure to overweight in each of the different reference populations described above
on weight underestimation was examined. This was done by introducing the prevalence
of overweight in a reference population (i.e. CSD) to cluster-level equations for the
intercept of the individual-level model. Analyses were completed separately for males
and females and controlled for the effect of interview mode. The importance of exposure
to overweight on weight status underestimation in each reference population was
assessed using the IOR. The PCV was used to compare models with and without
exposure to overweight as a cluster-level predictor of weight status underestimation.

3.5
3.5.1

Additional Statistical Considerations
Software & Algorithms

Descriptive statistics were computed using SAS software.240 All regression analyses,
including the multilevel models, were computed using Mplus.241 Maximum likelihood
estimation with robust standard errors (MLR) was used for all regression models. The
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use of this estimation technique accounted for the complex survey design through the use
of sampling weights. This estimation technique computes standard errors using a
sandwich estimator. The chi-squared tests produced in these models are asymptotically
equivalent to the Yuan-Bentler T2* test statistic.241 Satorra and Bentler242 developed a
simple formula for a likelihood ratio test that can be computed using the both the
loglikelihood and the value of a scaling correction factor provided by Mplus.
Loglikelihood ratio tests were used to compare the effects of multiple regression
coefficients (i.e. for the effect of ethnicity) simultaneously. The first required step for
this test was to compute a new scaling factor, based on the scaling factors from the
models under the null and alternative hypotheses using the following formula:

where

is the number of parameters in the model specified under the null hypothesis
is the number of parameters in the model specified under the alternative
hypothesis
is the scale correction for the model specified under the null hypothesis
is the scale correction for the model specified under the alternative hypothesis

The new scale correction factor was then combined with the loglikelihood values for each
of the models being compare, using the following formula to get a chi-squared test
statistic:

where

is the loglikelihood for the model specified under the null hypothesis
is the loglikelihood for the model specified under the alternative hypothesis
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Mplus uses numerical integration techniques when estimating multilevel models.241
When compared to other estimation techniques for multilevel logistic regression (i.e.
quasi-likelihood), the precision of estimates is increased.232

3.5.2

Missing Data

Due to the nature of sample selection and the derivation of variables for the final model
(i.e. the use of a dummy variable for information on missing ethnicity), no eligible
respondents had missing data for any of the independent variables included in the
regression models. Less than 1% (n=45) of those in the final sample had missing data for
the outcome of interest. These individuals were excluded from the analysis.

3.5.3

Survey Weights

All analyses were computed using the sampling weights provided by Statistics Canada.
These weights reflected the complex nature of the sampling design used in the CCHS and
thus the unequal probabilities of selection, as well as non-response rates. Use of these
weights ensured that all estimates reflect the true estimates for the Canadian population.
Weights provided by Statistics Canada were designed to scale estimates to the population
level rather than the sample level. As a result, some software, including SAS, requires
that these weights be rescaled prior to analyses so the total weighted sample size is equal
to the actual sample size. Weights were rescaled by dividing an individual’s sampling
weight by the mean sampling weight for each cycle.
Descriptive statistics and variables aggregated only for adolescents were computed using
weights that had been rescaled for the adolescent sample only. That is, the weight
provided was divided by the mean weight for all adolescents. Descriptive statistics and
variables aggregated for all respondents were computed using weights that had been
rescaled for all respondents. That is, the sample weight provided was divided by the
mean weight for all respondents at each cycle. All survey weights were rescaled prior to
excluding ineligible respondents from the sample. All regression analyses (both logistic
and multilevel logistic) used the weights as provided by Statistics Canada, as Mplus does
not require that weights be rescaled.241
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3.5.4

Interview Mode

A mode study conducted as part of the CCHS (2003, Cycle 2.1) found that the accuracy
of reported height and weight varied significantly with interview mode among adults.243
The difference between self-reported and measured height and weight was greater for
those who were interviewed by telephone than those interviewed in person. The average
BMI of telephone respondents was significantly lower than the average BMI reported by
those interviewed in person. The authors of the mode study cited social desirability and
interviewer variability as reasons for the observed differences across interview modes.243
When being interviewed, respondents have a tendency to report in a way that is seen to
be more socially acceptable.244 The effects of social desirability bias are particularly
pronounced for interviews conducted in person. For example, reports of smoking tend to
be lower for in person interview than for either in a telephone interview or a web- or
paper-based questionnaire. Smoking is seen by many as a negative behavior and
responding in person limits the anonymity of the respondent, leading the respondent to
feel like their behavior is being judged by the interviewer. Overall, this leads to
decreased accuracy of reporting for in person interviews. The opposite is true with
regard to reporting of height and weight. When being interviewed in person, respondents
were more likely to accurately report their height and weight since the interviewer would
be better able to determine if their response was accurate than for respondents answering
by telephone.
Similarly, interviewer variability may also have been responsible for some of the
variation across interview modes.243 Canada is a very large and diverse country. To
complete interviews of 130,000 Canadians, a large number of interviewers would have
been required. These interviewers would also have been spread out over great
geographic distance, making continued interviewer training difficult. Differences also
may have existed between modes in the amount of deviation from the script across
modes.
The above study compared the effect of interview modes on responses for several healthrelated questions included in the CCHS. However, this comparison was made only for
those over the age of 18.243 Among overweight adolescent CCHS respondents, those
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interviewed by telephone were significantly more likely to underestimate their weight
status than those interviewed in person (RR 1.13, 95% CI 1.09-1.17). This was true for
both males (RR 1.09, 95% CI 1.05-1.13) and females (RR 1.17, 95% CI 1.09-1.25). The
average BMI z-score for overweight adolescents interviewed by telephone was 0.031
(95% CI 0.018, 0.045) standard deviation units lower than those who were interviewed in
person. Since the proportion of individuals interviewed by each mode varied across
survey cycles and geography, and it is associated with outcome, interview mode was
controlled for in all analyses. Individuals selected from the telephone frame were all
interviewed over the telephone, whereas those selected from the area frame could have
participated in either in-person or telephone interviews.
The coding for the interview mode variable in the CCHS identifies individuals who either
were (1) interviewed in person, (2) interviewed by telephone, and (3) mixed-mode
interviews. Very few individuals participated in mixed-mode interviews. Since these
individuals would likely first have been interviewed in person, these individuals are
grouped with those interviewed in person. A dummy variable for interview mode was
created so that interview by telephone was the reference group. This variable was
centred in all regression models, allowing all estimates to reflect the ‘average’ value for
interview mode. That is, parameter estimates (i.e. the intercept) reflect the overall
population instead of being specific to only those interviewed by telephone.
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Chapter 4

4

Results

This chapter begins with a discussion of the characteristics of the sample, including the
prevalence of overweight among adolescents (Section 4.1). This is followed by a
discussion of the magnitude of weight status underestimation among Canadian
adolescents (Section 4.2) and individual-level characteristics that are associated with the
likelihood of underestimating one’s weight status (Section 4.3). This chapter concludes
with a presentation of the results from the multilevel analysis, including assessment of
variation in weight status underestimation across health regions and CSDs and the role of
exposure to overweight in explaining variation in weight status underestimation across
communities (Section 4.4).

4.1

Sample Characteristics

Among the Canadian population aged 12 and older, 30.7% were overweight; 14.6%,
obese (Table 2). While the prevalence of overweight remained relatively stable between
2001 and 2010, there was a slight increase in the prevalence of obesity (from 14% to
16%). The chi-square test for differences across survey years was statistically significant
(p<0.001). Among those between the ages of 12 and 18, the overall prevalence of
overweight was 11.5%, with yearly prevalence estimates ranging from 10.8% (2007) to
12.6% (2009); see Table 2. The prevalence of obesity was 5.1% overall, with prevalence
estimates ranging from 4.8% (2009 and 2010) to 5.5% (2001). The chi-square test for
differences across survey years was statistically significant (p=0.0015). Overweight and
obese adolescents are together referred to as overweight for the remainder of this chapter.
The characteristics of all overweight adolescents are provided in Table 3.

Table 2. Prevalence of overweight and obesity among Canadians in the Canadian Community Health Survey (CCHS)
2001
2003
All Canadians aged 12 and over (p<0.001)
Normal weight
73,861
74,404
(56.2%)
(54.9%)
Overweight
39,793
42,220
(30.3%)
(31.1%)
Obese
17,881
18,949
(13.6%)
(14.0%)
Adolescents ( aged 12-18) only (p=0.0015)
Normal weight
12,816
13,846
(83.1%)
(83.4%)
Overweight
1763
1884
(11.4%)
(11.3%)
Obese
840
880
(5.5%)
(5.3%)

2005

Survey Year N (%)
2007
2008

2009

2010

Total

71,892
(54.1%)
41,671
(31.3%)
19384
(14.6%)

36,277
(55.0%)
19,874
(30.1%)
9795
(14.9%)

36,130
(54.7%)
19,858
(30.1%)
10,025
(15.2%)

33,318
(54.0%)
18,616
(30.2%)
9744
(15.8%)

33,655
(53.3%)
19,348
(30.6%)
10,189
(16.1%)

359,537
(54.7%)
201,379
(30.7%)
95,968
(14.6%)

11.983
(83.1%)
1661
(11.5%)
780
(5.4%)

5247
(84.4%)
669
(10.8%)
304
(4.9%)

5669
(84.2%)
777
(11.5%)
291
(4.3%)

5348
(82.6%)
816
(12.6%)
310
(4.8%)

5354
(83.4%)
763
(11.9%)
305
(4.8%)

60,262
(83.3%)
8334
(11.5%)
3710
(5.1%)
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Table 3. Characteristics of Adolescent Respondents (aged 12 to 18) to the Canadian
Community Health Survey from 2001 through 2010 (CCHS)
All Adolescents Overweight Adolescents
Frequency (%)
Frequency (%)
Perceived Weight Status
Perceived overweight
Perceived normal or underweight
Sex
Male
Female
Ethnicity
White
Black
Asian
Aboriginal
Latin American
Other
Mixed
Missing

9057 (13.3%)
59,065 (86.7%)
36,963 (51.1%)
35,343 (48.9%)

5261 (46.1%)
6145 (53.9%)
7233 (63.2%)
4219 (36.8%)

55,560 (76.8%)
8835 (77.1%)
1933 (2.7%)
422 (3.7%)
7952 (11.0%)
934 (8.2%)
2520 (3.5%)
536 (4.7%)
718 (1.0%)
121 (1.1%)
994 (1.4%)
178 (1.6%)
1211 (1.7%)
200 (1.7%)
1428 (2.0%)
226 (2.0%)
Mean (SD)
Mean (SD)
Age
15.0 (2.0)
15.0 (1.9)
BMI z-score
0.13 (1.07)
1.55 (0.37)
Abbreviations: SD (standard deviation); BMI (body mass index)

4.2

Magnitude of Weight Status Underestimation

Overall, 53.9% of overweight adolescents underestimated their weight status (Table 4).
The prevalence of weight status underestimation among males ranged from 56.1% (2001)
to 65.8% (2008). The prevalence of weight status underestimation in females ranged
from 37.6% in 2001 to 47.3% in 2010 (Table 4). Females were significantly less likely to
underestimate their weight status than males—females had about half the odds of
underestimation of males (OR 0.46, 95% CI 0.41-0.52; Table 5). Overall, there was a
significant trend in weight status underestimation for both males and females: curvilinear
in males and linear in females (Figure 1). A significant interaction term between the
quadratic term for time and sex (p=0.037) supported the difference in trends for males
and females.

Table 4. Perceived weight status of overweight adolescents from 2001 to 2010 among adolescent (aged 12-18) participants
of the Canadian Community Health Survey (CCHS)
2001
N (%)

2003
N (%)

Perceived Weight Status
All Overweight Adolescents (p<0.001)
Overweight
1,113
1,173
(51.0%)
(44.4%)
Normal or
1,072
1,470
Underweight
(49.0%)
(55.6%)
Total
2,185
2,644
Male Overweight Adolescents (p<0.001)
Overweight
593
625
(34.9%)
(36.9%)
Normal or
759
1067
Underweight
(56.1%)
(63.1%)
Total
1,352
1,692
Female Overweight Adolescents (p=0.0082)
Overweight
520
548
(62.4%)
(57.6%)
Normal or
313
403
Underweight
(37.6%)
(42.4%)
Total
832
951

2005
N (%)

Survey Year
2007
N (%)

2008
N (%)

2009
N (%)

2010
N (%)

Total
N (%)

1,089
(46.0%)
1,277
(54.0%)
2,366

433
(46.0%)
539
(55.5%)
972

464
(43.8%)
595
(56.2%)
1,059

521
(46.7%)
595
(53.3%)
1,116

468
(43.9%)
598
(56.1%)
1,066

5261
(46.1%)
6145
(53.9%)
11,407

579
(38.5%)
926
(61.5%)
1,505

232
(36.2%)
409
(63.8%)
640

228
(34.2%)
439
(65.8%)
668

295
(42.7%)
397
(57.4%)
693

253
(38.5%)
405
(61.5%)
658

2806
(38.9%)
4402
(61.1%)
7,208

510
(59.2%)
351
(40.8%)
861

201
(60.7%)
130
(39.3%)
331

236
(60.3%)
155
(39.7%)
391

226
(53.3%)
198
(46.7%)
423

215
(52.7%)
193
(47.3%)
408

2455
58.5%)
1743
(41.5%)
4,199
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Table 5. Logistic regression models exploring the trend in weight status underestimation among Canadian overweight
adolescents between 2001 and 2010 in the Canadian Community Health Survey (CCHS)
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
All Overweight Adolescents
Time
1.02 (1.00, 1.04) 1.07 (1.00, 1.14) 1.02 (1.00, 1.04) 1.06 (0.99, 1.14) 1.01 (0.99, 1.04) 1.11 (1.02, 1.22)
Time2
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
0.99 (0.98, 1.00)
Sex (male=0)
0.46 (0.41, 0.52) 0.46 (0.41, 0.53) 0.41 (0.34, 0.50) 0.50 (0.40, 0.64)
Time*sex
1.02 (0.98, 1.06) 0.88 (0.76, 1.01)
Time2*sex
1.02 (1.00, 1.03)
Male Overweight Adolescents
Time
1.01 (0.9, 1.04)
1.11 (1.02, 1.22)
2
Time
0.99 (0.98, 1.00)
Female Overweight Adolescents
Time
1.04 (1.00, 1.07) 0.97 (0.87, 1.09)
Time2
1.01 (0.99, 1.02)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the effect of interview mode.
Models: (1) linear time trend; (2) curvilinear time trend; (3) linear time trend controlling for the effect of sex; (4) curvilinear time trend
controlling for the effect of sex; (5) interaction between linear time trend and sex; (6) interaction between curvilinear time trend and sex.
Abbreviations: OR (odds ratio); CI (confidence interval)
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Figure 1. Predicted probability of weight status underestimation among overweight
adolescents across time (2001 to 2010) in the Canadian Community Health Survey
(CCHS)

4.3

Effect of Individual-Level Characteristics

Severity of Overweight
As the severity of an adolescent’s overweight increased, the probability that an
adolescent underestimated their weight status decreased significantly (Figure 2). There
was a curvilinear association between weight status underestimation and BMI z-score
(Table 6). Both the linear and quadratic components of this relationship were
significantly different for males and females (i.e. both interaction terms were significant
at the 5% level). The rate of decline in underestimation occurred sooner and was much
steeper for females than for males. The effect of severity of overweight remained
significant in both males and females, after controlling for age, ethnicity, and the effect of
time (Table 7).
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Figure 2. Predicted probability of weight status underestimation across a range of
BMI z-scores. Note: Diamonds correspond to the 85th percentile; squares, 90th
percentile; triangles, 95th percentile.

Table 6. Logistic regression models exploring the effect of the severity of overweight on weight status underestimation
among overweight adolescents
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
All Overweight Adolescents
BMI z-score
0.22 (0.18, 0.26)
0.02 (0.01, 0.08)
0.17 (0.14, 0.20) 0.01 (0.00, 0.05) 0.14 (0.11, 0.18) 0.02 (0.00, 0.13)
BMI z-score2
2.01 (1.36,2.97)
2.13 (1.24, 3.22)
1.75 (1.03, 2.98)
Sex (male=0)
0.35 (0.31, 0.41) 0.35 (0.30, 0.40) 0.16 (0.08, 0.30) 3.46 (0.31, 39.0)
BMI z-score*sex
1.73 (1.13, 2.66) 0.03 (0.00, 0.54)
BMI z-score2*sex
3.71 (1.55, 9.86)
Overweight Male Adolescents
BMI z-score
0.14 (0.11, 0.18)
0.02 (0.00, 0.14)
2
BMI z-score
1.74 (1.02, 2.95)
Overweight Female Adolescents
BMI z-score
0.25 (0.17, 0.35)
0.00 (0.00, 0.01)
BMI z-score2
6.54 (3.27, 13.1)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the effect of interview mode.
Models: (1) linear effect of BMI z-score; (2) curvilinear effect of BMI z-score; (3) linear effect of BMI z-score controlling for the effect of sex;
(4) curvilinear effect of BMI z-score controlling for the effect of sex; (5) interaction between linear effect of BMI z-score and sex; (6)
interaction between curvilinear effect of BMI z-score and sex
Abbreviations: OR (odds ratio); CI (confidence interval); BMI (body mass index)
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Table 7. Adjusted logistic regression models combining all individual-level effects (age, severity of overweight, and
ethnicity) and the time trend from 2001 through 2010
Males
OR (95% CI)
0.94 (0.89, 0.98)

Females
OR (95% CI)
0.78 (0.74, 0.83)

Age (units: years)
Severity of Overweight
BMI z-score
0.02 (0.00, 0.13)
0.001 (0.000, 0.006)
2
BMI z-score
1.66 (1.02, 2.69)
6.06 (2.98, 12.34)
Time
Time
1.15 (1.04, 1.27)
1.05 (1.01, 1.08)
2
Time
0.99 (0.98, 1.00)
Ethnicity†
White
Reference
Reference
Black
3.39 (1.51, 7.61)
1.50 (0.76, 2.95)
Asian
0.58 (0.40, 0.83)
0.56 (0.31, 1.02)
Aboriginal
0.94 (0.67, 1.32)
0.76 (0.48, 1.21)
Latin American
1.33 (0.48, 3.65)
0.67 (0.24, 1.89)
Other Cultural Origin
1.68 (0.68, 4.13)
1.11 (0.35, 3.46)
Multiple Cultural Origins
0.86 (0.46, 1.62)
0.67 (0.32, 1.39)
Ethnicity Missing
1.24 (0.75, 2.06)
0.90 (0.45, 1.79)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the effect of interview mode; (3) Only terms
that were significant when exploring the crude effects of each of these covariates were included.
Abbreviations: OR (odds ratio); CI (confidence interval); BMI (body mass index)
†White is the reference group. Odds ratios for all adjusted comparisons across ethnic groups are provided in Appendix E.
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Age
Younger adolescents were more likely to underestimate their weight status than older
adolescents (Figure 3). While males had higher rates of weight status underestimation at
all ages, the gap between males and females widened as adolescents increased in age.
Logistic regression models exploring the relationship between age and weight status
underestimation, and the differences in this relationship for males and females, are
provided in Table 8. In females, the odds ratio for weight status underestimation
associated with a one-year increase in age was 0.81 (95% CI 0.77-0.85). In males, this
same odds ratio was 0.92 (95% CI 0.88-0.96; Table 8). The effect of age remained
significant in both males and females, after controlling for BMI z-score, ethnicity, and the
effect of time (Table 7).
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Figure 3. Predicted probability of weight status underestimation for overweight
adolescents between the ages of 12 and 18

Table 8. Logistic regression models exploring the effect of age on weight status underestimation among overweight
adolescents
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
All Overweight Adolescents
Age
0.88 (0.86, 0.91) 1.45 (0.85, 2.48) 0.88 (0.85, 0.91) 1.27 (0.73, 2.20) 0.92 (0.88, 0.96)
1.74 (0.86, 3.49)
Age2
0.98 (0.97, 1.00)
0.99 (0.97, 1.01)
0.98 (0.96, 1.00)
Sex (male=0)
0.45 (0.40, 0.51) 0.46 (0.40, 0.52) 3.12 (1.14, 8.55) 181.0 (0.04, 844081.812)
Age*Sex
0.88 (0.82, 0.94)
0.51 (0.16, 1.59)
Age2*Sex
1.02 (0.96, 1.06)
Overweight Males Adolescents
Age
0.92 (0.88, 0.96) 1.74 (0.87, 3.50)
2
Age
0.98 (0.96, 1.00)
Overweight Female Adolescents
Age
0.81 (0.77, 0.85) 0.88 (0.36, 2.16)
Age2
1.00 (0.97, 1.03)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the effect of interview mode.
Models: (1) linear effect of Age; (2) curvilinear effect of Age; (3) linear effect of Age controlling for the effect of sex; (4) curvilinear effect of
Age controlling for the effect of sex; (5) interaction between linear effect of Age and sex; (6) interaction between curvilinear effect of Age
and sex
Abbreviations: OR (odds ratio); CI (confidence interval)
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Ethnicity
Ethnicity was an important predictor of weight status underestimation, both among all
overweight adolescents (i.e. males and females together), as well as in males only
(p<0.001 for both overall tests). The overall effect of ethnicity was not significant for
females (p=0.5570). The overall effect of the interaction between sex and ethnicity could
not be determined due to a negative value for the adjusted likelihood ratio test.
Black adolescents were consistently the most likely to underestimate their weight status,
while Asian adolescents were the least likely to underestimate their weight status. There
were no significant differences between individual ethnic groups for females. Although
not significant, Aboriginal adolescents were less likely to underestimate their weight
status than White adolescents. Table 9 provides odds ratios (adjusted for the effects of
interview mode) for the comparison of weight status underestimation across all ethnic
groups in the full sample of adolescents; comparisons of individual ethnic groups for
males and females are provided in Tables 10 and 11, respectively
The overall effect of ethnicity on weight status underestimation remained significant for
males after controlling for the effects of age, severity of overweight, and time. Individual
comparisons across ethnic groups remained unchanged from the unadjusted model, with
the addition of Aboriginal male adolescents being significantly more likely to
underestimate their weight status than Asian male adolescents (Appendix E).
After controlling for these characteristics, the overall effect of ethnicity remained nonsignificant in females (p=0.1427). However, differences between individual ethnic
groups were observed after controlling for the effect of age and the quadratic effect of
BMI z-score (Appendix E). Specifically, Asian females were significantly less likely to
underestimate their weight status than Black females (OR 0.38, 95% CI 0.15-0.93).
Additionally, a marginally significant (p=0.060) difference was observed when
comparing levels of weight status underestimation among Asian females to White
females, with Asian females being less likely to underestimate their weight status than
White females (OR 0.56, 95% CI 0.31-1.02).

Table 9. Crude odds ratios comparing weight status underestimation across ethnic groups among all overweight
adolescents
Reference Group
White
Black
Asian
Aboriginal
Latin American
Other
Mixed
Ethnic Group
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
OR (95% CI)
OR (95% CI) OR (95% CI)
Black
1.8 (1.2, 2.7)
Asian
0.7 (0.6, 1.0) 0.4 (0.3, 0.7)
Aboriginal
0.8 (0.7, 1.1) 0.5 (0.3, 0.7) 1.1 (0.8, 1.6)
Latin American 1.0 (0.5, 1.9) 0.5 (0.2, 1.2) 1.3 (0.6, 2.7) 1.1 (0.6, 2.3)
Other
1.7 (0.9, 3.1) 0.9 (0.5, 1.9) 2.3 (1.2, 4.5) 2.0 (1.1, 3.9)
1.8 (0.7, 4.4)
Mixed
0.8 (0.5, 1.2) 0.4 (0.3, 0.8) 1.1 (0.7, 1.8) 1.0 (0.6, 1.6)
0.8 (0.4, 1.9)
0.5 (0.2, 1.0)
Missing
1.1 (0.7, 1.7) 0.6 (0.4, 1.1) 1.5 (0.9, 2.4) 1.3 (0.8, 2.1)
1.2 (0.5, 2.5)
0.7 (0.3, 1.4) 1.4 (0.8, 2.4)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All OR are controlled for the effect of interview mode.
Abbreviations: OR (odds ratio); CI (confidence interval).
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Table 10. Crude odds ratios comparing weight status underestimation across ethnic groups among male overweight
adolescents
Reference Group
White
Black
Asian
Aboriginal
Latin American Other
Mixed
Ethnic Group
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
OR (95% CI)
OR (95% CI) OR (95% CI)
Black
2.9 (1.6, 5.3)
Asian
0.7 (0.4, 0.9) 0.2 (0.1, 0.4)
Aboriginal
0.9 (0.7, 1.3) 0.3 (0.2, 0.6) 1.4 (0.9, 2.1)
Latin American 1.2 (0.5, 3.2) 0.4 (0.1, 1.3) 1.9 (0.7, 5.0) 1.3 (0.5, 3.6)
Other
2.0 (0.9, 4.2) 0.7 (0.3, 1.8) 3.0 (1.3, 6.6) 2.2 (1.0, 4.8)
1.6 (0.5, 5.3)
Mixed
0.8 (0.5, 1.4) 0.3 (0.1, 0.6) 1.2 (0.7, 2.2) 0.9 (0.5, 1.6)
0.7 (0.2, 1.9)
0.4 (0.2, 1.0)
Missing
1.2 (0.8, 2.0) 0.4 (0.2, 0.9) 1.9 (1.1, 3.3) 1.4 (0.8, 2.4)
1.0 (0.4, 2.9)
0.6 (0.3, 1.5) 1.5 (0.8, 3.0)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All OR are controlled for the effect of interview mode.
Abbreviations: OR (odds ratio); CI (confidence interval).
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Table 11. Crude odds ratios comparing weight status underestimation across ethnic groups among overweight female
adolescents
Reference Group
White
Black
Asian
Aboriginal
Latin American Other
Mixed
Ethnic Group
OR (95% CI)
OR (95% CI) OR (95% CI) OR (95% CI)
OR (95% CI)
OR (95% CI) OR (95% CI)
Black
1.5 (0.9. 2.7)
Asian
0.7 (0.4, 1.3) 0.5 (0.2, 1.1)
Aboriginal
0.8 (0.6, 1.2) 0.6 (0.3, 1.1) 1.1 (0.6, 2.1)
Latin American 0.7 (0.3, 1.9) 0.5 (0.2, 1.5) 1.0 (0.3, 3.0) 0.9 (0.3, 2.5)
Other
1.3 (0.4, 4.6) 0.9 (0.2, 3.6 1.8 (0.4, 6.9) 1.6 (0.4, 6.0)
1.8 (0.4, 9.1)
Mixed
0.8 (0.4, 1.7) 0.6 (0.2, 1.4) 1.1 (0.5, 2.7) 1.0 (0.5, 2.3)
1.2 (0.4, 3.9)
0.6 (0.2, 2.7)
Missing
0.9 (0.5, 1.8) 0.6 (0.3, 1.6) 0.7 (0.6, 0.9) 1.2 (0.5, 2.5)
1.3 (0.4, 4.4)
0.7 (0.2, 3.0) 1.1 (0.4, 4.1)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All OR are controlled for the effect of interview mode.
Abbreviations: OR (odds ratio); CI (confidence interval).
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4.4
4.4.1

Multilevel Analyses
Variation across Clusters

There was significant variation in weight status underestimation when using health
regions and census subdivisions to define community (Table 12). The variance across
health regions was 0.107 (p<0.001); this corresponds to a MOR of 1.37 and an ICC of
0.032. The variance across clusters was higher when using CSDs as the definition of
community than when health regions were used to define community: the variance across
CSDs was 0.298 (p<0.001) with a MOR of 1.68 and ICC of 0.083. These models
controlled for the effect of interview mode.
Table 12. Variance across reference health regions and census subdivisions in
weight status underestimation among all overweight adolescents
Reference Community
Health Region
Census Subdivision
Variance (95% CI)
Variance (95% CI)
Intercept
0.107 (0.062, 0.152)
0.298 (0.176, 0.391)
MOR
1.37
1.68
ICC
0.032
0.083
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) Both models controlled
for the effect of interview mode.
Abbreviations: CI (confidence interval); MOR (median odds ratio); ICC (intraclass correlation
coefficient)

Similar patterns in the variance across clusters were observed when analyses were
stratified by sex (Tables 13 and 14 for males and females, respectively). The variation in
weight status underestimation for both sexes was lowest when health regions were used
to define clusters: after adjusting for the individual-level effects of age, severity of
overweight, and ethnicity, as well as the effect of time, the MOR was 1.44 for males and
1.67 for females. The ICCs for these models were 0.042 and 0.080, respectively. The
variation in weight status underestimation was similarly higher when using census
subdivisions to define community than for health regions. The MORs for the adjusted
models were 1.73 for males and 2.17 for females; the ICCs for these same models were
0.091 and 0.167, respectively.

Table 13. Variance in weight status underestimation among overweight male adolescents across health regions and census
subdivisions
Reference Community
Health Regions

Census Subdivisions

Model 1
Model 2
Model 1
Model 2
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Intercept
0.124 (0.076, 0.172)
0.145 (0.068, 0.203)
0.332 (0.202, 0.461)
0.328 (0.177, 0.478)
MOR
1.40
1.44
1.73
1.73
ICC
0.036
0.042
0.092
0.091
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) Both models controlled for the effect of interview mode.
Models: (1) null model: controlled only for the effect of interview mode; (2) model controlled for individual-level characteristics (age, BMI zscore, and ethnicity), time, and interview mode.
Abbreviations: CI (confidence interval); MOR (median odds ratio); ICC: intraclass correlation coefficient

Table 14. Variance in weight status underestimation among overweight female adolescents across health regions and
census subdivisions
Reference Community
Health Region

Census Subdivisions

Model 1
Model 2
Model 1
Model 2
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Intercept
0.206 (0.106, 0.306)
0.286 (0.154, 0.418)
0.570 (0.322, 0.818)
0.661 (0.373, 0.949)
MOR
1.54
1.67
2.05
2.17
ICC
0.059
0.080
0.148
0.167
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) Both models controlled for the effect of interview mode.
Models: (1) controlled only for the effect of interview mode; (2) model controlled for individual-level characteristics (age, BMI z-score, and
ethnicity), time, and interview mode.
Abbreviations: CI (confidence interval); MOR (median odds ratio); ICC: intraclass correlation coefficient
76

77

4.4.2

Exploring the Definition of Community

The effect of exposure to overweight on weight status underestimation among overweight
male adolescents is presented in Tables 15 and 16 when health regions and census
subdivisions, respectively, are used to define an adolescent’s community. In males,
exposure to overweight was not a significant predictor of the variance across health
regions or CSDs. This was true regardless of the reference group: all individuals in the
community, all males in the community, all adolescents in the community, or all male
adolescents in the community. The variance across clusters remained relatively stable
across all models: the MOR for the residual variance was consistently 1.72 for CSDs and
1.43 for health regions.
The effect of exposure to overweight within an adolescent’s health region on weight
status underestimation was also not significant among overweight females when health
regions were used to define community (Table 17). However, when CSDs were used to
define community, exposure to overweight was a significant predictor of weight status
underestimation in females when all adolescents (Model 3) and female adolescents only
(Model 4) were used to define the reference community (Table 18). The IORs for the
effect of prevalence of overweight in all adolescents was 0.24-4.29 and 0.24-4.27 for
females only. The residual variance in each model remained significant (p<0.001 for
both) and the amount of variation explained by the prevalence of overweight was small
(PCVs of 3.9% and 4.1%, respectively).

Table 15. Multilevel regression models examining the effect exposure to overweight within an adolescent’s health region on
weight status underestimation among male overweight adolescents
Model 1
β (95% CI)
Exposure to Overweight
Everyone
IOR
All Males
IOR
All Adolescents
IOR
Male Adolescents
IOR

Model 2
β (95% CI)

Model 3
β (95% CI)

Model 4
β (95% CI)

0.012 (-0.002, 0.026)
0.51-1.99
0.008 (-0.007, 0.023)
0.51-2.00
0.013 (-0.008, 0.033)
0.51-2.00

0.009 (-0.010, 0.028)
0.51-2.00
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Intercept*
0.139 (0.081, 0.197)
0.143 (0.084, 0.202)
0.141 (0.082, 0.199)
0.143 (0.085, 0.201)
MOR
1.43
1.43
1.43
1.43
ICC
0.041
0.042
0.041
0.042
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the age, severity of overweight, ethnicity,
time, and interview mode.
Models: Each model examines the effect of a different reference group on weight status underestimation among male adolescents. These
reference groups are: (1) all respondents in an adolescent’s health region; (2) all male respondents in an adolescent’s health region; (3) all
adolescent respondents in an adolescent’s health region; (4) all male adolescents in an adolescent’s health region.
Abbreviations: CI (confidence interval); IOR (interval odds ratio); MOR (median odds ratio); ICC: intraclass correlation coefficient
*Residual variance in the intercept after controlling for predictors of the variation across health regions.
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Table 16. Multilevel regression models examining the effect exposure to overweight within an adolescent’s census
subdivision (CSD) on weight status underestimation among male overweight adolescents
Model 1
β (95% CI)
Exposure to Overweight
Everyone
IOR
All Males
IOR
All Adolescents
IOR
Male Adolescents
IOR

Model 2
β (95% CI)

Model 3
β (95% CI)

Model 4
β (95% CI)

0.008 (-0.040, 0.021)
0.36-2.81
0.002 (-0.010, 0.015)
0.36-2.82
0.005 (-0.005, 0.016)
0.34-2.94

0.006 (-0.002, 0.014)
0.36-2.82
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Intercept*
0.320 (0.171, 0.469)
0.326 (0.176, 0.477)
0.320 (0.170, 0.471)
0.323 (0.173, 0.472)
MOR
1.72
1.72
1.72
1.72
ICC
0.087
0.090
0.087
0.089
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the age, severity of overweight, ethnicity,
time, and interview mode.
Models: Each model examines the effect of a different reference group on weight status underestimation among male adolescents. These
reference groups are: (1) all respondents in an adolescent’s CSD; (2) all male respondents in an adolescent’s CSD; (3) all adolescent
respondents in an adolescent’s CSD; (4) all male adolescents in an adolescent’s CSD.
Abbreviations: CSD (census subdivision); CI (confidence interval); IOR (interval odds ratio); MOR (median odds ratio); ICC: intraclass
correlation coefficient
*Residual variance in the intercept after controlling for predictors of the variation across CSDs.
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Table 17. Multilevel regression models examining the effect exposure to overweight within an adolescent’s health region on
weight status underestimation among female overweight adolescents
Model 1
β (95% CI)
Exposure to Overweight
Everyone
IOR
All Females
IOR
All Adolescents
IOR
Female Adolescents
IOR

Model 2
β (95% CI)

Model 3
β (95% CI)

Model 4
β (95% CI)

0.016 (-0.003, 0.034)
0.39-2.67
0.015 (0.000, 0.028)
0.39-2.65
0.018 (-0.008, 0.044)
0.39-2.66

0.014 (-0.006, 0.035)
0.39-2.64
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Intercept*
0.284 (0.150, 0.418)
0.281 (0.148, 0.414)
0.281 (0.149, 0.412)
0.279 (0.148, 0.409)
MOR
1.66
1.66
1.66
1.66
ICC
0.079
0.079
0.079
0.078
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the age, severity of overweight, ethnicity,
time, and interview mode.
Models: Each model examines the effect of a different reference group on weight status underestimation among male adolescents. These
reference groups are: (1) all respondents in an adolescent’s health region; (2) all female respondents in an adolescent’s health region; (3) all
adolescent respondents in an adolescent’s health region; (4) all female adolescents in an adolescent’s health region.
Abbreviations: CI (confidence interval); IOR (interval odds ratio); MOR (median odds ratio); ICC: intraclass correlation coefficient
*Residual variance in the intercept after controlling for predictors of the variation across health regions.
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Table 18. Multilevel regression models examining the effect exposure to overweight within an adolescent’s census
subdivision (CSD) on weight status underestimation among female overweight adolescents
Model 1
β (95% CI)
Exposure to Overweight
Everyone
IOR
All Females
IOR
All Adolescents
IOR
Female Adolescents
IOR

Model 2
β (95% CI)

Model 3
β (95% CI)

Model 4
β (95% CI)

0.008 (-0.008, 0.023)
0.23-4.39
0.010 (-0.002, 0.022)
0.23-4.37
0.011 (0.000, 0.022)
0.24-4.29

0.009 (0.001, 0.018)
0.24-4.27
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Variance (95% CI)
Intercept*
0.659 (0.370, 0.948)
0.653 (0.364, 0.942)
0.635 (0.348, 0.922)
0.634 (0.349, 0.919)
MOR
2.17
2.16
2.14
2.14
ICC
0.167
0.166
0.162
0.162
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All models controlled for the age, severity of overweight, ethnicity,
time, and interview mode.
Models: Each model examines the effect of a different reference group on weight status underestimation among male adolescents. These
reference groups are: (1) all respondents in an adolescent’s health region; (2) all female respondents in an adolescent’s health region; (3) all
adolescent respondents in an adolescent’s health region; (4) all female adolescents in an adolescent’s health region.
Abbreviations: CSD (census subdivision); CI (confidence interval); IOR (interval odds ratio); MOR (median odds ratio); ICC (intraclass
correlation coefficient)
*Residual variance in the intercept after controlling for predictors of the variation across CSDs.
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Chapter 5

5

Discussion

This study aimed to estimate the degree of weight status underestimation among all
overweight Canadian adolescents, as well as examine the time trend in weight status
underestimation between 2001 and 2010. This project also assessed the effect of
demographic characteristics (i.e. age and ethnicity) and severity of overweight on weight
status underestimation among these adolescents. Lastly, the effect of exposure to
overweight within an adolescent’s community on weight status underestimation was
examined. Section 5.1 provides an overview of the findings of this study and how they
relate to current knowledge of weight status underestimation among overweight
adolescents. The public health implications of these findings are discussed (Section 5.2),
followed by a discussion of the challenges in making comparisons of weight status
underestimation across studies (Section 5.3) and a general commentary on why levels of
weight status underestimation may be so high among Canadian adolescents (Section 5.4).
The chapter concludes with an overview of the strengths and limitations of this study
(Sections 5.5 and 5.6, respectively) and some general conclusions and implications
(Section 5.6).

5.1

Overview of Findings

More than half of all overweight Canadian adolescents do not recognize that they are
overweight. For every 5 overweight males, 3 do not recognize that they are overweight;
2 of 5 overweight females do not recognize that they are overweight. Not only are male
adolescents more likely to be overweight than their female counterparts, but they are also
more likely to not recognize that they are overweight. Estimates of weight status
underestimation in this study are among the highest of all previous reported studies
(Appendix A).
The time trend in weight status underestimation from 2001 to 2010 is of particular
interest. The increasing prevalence of weight status underestimation among overweight
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females is particularly noteworthy, especially when considering that the proportion of
Canadian adolescents who are overweight has remained relatively stable between 2001
and 2010. This suggests that the overall number of females adolescents who are
overweight yet fail to recognize their overweight status is increasing. The trend in male
adolescents is not as clear. Any increase in weight status underestimation among
adolescents poses important challenges for future strategies to address the obesity
epidemic in adolescents.

5.1.1

Individual-Level Characteristics of Weight Status
Underestimation

Severity of Overweight
As the severity of overweight increased the probability that an adolescent underestimated
his or her weight status decreased substantially. Adolescents with a BMI close to the 85th
percentile for their age and sex rarely recognized that they were overweight, while the
majority of those at the 95th percentile and above recognized that they were overweight.
These findings were consistent with previous studies examining differences in weight
status underestimation for overweight and obese adolescents,4,6,9,11,16,20,33,35,39,40,50-52,195 as
well as those that have examined the trend across a range of BMI or BMI z-score
values.57,64,65,221
Females were more accurate in recognizing that they were overweight at a lower BMI
than males. This may relate to the differences in overall accuracy for males and females,
suggesting that the threshold adolescents use to define overweight may be lower among
females than among males. Identifying these thresholds has not been previously
addressed and is an important area of future research in the area of weight status
underestimation. Having a better understanding of what adolescents consider overweight
may allow public health providers to better target overweight and obesity strategies at
changing what this threshold currently is.
The high probability of weight status underestimation among adolescents at the lower end
of the overweight spectrum points to the need for a special emphasis of strategies aimed
at helping these adolescents understand what a healthy weight is. Without such an
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intervention, these adolescents likely will not recognize the health risks they face and
continue to engage in overweight-promoting behaviours.
Age
As adolescents increase in age, they become increasingly accurate in recognizing when
they are overweight, although the magnitude of this association was much stronger for
females than for males. These results contradict previous studies suggesting, instead, that
increasing age is actually associated with increased risk of weight status
underestimation.40,57,64 The observed differences in the effect of age on weight status
underestimation, for both males and females, were consistent with previously reported
studies finding that, at older ages, females were less likely to underestimate their weight
status than males.27,195 Although female adolescents at the youngest ages in this study
(12 years of age) did not underestimate their weight status more frequently than males of
the same age—as was expected (i.e. see Kaltiala-Heino et al27 or Maximova et al195)—the
predicted probabilities for the two sexes were much closer than for older adolescents. It
is possible that the female adolescents outside the age range included in this study may,
in fact, have higher rates of underestimation than their male counterparts.
Ethnicity
Consistent with previous studies examining the effect of ethnicity on weight status
underestimation, Black adolescents were more likely to underestimate their weight status
than White adolescents.5,11,16,18,22,33,58,221 This study also found that Asian adolescents
were the least likely to underestimate their weight status (compared to White and Black
Canadian adolescents). Previous studies did not demonstrate a clear relationship between
being of Asian descent and the risk of weight status underestimation, compared to those
of other ethnic backgrounds.33,60
One particularly noteworthy finding regarding weight status underestimation in
adolescents of different cultural backgrounds is the risk of underestimation among those
of Aboriginal descent. This study found that Aboriginal adolescents were less likely to
underestimate their weight status than both Black adolescents and those of other cultural
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origin (i.e. were none of black, Asian, Aboriginal, Latin American, or multiple origins) in
the full sample of adolescents. Aboriginal male adolescents were also less likely to
underestimate their weight status than Black male adolescents; no significant differences
were observed when comparing levels of weight status underestimation in Aboriginal
male adolescents to those of other cultural backgrounds. Although not significant,
Aboriginal adolescents were also less likely to underestimate their weight status than
White adolescents; this was true for both the full sample, as well as for both males and
females. This finding contradicts findings from the United States suggesting that
Aboriginal adolescents were more likely to underestimate their weight status when
compared to those of other ethnic backgrounds.58 Further, based on the suggestion that
adolescents exposed to high levels of overweight are more likely to underestimate their
weight status195,199 and the high prevalence of overweight among Aboriginal
adolescents,100-102 it would be expected that levels of weight status underestimation would
be high in this population. This was not the case in the present study. When considering
the differences between Aboriginal adolescents and those of other ethnic backgrounds, it
is important to note that the CCHS only included off-reserve Aboriginal people. The
comparisons across ethnic groups may have been different if the available data were also
representative of Aboriginal adolescents living on reserves.

5.1.2

Weight Status of Community-Based Reference Groups on
Weight Status Underestimation

The variance in weight status underestimation was highly significant across both health
regions and CSDs. The magnitude of this variation was higher when CSDs were used as
the operationalization of community than when health regions were used. Additionally,
more of the variation across communities was explained when exploring the effect of an
adolescent’s exposure to overweight in their CSD than in their health region. However,
the effect of exposure to overweight on variance across communities was only significant
for females when comparisons were made to all adolescents in their CSD and to only
female adolescents in their CSD. Although this study did not find a strong association
between community-level exposure to overweight and weight status underestimation, a
high degree of residual variation in weight status underestimation did exist across these
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communities. This variation supports the importance of neighbourhoods as targets of
both preventive and intervention strategies in combating the obesity epidemic.89,245
Prior studies have identified both classmate and parental BMI as important predictors of
weight status underestimation65,195,221 and those in our environment influence perceptions
of body weight.199-201 However, these previous studies have not examined all potential
spheres that may influence an adolescent’s perception of their weight status. In
particular, adolescents may be additionally influenced by those in their extracurricular
activities or neighbourhood. This study examined the effect of exposure to overweight
on weight status underestimation in a broader context. Although the source of exposure
to overweight from previous studies was not a direct match to the current study, similar
results were expected. . The results of this study suggest that, although weight status
underestimation among females may be influenced by the weight status of communitybased reference groups, the evidence from this study is not strong. Future research
should focus on understanding on defining “community” from an adolescent’s
perspective. These reference groups may not necessarily be defined by geography and
may not be reflective of an adolescent’s family or school community. Further, these
comparison groups may be different for adolescents of different ages—expanding on
findings that suggest that adolescents of different ages are impacted differently by
schoolmate and parental weight status.195 By identifying the precise sources of
comparison, this may enable improved targeting of weight management interventions
addressing weight status underestimation towards these individuals. The limitations
associated with the definitions of community used are explained further in Section
5.6.1.3.

5.2

Weight Status Underestimation & Public Health

The majority of overweight and obese adolescents recognize that there are significant
health risks associated with being overweight and obese: 95% are aware that being
overweight and obese impacts health; 94%, hypertension; 95%, heart disease; and 78%,
diabetes.10 Although these adolescents understand the health risks of being overweight,
they may not necessarily recognize that they, themselves, face these health risks. Those
that do not recognize these risks subsequently may not have the motivation required to
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engage in weight management behaviours.61-63 In fact, a discrepancy does exist between
the perceived health risks associated with being overweight and those associated with
being too fat. Adolescents associate the term overweight with unhealthiness; however,
this term is rarely used by adolescents to describe their weight. Overweight adolescents
instead refer to themselves as being fat or big—terms that are not associated with the
same perceptions of unhealthiness.246 This recognition that being overweight poses
significant health risks is important in understanding the relationship between weight
status underestimation and motivation to engage in weight management behaviours. This
study was conducted in Scotland and may reflect culture-specific interpretations of
weight-related terminology. Little is known about the role of overweight terminology in
adolescents’ recognition of health risks in the Canadian context and the role this may play
in the understanding of weight status underestimation among Canadian adolescents and
an important area of future research.
Consequently, addressing weight status underestimation among adolescents is an
important component of any weight management strategy, particularly as a tool to help
overweight adolescents understand their future health risks. The lack of effectiveness of
current weight management strategies in the adolescent population may partially stem
from their inability to distinguish between those who do and those who do not recognize
that they are overweight and address these adolescents accordingly. Although no studies
specifically report the role of underestimation in the effectiveness of these programs,
motivation to lose weight is imperative to their success184 and accurately recognizing
oneself as overweight is important in establishing this motivation.61-63
Tackling the issue of weight status underestimation among overweight adolescents is not
a straightforward task. Adolescents who consider themselves overweight have poorer
psychosocial well-being than those who do not, regardless of their actual weight
status.7,9,16,24,26,28,30,32,39,42,48,49,54-56,61,143,146-148,162,163,189-192 As a result, any strategies aimed
at helping adolescents accurately recognize that they are overweight must do so in a way
is protective of their psychosocial well-being.
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Better understanding weight status underestimation may also play an important role in
decreasing the prevalence of overweight—not only for those who are currently
overweight, but also to minimize the effect of the socially contagious nature of obesity.
Previous literature suggests that exposure to overweight in one’s family and school
environments can have a substantial impact on the persistence and development of
obesity. Children and adolescents whose parents are overweight are at an increased risk
of becoming overweight than those whose parents are not overweight.81,82,85,86,94,128,247,248
Further, high classmate BMI increases the risk of being overweight among males, but not
females.205 Junior high school students are influenced by the weight of older students in
their high school; schools that have a high prevalence of overweight among senior
students are also likely to have a high prevalence of overweight among junior students
controlling for individual-level risk factors for overweight.203

5.3
Challenges in Studying Weight Status
Underestimation
Comparison of the results found in this study to previous studies of weight status
underestimation is made difficult by differences both in how perceived weight status is
measured and in how underestimation is defined across studies. For example, the levels
of weight status underestimation observed in this study (61.1% for males and 41.5% for
females) are higher than those found among patients at a paediatric gastroenterology
clinic in Hamilton, Ontario13 but lower than those from a provincially-representative
sample of Quebec adolescents.195 The study conducted in Hamilton defined weight status
underestimation to reflect all adolescents who selected a weight status that was smaller
than their actual weight status, including normal weight adolescents identifying as
underweight. The results of this study may have been different if the study focused only
on those adolescents who were overweight.
In comparison, the study conducted in Quebec used a figure-rating scale to measure
perceived weight status. Each of the seven figures in this scale was assigned a BMI zscore (i.e. -3 through +3). The z-score corresponding to the figure selected by
adolescents was then subtracted from the adolescents’ actual BMI z-scores. Adolescents
who were considered to underestimate their weight status may have actually accurately
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recognized that they were overweight had they been asked to describe their weight status.
Instead, they may have underestimated the degree to which they were overweight. These
individuals are included in the reported levels of weight status underestimation195 but that
same individual would not have been identified as underestimating their weight status in
the present study. This may, consequently, explain the differences in weight status
underestimation between these two studies.

5.4
Reasons for Weight Status Underestimation
among Canadian Adolescents
Defining Overweight
A discussion of the magnitude of weight status underestimation among Canadian
adolescents would be remiss without considering the standards adolescents use to assess
their own weight status. Of particular note is the lack of consistency in the objective
standards used to define overweight in the adolescent population.
Although it has been recommended that a single definition be used for identifying
overweight and obesity among children and adolescents,249 there remains a lack of
consistency in the definitions of overweight and obesity used in the literature on weight
status underestimation (Appendix A). This makes a comparison of the levels of weight
status underestimation among overweight and obese adolescents across studies
challenging. Further, this lack of a consistent definition may actually be contributing to
levels of weight status underestimation in the adolescent population. Specifically, some
adolescents may be identified as overweight or obese using one growth reference, but not
by another. For example, an adolescent may be considered to be overweight using the
CDC and WHO growth references, but not by the IOTF reference. If that adolescent
bases their weight on the IOTF reference but they participated in a study using the WHO
growth reference, that adolescent would be considered to underestimate their weight
status. As a consequence of there being no consistent means of determining whether or
not an adolescent is overweight based on his or her BMI, one cannot expect that they will
be able to accurately describe their weight status. This is especially true for adolescents at
the lower end of the overweight spectrum, where the growth references may not
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consistently describe an adolescent’s weight status. Despite the differences that exist
between growth references, the prevalence of overweight and obesity are similar across
all three.218
The impact of multiple growth references on identification of an individual’s weight
status may be further complicated by differences in the terminology used in each of these
growth references. While both the IOTF and WHO references use the terms overweight
and obese, this was not the terminology used in the original publication of the CDC
growth references. Initially, the CDC growth reference deemed children and adolescents
at or above the 95th percentile for their age and sex to be overweight; those between the
85th and 94th percentile for their age and sex were considered at risk of overweight.214
These terminologies and cut points were recommended by Barlow and Dietz62 on the
basis that they should be based on both percentiles and the association between BMI and
negative health outcomes. Identifying children and adolescents with a BMI at or above
the 85th percentile for their age and sex was originally designed to identify those at higher
risk of developing obesity—a disease based on risk due to extra fat—and that these
individuals should undergo further screening for other health concerns such as
cardiovascular risk factors and insulin resistance.212 A BMI in the 95th percentile during
adolescence is a strong predictor of adult obesity, while a BMI between the 85th and 94th
percentiles increases one’s risk of developing obesity-related disease.
Since the publication of the CDC growth curves, the Institute of Medicine has instead
recommended that the term overweight be replaced with obese.250 The rationale behind
this change was two-fold: (1) to better reflect the serious nature of such a high BMI and
(2) to increase the comparability of the CDC growth reference with other growth
references and with adult definitions of overweight and obesity. This recommendation
has been adopted by experts in the field of childhood obesity.209,210 It has subsequently
been recommended that children and adolescents between the 85th and 94th percentile be
considered overweight instead of at risk for overweight.209 Although adolescents with a
BMI at or above the 85th percentile for their age and sex are considered overweight for
this thesis, those between the 85th and 94th percentiles may not have accurately
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recognized that they overweight simply because they believed themselves to be at risk for
overweight rather than actually being overweight.
The multiplicity of growth references is especially problematic in Canada where no
national growth reference exists. Instead, we must rely either on references developed to
monitor the growth of children and adolescents in one country (i.e. the CDC growth
charts designed for American children and adolescents) or on international references
(i.e. the WHO or IOTF growth references). In Canada, recommendations regarding
which growth references should be used to monitor child and adolescent growth are
continuously evolving. In less than ten years, two different recommendations have been
made regarding the monitoring of child and adolescent growth. In 2004, Dietitians of
Canada, along with the Canadian Paediatric Society, the College of Family Physicians of
Canada, and the Community Health Nurses Association of Canada, recommended that
the CDC growth references (using the terminology of at risk for overweight and
overweight) be used to monitor growth.219 However, this recommendation was modified
only six years later, with the WHO growth reference now being recommended.220 Both
recommendations advise the use of the IOTF growth reference for studies examining the
prevalence of overweight and obesity in the Canadian population.219,220 Also in 2010,
Shields and Tremblay218 advised that the IOTF growth references be used for
epidemiologic purposes, while the CDC growth curves be used for monitoring individual
growth. Given the inconsistent nature of these recommendations, it is not surprising that
there rates of weight status underestimation are so high among Canadian adolescents.
This lack of a standard definition to identify overweight adolescents is further
complicated by the multiplicity of tools used to measure obesity status.212 In particular,
other measures, such as body fat percentage, measure body fatness while BMI is simply a
measure of body weight (relative to height).212 Since overweight and overfatness do not
directly correspond (i.e. overweight does not differentiate between fat mass and fat-free
mass) there is a discrepancy between individuals who would be identified as being either
overweight or obese based on anthropometric measures, such as BMI, but would not be
overweight or obese based on measures of body composition, such as body fat
percentage. As such, these adolescents may be inaccurate in perceiving themselves as
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not overweight when comparing to their BMI but these individuals accurately recognize
that they do not face any additional health risks because of their weight. However, one
study examining weight status underestimation among overweight and obese adolescents
found that the levels of underestimation were similar when using weight status based on
BMI and body fat percentage: 43.4% underestimated relative to their BMI and 44.1%
relative to their percent body fat.17
Physicians play an important role in communicating these objective standards for
overweight to their adolescent patients. In particular, it is imperative that physicians
discuss potential downstream weight-related health complications. However, the
discussion of weight between physicians and their child and adolescent patients may be
limited at present. A recent study of American parents of children with a BMI greater
than or equal to the 85th percentile for their child’s age and sex found that less than onequarter recalled their child’s weight status being a topic of discussion with the child’s
physician.251 Even among children and adolescents who are severely overweight, less
than 60% of parents recalled their child’s weight being a topic of discussion with their
child’s physician. The proportion of parents who report that their child’s physician
discussed their child’s overweight status did increase in 2007-2008, when compared to
1999 through 2006.251 This study, however, did not differentiate between those who saw
a physician and those who did not.
In addition, physicians’ perceptions do not accurately reflect the true weight status of
their child and adolescent patients. When paediatric gastroenterologists were asked to
describe their patients weight as underweight, slightly underweight, average, slightly
overweight, or overweight, 28.9% underestimated the weight status of their male patients
between the ages of 5 and 18; 38.7% of female patients had their weight status
underestimated by their physician.13 Similar results were found when comparing
physicians’ perceptions of their patients’ weight status using a figure-rating scale.
Although these numbers are lower than those for parental perceptions of their child or
adolescent’s weight status (46.5% for males and 40.6% for males) and adolescent selfperceptions of weight status (44.0% for males and 35.0% for females), physicians
underestimating their patients’ weight statuses is an important problem. When physicians
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fail to accurately perceive the weight status of their patients, this presents a further barrier
to discussing weight status and the need to engage in appropriate weight management
behaviours with that patient.
Further, there is a failure by physicians to diagnose children as being overweight—
between 20% and 53% of overweight children do not have their weight status
documented on their medical chart.252-255 A lack of confidence in the ability of these
children to lose weight following identification as being either overweight or obese is
commonly cited as a reason for not diagnosing these children as being overweight.256 In
addition, physicians are dissuaded from using these tools to diagnose obesity since there
are no clear associations between any of these growth references and the development of
obesity-related pathology.256 These guidelines, however, are useful for screening
purposes and when a child screens positively for overweight or obesity should undergo
further diagnostic testing.212
Parents present further challenges to health care providers in the identification of
overweight among children and adolescents. A recent study of American parents found
that terms such as fat and obese were associated with negative connotations including
being stigmatizing and not motivational for engaging in weight management
behaviours.257 The term overweight is, however, considered to be motivational for
children and adolescents to lose weight, while terms such as weight, unhealthy weight,
and weight problem are preferred by parents. Although these terms may not be
considered to be stigmatizing by parents, the degree to which these terms emphasize the
importance of the health risks associated with being overweight may be limited. For
example, a qualitative study of adolescents suggested that the term overweight is
associated with negative health risks but other terminology used to describe one’s weight
status was not.246 Adolescents rarely use the term overweight when describing their own
weight or the weight of their peers.
The reluctance of parents to have physicians use appropriate terminology to describe the
weight status of their children and the failure of overweight adolescents to use this
terminology to describe their own weight provides further explanation as to why so many
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adolescents underestimate their weight status. This raises the question about the ability
of physicians to effectively communicate weight-related issues with their overweight and
obese adolescent patients and the role parents play in this communication. However,
when considering the protective effects of weight status underestimation on the
psychosocial well-being of overweight adolescents, these terminologies may be useful in
ensuring adolescents recognize the health risks they face without experiencing any
potential negative implications to their mental health. It is important to further
understand the role of specific terminologies in both inspiring engagement in weight
management behaviours and shaping the mental health of overweight adolescents.
Weight-Based Comparisons
The discussion thus far only takes into consideration the possibility that overweight
adolescents who underestimate their weight status are using objective criteria as a
comparison of their weight. Instead, it is likely that adolescents base their perceptions of
their weight on more subjective standards. The Theory of Endogenous Weight Norms
plays an important role in understanding why adolescents underestimate their weight
status. This theory states that individuals prefer to be thinner than the average person;
however, as average BMI increases, preferred weight also increases.200 As a result, it has
been suggested that what once was considered overweight is becoming the new
normal.199 Based on this theory, it was expected that adolescents living in an area with a
high prevalence of overweight would be more likely to underestimate their weight status
than adolescents living in an area with a lower prevalence of overweight. However, the
present study provided little support for the notion that the exposure to overweight in an
adolescent’s community is an important predictor of weight status underestimation.

5.5
5.5.1

Strengths
Representativeness of the CCHS

The primary strength of this project is its use of a national population-based survey and
thus its ability to provide estimates of weight status underestimation for all overweight
Canadian adolescents. Statistics Canada uses complex sampling designs to ensure the
sample obtained is representative of the entire adolescent population. The sampling
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strategy used by Statistics Canada ensured that 98% of the Canadian population was
included in the sample population. Survey weights were used to ensure that estimates
obtained accurately reflect the Canadian population and included adjustments for nonresponse.

5.5.2

Measure of Perceived Weight Status

This project uses a single item to assess perceived weight status. The majority of studies
examining weight status perception rely on similar measures. While a figure-rating scale
may be beneficial in that it allows respondents to select figures that they consider to be
ideal and which figure they perceive as overweight11 most studies use figure rating scales
as a means of looking at weight status dissatisfaction (i.e. compare respondents’ ideal
weight with that of their current weight). Figure-rating scales may also allow for a
continuous measure of perceived weight status provided a sufficient number figures are
included in the scale used.195 However, the use of a figure-rating scale does not
necessarily require respondents to assign a specific label, such as overweight or too fat, to
a figure. As overweight becomes increasingly normal, adolescents may select a larger
figure but not accurately recognize that this figure represents overweight. Instead, wordbased measure of perceived weight status allows for adolescents to identify their
particular weight status as being overweight. This definitive description of weight status
would not have been possible if a figure-rating scale had been used. Since people’s
preferences for ideal body weight are increasing199 and overweight is becoming the
norm,200 an adolescent selecting a figure deemed to be overweight by researchers may not
be, in fact, considered to represent overweight by the respondent. An ideal study would
rely on a combination of the two measures, allowing for adolescents to describe whether
or not they thought of a particular figure (i.e. the one that they selected to represent their
own body weight) as overweight.
Levels of weight status underestimation are similar when comparing a figure-rating scale
to a single word-based question of perceived weight status. For example, Alwan et al8
found that there was a high degree of similarity between a descriptive and a pictorial
measure of body size estimation, and that the relationship between perception and
appropriate weight management strategies were independent of the measure used.

96

Chaimovitz et al13 similarly used both a word-based question and a visual scale to
measure perceived weight status because they did not want participants’ responses to be
influenced by the choice of words used in the measure. Levels of weight status
underestimation were, likewise, similar for both the figure-rating scale and the wordbased measure of perceived weight status.13
The question used to measure perceived weight status in the CCHS had three possible
responses: overweight, just about right, and underweight. This scale, however, may have
failed to take into account subtle differences in the degree of overweight or obesity.
Although most studies using a scale that can measure these subtle differences by using a
5-point Likert-type scale (i.e. differentiate between slightly overweight and overweight),
most group responses into three categories. As a result, minor subtleties in adolescents’
responses may have been missed. For example, Al-Sendi et al6 observed that 66.7% of
obese male adolescents perceived themselves as overweight rather than obese. Although
for the purposes of the discussion in this thesis, these individuals were not considered to
underestimate their weight status, these individuals may in fact be systematically
different from the obese adolescents who accurately perceived themselves as being obese
(19.4% of obese male adolescents) with regards to recognition of consequent health risks
and their motivation to engage in weight management behaviours. As another example,
Cheung et al15 found that 29.0% of overweight adolescents considered themselves to be
mildly overweight instead of severely overweight.
Overweight is a term that adolescents recognize as being associated with increased health
risks, but not a term that is commonly used by this population to describe their weight.246
As Chaimovitz et al13 suggest, there may be differences in adolescents’ responses to
questions about their weight status depending on the terminology used. Examples of
different terminology used in measures of perceived weight status include fat,
overweight, and heavy. These different terminologies have different meanings for
adolescents246 and the interchanging of these definitions may result in the measurement
of slightly different constructs. Potential variation in estimates of weight status
underestimation using these different terminologies has not been explored. This is an
important area for future research, particularly with regard to understanding the role of
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different terminologies in adolescent understanding of future health risks associated with
being overweight.

5.5.3

Expanded Definition of Exposure to Overweight

Previous studies have focused only on exposure to overweight among schoolmates and
parents.195,221 For example, Maximova et al195 found that both schoolmate and parental
weight had independent influence on levels of weight status underestimation among
adolescents. However, these are not the only potential sources of weight-based
comparisons for the adolescent population—adolescents are likely influenced by other
individuals in their community, including both those in their neighbourhood and in those
they encounter as part of their extracurricular activities. This study expanded on what
was already known by exploring the effect of exposure to overweight on the levels of
weight status underestimation among overweight and obese adolescents. This includes a
comparison not only of two different reference communities (i.e. health regions and
CSDs), but also different people within those communities.

5.6
5.6.1
5.6.1.1

Limitations
Measures
Perceived Weight Status & Recency Effects

Adolescents’ responses to the question used to measure perceived weight status in the
CCHS may have biased due to a recency effect. A recency effect typically occurs during
interviews being conducted by telephone or in person and involves respondents being
likely to select a category that was provided at the end of the survey question rather than
one at the beginning.244 The opposite occurs when a survey is self-administered (i.e. web
or paper based). The question used in the CCHS listed overweight as the first possible
option; just about right as the final option potentially making it more likely to be selected
by respondents. Consequently, the survey design may have actually overinflated the
estimates of weight status underestimation. In comparison, other studies have asked
respondents to describe their weight status by asking a question that had ordered
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responses (i.e. ranged from very underweight to very overweight); Appendix A provides
a comparison of the wording used in previous studies of weight status underestimation.

5.6.1.2

Actual Weight Status

This study used BMI calculated from self-reported height and weight to determine
adolescents’ actual weight status. It is important to note that BMI is a screening
mechanism for adolescent overweight and obesity—not a diagnostic tool.211 A primary
limitation of using BMI to measure overweight and obesity is its inability to differentiate
between fat mass and fat-free mass.213 Obesity is technically defined as excess fat mass,
not excess fat-free mass.211 This distinction is an important one to make in understanding
the relationship between BMI and health risks—BMI has a high specificity but poor
sensitivity for predicting obesity-related morbidity later in life.111 Because BMI is not a
perfect measure of body fatness, its use may result in a high degree of misclassification of
weight status.258 It is possible that individuals overweight based on their BMI were in
fact correct in not perceiving that they were overweight based on the results of further
diagnostic testing. That is, although these individuals had a high weight relative to their
height, their high weight was the consequence of high fat-free mass rather than high fat
mass (i.e. they had a low body fat percentage). This may have, consequently, resulted in
higher levels of weight status underestimation than if a diagnostic tool was used. This
discrepancy may be particularly pronounced for males and for individuals of certain
ethnic backgrounds: the ability of BMI to accurately identify an individual as overweight
is decreased for males.213,258 These significant ethnic variations in BMI are not reflected
in current growth curves213 and may help explain the differences in weight status
underestimation across ethnic groups.
In addition to the inability of BMI to differentiate between fat mass and fat-free mass, the
tools used to classify adolescents’ BMI as overweight or obese also raise concerns. In
exploring the validity of BMI-based growth curves to generate a definition of obesity, it
must be asked how accurate it is to base the definitions of overweight and obesity on a
sample of one national population given the differences in fat and fat-free mass across
ethnic groups, as is the case with both the CDC214 and WHO216 growth curves. The
IOTF215 curve tries to counteract this and uses data from six national surveys, but the
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authors acknowledge that the data used are not necessarily representative of the global
population of school-aged children and adolescents (the Americas were well represented,
with data from both the United States and Brazil being included, but other areas received
little or no representation). The authors adjust for the differing levels of overweight and
obese in these six national samples. Parts of the globe that may experience a higher
prevalence of underweight or thinness are among those not represented and if included
may have had an impact on the construction of these growth curves.
Concern should also be raised with regard to the use of a percentile-based definition of
obesity. If the prevalence of childhood obesity continues to climb, the BMI for children
and adolescents at the 85th and 95th percentiles will climb since, based on the CDC
definition of obesity, these are what define overweight and obesity. In this case, the
prevalence of overweight would be 15% and the prevalence of obesity would be 5%. If
these definitions are applied to the data on the Canadian prevalence of overweight (26%)
and obese (8%),1,2 the prevalence, by definition, would decrease and the BMI
corresponding to the 85th percentile for overweight and 95th percentile for obese would
increase. In fact, de Onis259 states that the use of a percentile-based definition for obesity
will underestimate the prevalence of overweight and obesity, while overestimating the
number of underweight individuals. BMI z-scores for overweight individuals are lower
with the 2000 CDC growth curves then with its predecessor, the 1977 NCHS growth
curves. Should growth curves continue to be based on historical data, these definitions
would not be responsive to changes in the prevalence of overweight and obesity over
time. On this note, WHO216 used the same data that was used to construct a set of growth
curves in 1977 and both the CDC214 and IOTF215 excluded the most recent American data
(1988-1994) in their analysis.
Despite concerns associated with the use of BMI to identify overweight adolescents,
similar levels of weight status underestimation were observed when actual weight status
was determined using BMI and body fat percentage. Specifically, a study conducted in
New Zealand found that 43.4% of overweight adolescents underestimated their weight
status when using BMI to identify actual weight status; 44.1% underestimated their
weight status relative to actual weight status calculated from percent body fat.17
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Self-Reported vs. Measured Height & Weight
Additional concerns are raised when using self-reported height and weight to calculate an
adolescent’s BMI. Overall, when BMI is calculated from self-reported height and
weight, the prevalence of obesity tends to be underestimated.11,260-263 Males are more
accurate in reporting their height and weight than females.263 As adolescents age, they
become less accurate in reporting their height, but increasingly accurate in reporting their
weight and BMI.261-263 Accuracy of self-reported BMI also decreased with increasing
weight status.11,262,263 There is no clear relationship between ethnicity and accuracy in
reporting.263 A study conducted in the United States found that levels of weight status
underestimation were more conservative when using self-reported height and weight to
measure actual weight status than when measured height and weight were used.11 As
such, it is likely that the results reported in this present study are also an underestimate of
the levels of weight status underestimation among overweight Canadian adolescents.

5.6.1.3

Weight Status of Community-Based Reference Groups

The ability to investigate the effect of exposure to overweight within an adolescent’s
community on the likelihood that they underestimate their weight status is limited given
the survey design and sampling technique used by Statistics Canada for the CCHS. That
is, neither health regions nor CSDs may have provided an ideal reference community for
adolescents’ perceptions of their weight. A better comparison may be made by exploring
the degree of overweight and obesity within an adolescent’s peer group, both inside and
outside of school. Further, without including a measure of the standards adolescents use
as a comparison for their weight no definitive answer can be made regarding the
influence of exposure to overweight on levels of weight status underestimation.
It is possible that the non-significant results observed are a consequence of within-cluster
heterogeneity. This is especially likely in health regions that were combined to maintain
consistency across time. It is possible that combined health regions (and other large
health regions with low population density) may be variable in the prevalence of
overweight and obesity, and adolescents in these areas may only be influenced by a
geographic subpopulation within a health region. Non-significant results may also result

101

from no clear means of defining exposure to overweight. For example, this study
examined the role of prevalence of overweight in a community-based reference group on
weight status underestimation. Different results may have been obtained had median
BMI or BMI z-score been used to describe the weight status of community-based
reference groups.
In addition, data sparseness may have posed threats to the validity of estimates based on
CSDs. Since some CSDs would have only had two overweight adolescents after being
stratified by sex, this may have impacted the results. However, it has been suggested that
the number of clusters (i.e. CSDs) is more important than the number of individuals per
cluster in obtaining accurate estimates for parameters in multilevel regression analysis.231
Further, a sensitivity analysis comparing different minimum sample sizes per CSD was
conducted, finding similar results for CSDs with a minimum size of 2 and 5 (Appendix
D).

5.6.2

Interview Mode

The CCHS is an important source of data on the health of Canadians. However,
challenges are introduced by the sheer complexity of the study. In particular, the vast
geographic coverage of the survey requires that more than one mode of data collection be
used (i.e. telephone and in-person interviews). The use of multiple interview modes is
complicated by the variation in the proportion of interviews conducted using each mode
across geography and time, both factors of interest in this study. Further, reporting of
height and weight, as well as perceived weight status, are subject to reporting bias. A
mode study conducted as part of the CCHS reports differences in the reporting of these
variables across survey modes among adults243 and a comparison of these characteristics
for adolescents in this study suggest the same is true for adolescents. Although interview
mode was controlled for in the analysis, bias in reporting may not have been eliminated
entirely.

5.6.3

Response Rates

Response rates for the CCHS declined consistently across the course of the CCHS (i.e.
from 2001 to 2010). Consequently, any findings across time may have been a
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consequence of the decreasing response rates. To compensate, Statistics Canada
incorporates non-response when determining sample weights.

5.6.4

Temporality

Because this study is cross-sectional, temporality cannot be assured. As a result, this
study can only identify factors that are associated with underassessment of weight status
and not factors that lead to the development of weight status underestimation.
Nonetheless, this study identifies important characteristics of adolescents who
underestimate their weight status, and may be beneficial in the design and targeting of
future weight management interventions.

5.7

Conclusions and Implications

The results of this study point to a large discrepancy between actual and perceived
overweight among overweight Canadian adolescents. The importance of understanding
weight status underestimation in this population to tackle the obesity epidemic has been
highlighted previously.66 Targeting weight status underestimation in this population
should be a target of future weight management programs and public health strategies
taken towards the overweight and obesity epidemic.146 However, the actual relationship
between weight status underestimation and health outcomes (including physical health
and psychosocial well-being) is not yet understood and remains an area of future
research. Through increased engagement in weight management behaviours, these
adolescents decrease their risk of developing obesity-related pathology such as
cardiovascular disease and type II diabetes. However, they are also more likely to engage
in unhealthy weight management behaviours. Further, these adolescents also tend to
have poorer psychosocial well-being, experiencing more depressive symptoms and
having lower self-esteem. The best approach to addressing weight status underestimation
among overweight Canadian adolescents is not yet known—but the solution will need to
be one that incorporates the complex nature of weight status underestimation for both
physical and psychosocial well-being.
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Appendix A. Overview of prior studies examining weight status underestimation among overweight and obese adolescents
using a Likert-type question to measure weight status underestimation. Note that estimates for the magnitude of weight
status underestimation are for overweight adolescents unless otherwise stated.
Study
Abbott et al4

Akers et al5

Al-Sendi et al6

Study Characteristics

How would you describe your current
body weight: too thin, about right, too
fat?

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Do you think you are thin, about right,
fat, too fat?

Level of Weight Status
Underestimation (%)
Males
Overweight
65.1
Obese
21.4
Females
Overweight
44.1
Obese
12.5
Females
15

Males
Overweight
Obese
Females
Overweight
Obese

60.0
13.9
36.7
4.3
133

N=895
Age: 14 to 17
BMI: measured
Growth reference: IOTF
Location: Queensland, Australia
Year: 2006
N=7,193
Age: 12 to 18
BMI: self-reported
Growth reference: CDC
Location: United States
Year: 2005
Note: The estimate of weight status
underestimation included in this study
includes those of normal weight reporting
that they are underweight and the
percentage provided is of the total sample.
N=447
Age: 12 to 17
BMI: measured
Growth reference: NHANES1 (85th and 95th
percentiles)
Location: Bahrain
Year: 2000

Measure of Perceived Weight Status

Study
Al-Mamun7

Alwan et al8

Blond et al9

Bodenlos et al10

Study Characteristics
N=2017
Age: 14
BMI: measured
Growth reference: IOTF
Location: Brisbane, Australia
Year: 1999
N=873
Age: 11 to 17
BMI: measured
Growth reference: IOTF
Location: Seychelles
Year: 2007
N=5655
Age: 16
BMI: self-reported
Growth reference: CDC
Location: New Jersey
Year: 2001 to 2004
Note: The sample for this study included
only boys with a low birthweight
N=344
Age: 16 to 25
BMI: measured
Growth reference: age-appropriate
Location: Massachusetts
Year: not provided

Measure of Perceived Weight Status
Do you think of yourself as very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Level of Weight Status
Underestimation (%)
Males
27.7
Females
14.8

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, or very overweight?

Males
Females

46
26

Respondents reported whether they
considered their bodies to be:
underweight, average/about right, or
overweight. (Eating Symptoms
Inventory)

Males
Overweight
Obese

32.0
43.75

Respondents reported which BMI
category they thought they belonged
to: underweight, normal weight,
overweight, or unsure.

Males
Females

55
26

134

Study

Study Characteristics

Measure of Perceived Weight Status

Brener et al11

N=2032
Age: 13 to 18
BMI: measured and self-reported
Growth reference: CDC
Location: United States
Year: 2000

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, or very overweight?

Brug et al12

N=1694
Age: 13 to 19
BMI: self-reported
Growth reference: IOTF
Location: Netherlands
Year: not provided
N=53
Age: 12 to 18
BMI: measured
Growth reference: Roberts SP, Dallal GE.
Nutr Rev 2001;59:31-36.
Location: Hamilton, Ontario
Year: 2005

Respondents reported about their
weight status using a 5-point Likerttype scale with response options
ranging from (1) much too light to (5)
much too heavy.

Chaimovitz et al13

Respondents were asked to describe
their weight as: underweight, slightly
underweight, average, slightly
overweight, or overweight.

Level of Weight Status
Underestimation (%)
Measured
Males
Overweight
85.7
Obese
54.7
Females
Overweight
69.1
Obese
38.2
Self-reported
Males
Overweight
70.2
Obese
46.7
Females
Overweight
46.2
Obese
32.9
1.5

Males
Females

44.0
35.0
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Study
Chen et al14

Cheung et al15

Daniels16

Duncan et al17

Study Characteristics

Measure of Perceived Weight Status

N=217 (all overweight)
Age: 13 to 17
BMI: measured
Growth reference: Taiwanese
Location: Toayuan County, Taiwan
Year: 2005 to 2006
N=1066
Age: 12 to 1 8
BMI: self-reported
Growth reference: overweight defined as a
BMI  90th percentile
Location: Hong Kong
Year: 2003 to 2004
N=17,721
Age: 16 to 18
BMI: self-reported
Growth reference: CDC
Location: United States
Year: 1999, 2001
N=954
Age: 11 to 15
BMI: measured
Growth reference: study-based BMI  85th
percentile
Location: Auckland, New Zealand
Year: not provided

How do you perceive your body weight
size: underweight, average, overweight,
obesity, or unknown?

Level of Weight Status
Underestimation (%)
15.7

Respondents were asked to describe
their weight as: severely underweight,
mildly underweight, normal, mildly
overweight, or severely overweight.

Females
97th percentile

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Males
Overweight
Obese
Females
Overweight
Obese

What do you currently think about your
weight: underweight, normal weight,
overweight?

41.90

60
23
26
11
43.4
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Study
Edwards et al18

Eichen et al19

Fagan et al20

Farré-Rovira et al21

Foti and Lowry22

Study Characteristics

How do you describe your weight: very
overweight, slightly overweight, about
the right weight, slightly underweight,
very underweight?

Level of Weight Status
Underestimation (%)
Males
22.6
Females
40.2

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Overweight

33.4

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Overweight
Obese

45.8
18.2

For your age, you consider your weight
to be: low, normal, high?

Males
Females

34.9
20.0

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Males
Females

39.4
20.5
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N=72,122
Age: grades 9 to 12
BMI: self-reported
Growth reference: CDC
Location: United States
Year: 1999 to 2007
N=11,103
Age: 12 to 18
BMI: self-reported
Growth reference: CDC
Location: United States
Year: 2007
N=2,728
Age: grades 9 to 12
BMI: self-reported
Growth reference: CDC
Location: Delaware, USA
Year: 2002
N=568
Age: 14 to 20
BMI: measured
Growth reference: BMI  25 kg/m2
Location: Valencia, Spain
Year: not provided
N=72,122
Age: 12 to 19
BMI: self-reported
Growth reference: CDC
Location: United States
Year: 1999 to 2007

Measure of Perceived Weight Status

Study
Florin et al23

Frisco et al24

Isomaa et al25

Study Characteristics
N=11,012
Age: 14 to 17
BMI: self-reported
Growth reference: CDC
Location: United States
Year: 2003
N=12,683
Age: < 20 years
BMI: measured
Growth reference: CDC
Location: United States
Year: 1995 to 1996
N=595
Age: 15
BMI: measured
Growth reference: IOTF
Location: Jakobstad region, Finland

Measure of Perceived Weight Status
How do you describe your weight: very
underweight, slightly underweight,
about the right weight, very
overweight?

Level of Weight Status
Underestimation (%)
14.4

How do you feel about yourself in
terms of weight: very underweight,
slightly underweight, about the right
weight, slightly overweight, very
overweight?

Males
Females

42.2
19.4

What do you think about your weight?
Do you consider yourself to be: normal
weight; underweight; overweight?

Males
Females

44.6
6.7

Respondents reported if they were
underweight, overweight, or the
correct weight (Health Behaviors
Questionnaire).

Males
Females

60.5
29.1

Year: not provided
Kaplan et al

26

N=244
Age: 11 to 18
BMI: self-reported
Growth reference: National Research
Council (1964)
Location: United States
Year: Not provided

138

Study

Study Characteristics

Measure of Perceived Weight Status

Kaltialo-Heino et al27

N=50,046
Age: 12, 14, 16, 18
BMI: self-reported
Growth reference: BMI 85th percentile
Location: Finland
Year: 1979 to 1999

Respondents reported if they perceived
themselves as much overweight,
somewhat overweight, normal,
somewhat underweight, or much
underweight.

Kim and Lee28

N=74,698
Age: 12 to 19
BMI: self-reported
Growth reference: Korean
Location: Korea
Year: 2007
N=2,353
Age: 12 to 21
BMI: measured
Growth reference: percentile-based
Location: Adana, Turkey
Year: 1999 to 2000

How do you describe your weight
compared with your friends':
underweight, normal weight,
overweight, obese?

Kurdak et al29

Respondents were asked to select if
their body weight was underweight,
normal weight, overweight, or obese.

Level of Weight Status
Underestimation (%)
Males
Age 12
27
Age 14
36
Age 16
42
Age 18
42
Females
Age 12
21
Age 14
14
Age 16
13
Age 18
10
Males
31.5
Females
17.6

Overweight
Obese

79.3
81.8
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Study
Kurth and Ellert30

Lee et al31

Lenhart et al32

Martin et al33

Study Characteristics
N=6669
Age: 11 to 17
BMI: measured
Growth reference: German
Location: Germany
Year: not provided
Note: This study defined obese as having a
BMI ≥ 97th percentile.
N=5,443
Age: 13 and 16
BMI: self-reported
Growth standard: Korean
Location: South Korea
Year: 2006
N=1,180
Age: grades 9 to 12
BMI: self-reported
Growth reference: CDC
Location: Philadelphia, USA
Year: 2009
N=12,789
Age: grades 7 to 12
BMI: measured
Growth reference: CDC
Location: United States
Year: 1995 to 1996

Measure of Perceived Weight Status
Do you think you are far too thin, a bit
too thin, just about the right weight, a
bit too fat, far too fat?

Level of Weight Status
Underestimation (%)
Obese
Males
7.1
Females
0.6

Do you consider yourself to be too thin
(underweight), just right, or
overweight?

Males
Females

17.3
9.4

How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Obese

20.8

How do you think of yourself in terms
of weight: very underweight, slightly
underweight, about the right weight,
slightly overweight, very overweight?

All
Overweight
Obese
Males
Overweight
Obese
Females
Overweight
Obese

35.1
15.1
49.0
20.4
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20.4
7.5

Study

Study Characteristics

Neumark-Sztainer et
al34

N=1,499 (1999 weighted sample); N=1307
(2010 sample)
Age: mean age 14
BMI: measured
Growth reference: CDC
Location: Minneapolis/St. Paul, Minnesota
Year: 1999, 2010
N=1,131
Age: 6 to 19
BMI: measured
Growth reference: Hammer L et al. Am J
Dis Child 1991;145:259-263. (≥ 85th
percentile)
Location: New South Wales, Australia
Year: not provided
N=8,550
Age: 6 to 18
BMI: measured
Growth reference: IOTF
Location: Australia
Year: 2006
N=404
Age: 13 to 18
BMI: measured
Growth reference: CDC
Location: Arizona, USA
Year: not provided

O’Dea and Camputi36

O’Dea and Amy35

O’Haver et al37

Measure of Perceived Weight Status
At this time do you feel that you are:
very underweight, somewhat
underweight, about the right weight,
somewhat overweight or very
overweight?

Level of Weight Status
Underestimation (%)
1999
Males
41.0
Females
34.5
2010
Males
39.9
Females
24.9

Respondents reported if their weight
was: too fat, about right, or too thin.

Males
Females

51.6
31.1

Respondents reported if their weight
was: about right, too thin, too fat

Overweight
Obese

64.6
39.5

Participants were asked to report how
they compared their body weight to
that of their peers.

50.0

141

Study

Study Characteristics

Measure of Perceived Weight Status

Ojala et al38

N=8,236
Age: 15
BMI: self-reported
Growth reference: IOTF
Location: Finland
Year: 1999 to 2010

Respondents were asked to report how
they perceived their body size: much
too thin, a bit too thin, about the right
size, a bit too fat, or much too fat.

Ozmen et al39

N=2,101
Age: 15 to 18
BMI: measured
Growth reference: IOTF
Location: Manisa, Turkey
Year: not provided
N=87,418
Age: grades 9 and 12
BMI: self-reported
Growth reference: CDC
Location: Minnesota, USA
Year: 2007

How do you perceive yourself:
underweight, normal weight, fat?

Park40

At the present time, do you think you
are underweight, about the right
weight, or overweight?

Level of Weight Status
Underestimation (%)
1994
Males
34.3
Females
0
1998
Males
30.6
Females
9.4
2002
Males
37.8
Females
1.2
2006
Males
34.5
Females
6.9
2010
Males
34.4
Females
11.5
Males
Overweight
59.3
Obese
33.3
Females
Overweight
22.2
Obese
16.7
40.7
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Study
Pasch et al41

Perrin et al42

Pritchard et al43

Shi et al44

Study Characteristics
N=3010
Age: grade 7 (mean age 12.7) with followup in grade 8
BMI: self-reported
Growth reference: CDC
Location: Twin Cities, Minnesota
Year: 1997 to 2000
N=13,001
Age: 11 to 21
BMI: measured
Growth reference: CDC
Location: USA
Year: 1995 to 1996
N=33,196
Age: 15 to 19
BMI: self-reported
Growth reference: BMI  25 kg/m2
Location: United States
Year: 1980, 1982
N=824
Age: 12 to 14
BMI: measured
Growth reference: WHO
Location: Jiangsu province, China
Year: 2002

Measure of Perceived Weight Status
How do you think of yourself: very
underweight, slightly underweight,
underweight, about the right weight,
slightly overweight, very overweight?

Level of Weight Status
Underestimation (%)
Seventh Grade
35.0
Eighth Grade
34.4

How do you think of yourself in terms
of weight: very underweight, slightly
underweight, about the right weight,
slightly overweight, very overweight?

Males
Females

39.14
17.57

I am overweight: yes or no.

Males
Females

47.1
15.6

What do you think about your own
body weight: very underweight, slightly
underweight, about the right weight,
slightly overweight, very overweight?

Males
Females

20
0
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Study
Skinner et al45

Standley et al46

Stigler et al47

Tang et al48

Study Characteristics
N=104
Age: 12 to 18
BMI: measured
Growth reference: CDC
Location: USA (Vanderbilt Eskind Pediatric
Diabetes Clinic)
Year: not provided
Note: All participants in this study had a
diagnosis of type II diabetes.
N=4035
Age: 14 to 15
BMI: measured
Growth reference: IOTF
Location: London, UK
Year: 2002
N=2,339
Age: grades 8 and 10
BMI: measured
Growth reference: WHO
Location: Delhi, India
Year: 2006
N=1144
Age: 10 to 17
BMI: measured
Growth reference: WHO
Location: Wuhan, China
Year: 2007

Measure of Perceived Weight Status
Do you think your weight is very
overweight, slightly overweight, about
right, slightly thin, or very thin?

Respondents were asked to describe
their weight on a 5-point scale: much
too thin, too thin, about right, too fat,
much too fat.

Level of Weight Status
Underestimation (%)
54

All
Males
Females

At this time, do you feel that you are (a)
very underweight, (b) somewhat
underweight, (c) about the right
weight, (d) somewhat overweight, or
(e) very overweight?
Which body shape do you think you
have: too thin, relatively thin, all right,
relatively heavy, too heavy?

26
30
21

43.8

Males
Females

50.0
38.2
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Study
ter Bogt et al49

Ursoniu et al50

Study Characteristics

Measure of Perceived Weight Status

N=7556
Age: 11 to 16
BMI: self-reported
Growth reference: Dutch Quotelet
standards
Location: Netherlands
Year: not provided
Note: The estimate of weight status
underestimation included in this study
includes those of normal weight reporting
that they are underweight.
N=2908
Age: 14 to 19
BMI: self-reported
Growth reference: WHO

What do you think of your own body?
Respondents chose from a 5-point
Likert-type scale wit responses ranging
from 'far too thin' to 'far too heavy.’

Location: Timis Couty, Romania
Year: 2005

Respondents were asked to describe
their weight using a 5-point Likert-type
scale. Responses were: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight.

Level of Weight Status
Underestimation (%)
Males
18.5
Females
11.2

Males
Overweight
Obese
Females
Overweight
Obese

56.99
19.53
24.34
23.14
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Study
Viner et al51

Wang et al52

Study Characteristics

Measure of Perceived Weight Status

N=2,522
Age: 11 to 14
BMI: measured
Growth reference: UK
Location: London, UK
Year: 2001
Note: The reported prevalence is the
overall percentage of overweight
adolescents who underestimated their
weight status. An additional 25% of
overweight and 23% of obese males
reported that they did not know their
weight status; 30% of overweight and 27%
of obese females were not sure of their
weight status. The levels of
underestimation would be higher if those
who did not know were excluded from the
calculation of these percentages.
N=448
Age: grades 5 to 8 (mean 11.9)
BMI: measured
Growth reference: CDC
Location: Chicago, USA
Year: 2004

Given your age and height, would you
say that you are about the right weight,
too heavy, too light, or not sure?

How do you describe your body weight:
underweight, normal weight, a little
overweight, very overweight?

Level of Weight Status
Underestimation (%)
Males
Overweight
59
Obese
28
Females
Overweight
34
Obese
10

All
Overweight
Obese
Males
Overweight
Obese
Females
Overweight
Obese

43.6
23.7
61.4
32.3
30.8
19.7
146

Study
Xie et al56

Study Characteristics
N=2160
Age: 11 to 15
BMI: measured
Growth reference: IOTF
Location: Wuhan, China

Measure of Perceived Weight Status
Respondents were asked to describe
their weight status as one of the
following: too thin, relative thin, alright,
relative heavy, too heavy.

Level of Weight Status
Underestimation (%)
Males
31.5
Females
11.7

Year: 1998
Xie et al

53

Yan et al57

Yost et al58

N=6863
Age: middle and high school students
BMI: measured
Growth reference: IOTF
Location: China
Year: 2002
Note: This study uses the same data as
what is provided in two other studies of
weight status underestimation.168,175
N=2915
Age: 10 to 18
BMI: measured
Growth reference: CDC
Location: United States
Year: 2005 to 2006
N=2216
Age: 13 to 18
BMI: measured
Growth reference: NHANES
Location: United States
Year: 1996

Respondents described their body
shape as too thin, relatively thin, all
right, relatively heavy, or too heavy.

Males
Females

12.7
8.1

Do you consider yourself now to be
overweight, underweight, or about the
right weight?

Males
Females

61.0
41.4

How do you think of yourself in terms
of weight: very underweight, slightly
underweight, about the right weight,
slightly overweight, very overweight?

Females

20.95
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Study
Zaborskis et al59

Study Characteristics

Measure of Perceived Weight Status

N=9820
Age: 13 and 15
BMI: measured
Growth reference: country specific
Location: Lithuania, Croatia, United States
Year: 2001 to 2002

Do you think your body is: much too
thin, a bit too thin, about the right size,
a bit too fat, much too fat?

Level of Weight Status
Underestimation (%)
Lithuania
Males
Age 13
54.17
Age 15
79.61
Females
Age 13
26.67
Age 15
18.64
Croatia
Males
Age 13
34.23
Age 15
37.08
Females
Age 13
28.16
Age 15
11.57
United States
Males
Age 13
26.72
Age 15
17.76
Females
Age 13
22.73
Age 15
17.50
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Study
Zhang et al60

Study Characteristics
N=14,879
Age: 14 to 18
BMI: self-reported
Growth reference: IOTF
Location: Hong Kong, Taipei, and Macau,
China; New York and Los Angeles, USA
Year: 2003

Measure of Perceived Weight Status
How do you describe your weight: very
underweight, slightly underweight,
about the right weight, slightly
overweight, very overweight?

Level of Weight Status
Underestimation (%)
Hong Kong
Males
13.64
Females
0
Macau
Males
21.31
Females
0
Taipei
Males
4.14
Females
0
New York City
Males
49.35
Females
26.67
Los Angeles
Males
38.53
Females
21.74

149

150

Appendix B. Detailed list of variables from the Canadian Community Health
Survey used in the analysis of this project
Construct
Outcome
Perceived
Weight
Status

Year

CCHS Variable Name

2001
2003
2005
2007-2010
Actual Weight Status
Height
2001
2003
2005
2007-2010
Weight
2001
2003
2005
2007-2010
Predictors
Sex
2001
2003
2005
2007-2010
Ethnicity
2001
2003
2005
2007-2010

Aboriginal
Status

2001
2003
2005
2007-2010
Age
2001
2003
2005
2007-2010
Variables for Sample Selection
Pregnant
2001
2003
2005
2007-2010

HWTA_4
HWTC_4
HWTE_4
HWT_4

Survey Question
Do you consider yourself: overweight,
underweight, or just about right?

HWTADHTM
HWTCDHTM
HWTEDHTM
HWTDHTM
HWTADWTK
HWTCDWTK
HWTEDWTK
HWTDWTK

How tall are you without shoes on?

DHHA_SEX
DHHC_SEX
DHHE_SEX
DHH_SEX
SDCADRAC
SDCCDRAC
SDCEDCGT
SDCDCGT

Completed by interviewer (based on
interview’s observation)

SDCE_41
SDC_41
DHHA_AGE
DHHC_AGE
DHHE_AGE
DHH_AGE
MAMA_037
MAMC_037
MAME_037
MAM_037

How much do you weight?

People living in Canada come from many
different cultural and racial backgrounds.
Are you: White, Chinese, South Asian,
Black, Filipino, Latin American, South East
Asian, Arab, West Asian, Japanese, Korean?
(included Aboriginal Peoples of North
America prior to June 2005)
Are you an Aboriginal person that is North
American Indian, Métis, or Inuit?

Derived from date of birth and confirmed
with respondent.

It is important to know when analyzing
health whether or not the person is
pregnant. Are you pregnant?
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Construct
Proxy

Year
2001
2003
2005
2007-2010
Geographic Variables
Health
2001
Region
2003
2005
2007-2010
Census
2001
Subdivision
2003
2005
2007-2010
Other Variables
Interview
2001
Mode
2003
2005
2007-2010
Date of
2001
Interview
2003

2005

2007-2010

Date of
Birth

2001
2003

2005

2007-2010

CCHS Variable Name
ADMA_PRX
ADMC_PRX
ADME_PRX
ADM_PROX

Survey Question

GEOA_HR4
GEOCDHR4
GEOEDHR4
GEODHR4
GEOADCSD
GEOCDCSD
GEOEDCSD
GEODCSD
ADMA_N09
ADMC_N09
ADME_N09
ADM_N09
ADMA_DAT
ADMC_YOI
ADMC_MOI
ADMC_DOI
ADME_YOI
ADME_MOI
ADME_DOI
ADM_YOI
ADM_MOI
ADM_DOI
DHHA_DB
DHHC_YOB
DHHC_MOB
DHHC_DOB
DHHE_YOB
DHHE_MOB
DHHE_DOB
DHH_YOB
DHH_MOB
DHH_DOB

Was this interview conducted on the
telephone or in person? (only provided for
those selected as part of the telephone
frame)

What is (respondent’s) date of birth?

Appendix C. Overview of changes made to health regions to ensure their
comparability across cycles of the Canadian Community Health Survey
Substantial changes were made to the borders of some health regions between cycles of
the Canadian Community Health Survey. To ensure these borders remained consistent
for the course of the survey, some health regions were combined. These changes are
described in Table 19. Modified health regions are presented in bold font, with the final
code number reflecting the final combinations of health regions.

Table 19. Overview of changes made to health regions in the Canadian Community Health Survey (CCHS) to ensure their
consistency across time. Numbers provided represent the code assigned to each health region by Statistics Canada. The

Nova Scotia

Prince Edward Island

Newfoundland

final code provided reflects all combined health regions.
2001
1001
1002
1003
1004
1005
1006
1101
1102

1101
1102
1103
1104

1201
1202
1203
1204
1205
1206

1201
1202
1203
1204
1205
1206

2010 Final Code
1011

1011

1012
1013

1012
1013

1014

1014

1101
1102
1103
1104

1201
1202
1203
1204
1205
1206

1199
1101
1102
1103
1201
1202
1203
1204
1205
1206

1101
1102
1103
1201
1202
1203
1204
1205
1206

1101
1102
1103
1201
1202
1203
1204
1205
1206

1101
1102
1103
1201
1202
1203
1204
1205
1206

1201
1202
1203
1204
1205
1206
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Health Region*
Health/Comm Services St John's Region
Health/Comm Services Eastern Region
Health/Comm Services Central Region
Health/Comm Services Western Region
Grenfell Regional Health Services Board
Health Labrador Corporation
Urban Health Region
Rural Health Region
West Prince
East Prince
Queens
Kings
Kings County
Queens County
Prince County
Zone 1
Zone 2
Zone 3
Zone 4
Zone 5
Zone 6

Survey Year
2003 2005 2007 2008 2009
1001
1011 1011 1011 1011
1002
1003 1012 1012 1012 1012
1004 1013 1013 1013 1013
1005
1014 1014 1014 1014
1006

New Brunswick
Quebec

Health Region*
Region 1
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7
Region du Bas-Saint-Laurent
Region du Saguenay - Lac-Saint-Jean
Region du Quebec
Region de la Mauricie-centre-du-Quebec
Region de l'Estrie
Region de Montreal-Centre
Region de l'Outaouais
Region de l'Abitibi-Temiscaminque
Region de la cote-nord
Region du nord-du-quebec
Reg. de la Gaspesie-iles-de-la-madeleine
Region de la Chaudiere-Appalaches
Region de Laval
Region de Lanaudiere
Region des Laurentides
Region de la Monteregie
Region des terres-cries-de-la-baie-James

2001
1301
1302
1303
1304
1305
1306
1307
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416

2003
1301
1302
1303
1304
1305
1306
1307
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2418

Survey Year
2005 2007 2008
1301 1301 1301
1302 1302 1302
1303 1303 1303
1304 1304 1304
1305 1305 1305
1306 1306 1306
1307 1307 1307
2401 2401 2401
2402 2402 2402
2403 2403 2403
2404 2404 2404
2405 2405 2405
2406 2406 2406
2407 2407 2407
2408 2408 2408
2409 2409 2409
2410 2410 2410
2411 2411 2411
2412 2412 2412
2413 2413 2413
2414 2414 2414
2415 2415 2415
2416 2416 2416

2009
1301
1302
1303
1304
1305
1306
1307
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416

2010 Final Code
1301
1301
1302
1302
1303
1303
1304
1304
1305
1305
1306
1306
1307
1307
2401
2401
2402
2402
2403
2403
2404
2404
2405
2405
2406
2406
2407
2407
2408
2408
2409
2409
2410
2410
2411
2411
2412
2412
2413
2413
2414
2414
2415
2415
2416
2416
2418
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Ontario

Health Region*
Algoma Public Health Unit
Brant Public Health Unit
Durham Public Health Unit
Elgin-St Thomas PHU
Bruce-Grey-Owen Sound PHU
Haldimand-Norfolk PHU
Haliburton-Kawartha-Pine Ridge PHU
Halton PHU
Hamilton-Wentworth PHU
Hastings and Prince Edward PHU
Huron PHU
Kent-Chatham PHU
Kingston-Frontenac-Lennox-Addington PHU
Lambton PHU
Leeds-Grenville-Lanark PHU
Middlesex-London PHU
Muskoka-Parry Sound PHU
Niagara PHU
North Bay PHU
Northwestern PHU
Ottawa Carleton PHU
Oxford PHU
Peel PHU
Perth PHU
Peterborough PHU

2001
3526
3527
3530
3531
3533
3534
3535
3536
3537
3538
3539
3540
3541
3542
3543
3544
3545
3546
3547
3549
3551
3552
3553
3554
3555

2003
3526
3527
3530
3531
3533
3534
3535
3536
3537
3538
3539
3540
3541
3542
3543
3544
3545
3546
3547
3549
3551
3552
3553
3554
3555

Survey Year
2005 2007 2008
3526 3526 3526
3527 3527 3527
3530 3530 3530
3531 3531 3531
3533 3533 3533
3534 3534 3534
3535 3535 3535
3536 3536 3536
3537 3537 3537
3538 3538 3538
3539 3539 3539
3540 3540 3540
3541 3541 3541
3542 3542 3542
3543 3543 3543
3544 3544 3544

2009
3526
3527
3530
3531
3533
3534
3535
3536
3537
3538
3539
3540
3541
3542
3543
3544

3546
3547
3549
3551
3552
3553
3554
3555

3546
3547
3549
3551
3552
3553
3554
3555

3546
3547
3549
3551
3552
3553
3554
3555

3546
3547
3549
3551
3552
3553
3554
3555

2010 Final Code
3526
3526
3527
3527
3530
3530
3531
3531
3533
3533
3534
3534
3535
3535
3536
3536
3537
3537
3538
3538
3539
3539
3540
3540
3541
3541
3542
3542
3543
3543
3544
3544
3599
3546
3546
3547
3599
3549
3549
3551
3551
3552
3552
3553
3553
3554
3554
3555
3555
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Ontario
Manitoba

Health Region*
Porcupine PHU
Renfrew PHU
Eastern Ontario PHU
Simcoe PHU
Sudbury PHU
Thunderbay PHU
Timiskaming PHU
Waterloo PHU
Wellington-Dufferin-Guelph PHU
Windsor-Essex PHU
York PHU
City of Toronto PHU
Winnipeg
Brandon
Morth Eastman
South Eastman
Interlake
Central
Marquette
South Westman
parkalnd
Normal
Burntwood+Churchill

2001
3556
3557
3558
3560
3561
3562
3563
3565
3566
3568
3570
3595
4610
4615
4620
4625
4630
4640
4650
4655
4660
4670
4680

2003
3556
3557
3558
3560
3561
3562
3563
3565
3566
3568
3570
3595
4610
4615
4620
4625
4630
4640
4645

Survey Year
2005 2007 2008
3556 3556 3556
3557 3557 3557
3558 3558 3558
3560 3560 3560
3561 3561 3561
3562 3562 3562
3563 3563 3563
3565 3565 3565
3566 3566 3566
3568 3568 3568
3570 3570 3570
3595 3595 3595
4610 4610 4610
4615 4615 4615
4620 4620 4620
4625 4625 4625
4630 4630 4630
4640 4640 4640
4645 4645 4645

2009
3556
3557
3558
3560
3561
3562
3563
3565
3566
3568
3570
3595
4610
4615
4620
4625
4630
4640
4645

2010 Final Code
3556
3556
3557
3557
3558
3558
3560
3599
3561
3561
3562
3562
3563
3563
3565
3565
3566
3566
3568
3568
3570
3570
3595
3595
4610
4610
4615
4615
4620
4620
4625
4625
4630
4630
4640
4640
4645
4645

4660 4660 4660 4660 4660 4660
4670 4670 4670 4670 4670 4670
4680 4685 4685 4685 4685 4685

4660
4670
4685
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Saskatchewan
Alberta

2001
4701
4702
4703
4704
4705
4706
4707
4708
4709
4710
4711
4801
4802
4803
4804
4805
4806
4807
4808
4809
4810
4811
4812
4813
4814
4815

2003
4701
4702
4703
4704
4705
4706
4707
4708
4709
4710
4714
4820

2009
4701
4702
4703
4704
4705
4706
4707
4708
4709
4710
4714
4821

2010 Final Code
4701
4701
4702
4702
4703
4703
4704
4704
4705
4705
4706
4706
4707
4707
4708
4708
4709
4709
4710
4710
4714
4714

4899

157

Health Region*
Weyburn (A) Service Area
Moose Jaw (B) Service Area
Swift Curent (C) Service Area
Regina (D) SA
Yorkton (E) SA
Saskatoon (F) SA
Rosetown (G) SA
Melfort (H) SA
Prince Albert (I) SA
North Battleford (J) SA
North. Hlth. Serv. Branch (K) SA
Chinook Regional health Authority
Palliser Regional Health Authority
Headwaters RHA
Calgary RHA
Health Authority #5
David Thompson RHA
East Central HA
Westview RHA
Crossroads RHA
Capital Health Authority
Aspen RHA
Lakeland RHA
Mistahia RHA
Peace RHA
Keeweetinok Lakes RHA

Survey Year
2005 2007 2008
4701 4701 4701
4702 4702 4702
4703 4703 4703
4704 4704 4704
4705 4705 4705
4706 4706 4706
4707 4707 4707
4708 4708 4708
4709 4709 4709
4710 4710 4710
4714 4714 4714
4820 4821 4821

Alberta

Health Region*
Palliser Health Region
Calgary Health Region
David Thompson RHA
East Central Health
Capital Health Authority
Aspen RHA
Peace Country Health
Northern Lights RHA
Northwestern RHA
South Zone
Calgary Zone
Central Zone
Edmonton Zone
North Zone

Survey Year
2005 2007 2008
4821 4822 4822
4822 4823 4823
4823 4824 4824
4824 4825 4825
4825 4826 4826
4826 4827 4827
4827 4828 4828

2001 2003
4821
4822
4823
4824
4825
4826
4827
4816
4828 4828 4829 4829
4817

2009 2010 Final Code
4822
4823
4824
4825
4826
4827
4828
4899
4829
4831
4832
4833
4834
4835
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British Columbia

Health Region*
East Kootenay
West Kootenay-Boundary
North Okanagan
South Okanagan Similkameen
Thompson
Fraser Valley/Fraser East
South Fraser Valley/Fraser South
Simon Fraser/Fraser North
Coast Garibaldi
North Shore

2001
5901
5902
5903
5904
5905
5906
5907
5908
5909
5918

2003
5911
5912

Survey Year
2005 2007 2008
5911 5911 5911
5912 5912 5912

2009
5911
5912

2010
5911
5912

5913

5913

5913

5913

5913

5913

5914
5921
5923
5922

5914
5921
5923
5922

5914
5921
5923
5922

5914
5921
5923
5922

5914
5921
5923
5922

5914
5921
5923
5922

5921
5923
5922

5933

5933

5933

5933

5933

5933

5933

Final Code
5911
5912
5999

Territo
ries

5910 5942 5942 5942 5942 5942 5942
5942
Central Vancouver Island
5911 5943 5943 5943 5943 5943 5943
Upper Island/Central Coast
5999
5912 5914 5914 5914 5914 5914 5914
Cariboo
5913 5951 5951 5951 5951 5951 5951
5951
North West
5914 5953 5953 5953 5953 5953 5953
5953
Peace Liard/Northeast
5915 5952 5952 5952 5952 5952 5952
5952
Northern Interior
5916
5932
5932
5932
5932
5932
5932
5932
Vancouver
5917 5922 5922 5922 5922 5922 5922
5922
Burnaby
5919 5931 5931 5931 5931 5931 5931
5931
Richmond
5920 5941 5941 5941 5941 5941 5941
5941
Capital/South Vancouver Island
6001 6001 6001 6001 6001 6001 6001
6001
Yukon
6101
6101
6101
6101
6101
6101
6101
6101
Northwest
6201 6201 6201 6201 6201 6201 6201
6201
Nunavut
Note: Modified health regions are shown in bold font.
*Only the original names are presented for health regions that underwent a name change between 2001 and 2010.
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Appendix D. Comparison of minimum sample size per cluster for multilevel analysis
The following provides a comparison of census subdivisions (CSDs) with different
minimum sample sizes. The variance across CSDs is compared when including only
CSDs with at least five overweight males and five overweight females were compared to
including only those with at least two overweight adolescents of each sex. The variance
across CSDs in weight status underestimation was highly significant for both minimum
sample sizes (Table 20). Since the number of overall clusters is considered to be more
important in obtaining accurate estimates than the number of individuals per cluster,228 all
analysis was conducted using CSDs that included at least two overweight males and two
overweight females.

Table 20. Comparison of variance in weight status underestimation across census subdivisions (CSDs) with different
minimum sample sizes
CSDs with at least 5 overweight adolescents of each sex
CSDs with at least 2 overweight adolescents of each sex
All Adolescents
Males Only
Females Only
All Adolescents
Males Only
Females Only
Variance (95% CI) Variance (95% CI) Variance (95% CI) Variance (95% CI) Variance (95% CI) Variance (95% CI)
Intercept 0.19 (0.01, 0.29)
0.18 (0.08, 0.28)
0.33 (0.11, 0.55)
0.30 (0.18, 0.39)
0.33 (0.20, 0.46)
0.57 (0.32, 0.82)
MOR
1.52
1.50
1.73
1.68
1.73
2.05
ICC
0.055
0.052
0.091
0.083
0.092
0.148
Note: (1) All models controlled for the effect of interview mode
Abbreviations: CSD (census subdivision); CI (confidence interval); MOR (median odds ratio); ICC (intraclass correlation coefficient)
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Appendix E. Comparison of weight status underestimation across ethnic groups
adjusted for age, severity of overweight, and the effect of time, as well as interview
mode
This Appendix provides a comparison of weight status underestimation among
overweight adolescents of different ethnic backgrounds, adjusted for the effects of age,
severity of overweight, time, and interview mode. Tables 21 and 22 provide these same
comparisons separately for males and females, respectively. Note that comparisons
across ethnic groups are only provided for males and females separately since the
relationship between other characteristics (i.e. time) and weight status underestimation is
different for males and females.

Table 21. Adjusted odds ratios comparing weight status underestimation across ethnic groups among male overweight
adolescents
Reference Group
White
Black
Asian
Aboriginal
Latin American
Other
Mixed
Ethnic Group
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Black
3.4 (1.5, 7.6)
Asian
0.6 (0.4, 0.8)
0.2 (0.1, 0.4)
Aboriginal
0.9 (0.7, 1.3)
0.3 (0.1, 0.7)
1.6 (1.0, 2.6)
Latin American
1.3 (0.5, 3.7)
0.4 (0.1, 1.4)
2.3 (0.8, 2.7)
1.4 (0.5, 4.1)
Other
1.7 (0.7, 4.1)
0.5 (0.2, 1.7)
2.9 (1.1, 7.6)
1.8 (0.7, 4.7)
1.3 (0.3, 4.9)
Mixed
0.9 (0.5, 1.6)
0.3 (0.1, 0.7)
1.5 (0.7, 3.0)
0.9 (0.5, 1.9)
0.7 (0.2, 2.1)
0.5 (0.3, 2.1)
Missing
1.2 (0.8, 2.1)
0.4 (0.1, 0.9)
2.2 (1.2, 3.9)
1.3 (0.7, 2.4)
0.9 (0.3, 2.9)
0.7 (0.7, 1.0)
1.5 (0.8, 3.0)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All OR are adjusted for the effects of age, severity of overweight, and
interview mode.
Abbreviations: OR (odds ratio); CI (confidence interval).
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Table 22. Adjusted odds ratios comparing weight status underestimation across ethnic groups among female overweight
adolescents
Reference Group
Black
Asian
Aboriginal
Latin American
Other
Mixed
Ethnic Group
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Black
Asian
0.4 (0.15, 0.93)
Aboriginal
0.5
1.4
(0.2, 1.1)
0.6, 2.9)
Latin American
0.7 (0.2, 1.9)
0.5
1.2
0.9 (0.3, 2.7)
(0.1, 1.5)
(0.4, 3.9)
Other
1.1 (0.4, 3.5)
0.7
2.0
1.5 (0.4, 4.9)
1.7 (0.4, 7.6)
(0.2, 2.8)
(0.6, 7.1)
Mixed
0.7 (0.3, 1.4)
0.5
1.2
0.9 (0.4, 2.1)
1.0 (0.3, 3.5)
0.6
(0.2, 1.2)
(0.5, 3.0)
(0.2, 2.3)
Missing
0.9 (0.5, 1.8)
0.6
1.6
1.2 (0.5, 2.7)
1.3 (0.4, 1.6)
0.8 (0.2, 3.1)
1.5 (0.8, 3.0)
(0.2, 1.6)
(0.7, 3.9)
Notes: (1) Results significant at the 5% level are highlighted in bold; (2) All OR are adjusted for the effects of age, severity of overweight, and
interview mode.
Abbreviations: OR (odds ratio); CI (confidence interval).
White
OR (95% CI)
1.5 (0.8, 3.0)
0.6 (0.3, 1.0)
0.8 (0.5, 1.2)
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