
Chronic Diseases in Canada
Volume 30  ·  Number 1  ·  December 2009

Inside this issue
1	 Editorial – Chronic Diseases in Canada  

Grows Up
	 H. Morrison, M. Tracy, D. Wigle

2	 Editorial – Chronic disease or chronic  
diseases: is the whole different from the  
sum of the parts?

	 R. A. Spasoff 

3	 Socio-demographic and geographic analysis  
of overweight and obesity in Canadian  
adults using the Canadian Community Health 
Survey (2005)

	 J. Slater, C. Green, G. Sevenhuysen, J. O’Neil, B. Edginton

15	 Using cancer registry data: agreement in  
cause-of-death data between the Ontario 
Cancer Registry and a longitudinal study  
of breast cancer patients 

	 D. R. Brenner, M. C. Tammemägi, S. B. Bull, D. Pinnaduwaje,  
I. L. Andrulis

19	 Using administrative data to understand  
the geography of case ascertainment 

	 N. Yiannakoulias, D. P. Schopflocher, L. W. Svenson

28	 Association of obesity with mood and anxiety 
disorders in the adult general population

	 T. M. Gadalla, PhD



Chronic Diseases in Canada
a publication of the Public Health Agency  

of Canada

Howard Morrison, PhD 
Editor-in-Chief  
(613) 941-1286

Robert A. Spasoff, MD 
Associate Scientific Editor

Claire Infante-Rivard, MD 
Associate Scientific Editor

Elizabeth Kristjansson, PhD 
Associate Scientific Editor

Michelle Tracy, MA 
Managing Editor

CDIC Editorial Board

Robert Geneau, PhD 
Public Health Agency of Canada

Isra Levy, MB, FRCPC, FACPM 
Ottawa Public Health

Heather Logan, BScN 
Canadian Association of Provincial  

Cancer Agencies

Lesli Mitchell, MA 
Centers for Disease Control and Prevention

Scott Patten, MD, PhD, FRCPC 
University of Calgary

Barry Pless, CM, MD, FRCPC 
Montreal Children’s Hospital

Kerry Robinson, PhD 
Public Health Agency of Canada

Fabiola Tatone-Tokuda, MSc (c) 
University of Ottawa 

Andreas T. Wielgosz, MD, PhD, FRCPC 
Public Health Agency of Canada

Don Wigle, MD, PhD 
University of Ottawa

Russell Wilkins, MUrb 
Statistics Canada

Chronic Diseases in Canada (CDIC) is a quar
terly scientific journal focussing on current 
evidence relevant to the control and pre
vention of chronic (i.e. non-communicable) 
diseases and injuries in Canada. Since 1980 
the journal has published a unique blend of 
peer-reviewed feature articles by authors 
from the public and private sectors and 
which may include research from such fields 
as epidemiology, public/community health, 
biostatistics, the behavioural sciences, and 
health services or economics. Only feature 
articles are peer reviewed. Authors retain 
responsibility for the content of their arti
cles; the opinions expressed are not neces
sarily those of the CDIC editorial committee 
nor of the Public Health Agency of Canada.

Chronic Diseases in Canada 
Public Health Agency of Canada 

785 Carling Avenue 
Address Locator 6805B 

Ottawa, Ontario  K1A 0K9

Fax: (613) 941-9502  
E-mail: cdic-mcc@phac-aspc.gc.ca

Indexed in Index Medicus/MEDLINE, 
SciSearch® and Journal Citation Reports/

Science Edition

To promote and protect the health of Canadians through leadership, partnership, innovation and action in public health. 
— Public Health Agency of Canada

Published by authority of the Minister of Health. 
© Her Majesty the Queen in Right of Canada, represented by the Minister of Health, 2009 

ISSN 0228-8699

This publication is also available online at www.publichealth.gc.ca/cdic 
Également disponible en français sous le titre : Maladies chroniques au Canada



1

This fall, two of us (H. M., M. T.) attended 
the JAMA/BMJ Peer Review Congress on 
Peer Review and Biomedical Publication 
as Editor-in-Chief and Managing Editor of 
Chronic Diseases in Canada. Both being 
new at the job, we were painfully aware of 
the relative importance of our niche journal 
when placed side-by-side with the Big Five 
(New England Journal of Medicine, JAMA, 
BMJ, Lancet, Annals of Internal Medicine). 

Chronic Diseases in Canada (CDIC) started 
thirty years ago at Health and Welfare 
Canada’s Laboratory Centre for Disease 
Control (LCDC) in a dingy little building at 
Tunney’s Pasture in Ottawa. The first issue 
was four-pages long in courier font and a 
red ‘fifties-style banner. The then Director 
General of the LCDC, Dr. A. J. Clayton, 
launched “the New Bulletin” with a short 
editorial containing the following state-
ment of purpose: “We propose to include 
material based on research, surveillance 
and control aspects of non-communicable 
diseases or conditions such as cancer, heart 
disease and accidents.” The main audi-
ence was the estimated 300-400 Canadians 
involved directly or indirectly in programs 
related to chronic disease.

LCDC initiated CDIC in 1980 because there 
was no national publication to address 
the needs of public health professionals 
responsible for chronic disease prevention 
and control. Many people contributed to 
the early development of CDIC, including  
Dr. Don Wigle, Walter Litvin, Lori Anderson 
and Dr. Christina Mills.

Chronic disease science has evolved con-
siderably since the 1980s, when the journal 
was first founded: we now know a great 
deal more about risk factors, but we still 
don’t know very much about interventions. 
As we approached our 30th anniversary, 
it was apparent that the journal needed 

to catch up. Starting in December 2007, 
the journal hired a new Managing Editor, 
named a new Editor-in-Chief and reconfig-
ured the Editorial Board. Since then, we’ve 
seen improvements in our process and 
output – article submissions are up 40%,  
our timelines are more competitive, and 
we’re getting ready to implement an 
online manuscript management system 
and allow for advance access of articles.

At our first Editorial Board Meeting this 
past October, a member asked the pro-
vocative question: “Why bother?” I would 
like to posit a reply in stating my vision 
for the journal.

Chronic Diseases in Canada is, and always 
will be, a niche journal. Our audience, 
now considerably larger than the original  
300-400 chronic disease experts, is a mixed 
constituency of researchers, students and 
policy makers. I would argue that we pro-
vide a useful forum for mixed-methods 
research papers – evaluating interventions 
using both qualitative and quantitative 
approaches. In the words of Dr. Sylvie 
Stachenko, former Principal Scientific 
Editor of the journal, “CDIC should 
publish both quantitative and qualita-
tive research results since both types of 
research make important contributions to 
chronic disease prevention. For instance, 
qualitative research documents the con-
text within which prevention programs 
must operate.”

With regard to the future, I believe that 
CDIC should address currently under
served topics. Although the journal will 
continue to publish surveillance and origi-
nal etiologic research findings, the focus 
will be increasingly on chronic disease 
prevention research and evaluation of 
intervention programs, particularly those 
from a Canadian context. This will include 

review articles on the relative importance 
of various prevention programs and poli-
cies in reducing the burden of chronic  
disease in Canada. 

And while we may be a niche journal, 
we are, in many ways, unique. As a 
government-funded journal, we are part of 
the Open Access movement, indexed with 
Open Access Journals as well as PubMed. 
As CDIC is housed within the Public 
Health Agency of Canada, its editors have 
prime access to national intervention 
research and to partnership opportuni-
ties with bodies such as the Canadian 
Institutes for Health Research, Statistics 
Canada, the Institut national de la santé 
publique du Québec, the US Centers for 
Disease Control and Prevention and pro-
vincial health departments. Also, the jour-
nal is the only national bilingual journal 
in its field. We have a long way to go, but 
we are well on our way.
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About 15 years ago I spent a sabbatical 
year at the University of Amsterdam. When 
I first arrived, I naturally made the rounds 
meeting the staff. When I asked one senior 
professor about her research interests, she 
replied “Chronic disease.” “That’s nice,” I 
said, assuming that she meant etiological 
research on one or more chronic diseases, 
“Which ones?” She was as mystified by my 
question as I was by her first response. It 
turned out that she studied chronic disease 
as a phenomenon: its impact on individu-
als, their caregivers and society, its implica-
tions for health care, etc. And this was my 
introduction to chronic disease (singular) 
as a research topic. 

Since then, I have increasingly realized 
that the phenomenon of chronic disease 
in general is worthy of research, teaching, 
policy and programs. Gerontologists have 
had a similar approach for years, being 
often more interested in the fact that an 
individual has one or more chronic dis-
eases and in the impact of these on that 
person’s health, than on the individual 
diseases. (Of course, this is sometimes of 
necessity, since it can be hard to make a 
specific diagnosis in very old people.) 
Similar thinking underlies the International 
Classification of Functioning, Disability 
and Health1 (ICF) and its predecessor, the 
International Classification of Impairment, 
Disability and Handicap, which empha-
sizes the individual’s ability to carry out 
functions and roles rather than the indi-
vidual diseases that cause these limita-
tions. The title of the US sister publication 
to Chronic Diseases in Canada (CDIC), 
Preventing Chronic Disease (singular), pub-
lished by the Centers for Disease Control 
and Prevention (CDC), seems to hint at the 
same point. But note the use of both singu-
lar and plural in the documents mentioned 
in the next paragraph.

The risk factors for several major chronic 
diseases have turned out to be remarkably 
similar, further suggesting that prevention 
can often focus on chronic disease in gen-
eral rather than (or as well as) individual 
chronic diseases. Perhaps too strongly 
(because it ignores the role of genetic 
factors), the WHO’s Preventing Chronic 
Diseases: a vital investment2 points out 
that “common, modifiable risk factors 
underlie the major chronic diseases. These 
risk factors explain the vast majority of 
chronic disease deaths at all ages, in men 
and women, and in all parts of the world.” 
The Chronic Disease Prevention Alliance 
of Canada (CDPAC; slogan, “reducing 
chronic disease in Canada”) in its vision 
document Primary Prevention of Chronic 
Diseases in Canada: a Framework for 
Action calls for a comprehensive and inte-
grated approach to primary prevention: 
“A key stimulus for initiating a framework 
for primary prevention was a shared inter-
est and need among the national disease 
strategies—cancer, stroke, diabetes, heart 
health, lung, healthy living and chronic 
disease—to align their contributions to 
primary prevention.”3 Again, this suggests 
that the target will often be chronic dis-
ease in general. Of course, we also need 
to consider the individual diseases, espe-
cially for their treatment.

The first in the CDPAC framework’s four 
components is resources, which includes 
research and innovation and also knowl-
edge exchange. CDIC is an appropriate 
venue for dissemination of these activities, 
and is interested in both chronic diseases 
and chronic disease. Probably most of 
our articles have dealt with the former—
consistent with the plural in our title—but 
we would welcome more submissions on 
the latter.
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Abstract

Using the 2005 Canadian Community Health Survey, this study examined how over-
weight and obesity in Canadian adults are distributed across socio-demographic and 
geographic groupings. Overweight and obesity prevalence were modeled against socio-
demographic indicators using Poisson regression and were assessed geographically using 
choropleth maps. The Gini coefficient was used to assess the distribution of prevalence 
across risk groups. The potential impacts of high risk versus population-based preven-
tion approaches on the population prevalence of obesity were also examined. Of adults 
aged 25 to 64 years, 17% were obese and 53% were overweight or obese, with the 
highest proportions observed in older age groups, among those who were physically 
inactive, white or non-immigrant, with low educational levels, and living in the prairie 
and east coast regions. Recalculation of obesity rates under the different prevention scen-
arios demonstrated that population-based approaches could achieve a four-fold greater 
decrease in obesity cases than high risk approaches, highlighting the need for broader 
population strategies for obesity prevention in Canada. 

Introduction

Overweight and obesity continue to be 
major public health issues in Canada.1,2 
Studies conducted over the past several 
decades show that body mass index (BMI) 
for both adults and children have increased 
significantly3,4 despite efforts to address 
increasing body weights.5,6 This upward 
trend calls for a re-assessment of current 
approaches to understanding the phenom-
enon of population overweight and obesity. 
To date, public health interventions have 
tended to focus on high risk individuals 
and the promotion of “healthy lifestyles” 
to change individual behaviours.5-7 Given 
the dramatic growth in population body 
weights in recent decades, a re-examina-
tion of the distribution of overweight and 
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obesity in the population is warranted. 
Our objective is to examine how over-
weight and obesity in Canadian adults are 
distributed across socio-demographic and 
geographic groupings. The study results 
will provide important information for 
public health policy and program plan-
ners to use in designing effective strategic 
interventions to decrease the population 
prevalence of overweight and obesity.

Methods

Data sources

Our analysis is based on data derived from 
the Public Use Microdata File (PUMF)  
of the 2005 Canadian Community Health 
Survey (CCHS), Cycle 3.1, obtained 

through the Data Liberation Initiative8 at 
the University of Manitoba. The metho
dology of the survey has been detailed 
elsewhere.9 BMI measures were derived 
from self-reported height and weight. 
While the 2005 CCHS does provide a sub-
sample of measured height and weight, 
this sub-sample was too small to allow 
the predictive modeling and geographic 
analysis used by the study. Our study was 
restricted to adults 25 to 64 years of age: 
the secondary education variable used to 
model overweight/obesity rates is only 
meaningful in adults 25 years and older 
and the BMI measure is valid only in 
adults younger than 65 years of age. 

For geographic mapping, an electronic 
map file (shape file) was obtained from 
the Statistics Canada web site.10 Since the  
PUMF collapses the number of health 
regions from 122 to 101 in order to pro-
tect data confidentiality, the health region 
shape file was similarly modified to con-
tain only 101 health region polygons. This 
was accomplished using ArcGIS 9.1.11 

Data preparation and analysis

CCHS data was imported into STATA 
version 912 and a program was written 
to extract records for individuals 25 to  
64 years of age and to code survey varia-
bles into the categorical variables required 
for the study. Individuals with a BMI 
greater than or equal to 30 were catego-
rized as obese, while those with a BMI 
greater than or equal to 25 were catego-
rized as overweight/obese. 

Socio-demographic and geographic analysis of overweight and 
obesity in Canadian adults using the Canadian Community 
Health Survey (2005)
J. Slater, PhD (1); C. Green, PhD (4); G. Sevenhuysen, PhD (1); J. O’Neil, PhD (2); B. Edginton, PhD (3)

Keywords: obesity, prevalence, prevention, policy, population-based, geographic trend
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All statistical calculations were undertaken 
in STATA version 912 using the Survey Data 
Analysis module, which used the survey 
weight on the CCHS record to compute 
correct parameter estimates for calculated 
statistics. Since the CCHS is based upon 
a complex sampling design, the stand-
ard error required for an assessment of 
statistical significance may not be esti-
mated properly using standard statistical 
techniques that do not take into account 
a complex sampling design.9 In order to 
accurately estimate standard errors associ-
ated with output statistics, survey design 
details are required, including the strata 
and primary sampling units. The impact 
of a complex survey design on variance 
estimates can be summarized as the sur-
vey design effect, which is the ratio of the 
true variance associated with the survey 
to a comparable variance estimate from a 
simple random sample of the population.13 
Statistics Canada suggests using the boot-
strap resampling method in order to calcu-
late accurate standard errors for the CCHS 
which take into account the survey design 
effect. However, the bootstrap method is 
not available for use with the PUMF and 
does not support two of the statistical 
routines employed in this study (Poisson 
regression and Gini coefficient). 

An approximate method13 was used to 
incorporate the survey design effect 
into the calculation of 95% confidence 
interval estimates for all statistical rou-
tines employed in the study. First, the 
survey design factor was derived by tak-
ing the square root of the average survey 
design effect for the 2005 CCHS of 2.51.9 
Standardized variables (z-scores) used in 
the calculation of 95% confidence intervals 
were then re-scaled by the survey design 
effect (z=1.96*√2.51=3.10). In order to 
streamline this calculation within STATA, 
confidence intervals were set to 0.998, 
which is functionally equivalent to using a 
z-score of 3.10. 

In order to describe the demographic and 
geographic distribution of overweight 
and obesity, rates were calculated by age, 
gender and geography and standardized 
(where appropriate) by age and/or gender 
using the 2005 CCHS sample population 
as the standard population. Geographic 

patterns were visualized through choro-
pleth maps, with rates of overweight and 
obesity classified into quintiles using the 
Jenks natural breaks algorithm in ArcGIS 
9.1.11 To model the population characteris
tics associated with overweight and obe
sity, categorical Poisson regression analysis 
was used to generate comparative rate 
ratios, which are more easily interpretable 
than the odds ratio generated by logistic 
regression.14,15 Model predictor variables 
included age group, gender, education, 
fruit and vegetable consumption, physical 
activity level, immigration status, visible 
minority status, household income and 
food security. 

The public health significance of the vari-
ability in rates of overweight and obesity 
by immigrant status, education, income 
and geography was assessed using the 
Gini coefficient,16 a measure of inequality 
ranging from 0 (absolute equality in rates) 
to 1 (absolute inequality in rates), which 
has been used previously to examine the 
geographic variability of infant mortality,16 
sexually transmitted diseases17 and campy-
lobacter.18 It is calculated by ordering risk 
categories from lowest to highest rank 
by case rate, calculating a Lorenz curve 
which is a plot of the cumulative propor-
tion of the population (x axis) against the 
cumulative proportion of cases in each 
risk category (y axis), and then calculating  
the area between the axis of equality 
and the Lorenz curve as a percentage of 
the total area below the axis of equality 
(Figures 2a and 2b). The greater the degree 
to which cases are concentrated in a small 
number of risk categories (i.e. distributed 
disproportionately in relationship to the 
population at risk), the greater the deflec-
tion of the Lorenz curve downwards from 
the axis of equality and the higher the Gini 
coefficient. A high Gini coefficient indicates 
that the majority of cases are located in  
a small proportion of the population, and a  
public health intervention would only 
need to focus on factors affecting this high 
risk population in order to be successful 
in treating or preventing the majority of 
cases. Alternatively, a low Gini coefficient 
indicates that cases are spread out rela-
tively evenly across all population groups  
(despite there being some small  
groups with very high rates); a public  

health intervention that focused on these 
small high-risk groups would end up treating 
or preventing only a very small percentage  
of total cases. 

We calculated the Gini coefficients and 
associated confidence intervals for geog-
raphy (health regions), immigration, edu-
cation and income for both obesity and 
overweight/obesity using the Ineqerr pro-
gram in Stata,12 with associated Lorenz 
curves produced in EpiDat version 3.1.19

To explore how the success of high risk 
versus population-based prevention strat-
egies may be constrained or enabled by 
the statistical distribution (Gini coeffi-
cient) of obesity cases in the population, 
we developed two high risk scenarios and 
two population-based prevention scenarios 
and calculated their potential impacts on 
population obesity prevalence. Prevention 
scenarios were developed for adult obe
sity (both genders) across health regions 
and for adult obesity in women by income 
quintile. The high risk prevention sce-
narios assumed that public health inter-
ventions would successfully prevent 50% 
of the cases of obesity in the 10% of the 
population at highest risk for obesity, with 
the number of cases prevented ascertained 
directly from the Lorenz curve plot. The 
population-based scenarios assumed that 
the obesity prevalence of all population 
groups could be reduced to the same level 
as the best performing/lowest risk groups 
in the study. In the health region analysis, 
we applied age-specific obesity rates in the 
three lowest rate health regions (making up 
11% of the study population) to the total 
study population; in the women by income 
analysis, we applied age-specific obesity 
rates in the lowest rate quintile (household 
income > $80,000; 35% of the popula-
tion) to the total study population. For all 
scenarios, we calculated the number of 
obesity cases prevented and the percentage 
reduction in obesity prevalence.

Results

In 2005, based on self-reported data, 
almost 3 million (17.31%) of Canadians 
aged 25 to 64 years were obese, while close 
to 9 million (52.74%) were overweight/
obese (Table 1). Rates of both obesity and 
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overweight/obesity were the highest in 
men and increased significantly with age 
for both genders. 

Poisson regression analysis revealed that 
rates of both obesity and overweight/
obesity were significantly graded by the 
demographic characteristics of the study 
population. This relationship was more 
pronounced for obesity than for over-
weight/obesity and for women as com-
pared to men. Tables 2a and 2b express the 
outputs of the Poisson regression analysis 
in terms of rate ratios. A rate ratio (RR) is 
the ratio of the prevalence rate in the cat-
egory of interest compared to the preva-
lence rate in the reference or comparison 
category. As illustrated in Table 2a, rates of 
obesity were 1.52 times higher in women 
in the oldest age group (55 to 64 years) 
compared to the youngest age group (25 to 
34 years) and 2.01 times higher in the most 
physically inactive group compared to the 
most physically active group. Similarly, 
in comparison to the reference category, 
significantly higher rates of obesity were 
observed in women who were white  
(RR = 1.35), were non-immigrant (RR =  
1.98), had less than a secondary grade 

level of education (RR = 1.69), an annual 
household income of less than $15,000 
(RR = 1.95) and moderate levels of food 
insecurity (RR = 1.99). For men, rates 
of obesity varied significantly and in the 
same direction as for women, but only for 
age (RR = 1.43), physical activity levels 
(RR = 1.48), non-immigrant status (RR =  
2.09) and white racial status (RR = 1.53). 
For both sexes combined, significant rate 
ratios were observed for age, sex, physical 
activity, non-immigration and white racial 
status, education, household income and 
food security. Paradoxically, the relation-
ship between obesity and education did 
not vary in a linear fashion, with higher 
obesity rates (RR = 1.32) occurring in 
those with some post-secondary educa-
tion than in those who had completed only 
secondary education. Directionally similar 
but weaker trends were observed for over-
weight/obesity (Table 2b). 

Rates of obesity (Figure 1a) varied by 
health region from a low of 8.90% to 
a high of 32.24%. The highest rates of 
obesity were observed in Saskatchewan, 
south central Manitoba and the east 
coast (Newfoundland, Labrador and New 

Brunswick) and the lowest in south-
ern British Columbia, central Alberta,  
southern Ontario and Quebec. The major 
urban centers of Vancouver and lower 
mainland British Columbia, Calgary, 
Ottawa, Montreal and Toronto were 
included in the lowest rate regions. Similar 
geographic patterns were observed for 
rates of overweight/obesity (Figure 1b), 
which ranged from a low of 36.28% to a 
high of 71.11%.

Although obesity and overweight/obesity 
varied significantly by immigration status, 
education, income and geography, the very 
low Gini coefficient values observed (Table 3)  
suggest that, for the population as a whole, 
the cumulative number of cases of obesity 
and overweight are distributed relatively 
equally in relation to the cumulative popu-
lation in each risk category. The highest 
Gini coefficients observed in the study were 
for obesity by geography (0.153 to 0.169) 
and for female obesity by income (0.129), 
however these values are much closer to 
0 (absolute equality) than to 1 (absolute 
inequality). The Lorenz curves (Figures 2a 
and 2b) show that in the case of geography 
(both genders), with a Gini coefficient of 

Table 1 
Prevalence of obese* and overweight/obese† adults (25–64 years), Canadian Community Health Survey, 2005

OBESE

Women Men Both sexes

Age Group Cases Cases/ 100 (95% CI) Cases Cases/100 (95% CI) Cases Cases/100 (95% CI)

25–34 242 903 12.81 (11.45–14.18) 312 594 15.42 (13.81–17.02) 555 497 14.16 (13.10–15.22)

35–44 329 047 13.83 (12.32–15.34) 453 461 17.76 (16.11–19.41) 782 508 15.86 (14.74–16.99)

45–54 410 160 17.55 (15.64–19.46) 474 471 20.36 (18.20–22.52) 884 630 18.95 (17.51–20.40)

55–64 333 358 19.42 (17.74–21.10) 388 590 21.98 (19.88–24.08) 721 948 20.72 (19.37–22.07)

All Ages 1 315 467 15.79 (14.96–16.63) 1 629 116 18.77 (17.82–19.72) 2 944 583 17.31 (16.68–17.95)

OVERWEIGHT AND OBESE

Women Men Both sexes

Age Group Cases Cases/ 100 (95% CI) Cases Cases/100 (95% CI) Cases Cases/100 (95% CI)

25–34 637 572 33.63 (31.57–35.68) 1 090 256 53.78 (51.51–56.05) 1 727 828 44.05 (42.47–45.62) 

35–44 922 299 38.76 (36.53–40.98) 1 585 951 62.11 (58.95–64.27) 2 508 250 50.85 (49.26–52.44)

45–54 1 080 994 46.25 (43.61–48.89) 1 511 101 64.83 (62.21–67.45) 2 592 095 55.53 (53.63–57.44)

55–64 955 247 55.65 (53.37–57.93) 1 187 170 67.10 (64.68–69.63) 2 142 417 61.50 (59.80–63.19)

All Ages 3 596 112 43.17 (41.98–44.36) 5 374 478 61.92 (60.72–63.13) 8 970 590 52.74 (51.88–53.61)

*	 BMI ≥ 30 
†	 BMI ≥ 25

Abbreviations: BMI, body mass index; CI, confidence interval
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Table 2a 
Poisson regression analysis, obese* adults (25-64 years), Canadian Community Health Survey, 2005 

Women Men Both sexes

Predictor RR (95% CI) Cases RR (95% CI) Cases RR (95% CI) Cases

Age group†

25–34‡ 1.00 242 903 1.00 312 549 1.00 555 497

35–44 1.08 (0.93–1.26) 329 047 1.15 (1.10–1.32)§ 453 461 1.12 (1.04–1.24)§ 782 508

45–54 1.37 (1.17–1.60)§ 410 160 1.32 (1.14–1.53)§ 474 471 1.34 (1.20–1.49)§ 884 630

55–64 1.52 (1.32–1.74)§ 333 358 1.43 (1.24–1.64)§ 388 590 1.46 (1.32–1.62)§ 721 948

Sex||

Male‡ – – – – 1.00 1 629 116

Female – – – – 0.84 (0.78–0.91)§ 1 315 467

Fruit & veg||,#

< 5 times/day 1.15 (0.78–1.69) 423 385 1.22 (0.78–1.91) 667 688 1.19 (0.88–1.59) 1 091 073

5–10 times/day 1.02 (0.69–1.52) 317 615 0.98 (0.62–1.55) 246 134 1.00 (0.74–1.35) 563 749

> 10 times/day‡ 1.00 29 008 1.00 20 571 1.00 49 579

Physical activity||,#

Active‡ 1.00 181 269 1.00 303 724 1.00 484 992

Moderately active 1.39 (1.16–1.66)§ 300 577 1.23 (1.05–1.45)§ 383 320 1.29 (1.14–1.45)§ 683 896

Inactive 2.01 (1.72–2.36)§ 823 720 1.48 (1.29–1.70)§ 916 999 1.68 (1.52–1.87)§ 1 740 719

Immigration||,#

≤ 9 years‡ 1.00 39 324 1.00 48 298 1.00 

≥ 10 years 1.47 (0.90–2.41) 173 104 1.29 (0.75–2.21) 179 361 1.37 (0.95–1.99) 87 622

Non-immigrant 1.98 (1.24–3.15)§ 1 103 039 2.09 (1.26–3.47)§ 1 401 458 2.04 (1.44–2.89)§ 352 465

Culture/race||,#

Visible minority‡ 1.00 160 140 1.00 180 998 1.00 341 138

White 1.35 (1.12–1.64)§ 1 138 427 1.53 (1.25–3.47)§ 1 410 287 1.45 (1.26–1.66)§ 2 548 713

Education||,#

Less than secondary  
school graduation

1.69 (1.44–1.99)§ 108 941 1.15 (0.96–1.38) 85 064 1.40 (1.24–1.58)§ 194 005

Secondary school graduation 1.42 (1.21–1.66)§ 154 345 1.18 (1.02–1.37)§ 166 622 1.29 (1.15–1.43)§ 320 967

Some post-secondary school 1.53 (1.25–1.87)§ 90 428 1.15 (0.93–1.43) 88 776 1.32 (1.14–1.52)§ 179 204

Post-secondary graduation‡ 1.00 883 344 1.00 1 132 957 1.00 2 016 301

Household income||,#

< $15,000 1.95 (1.59–2.39)§ 89 606 0.92 (0.73–1.15) 51 960 1.33 (1.15–1.54)§ 141 566

$15-29,999 1.72 (1.44–2.06)§ 158 826 0.98 (0.82–1.17) 106 427 1.27 (1.13–1.44)§ 265 253

$30-49,999 1.69 (1.42–2.00)§ 288 184 0.97 (0.84–1.12) 248 683 1.23 (1.11–1.37)§ 536 866

$50-79,999 1.39 (1.18–1.64)§ 337 446 1.10 (0.97–1.25) 457 773 1.20 (1.08–1.32)§ 795 219

≥ $80,000‡ 1.00 301 465 1.00 597 414 1.00 898 879

Food security||,#

Food secure‡ 1.00 972 905 1.00 1 286 838 1.00 2 259 743

Insecure-no hunger 1.76 (1.40–2.22)§ 67 940 0.98 (0.70–1.38) 33 550 1.39 (1.15–1.69)§ 101 490

Insecure-moderate 1.99 (1.52–2.60)§ 40 183 1.00 (0.68–1.48) 15 296 1.56 (1.24–1.95) § 55 479

Insecure-severe 1.73 (0.90–3.33) 7 858 1.11 (0.57–2.15) 6 312 1.39 (0.88–2.19) 14 170

*	 BMI ≥ 30 
†	 adjusted for sex for “Both sexes” category only 
‡	 reference group 
||	 adjusted for age 
#	 adjusted for age and sex for “Both sexes” category only 
§	 significant at p < 0.002

Abbreviations: BMI, body mass index; CI, confidence interval; RR, rate ratio
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Table 2b 
Poisson regression analysis, overweight/obese* adults (25-64 years), Canadian Community Health Survey, 2005 

Women Men Both sexes

Predictor RR (95% CI) Cases RR (95% CI) Cases RR (95% CI) Cases

Age group†

25–34‡ 1.00 637 572 1.00 1 090 256 1.00 1 727 828

35–44 1.15 (1.06–1.25)§ 922 299 1.15 (1.09–1.22)§ 1 585 951 1.15 (1.10–1.21)§ 2 508 250

45–54 1.38 (1.27–1.50)§ 1 080 994 1.21 (1.14–1.28)§ 1 511 101 1.26 (1.20–1.32)§ 2 592 095

55–64 1.65 (1.54–1.78)§ 955 247 1.25 (1.18–1.32)§ 1 187 170 1.39 (1.33–1.46)§ 2 142 417

Sex||

Male‡ – – – – 1.00 5 374 478

Female – – – – 0.70 (0.67–0.72)§ 3 596 112

Fruit & veg||,#

< 5 times/day 1.02 (0.84–1.25) 1 139 785 1.09 (0.91–1.29) 2 154 975 1.05 (0.92–1.20) 3 294 758

5–10 times/day 0.97 (0.80–1.19) 913 057 1.04 (0.87–1.24) 940 696 1.00 (0.87–1.14) 1 853 753

> 10 times/day‡ 1.00 87 329 1.00 74 918 1.00 162 246

Physical activity||,#

Active‡ 1.00 647 576 1.00 1 268 731 1.00 1 916 308

Moderately active 1.18 (1.08–1.28)§ 910 129 1.04 (0.99–1.10) 1 351 167 1.09 (1.04–1.14)§ 2 261 296

Inactive 1.37 (1.27–1.48)§ 2 009 411 1.04 (0.99–1.09) 2 679 689 1.15 (1.11–1.20)§ 4 689 100

Immigration||,#

≤ 9 years‡ 1.00 145 252 1.00 249 879 1.00 395 130

≥ 10 years 1.21 (0.97–1.50) 533 770 1.13 (0.97–1.31) 776 447 1.16 (1.02–1.31)§ 1 310 217

Non-immigrant 1.40 (1.15–1.71)§ 2 917 090 1.29 (1.13–1.48)§ 4 348 153 1.33 (1.19–1.49)§ 7 265 242

Culture/race||,#

Visible minority‡ 1.00 475 260 1.00 710 468 1.00 1 185 728

White 1.21 (1.10–1.34)§ 3 049 991 1.27 (1.18–1.37)§ 4 534 480 1.25 (1.17–1.33)§ 7 584 470

Education||,#

Less than secondary  
school graduation

1.36 (1.25–1.47)§ 255 474 0.98 (0.91–1.05) 241 266 1.15 (1.09–1.21)§ 496 740

Secondary school graduation 1.21 (1.12–1.31)§ 379 298 1.03 (0.97–1.10) 495 401 1.11 (1.05–1.16)§ 874 699

Some post-secondary school 1.23 (1.10–1.37)§ 207 534 0.99 (0.90–1.08) 260 348 1.08 (1.01–1.16)§ 467 882

Post-secondary graduation‡ 1.00 2 524 264 1.00 3 874 291 1.00 6 398 556

Household income||,#

< $15,000 1.27 (1.14–1.43)§ 195 229 0.76 (0.68–0.86)§ 154 021 0.97 (0.89–1.05) 349 250

$15-29,999 1.21 (1.10–1.33)§ 371 437 0.79 (0.73–0.87)§ 309 627 0.96 (0.90–1.02) 681 064

$30-49,999 1.25 (1.15–1.36)§ 706 962 0.86 (0.81–0.92)§ 792 320 1.00 (0.95–1.05) 1 499 283

$50-79,999 1.15 (1.06–1.24)§ 911 915 0.97 (0.92–1.01) 1 444 676 1.02 (0.98–1.07) 2 356 590

≥ $80,000‡ 1.00 985 790 1.00 2 140 754 1.00 3 126 544

Food security||,#

Food secure‡ 1.00 2 782 467 1.00 4 341 777 1.00 7 124 244

Insecure-no hunger 1.31 (1.15–1.49)§ 145 053 0.94 (0.81–1.08) 110 069 1.12 (1.01–1.23)§ 255 122

Insecure-moderate 1.45 (1.25–1.68)§ 83 672 0.90 (0.75–1.07) 46 576 1.18 (1.05–1.33)§ 130 248

Insecure-severe 1.39 (1.01–1.93)§ 17 943 0.85 (0.63–1.13) 16 371 1.07 (0.84–1.35) 34 314

*	 BMI ≥ 25 
†	 adjusted for sex for “Both sexes” category only 
‡	 reference group 
||	 adjusted for age 
#	 adjusted for age and sex for “Both sexes” category only 
§	 significant at p < 0.002

Abbreviations: BMI, body mass index; CI, confidence interval; RR, rate ratio
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Figure 1a 
Adult obesity (BMI ≥ 30) prevalence by health region, age and sex standardized to the 2005 Canadian population (25-64 years),  

Canadian Community Health Survey, 2005

Figure 1b 
Adult overweight/obesity (BMI ≥ 25) prevalence by health region, age and sex standardized to the 2005 Canadian population (25-64 years), 

Canadian Community Health Survey, 2005
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0.153, only 18% of the cases of obesity are 
contained in the 10% of the geographically 
defined population having the highest risk 
of obesity; in the case of income, with a 
Gini coefficient of 0.129, only 13% of the 
cases of obesity are contained in the 10% 
of the income classified population at high-
est risk of obesity.

Recalculating obesity rates under the differ-
ent prevention scenarios showed that the 
population-based scenarios could achieve 
a four-fold greater decrease in obesity 
cases than the high risk scenario. As illus-
trated in Table 4, the population prevention 
approach led to a decrease of 1 064 341 and 
330 040 cases in the geographic and female 

income scenarios respectively, compared 
to 265  012 and 85  505 cases in the high 
risk prevention scenarios. These translated 
into only modest decreases in prevalence 
for the high risk scenarios (geographic: 
17.3% to 15.8%; female income: 15.8% to 
14.8%), with more substantial decreases 
observed for the population prevention 
scenarios (health region: 17.3% to 11.1%; 
female income: 15.8% to 11.8%).

Discussion

In this study we demonstrated that there 
is significant variability in rates of over-
weight and obesity across geographic 
and socio-demographic groupings. Age, 

physical inactivity, income, education, 
non-immigrant status, white racial status 
and moderate food insecurity predicted 
varying degrees of overweight and obesity 
in both men and women. The lowest rates 
of overweight and obesity were observed 
in major urban centers.

For both men and women increasing age 
was a strong predictor of higher rates of 
both overweight and obesity. This is not 
surprising given that metabolism slows 
with advancing age, increasing risk of 
weight gain.20,21 What is notable, however, 
are the dramatically higher rates of obesity 
and overweight in younger age groups than 
previously reported.3,22 Katzmarzyk has 
also demonstrated that there are now more 
men and women moving into the high-
est classes of obesity, i.e. class II (BMI =  
35–39.99) or class III (BMI ≥ 40) than 
before,23 suggesting that Canadians are 
experiencing an accelerated weight gain 
in younger ages, a conclusion supported 
by the increasingly high rates of childhood 
obesity.2

Although household income was a strong 
predictor of overweight and obesity for 
women, with the highest rates of obesity 
and overweight among those in the low-
est income quartile, low income for men 
was not associated with high rates of over-
weight and obesity and appeared to be 
protective. The reason for this is not clear 
and requires further study. 

Food insecurity was also predictive  
for overweight and obesity, but only for 
women. Food insecurity is directly related 
to low income,24 and the situation for poor 
women is frequently exacerbated by being 

Table 3 
Gini coefficient analysis for adult (25–64 years) obese* and overweight/obese† prevalence, Canadian Community Health Survey, 2005

OBESE OVERWEIGHT/OBESE

Women  
(95% CI)

Men  
(95% CI)

Both sexes  
(95% CI)

Women  
(95% CI)

Men  
(95% CI)

Both sexes  
(95% CI)

Immigration 0.060 (0.000–0.160) 0.078 (0.000–0.170) 0.070 (0.000–0.167) 0.032 (0.000–0.107) 0.026 (0.000–0.065) 0.029 (0.000–0.082)

Education 0.086 (0.003–0.169) 0.030 (0.000–0.064) 0.055 (0.000–0.113) 0.049 (0.000–0.102) 0.004 (0.000–0.016) 0.022 (0.001–0.043)

Income 0.129 (0.011–0.247) 0.026 (0.000–0.057) 0.052 (0.000–0.104) 0.056 (0.006–0.106) 0.040 (0.003–0.077) 0.011 (0.000–0.024)

Geography 0.169 (0.134–0.204) 0.156 (0.105–0.207) 0.153 (0.120–0.186) 0.094 (0.069–0.119) 0.066 (0.043–0.089) 0.076 (0.053–0.099)

*	 BMI ≥ 30 
†	 BMI ≥ 25

Abbreviations: BMI, body mass index; CI, confidence interval 

Table 4 
Potential impact of obesity* prevention scenarios: high risk vs. population-based

Geographic (health region) analysis Female income analysis

No prevention (from CCHS)

Observed cases 2 944 583 1 315 467

Observed rate 17.3/100 15.8/100

Prevention scenarios

High risk†

Cases prevented 265 012 85 505

Cases remaining 2 679 571 1 229 961

Rate 15.8/100 14.8/100

% decrease in rate 9% 6.5%

Population-based‡

Cases prevented 1 064 341 333 040

Cases remaining 1 880 242 982 426

Rate 11.1/100 11.8/100

% decrease in rate 36.1% 25.3%

*	 BMI ≥ 30 
†	 Preventing 50% of obesity cases in 10% of population at highest risk 
‡	 Reducing obesity prevalence of all population groups to the level of lowest risk group
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Figure 2a 
Gini coefficient, adult (males and females, 25-64 years) obesity (BMI ≥ 30) by health region

Figure 2b 
Gini coefficient, adult (females 25-64 years) obesity (BMI ≥ 30), by income
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a single parent. Paradoxically, this has 
been shown to increase BMI. Low income 
and food insecurity may lead to a reliance 
on food assistance, such as food banks, 
where food procured is often energy-dense 
and of low nutritional quality, which con-
tributes to overweight, obesity and other 
poor health outcomes.25 

Low education was predictive of over-
weight and obesity only for women. This 
may be linked with low income, as women 
with low education levels earn significantly 
less money than men with similar educa-
tion levels.26

Recent immigrant status appeared to be 
protective against both overweight and 
obesity. This may be because many new 
arrivals come from countries with low lev-
els of overweight and obesity. For example, 
57.7% % of new arrivals to Canada in 2001 
were from Asian countries just entering 
the “nutrition transition,”27 a phenomenon 
where countries rapidly adopt a Western-
style diet with high levels of energy-dense 
animal-source and processed foods.28 
These transitional countries are currently 
experiencing rapid increases in popula-
tion BMI, but have not reached the current 
Canadian levels. This immigration pattern 
may explain the low rates of overweight 
and obesity observed in the major urban 
centres of Vancouver and the lower main-
land of British Columbia, Calgary, Toronto, 
Ottawa and Montreal, where the majority 
of new arrivals to Canada (80% in 2001) 
settle.27 

Visible minority status was also a sig-
nificant predictor of low BMI. This contra-
dicts findings which show that black and 
Hispanic populations in the United States 
are at higher risk of overweight and obe
sity.29 This may be because recent non-
white immigrants to Canada have lower 
BMIs and foodways that pre-date the nutri-
tion transition in their countries of ori-
gin. Black and Hispanic populations have 
resided in the U.S. for much longer and 
tend to experience higher rates of poverty.

Not unexpectedly, low rates of physical 
activity were also predictive of overweight 
and obesity for both genders, since seden-
tary behaviour is associated with weight 

gain.30,31 However, low consumption of 
fruits and vegetables was not associ-
ated with higher BMI. Further studies are 
required to determine the role of fruits and 
vegetables in maintaining body weight.

Although this study has demonstrated vari-
ations across socio-demographic groupings 
and geography, the Gini analysis suggests 
these differences are less significant than 
they may initially appear. While there may 
be pockets of more susceptible groups with 
very high rates of obesity and overweight, 
the high rates across all socio-demographic 
and geographic groupings suggest that the 
“causes” of overweight and obesity are also 
widely dispersed, affecting all population 
groups. This observation is consistent with 
Rose’s population approach.32 Rose argued 
it is imperative to know how much of the 
burden of ill-health (i.e. absolute number 
of cases) is compressed within an identifi-
able group where increased exposure car-
ries increased personal risk. If the burden 
is not highly concentrated in identifiable 
high risk sub-populations which are small 
in size (resulting in a low Gini coeffi-
cient), then a high risk targeted prevention 
approach will do little to affect the popu-
lation prevalence of the health issue since 
most cases are outside the high risk group. 
Our study results empirically confirmed 
that this is the case currently in Canada. 
Prevention scenarios focusing on high-risk 
populations, even if successful (i.e. 50% 
of cases prevented), would decrease the 
population prevalence of obesity much less 
than broad population-based approaches. 
The lack of clear and often paradoxical pat-
terns of obesity observed (e.g. high rates of 
overweight/obesity in high income men) 
also supports the notion that prevention 
programs focusing on identifiable high risk 
groups (e.g. low income) will likely fail to 
achieve significant decreases in the popu-
lation prevalence of obesity.

Looking at trends over time may be a use-
ful adjunct to the study of cross-sectional 
variability (as was undertaken in this 
study) for understanding the dynamics 
of the obesity epidemic and identifying 
opportunities for intervention. Rates of 
overweight and obesity were high in all 
sub-populations and significantly higher 
than previously observed. These significant 

upward temporal trends in obesity preva-
lence suggest that there are strong forces 
driving rates upward in almost all popu-
lation groups. This is not surprising, con-
sidering the obesogenic environment that 
has emerged in Canada over the past sev-
eral decades which encourages overeating 
and minimizes opportunities for physical 
activity.33-35 It has become very easy to 
consume excess kilocalories through con-
venience, snack and fast foods, including 
soft drinks. These food products tend to 
be low in fibre and high in sodium, sugar 
and fat,36,37 and the resultant excess energy 
intake, coupled with decreased activity, 
provides the right circumstances to pro-
mote overweight and obesity.38 

Although the results of this study are con-
sistent with others’ which have shown 
moderately graded relationships between 
socio-demographic predictors and obes-
ity/overweight,39-42 when interpreted from 
this wider perspective, they cast doubt  
on the importance that has been placed on  
high risk sub-populations and poor life-
style choices as major explanations for 
overweight, obesity and related chronic 
diseases.43-46 These analyses highlight why 
it is important to move beyond statistically 
significant risk differences in population-
based health surveys in order to generate 
policy and program relevant insights into 
prevention approaches. As the results 
of this study have shown, examining the 
degree to which cases are distributed 
across risk groups using tools such as the 
Gini coefficient and prevention scenarios 
can facilitate an analysis of whether pro-
posed prevention efforts could realistically 
achieve their goals over time.

These study results bring into question the 
emphasis on intervention strategies tar-
geted to high risk individuals and groups. 
They suggest alternatively that preven-
tion efforts should focus on the emerging 
obesogenic environment which affects all 
population groups. This perspective does 
not invalidate or deny that some identifi
able social groups (i.e. low income women) 
are at elevated risk of obesity; however, it 
argues that the primary cause of the obe
sity epidemic is the obesogenic environ-
ment to which all population groups are 
exposed, with some populations being 
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more vulnerable for various reasons. This 
reframing of the disparities argument, sup-
ported empirically by the results of this 
study, strongly suggests that a population-
wide approach to prevention of overweight 
and obesity is warranted. Further research 
is required to explore effective program 
and policy mechanisms.

This study has a number of limitations. 
First, the research was conducted using 
cross-sectional data and does not model 
factors over time. Cross-sectional studies 
may be blind to significant etiological fac-
tors which may have developed over time. 
The Gini analysis, however, highlighted the 
limitations of exclusively cross-sectional 
predictors and explanations for the obesity 
epidemic.

Second, the CCHS data set has a limited 
number of socio-demographic variables 
available for analysis. There may be other 
important predictors of elevated BMI such 
as family structure, neighbourhood char-
acteristics or work status which were not 
covered by the survey. 

Third, self-reported height and weight were 
used with the result that the reported rates 
of obesity and overweight were most likely 
underestimated.47,48 For the 2005 CCHS, 
self-reported versus measured height and 
weight underestimated BMI by 1.3 kg/m2;49  
however, as indicated, the measured height 
and weight sample was too small to allow 
the predictive modeling and geographic 
analysis used by the study.

A fourth limitation was the size of the geo-
graphic areas used in the analyses. This 
may have masked variability in overweight 
and obesity rates within geographic areas. 
However, this problem was unavoidable 
as the samples in the 2005 CCHS were too 
small to allow defensible small-area param-
eter estimates. Other studies have used 
even larger areas, conducting geographic 
analysis of BMI at the provincial level.41,50 

A fifth limitation is that the 2005 CCHS 
does not contain information for the on-
reserve Aboriginal population, a group 

shown to be at high risk for obesity.51 This 
omission may have biased the geographic 
patterns observed, especially in northern 
areas of Canada where there are a large 
number of reserve communities. 

Finally, the assumptions underlying the 
high risk and population-based scenarios 
created in this study were likely overly 
optimistic. It is unlikely that a prevention 
strategy focusing only on high risk popu-
lations would be able to achieve a 50% 
reduction in obesity prevalence given the 
obesogenic environment in which high 
risk groups (and most of the Canadian 
population) live. Two key influences on 
body weight, the food system and the built 
environment, are difficult to modify at the 
level of the individual or local community, 
and initiatives which have attempted to 
do so have had limited success in decreas-
ing BMI.52 Even in the population-based 
scenario, which assumed that all popula-
tion groups could obtain the prevalence  
rates already being achieved in the lowest rate  
geographic and demographic groups, a 
“scaling up” of preventive processes for 
the entire Canadian population would be 
necessary, which would require significant 
political will to address broader determi-
nants of elevated BMI. The implication is 
that within the short term the effectiveness 
of the high risk and the population-based 
prevention scenarios would likely be less 
than reported in this study. However, our 
scenario assumptions may become more 
realistic over the long term if governments 
begin to make a serious and concerted 
effort to prevent obesity, although we do 
not know what outcomes would actu-
ally be possible. No country to date has 
ever implemented a serious and success-
ful obesity prevention strategy, with most 
efforts restricted to social marketing cam-
paigns, labelling regulations and voluntary 
adoption of dietary guidelines by schools 
and other institutions.5,6 We believe that 
these scenarios can provide strategic guid-
ance to policy processes by quantifying the 
constraints impacting the potential suc-
cess of alternative prevention initiatives. 
In addition, these scenarios provide a 
basis from which to critique studies which 

seek to highlight the importance of sub- 
populations at statistically higher risk of 
obesity, without also examining the pop
ulation distribution of obesity and the 
implication this may have for successful 
prevention efforts. 

A potential criticism of the scenarios in this 
paper is that they assume an overly modest 
prevention effect for the high risk scenar-
ios, with the effect of stacking the analysis 
in favour of the population-based preven-
tion approaches. However, as illustrated in 
Table 4, the high risk scenarios assume a 
much greater prevention success rate (50% 
decrease in cases) than do either of the 
population-based approaches (36.1% and 
25.3%) respectively. If we recalculated the 
analysis so that the high risk scenarios had 
the same prevention success as the popula-
tion based prevention approaches, the high 
risk approaches would perform even more 
poorly in comparison to the population 
based prevention approaches.

Despite the limitations, this research has 
highlighted the need to examine the impli-
cations of different prevention approaches 
through methods that go beyond merely 
establishing statistical significance between 
risk groups. The Gini analysis and the pre-
vention scenarios used in this study have 
been shown to be a useful heuristic for 
exploring the potential impacts of different 
prevention approaches and for empirically 
demonstrating which approaches could 
make a difference over the long-term, and 
which would be less likely to do so.

The study highlights that further research 
is required to understand the dimensions 
of this obesogenic environment and how 
these have evolved over time to impact the 
body weight of Canadians. This will require 
committed, comprehensive surveillance 
of the Canadian diet and physical activity 
levels, and on-going surveys of population  
weight status using measured height  
and weight. This research will be impor-
tant in building the empirical argument 
for population-based preventions efforts in 
order to turn the page on this insalubrious 
phase in Canadian public health.
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Abstract

Data from the Ontario Cancer Registry (OCR) were compared with data from a multi-
centred prospective cohort of 1655 node-negative breast cancer patients with intensive 
clinical follow-up. Agreement in cause of death was evaluated using kappa statistics. The 
accuracy of OCR classification was evaluated against the Mount Sinai Hospital (MSH) 
study oncologist’s interpretation of intensely followed, cohort-collected data as the ref-
erence standard. The two sources showed a high level of agreement (kappa statistic 
[κ] = 0.88; 95% confidence interval [CI]: 0.86, 0.90) in vital status and cause of death. 
Among those cases where both sources reported a death, the OCR had a sensitivity of 
95% (95% CI: 90.5, 98.8) and a specificity of 88% (95% CI: 79.6, 92.4). The OCR is a 
valuable tool for epidemiologic studies of breast cancer to acquire adequate and easily 
attainable cause-of-death information. 

Introduction

The use of cancer registry mortality and 
follow-up data in epidemiologic studies is 
common.1 However, it is unclear to what 
extent bias may be introduced because of 
incomplete or inaccurate cause-of-death 
data in the registries.2,3

The Ontario Cancer Registry (OCR), main-
tained and operated by Cancer Care Ontario 
since 1964, collects vital information on 
all new cases of cancer in the province 
except for non-melanoma skin cancers. 
Validation studies have shown the regis-
try to be effective in ascertaining cancer 
cases in the province (98% sensitivity).4 
The registry collects data from pathology 
reports, patient records, hospital discharge 
records and death certificates from the 
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Registrar General of Ontario. Probabilistic 
linkage is then used to reconcile the data 
sources into a central database.5 The reg-
istry performs regular internal data qual-
ity evaluations; however, registry data are 
rarely compared to actual detailed medical 
records and data collected from additional 
external sources. One comparative study of 
head-and-neck cancer outcomes reported 
that the OCR had excellent agreement in 
index tumour site assignment, vital status 
and date of death; however, there was a 
31% error rate in cause of death (can-
cer vs. noncancer).6 To our knowledge, 
no studies have examined agreement of 
cause-of-death data among breast cancer 
patients in the OCR with cause of death 
determined in an independent study with 
rigorous follow-up. 

A multi-centred prospective cohort study 
based at Mount Sinai Hospital (MSH) in 
Toronto commenced patient enrollment 
in 1987. The MSH study collected inci-
dent cases of pathologically confirmed 
node-negative breast cancer from eight 
participating sites in the greater Toronto 
area. The study aim was to evaluate the 
associations between genetic and molecu-
lar tumour alterations and recurrence of 
disease and death due to breast cancer.7 
Study managers systematically collected 
data from hospital and medical records,  
patient interviews, pathology reports, patient  
charts, coroner reports and death certifi-
cates. The study oncologist, a specialist in 
breast cancer, made the final determi-
nation as to the classification of cause 
of death after examining the collected 
information. 

The aim of our study was to evaluate the 
agreement between cause-of-death data 
from the Ontario Cancer Registry and the 
MSH study, which has regular and system-
atic patient monitoring and follow-up, and 
specialist-determined outcome based, for 
the most part, on relatively complete and 
accurate data. Other studies have found 
that specialist classification of cancer out-
comes is more accurate than registry clas-
sification, possibly due to more extensive 
data availability or experience or both.8 
For these reasons, our study also evalu-
ates the accuracy of OCR cause-of-death 
data using the MSH study data as the  
reference standard. 
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Methods

OCR data were linked to MSH study 
patients according to OCR standard proce-
dures based on probabilistic linkage using 
personal identifiers in the MSH study data-
base. ICD-9* and ICD-10† codes described 
causes of death, and these were then clas-
sified as 1) due to breast cancer or 2) due 
to other/competing causes. Those individ-
uals without cause-of-death information in 
both the MSH study and the OCR data were 
considered to be alive. The MSH study fol-
lowed patients from the time of diagnosis 
and enrolment, from 1987 until the spring 
of 2005. Data from the OCR contained 
events that occurred up to 2006; however, 
data quality was only verified until the end 
of 2004. This created some discrepancy in 
the duration of follow-up. Any discrepant 
deaths were examined for date of death in 
order to address the discrepancy.

Kappa statistics were calculated to deter-
mine the agreement in cause-of-death 
classification between the two sources.9 
We calculated a weighted kappa with the 
rationale that a missed cancer-related 
death is of great importance to the MSH 
study and the OCR. Statistics were calcu-
lated using SAS (SAS V9.1; SAS Institute 
Inc., Cary, NC) and all 95% confidence 
intervals (CI) were two-sided. Weighted 
kappa was determined using the default 
weighting scheme in SAS, based on the 
classification order displayed in Table 1. 
OCR classification accuracy was evaluated 
by estimating sensitivity and specificity 
using the MSH classification as the refer-
ence standard. The study was approved  
by the Mount Sinai Hospital Research 
Ethics Board.

Results

The study population consisted of the 
1655 patients in the hospital-based study 
with no axillary nodal involvement at 
diagnosis (stage I [72%] and II [28%]). Of 
these patients, one did not have a record 
linkage match in the OCR (i.e. there was 
no information in the OCR), and six were 
marked as deceased in the OCR with no 

cause of death provided. These patients 
were excluded from analysis as the data 
provided no potential for comparison. 
Sensitivity analyses showed that misclassi-
fication of these deaths had little impact on 
the results: kappa statistics changed from 
0.87 to 0.86 when all these patients were 
treated as still alive, and the percent agree-
ment changed from 90.0% to 87.6% when 
all seven deaths were considered as errors.

The two sources showed a high level of 
agreement (kappa = 0.88; 95% CI: 0.86, 
0.90) and a weighted kappa of 0.90 (95% 
CI: 0.80, 0.92). Of the 87 patients lost to 
follow-up by the MSH study, 11 had died 
and were located via the OCR. An addi-
tional 13 deaths not originally recorded 
by the MSH study were identified by the 
OCR, while 12 deaths recorded by the MSH 
Study were not identified by the OCR. 
These 12 discrepant deaths were checked 
for date of death; in three of the cases the 

deaths occurred in early 2005, but in the 
remaining nine cases the deaths occurred 
before 2000 and were yet to be picked up 
by the OCR. Table 1 shows the distribu-
tion of the causes of death provided by the 
study and the OCR. 

Comparing the cases where both the OCR 
and the MSH study reported a death, the 
percent agreement on classification of death 
was 90.0% (Table 2, [(124 +129)/281]). 
Using the MSH study data as the reference 
standard, the OCR had a sensitivity of 95% 
(95% CI: 90.5, 98.8) and a specificity of 
88% (95% CI: 79.6, 92.4). 

Discussion

These findings present several important 
points. First, the cause of death from the 
OCR abstraction and collection system 
strongly agreed with those from an inten-
sively followed cohort study where cause 

*	 International Statistical Classification of Diseases and Related Health Problems, 9th Revision.
†	 International Statistical Classification of Diseases and Related Health Problems, 10th Revision.

Table 1 
Agreement between cause of death and vital status from cohort study and the  

Ontario Cancer Registry

MSH study

No death info. 
or LTFU*

Competing 
cause of death

Breast 
cancer

Total

Ontario Cancer 
Registry

No death info. 1331 6 6 1343

Competing cause of death 19 129 7 155

Breast cancer death 5 21 124 150

Total 1355 156 137 1648

Kappa 
Simple: 0.87 (0.85, 0.90) 
Weighted: 0.90 (0.88, 0.92)

Additional deaths provided by OCR

*	 LTFU – Lost to follow-up

Table 2 
Comparison of cause of death between a cohort study with intensive follow-up and the 

Ontario Cancer Registry (MSH study cause of death assumed reference standard)

MSH study (assumed reference standard)

Breast cancer death Competing cause Total

Ontario Cancer 
Registry

Breast cancer death 124 21 145

Competing cause 7 129 136

Total 131 150 281

Sensitivity 95% (90.5-98.8) 
Specificity 86% (79.6-92.4)
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of death was determined by a medical 
oncologist. This indicates that OCR data 
may be useful in studies where patient 
follow-up is incomplete or not available; 
it also highlights the utility of the OCR for 
epidemiologic studies that are unable to 
acquire adequate clinician expertise for 
interpretation of cause of death. In these 
instances, particularly for studies of breast 
cancer, the OCR may be used as a rela-
tively accurate and easily attainable source 
of cause of death. Second, there were sev-
eral deaths that were missed by the MSH 
study, as patients were lost to follow-up. In 
these instances, the OCR collected deaths 
that, due to the province-wide coverage, 
enhanced the follow-up data of the MSH 
study. Third, our study found a high level of  
accuracy in the abstraction techniques 
of the OCR: we observed high sensitivity 
and specificity when the results were com-
pared with those of an experienced medi-
cal oncologist making informed decisions 
from extensive cohort data. 

Our study showed a much lower error rate 
than in previous analyses of cause of death 
stored in the OCR.6 This difference may, 
however, be due to the different tumor 
sites being compared. Thus, our results 
may not be generalizable to all cancer 
sites. We reason, however, that misclassifi-
cation of cause of death is greatest in those 
cancers, such as breast or prostate cancers, 
that have favourable prognoses, because 
the probabilities of deaths due to cancer 
and to competing causes approach one 
another much more than in highly aggres-
sive cancers, such as lung or pancreatic 
cancers. Also, with aggressive cancers the 
course of illness is usually dramatic and 
clinically more clear-cut and thus classifi-
cation of death should be more accurate. If 
our reasoning is correct, the results of our 
study might be reassuring to researchers  
investigating other cancers or advanced 
breast cancer. 

Our results may not be generalizable to all 
cancer registries. Due to the centralized 
nature of the Ontario health care system, 
the OCR is able to obtain all the pertinent 
medical documentation in order to pro-
vide the epidemiologic data for this type 
of study. Other registries may not have the 
infrastructure or ability to be as complete 

and inclusive as the OCR. However, where 
registries are population-inclusive and veri-
fied, our results may be applicable. 

There are a few methodological issues in 
this study that need to be addressed. Seven 
patients were removed from the analysis as 
they were recorded in the OCR as deceased 
with no cause of death. Sensitivity analyses 
showed, however, that misclassification of 
these deaths in either direction would have 
minimal effect on our conclusions. 

Intensive follow-up for the MSH study 
ended in spring 2005 when funding for 
the clinical follow-up component of the 
study came to an end. The request for 
data from the OCR was made in August 
of 2006, at which time the quality of the 
registry was only assured until the end of 
2004. Therefore, there was a slight discrep-
ancy in the end of follow-up; however, this 
did not appear to affect the results. Our 
analyses used the decisions made by the 
MSH study medical oncologist from all col-
lected data as the reference standard. It is 
possible that a small percentage of diag-
noses were misclassified by the MSH study 
medical oncologist, potentially decreasing 
the agreement between the data sources. 
However, the high kappa statistics reflect 
good agreement in the absence of a gold 
standard.

We used kappa statistics to evaluate the 
agreement between two sources of cate
gorical cause-of-death data as there was 
no clear cut gold standard (e.g. OCR 
found cancer deaths missed by the MSH 
study).   In doing so we were able to pro-
vide classification accuracy with sensitiv-
ity and specificity, as well as reliability 
with kappa.   These provide complemen-
tary pieces of information and strengthen 
the conclusions made about the utility  
of the OCR.

In conclusion, the results of our study show 
that there is strong agreement between 
the cause-of-death data collected from a 
longitudinal cohort study of breast cancer 
patients using a medical oncologist’s inter-
pretation based on rigorous prospective 
data collection and the passive data collec-
tion system of the OCR. This information is 
important to the conclusions drawn from 

studies conducted using registry data, as it  
may strengthen their validity. It may also 
encourage researchers to use cancer reg-
istry data when study-specific cancer 
follow-up data is incomplete, absent or of 
poor quality. Also, our results suggest that 
researchers may want to routinely employ 
registry data to verify follow-up informa-
tion in ongoing studies. 

References

1.	 Marrett LD, Clarke EA, Hatcher J, Weir HK. 

Epidemiologic research using the Ontario 

Cancer Registry. Can J Public Health. 1986; 

77 Suppl 1:79-85.

2.	 Hilsenbeck SG. Quality control practices in 

centralized tumor registries in North America. 

J Clin Epidemiol. 1990;43(11):1201-12.

3.	 Robles SC, Marrett LD, Clarke EA, Risch HA.  

An application of capture-recapture meth-

ods to the estimation of completeness of 

cancer registration. J Clin Epidemiol. 1988; 

41(5):495-501.

4.	 McLaughlin JR, Kreiger N, Marrett LD, 

Holowaty EJ. Cancer incidence registra-

tion and trends in Ontario. Eur J Cancer. 

1991;27(11):1520-4.

5.	 Holowaty E. Summarization of information 

from multiple data sources. In: Black R,  

Simonato, L, Storm, H, ed. Automated 

data collection in cancer registries. IARC 

Technical Report 32. Lyon: IART, 1998.

6.	 Hall S, Schulze K, Groome P, Mackillop W,  

Holowaty E. Using cancer registry data 

for survival studies: the example of the 

Ontario Cancer Registry. J Clin Epidemiol. 

2006;59(1):67-76.

7.	 Andrulis IL, Bull SB, Blackstein ME, 

Sutherland D, Mak C, Sidlofsky S, Pritzker KP,  

Hartwick RW, Hanna W, Lickley L, 

Wilkinson R, Qizilbash A, Ambus U, Lipa M,  

Weizel H, Katz A, Baida M, Mariz S,  

Stoik G, Dacamara P, Strongitharm D, 

Geddie W, McCready D. neu/erbB-2 ampli-

fication identifies a poor-prognosis group 

of women with node-negative breast can-

cer. Toronto Breast Cancer Study Group.  

J Clin Oncol. 1998;16(4):1340-9.



18Chronic Diseases in Canada Vol 30, No 1, December 2009

8.	 Schouten LJ, Jager JJ, van den Brandt PA. 

Quality of cancer registry data: a com-

parison of data provided by clinicians with 

those of registration personnel. Br J Cancer. 

1993;68(5):974-7.

9.	 Landis JR, Koch GG. The measurement of 

observer agreement for categorical data. 

Biometrics. 1977;33(1):159-74.



19 Chronic Diseases in CanadaVol 30, No 1, December 2009

Abstract

We examined the geographic variability of information generated from different case 
definitions of childhood asthma derived from administrative health data used in Alberta, 
Canada. Our objective was to determine if analyses based on different case ascertainment 
algorithms identify geographic clusters in the same region of the study area. Our study 
group was based on a closed cohort of asthmatic children born in 1988. We used a spa-
tial scan statistic to identify variations in the approximate location of geographic clusters 
of asthma based on different case definitions. Our results indicate that the geographic 
patterns are not greatly affected by the case ascertainment algorithm or the source of 
data. For example, asthmatics identified from medical claims data showed similar clus-
tering to asthmatics defined through hospitalization and emergency department data. 
However, estimates of prevalence and incidence require careful consideration and valida-
tion against other data sources.

Introduction

The growing availability of electronic 
health data and capacities for compu-
ter hardware to warehouse and analyse 
such data presents new opportunities for 
research on a variety of health outcomes. 
There is a growing body of evidence  
suggesting that administrative health data 
can be particularly important resources 
for research and surveillance of chronic 
diseases.1-4 One of the most important con-
tributions of administrative health data has 
been to provide information that facilitates 
the analysis of entire populations cover-
ing large geographic regions. In Canada, 
this often involves provincial-scale analy-
sis (that is, the comparisons of regions 
within a province) that can be particularly 
useful for linking health information sys-
tems to decision making in public health. 
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Geographic variations between regions 
within a province may indicate differences 
in epidemiology, population attributes, 
availability of services, exposure to envi-
ronmental hazards, diagnostic practice 
and a variety of other factors.

One of the challenges to using administra-
tive health data in research and surveil-
lance is that different methods of case 
ascertainment may confound group dif-
ferences especially if how these data were 
collected and/or generated varies. For 
example, there may be rural/urban differ-
ences in the effectiveness of certain data 
to identify incident stroke events.5-7 These 
differences could be related to delivery of 
care (particularly in rural areas in which 
acute care centres often function in pri-
mary care roles), availability of diagnos-
tic resources, geographic variations in 

physician specialty and many other factors. 
The most commonly discussed solution to 
these data problems is the development of 
case ascertainment algorithms that com-
bine multiple administrative health data 
sources and/or multiple records within a 
single source.3,8 With this paradigm, rather 
than using a single record from a single 
data source to identify a case, multiple 
records are combined with data from mul-
tiple sources. Integrating multiple sources 
of data may improve case ascertainment 
by traditional measures (such as sensitiv-
ity and specificity) but also improve the 
geographic uniformity in the case selec-
tion process by ensuring that geographic 
comparisons are not overly influenced 
by local or regional anomalies associated 
with a single data source.

Most case definition algorithms using 
administrative data have been validated 
against clinical chart reviews9,10 or survey 
responses.4,11 Although the former is an 
important benchmark for evaluating a case 
definition algorithm, it is less able to char-
acterize the ways in which an algorithm’s 
properties might vary between regions. 
This is particularly true if the validation 
work is based on a specific site of study, 
rather than a comprehensive sampling of 
sites over a large geographic area. While 
comparing administrative data to survey 
data can be informative, this process deals 
with two fallible data sources and no 
“gold standard.”

In this study, we examined the geographic 
variability of information generated from 
different case definitions of childhood 
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asthma derived from an administrative 
health data system. Our objective was 
to observe how the use of different case 
ascertainment algorithms can affect the 
appearance of patterns and variability on 
a map. Rather than comparing case defi-
nitions to a gold standard or a survey of 
respondents, we compared how analyti-
cal information varies across a variety of 
case definition algorithms. Our specific 
approach was to search for geographic 
clusters of children identified as asthma 
cases. If analyses based on a variety of dif-
ferent case definition algorithms identify 
clusters in the same region of the study 
area, the analytical information about geo-
graphic patterns is reliable even if the case 
ascertainment criteria differ. On the other 
hand, large variations in the resulting 
analyses could suggest that case definition 
algorithms should be more geographically 
specific, and should be designed to take 
into account local or regional differences 
in the use of services, conformity to data 
standards, or other factors. 

Information from this study will inform the 
development of case definitions for child-
hood asthma based on administrative data 
by identifying the degree to which algo-
rithms should be geographically specific. 
More generally, however, we present a simple 
framework for evaluating the geographical 
robustness of administrative health data 
for a variety of chronic conditions.

Methods

Data

Our study area, the province of Alberta, 
Canada, is well suited to this analysis 
because of both the availability of multiple 
sources of administrative health data and 
the existence of a population registry that 
can be used to identify the location of resi-
dence over time. Like other Canadian prov-
inces, Alberta maintains a publicly funded 
single payer health care insurance system 
that covers most health services. Residents 
of the province who do not opt out of the 
provincially insured health care system are 
required to register with the Alberta Health 
Care Insurance Plan and are then provided 

a unique lifetime identifier that enables the 
linkage of health data sources. Over 99% 
of the province’s population is registered 
under this system.

Alberta Health and Wellness has designed 
a system for the creation of longitudinal 
health data profiles in support of a vari-
ety of public health surveillance activities. 
These profiles are based on a linkage of 
four databases: the fee-for-service medi-
cal claims (claims), the Ambulatory Care 
Classification System containing emer-
gency department admissions (emergency), 
an in-patient hospital services system 
(in-patient) and the Alberta Health Care 
Insurance registry system. Data from these 
systems are linked based on the unique 
numeric identifier and then tabulated into 
annual counts of services associated with 
a particular condition (defined by ICD-9* 
or ICD-10† codes) over time. When linked 
to the population registry system (which 
contains information about sex, age and 
place of residence) this system provides a 
simple method for observing changes in 
population estimates of incidence and/or 
prevalence based on different case defini-
tion algorithms.

We used a data profile for asthma-related 
services (identified using ICD-9 code 493 
or ICD-10 J45 in the primary diagnostic 
field) as the primary source of data in this 
study. Our study period was between the 
1998 and 2004 calendar years. In order 
to control for the variations in asthma 
management practice that have occurred 
in recent years, our study is restricted to 
persons born in the same year. Although 
the claims system has records back to the 
early eighties, the in-patient system has 
electronic records dating back to 1993 and 
the emergency data system has electronic 
records that only go back to 1998. In 1998, 
there were 44 651 children born in 1988 
residing in the province and registered 
with the health care insurance plan. We 
restricted our study population to children 
born in 1988 who resided in the province 
continuously between 1998 and 2004; thus 
the subjects were old enough for reason-
able asthma diagnoses to be made, but 

still less than 18 years old for the study 
period. This gave a closed study cohort of  
38 905 children. Of these, 8965 had at least 
one medical service recorded within one of 
the three health databases in which asthma 
was the primary diagnosis associated with 
the service. We assumed that the minimum 
threshold to identify a child as asthmatic is 
two or more asthma-related services (not 
on the same day) over the study period. 
We referred to this as the “baseline” asth-
matic group. Subject to this definition,  
5110 children in the cohort were considered 
baseline asthmatics as of 2004, giving an 
asthma prevalence of roughly 13% within 
this cohort.

We used the data profile system to define 
cases based on several different case defini-
tion algorithms (Table 1), referring to these 
as “test case-definitions.” Definitions vary 
based on the number and type of services 
within each of the data systems. These def-
initions were chosen to exaggerate differ-
ences in the case identification algorithms; 
most algorithms would require fewer con-
tacts to qualify persons as a case than the  
definitions presented here. Therefore,  
the interpretation of our results should be 
viewed as an extreme example of how dif-
ferent case ascertainment algorithms might 
present different information on the geo-
graphic distribution of disease. We avoided 
over-counting contacts for particular epi-
sodes by counting only one of any of these 
contacts in a single day. When there were 
multiple contacts between the data sys-
tems on a particular day, we preferentially 
retained in-patient records over emergency 
records and preferentially retained emer-
gency records over claims records.

Using 2004 residential postal codes linked to  
the data profile, all data were aggregated 
to the level of municipality. Municipalities, 
consisting of cities, towns and villages, 
were restricted to those with at least  
10 members of the cohort, making a total 
of 294. Smaller municipalities were joined 
to larger municipalities to ensure no mem-
bers of the cohort were dropped from the 
analysis. Children living outside of muni
cipal areas (e.g. on farms) were assigned 

*	 International Statistical Classification of Diseases and Related Health Problems, 9th Revision
†	 International Statistical Classification of Diseases and Related Health Problems, 10th Revision
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to the municipality within which their 
residential postal code was included (typi-
cally, where they pick up their mail). As 
a result, some rural-dwelling children may 
have been assigned to a municipality that 
is neither the closest to their residence nor 
where they receive the majority of their 
medical services. However, any errors in 
geo-referencing are common to both the 
numerator and denominator and should 
not bias our results.

Analysis

For visualization purposes, we mapped 
the prevalence of baseline asthmatics 
in Alberta. Rather than mapping crude 
prevalence rates, which would be greatly 
affected by small numbers, we used a mod-
elled approach to estimate relative risk in a 
way that manages stochastic variation in  
the data. We used a Poisson model  
to predict a function of the mean number 
of baseline asthmatics and included popu-
lation of children as an offset to control for 
variations in the geographic distribution 
of the cohort. This model also includes a 
random intercept effect for each munici-
pality and estimates spatial parameters to 
smooth out local variations in prevalence. 
In simple terms, this process averages 
geographically neighbouring observa-
tions with each other in a way conceptu-
ally similar to a one-dimensional moving 
window average. This modelling process 
is referred to as a generalized linear mixed 
model (or GLMM) approach.12 We used the 
SAS procedure PROC GLIMMIX to solve this 
model.13 We mapped the predicted baseline 
asthma morbidity ratio in the cohort at the 
municipality level. The map produced is of 
polygons shaded according to relative risk, 
with each polygon representing the area 
surrounding a municipality (Figure 1).

Our primary analysis involved explicit 
hypothesis tests for geographic clusters 
based on the different test case-definition 
algorithms. We used the spatial scan statis-
tic14 to identify these geographic clusters. 
The spatial scan approach uses a moving 
and variably sized window (a circular 
one in this application) to search a large 
number of potential clusters. The method 
then identifies the cluster in the set that is 
most likely to cause the rejection of a null 
hypothesis of constant risk. This cluster is 

referred to as the “most-likely” cluster of 
disease. The statistical significance of a 
most-likely cluster was evaluated through 
Monte Carlo simulation. By testing the 
significance of only the disease cluster 
most likely to cause the rejection of a null 
hypothesis of constant risk, the method 
avoids problems of multiple testing com-
mon to some other methods of local clus-
ter detection.14

In our analysis, we investigated two gen-
eral hypotheses for each of the six test 
case-definitions of asthma described in 
Table 1. The first hypothesis was that the 
spatial distribution of asthmatics of all def-
initions (including the baseline asthmatics) 
differed from the spatial distribution of the 
study cohort population. This corresponds 
to a null hypothesis of constant risk; that 
is, that there is no geographically clus-
tered subset of municipalities that have an 
excess risk of asthma. We refer to this as 
the constant risk null hypothesis. Our test 
statistic was the Poisson model likelihood 
ratio,14 

	   

where C is the total number of cases who 
are defined as asthmatic according to a 
particular definition, ci is the number 
of these cases in municipality i and e(ci) 
is the expected number of these cases in 
municipality i. Here we calculated e(ci) as

	 e(ci) = mig.	

For all case definitions, mi is the number 
of children in the study cohort residing in 
municipality i and g is the overall rate of 
asthmatics for a particular definition in the 
study cohort. 

Results from the analysis above indicated 
whether or not to reject a null hypothesis 
of constant risk and approximately where 
there are clusters of asthmatics in the study 
cohort for the different test case-definitions. 
To determine the geographic variation in 
test case-definitions more explicitly, we 
also determined whether the geographic 
distribution of asthmatics according to 
each of the test case-definitions differed 

from the distribution of baseline asthmat-
ics. As before, we used the Poisson model 
likelihood-ratio test, but in this case,

	 e(ci) = aih,	

where ai is the number of children who are 
asthmatic by a specified case definition resid-
ing in municipality i and h is the proportion 
of asthmatics according to this definition 
among the baseline asthmatic popula-
tion. Here, a rejection of the null hypoth-
esis for a particular test case-definition  
indicates that the geographic distribution 
of asthmatics identified by this case defi-
nition algorithm is no different from the 
geographic distribution of the baseline 
asthmatics. This corresponds to a test of a 
null hypothesis of constant case definition, 
and we refer to this as the constant case 
definition null hypothesis.

We used SaTScan v. 6.1 to search for clus-
ters.15 All clusters were bound to a size 
no larger than 50% of the population of 
Alberta, and all clusters searched were 
constrained to a circular shape. In all cases, 
a significance level of 0.05 was used to 
assess whether there is a most-likely clus-
ter against the null hypotheses of constant 
risk and constant case definition.

Results

Test case-definition “A” provided a preva-
lence estimate of 4.4%, which was less 
than half of the baseline group (Table 2). At 
the other extreme, test case-definition “F” 
provided prevalence estimates of less than 
0.2%. For each of the test case-definitions, 
we also tabulated the average number of 
services for each child by the type of serv-
ices within the medical system. For all test 
case-definitions, all children appeared to 
have frequent asthma-related contacts with  
the emergency system when compared to the  
cohort as a whole. Children in all the test 
case-definitions appeared to experience 
more contacts with medical system (for 
any reason) than baseline asthmatics and 
non-asthmatics in the cohort.

Figure 1 illustrates the model-predicted 
geographic distribution of baseline asth-
matics in the study cohort. There is vari-
ation in the rate of asthma among the 
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baseline asthmatics, with the relative risk 
highest in the city of Calgary where it 
was 22% higher than the provincial aver-
age. The Edmonton area had relative risk 
very close to the provincial average (0.3% 
higher than the provincial average). Rural 
areas of central and northern Alberta had 
the lowest prevalence of asthma in the 
cohort.

Statistically significant clusters under the 
two null hypotheses are mapped on Figures 2  
and 3. Based on our null hypothesis  
of constant-risk, all test case-definitions of  
asthma with the exception of “B” were 
associated with a statistically significant 
most-likely cluster. Cluster “B”, though not 
statistically significant, was located in a 
similar region to cluster “D”. The relative 
risk associated with each cluster is rela-
tively small; in most cases, the study popu-
lation located inside the cluster had a 25% 
higher risk of asthma than the study popu-
lation located outside the cluster. The one 
exception corresponded to case definition 
“F”, for which the relative risk of asthma 
inside the cluster is more than double the 
risk outside the cluster. All mapped clus-
ters represent regions where the likelihood 
of rejecting the null hypothesis of con-
stant risk was highest for each of the case 
definitions.

Based on our null hypothesis of constant 
case definition, only definition “F” reached 
a level of statistical significance. Definition 
“F” is the strictest of all test case-definitions,  
and the total number of cases in this clus-
ter was very small; for this definition, only 
52 of the total number of cases were found 
inside this cluster. Children within this 
cluster had an 87% higher chance of being 

cases (according to definition “F”) than 
children outside the cluster.

Discussion

Under the null hypothesis of constant risk, 
there were few apparent differences in the 
location of clusters across the case defini-
tions. All but one of the clusters occurred 
in the southwest area of the province, 
though the clusters do vary considerably in 
geographic size; for example, clusters “A” 
and “C” were smaller than the other clus-
ters. This apparent similarity was based on  
a qualitative assessment of a map covering a  
large area, and it is unclear from this map 
alone if these observations represent a sys-
tematically different geography in the test 
case-definitions when compared to each 
other or to the baseline asthma group. The 
search for clusters under the null hypoth-
esis of constant case definition provided 
a more explicit test of whether or not the 
location of asthma clusters varied by par-
ticular case ascertainment algorithm. All 
but one of these searches failed to reject 
the null hypothesis of constant case defi-
nition. This suggests that there were rela-
tively small differences in the geographic 
pattern of asthma across the different test 
case-definitions and that the detection of 
clusters was fairly robust to the precise 
definition selected.

For the null hypothesis of constant case 
definition, the only statistically significant 
cluster was based on definition “F”. This 
cluster was located in southwest Alberta, 
in the same region as the clusters found 
under the null hypothesis of constant risk. 
It is possible that the cluster represented  
a geographically concentrated region of 

high-service use or serious asthmatics 
within the asthmatic population of the 
cohort. The cluster could also be related 
to changes in the population or health 
service utilization practices in the region, 
where there has been noteworthy popula-
tion growth in recent years. Finally, it is 
important to be mindful of the fact that 
this definition corresponds to a prevalence 
estimate of less than 1%, and is consider-
ably stricter than any case definition likely 
to be used in epidemiological or surveil-
lance applications. Therefore, though there 
was a statistically significant difference in 
relative risk between the areas inside and 
outside the cluster, this amounts to a very 
small difference in absolute risk.

Based on these observations, it appears 
that comparative geographical analysis of 
asthma risk is not greatly affected by the 
case ascertainment algorithm used. More 
generally, our findings indicate that geo-
graphic information about relative differ-
ences in prevalence (or relative risk) may 
be invariant to the specific choice of case 
definition even if prevalence (absolute 
risk) varies across these case definitions. 
The implication of our findings, if they can 
be generalized to other settings or other 
chronic conditions, are important in appli-
cations concerned with geographic varia-
tions in illness. When using data sources 
that have not been validated against a 
gold standard, it may be more appropriate 
to report geographic measures of relative 
risk than absolute risk. This is suitable 
for applications in which the relationship 
between risk and risk factors is of primary 
interest. For example, an ecological cor-
relation study of the relationship between 
asthma and social and environmental risk 
factors is likely to produce similar model 
coefficients across different case ascertain-
ment algorithms. In surveillance applica-
tions, where variations and changes in 
absolute risk are often of interest, precise 
measures of prevalence and incidence 
remain important. Our case ascertain-
ment algorithms produced very different 
estimates in prevalence of asthma in the 
cohort. Precise prevalence estimates are 
necessary to understand the actual popu-
lation burden of disease, and therefore, 
require data that have been validated 
against a medically and socially acceptable 
case definition standard.

Table 1 
Test case-definitions

Definition label Test case-definition

A 6 or more services of any type, 1998-2004

B 6 or more services including a minimum of 2 or more emergency  
or in-patient admissions, 1998-2004

C 12 or more services of any type, 1998-2004

D 12 or more services including a minimum of 2 or more emergency  
or in-patient admissions, 1998-2004

E 6 or more emergency or in-patient admissions, 1998-2004

F 12 or more emergency or in-patient admissions, 1998-2004
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Although not an explicit objective of our 
study, our results do reveal interesting geo-
graphic patterns of paediatric asthma in 
Alberta. Firstly, the distribution of relative 
asthma risk based on Figure 1 suggests 
lowest risk in rural central and north-
ern Alberta and highest risk in southern 
Alberta, particularly Calgary. The clus-
ters of asthmatics based on the test case-
definitions also identify the Calgary area 
as the region of highest risk. Together, 
these observations reflect high prevalence 
of asthma, as well as a high incidence of 
emergency and in-patient hospital admis-
sions. The use of these services in particu-
lar reflects a high burden of treatment in 
a subset of children in the Calgary region. 
It may also be an indicator that asthma is 
more severe (and in turn, requires more 
emergency and hospital care) for patients 
in this part of the province. As noted 
above, this pattern may be related to the 
absence of primary care for children in an 
area of rapid population growth, it could 
also reflect fundamental differences in 
asthma epidemiology in this region. This 
explanation is supported by the apparently 
distinct pattern of higher prevalence in 
rural and urban southern Alberta, which 

could reflect the role of environmental or 
meteorological conditions in the region.16 
Further research on the explanation for 
this geographic pattern, and identifying 
whether or not it is common to the paedi-
atric or general population, is warranted.

We note two potential limitations to our 
study. First, we excluded a large number 
of children immigrating to Alberta between 
1998 and 2004. It is possible that children 
moving into the province have health uti-
lization profiles that are considerably dif-
ferent from those we included in our study 
group. Immigration into Alberta tends to 
be into urban areas, and immigration is 
well known to affect the use of health serv-
ices. Recent arrivals to the province may 
be more inclined to use acute-care centres 
for primary care. This could have resulted 
in systematic differences in the effective-
ness of case definitions, for example, by 
increasing the sensitivity of definitions “E” 
and “F” in urban areas. Second, the ability 
to detect a statistically noteworthy asthma 
cluster is partly dependent on prevalence, 
and more specifically, the number of cases. 
All else being equal, case definitions with 
a higher overall prevalence are more likely 

to produce detectable patterns of cluster-
ing. It is possible that clusters were not 
detected for some definitions and detected 
for others simply based on the different 
total number of cases identified. Though 
this may be a limitation of our study 
design, we note that most case definitions 
did result in identifiable clusters of asthma 
in roughly the same part of the province. 
Furthermore, the one significant cluster 
found in the test of constant case defini-
tion was the least numerous of all case 
ascertainment algorithms.

Conclusion

Administrative data represent an important 
resource for public health surveillance and 
research. Validation studies that compare 
case definitions based on administrative 
data to clinical assessments and surveys are 
important for understanding the strengths 
and weaknesses of these data, as well as 
determining good estimates of prevalence 
and incidence. Assessments of relative risk, 
across geography, time, age, sex, social 
class and other measures, are also impor-
tant for a complete understanding of dis-
ease epidemiology. Our results suggest that 

Table 2 
Tabulation of asthma-related and total service utilization by all case definitions (1998-2004)

Baseline 
definition

Test case-definitions of asthma
Non-asthmatics

A B C D E F

n = 1710 n = 685 n = 638 n = 390 n = 244 n = 71 n = 33 795

Percentage of asthmatics in cohort 100.00 30.81 12.34 11.49 7.03 4.40 1.28 N/A

Percentage of the total  
cohort population

13.13 4.40 1.76 1.64 1.00 0.63 0.18 100.00

Asthma-related services (1998-2004)

Mean claims 5.04 9.67 10.47 15.52 14.87 12.09 16.12 N/A

Median claims 3 8 8 14 13 9 13 N/A

Mean emergency 1 2.47 5.75 4.76 7.59 10.95 19.26 N/A

Median emergency 0 1 4 2 5.5 8.5 16 N/A

Mean in-patient 0.05 0.16 0.37 0.322 0.523 0.63 1.12 N/A

Median in-patient 0 0 0 0 0 0 0 N/A

All services (1998-2004)

Mean claims 43.74 49.7 49.18 56.95 55.03 50.35 60.51 29.44

Median claims 36 42 41 47 46 42 46 23

Mean emergency 10.64 12.2 17.76 15.02 19.24 24.95 32.59 7.08

Median emergency 6 7 13 10 14 20 27 3

Mean in-patient 0.33 0.44 0.75 0.66 0.93 1.11 1.55 0.21

Median in-patient 0 0 0 0 0 1 1 0
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Figure 1 
Model estimated relative risk for baseline definition asthmatics
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Figure 2 
Significant clusters under a null hypothesis of constant-risk
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relative geographic comparisons of disease 
based on case definitions from administra-
tive data are not greatly affected by the spe-
cifics of the case ascertainment algorithm, 
even when the case definitions are derived 
from data from different sources. However, 
there are considerable variations in preva-
lence and incidence based across the dif-
ferent definitions, and therefore, routine 
surveillance requires careful consideration 
of the precise algorithm used.
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Abstract

Obesity is a major health concern. It has been implicated as a risk factor for several physi-
cal illnesses, functional limitations and poor quality of life. However, while the physical 
consequences of obesity are well established, the relationship between obesity and mental 
health is still unclear. This study used data collected in the Canadian Community Health 
Survey, cycle 3.1 (2005) to examine this relationship in adults 20 to 64 years old. Obesity 
was significantly associated with mood disorders, but not with anxiety disorders. When 
adjusting for sex, place of birth, smoking, and functional limitations, all of which were 
significantly associated with obesity, the odds of obesity remained significantly higher in 
persons with mood disorders (with or without anxiety disorders). It is still unclear whether 
the relationship between obesity and depression is causal, and if so, whether obesity 
causes depression or depression causes obesity. Implications for health care providers and 
suggestions for future research are discussed.

Introduction

Obesity is a growing public health concern 
in modern societies. Recent studies indi-
cate that between 10% and 23% of adults 
in Europe and between 22% and 35% of 
adults in the US are classified as obese, i.e. 
have a body mass index (BMI) of 30 kg/
m2 or higher.1 In the US, the prevalence of 
adult obesity has doubled since 19802 and 
is presently the second major cause of pre-
ventable death after smoking.3 In Canada, 
the adult obesity rate has also doubled  
in the last three decades to reach 15.2% in 
20034 with an estimated economic burden 
of $4.3 billion.5 

Physical inactivity and unhealthy diet have 
been identified as major risk factors for 
obesity.6 Prevalence of obesity in women 
was also found to increase with advanced 
age, low income and lower levels of 
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education.7 The decline in the prevalence 
of smoking among adults may also have 
contributed to the observed increase in 
the prevalence of obesity.8 

Ample research has highlighted the role of 
obesity as a risk factor for a large number  
of chronic health complications, such as 
cardiovascular disease, hypertension, type 2  
diabetes, stroke, sleep apnea and certain 
types of cancer, as well as complications 
in pregnancy and surgery.9 Obesity has 
also been implicated as a risk factor for 
functional limitations and poor health-
related quality of life.10 However, while 
the physical consequences of obesity are 
well established, the relationship between 
obesity and mental health is still unclear 
and reported findings have been mixed. 
Some researchers examined prevalence 
of obesity in individuals with mental 
disorders11,12 and others examined the 
prevalence of mental disorders in obese 

individuals.13 However, most of these 
studies examined simple associations 
between depression/depressive symptoms 
and body fat without accounting for pos-
sible mediators and/or moderators of their 
relationship.14

In a review of four longitudinal studies and 
20 cross-sectional studies of the effects of 
obesity on depression, Atlantis and Baker15 
found that longitudinal studies provided 
consistent evidence that obesity may 
increase the odds of developing depres-
sion or depressive symptoms. They also 
found most cross-sectional studies from 
the US supported the above association 
for women but not men. In contrast most 
cross-sectional studies from populations 
other than the US consistently failed to find 
such associations. But Bruffaerts and col-
leagues1 analysed data from six European 
countries and found that obese individuals 
were more likely to have mood disorder 
(odds ratio [OR] = 1.3) and more than 
one mental disorder (OR = 1.4) compared 
with individuals of adequate weight. On 
the other hand, Blaine16 conducted a meta-
analysis of 16 longitudinal studies of the 
effect of depression on obesity. In five of 
the studies, initial depression led to weight 
loss but this association was statistically 
significant in only one study.16 After con-
trolling for baseline BMI and background 
variables, depressed adults were at sig-
nificantly higher risk for developing later 
obesity (OR = 1.08) and the risk was 
particularly high for adolescent females 
(OR = 2.57) compared to non-depressed 
people.16 Yet, some studies found the rela-
tionship between obesity and depression 
non-significant17 or negative.18 

Association of obesity with mood and anxiety disorders  
in the adult general population
T. M. Gadalla, PhD (1)

Key words: obesity, mood disorders, anxiety disorders, Canada, adult
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Associations between obesity and other 
mental disorders have also been reported. 
Petry and colleagues19 found obese indi-
viduals to have significantly elevated odds 
(ORs ranging from 1.21 to 2.08) of any 
mood, anxiety and alcohol use disorders 
as well as any personality disorder.19 Scott 
and colleagues13 found obesity to be signifi
cantly associated with any mood disorder  
(OR = 1.23), major depressive disorder (OR =  
1.27) and any anxiety disorder (OR = 1.46).  
However, when they adjusted for the 
comorbidity between anxiety and mood 
disorders, the association between obesity 
and anxiety disorders remained significant 
(OR = 1.36) but the association between 
obesity and mood disorders became sta-
tistically insignificant (OR = 1.05).13 
Similarly, Simon and colleagues20 found 
obesity to be associated with an approxi-
mately 25% increase in odds of mood and 
anxiety disorders. 

Prior research also indicated that indi-
viduals’ socio-demographic characteristics 
moderated the relationship of obesity with  
mental disorders, and especially that 
with mood disorders.13 McLaren and col-
leagues21  found the association between 
obesity and mental disorders to vary by 
type and severity of mental illness, and  
by gender and age. For example, substance 
use disorders were elevated among obese 
men at younger compared to older ages 
and mood disorders were elevated among 
obese women compared to women of 
adequate BMI, while subclinical anxiety/
depression was reduced among obese 
men compared to adequate weight men 
and to adequate weight women.21 On the 
other hand, Simon and colleagues20 found 
no gender differences in the association 
between obesity and mood and anxiety 
disorders, but noted differences across 
racial groups and education levels. Based 
on a review of the literature on the obesity-
mood disorders relationship, McElroy and 
colleagues22 concluded that obesity is asso-
ciated with depression in women while 
abdominal obesity may be associated 
with depression in both men and women. 
Gender difference in the relationship 
between relative body weight and depres-
sion was also reported by Carpenter and 
colleagues23 who examined data on over 
40  000 US adults and found a significant 

positive association between BMI and 
depression in women and a significant 
negative association in men. In the latter 
study, the authors compared prevalence 
of depression in obese persons to that in  
persons of normal weight or overweight. 
Yet, other researchers did not find such 
gender differences.20,24,25 These findings 
highlight the importance of examining the 
relationship between obesity and each type 
of mental disorder separately while taking 
individual’s socio-demographic character-
istics into account. 

Examination of factors associated with 
obesity and identification of subgroups  
of men and women who are at high risk of  
being obese provide the knowledge 
required for planning public health poli-
cies aimed at curbing the spread of this 
unhealthy and costly epidemic. The main 
objective of the present study was to 
examine the associations between obesity 
and mood and anxiety disorders while 
controlling for potential confounders. The 
potential confounders examined in this 
study were those that had been identi-
fied in the literature as risk factors for 
mental health and obesity. For example, 
positive associations between obesity and 
poor physical health and increased func-
tional limitations,9,10 and between physical 
decline and mental ill-health26,27 have been 
reported. Thus, number of chronic physical 
conditions and limitations in daily activi-
ties were examined as potential confoun
ders together with socio-demographic and 
economic characteristics. In addition, the 
study examined the association between 
being overweight and mood and anxiety 
disorders while controlling for the above 
variables. Further, the above analyses were 
conducted in the total sample as well as  
in men and women samples separately. 

Methods

Sample 

This research was based on data collected 
by Statistics Canada in the Canadian 
Community Health Survey-cycle 3.1.28 The 
survey was conducted in 2005 and used 
a multistage stratified cluster probability 
sampling in which a sample of dwellings  
was randomly selected from lists of  
telephone numbers. One person aged  

15 years or older was randomly selected 
from each household to participate in 
the survey. The survey sample was strati-
fied by province and urban versus rural 
regions. Introductory letters were mailed 
to selected participants assuring them 
of the confidentiality laws governing the 
release and/or publication of collected 
data. Participation was voluntary and the 
response rate was 85%. The sample repre-
sented approximately 98% of the Canadian 
population aged 12 years or older who 
resided in private dwellings in the ten prov-
inces and the three territories. Fifty percent 
of the respondents were randomly selected 
to be interviewed face-to-face using the 
computer-assisted personal interview-
ing method, and 50% were interviewed  
by telephone using the computer-assisted 
telephone interviewing method.28 The sample  
used in this study included 73  110 survey 
participants 20 to 64 years old for whom 
complete records of variables used in the 
analysis were available.

Measures 

Body mass index. Each participant’s BMI 
was calculated based on the participant’s 
self-reported height and weight. This 
variable was not calculated for female 
participants who were pregnant or did 
not answer the pregnancy question. BMI 
was used to assign adults aged 20 years 
and over (except pregnant women) to one 
of the following categories: underweight 
(BMI  <  18.5), adequate weight (18.5 ≤ 
BMI < 25), overweight (25 ≤ BMI < 30) 
or obese (BMI ≥ 30). These BMI categories 
are adopted from the widely used body 
weight classification system recommended 
by Health Canada and the World Health 
Organization (WHO). 

Mood and anxiety disorders. Participants 
were asked whether they had been diag-
nosed by a health professional as having a 
mood disorder (such as depression, bipolar 
disorder, mania or dysthymia), or anxiety  
disorders (such as any type of phobia, 
obsessive-compulsive disorder, generalized 
anxiety disorder, post-traumatic stress dis-
order or panic disorder) in the past year. 
A categorical variable with four mutually 
exclusive groups was created and used in 
the present study: participants with neither 
disorder, participants with mood disorders 
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only, participants with anxiety disorders 
only and participants with both disorders.

Physical Activity Index. This variable 
categorizes respondents as being “active,” 
“moderately active,” or “inactive” based 
on their average daily energy expenditure 
values (kcal/kg/day) during their leisure 
time activities in the past three months. 
Participants were asked about their leisure 
physical activities and the length of time 
they spent on each during the three months 
prior to the interview. The energy expendi-
ture (EE) of participants’ leisure activities 
was calculated using the frequency and 
time per session of the physical activity,  
as well as its metabolic equivalent of task 
(MET). Metabolic equivalent of task was 
expressed as a multiple of the resting  
metabolic rate. Thus, an activity of 4 METs 
requires four times the amount of energy 
as compared to when the body is at rest. 
Survey participants were not asked to 
specify the intensity level of their activities; 
therefore, the MET values calculated here 
correspond to the low intensity value of 
each activity. This approach was adopted 
because individuals tend to overestimate 
the intensity, frequency and duration of 
their activities.29 Participants were then clas-
sified as active (EE ≥ 3.0), moderately active 
(1.5 ≤ EE < 3.0) and inactive (EE < 1.5). 

Chronic conditions. Participants were 
asked about certain chronic health con-
ditions that were expected to last or had 
already lasted six months or more and 
that had been diagnosed by a health pro-
fessional. This variable was a count of 
the number of chronic physical illnesses 
participants were diagnosed for in the  
12 months prior to the interview.

Functional limitations. Survey partici-
pants were asked a series of questions 
about whether they needed help with 
instrumental activities of daily living such 
as preparing meals, shopping for groceries 
and other necessities, getting to appoint-
ments, doing everyday housework, per-
sonal care or moving about their home 
because of a long-term health condition. A 
long-term health condition was defined as 
a condition that is expected to last or has 
lasted six months or more. This variable 
indicated whether participants required 
help with their usual daily activities. 

Smoking. This variable indicates the type 
of smoker the respondent was, based on 
his/her answer to the question: “At the 
present time, do you smoke cigarettes 
daily, occasionally or not at all?

Socio-demographic characteristics and 
health indicators used in this research 
included sex, age group (20 to 34 years, 
35 to 49 years, 50 to 64 years, 65 years or 
older), marital status (married/common 
law versus divorced/separated/widower/
never married), length of time in Canada 
(9 years or less, 10 years or more, Canadian 
born), educational level (less than second
ary school degree, secondary school gradu-
ate, some post secondary education, post 
secondary graduate) and income level 
(low, 30%; middle, 40%; and upper, 
30%) of the income distribution in their 
province of residence.28 The income level 
variable was derived by Statistics Canada 
to measure the rank of adjusted house-
hold income as a ratio of the provincial  
low-income cut-off. The low-income cut-
off is defined as the income below which 
a family is likely to spend a significant por-
tion of its income to purchase necessities 
such as food, lodging and clothing. First, 
the ratio of the participant’s total household 
income to the low-income cut-off corres
ponding to their household size and com-
munity size was calculated. Second, these 
ratios were rescaled to range between zero 
and 100 within each province. For example, 
if the highest ratio was 21, i.e. adjusted per-
sonal income was 21 times the low-income 
cut-off, this would be the 100. Similarly, the 
lowest ratio would be the zero.

Data analysis 

Chi-square tests were used to assess bivari-
ate relationships between BMI classifica
tion and prevalence of mood and/or anxiety 
disorders, smoking, limitations in daily 
living activities, number of chronic physi-
cal conditions and socio-demographic and 
economic characteristics. All variables that 
were found in the bivariate analysis to be 
significantly associated with obesity (at the 
p = .05 significance level) were included 
in the multivariate logistic analysis.  
A block logistic regression analysis was 
used to test the association between obesity 
and a diagnosis of mood and/or anxiety  
disorders while controlling for potential 

confounders. Block regression is similar 
to sequential analysis in which the second 
block of variables is entered in the model 
after having accounted for the effects of  
the variables in the first block. The out-
come variable was obese versus adequate 
weight. The first block of variables included 
sex, age, living arrangement, length of time 
in Canada, income level, education level, 
functional limitations, number of chronic 
physical conditions, smoking frequency 
and level of physical activity; the second 
block included having a diagnosis of mood 
and/or anxiety disorders. All independ-
ent variables were treated as categorical 
variables to allow for possible curvilinear 
relationships with the outcome variable. 
The block logistic regression analysis was  
conducted on the total sample as well as 
on men and women samples separately. 
The above analyses were repeated with the 
outcome variable being overweight versus 
adequate weight. Sampling weights were 
rescaled and used in all analyses. Rescaling 
the weights takes into account the unequal 
probabilities of selection of survey partici-
pants without inflating the sample size in 
hypothesis testing.28

Results 

Of the 73  110 participants in this sample, 
1769 (2.4%) were classified as under-
weight, 34  087 (46.6%) were classified 
as adequate weight, and 25  145 (34.4%) 
were classified as overweight and 12  109 
(16.6%) were classified as obese (Table 1). 

As seen in Table 1, 6.4% of obese indi-
viduals had been diagnosed with a mood 
disorder, compared with 3.6% of those 
with adequate weight. The prevalence of 
anxiety disorders in obese individuals is 
3.0%, compared with 2.6% in individuals 
with adequate weight. Additionally, 3.4% 
of individuals classified as obese had been 
diagnosed with both mood and anxiety  
disorders, compared with only 1.9% among 
those classified as having adequate weight. 
A chi-square test indicated a significant 
association between obesity and mood/
anxiety disorders (chi-square = 363.83,  
df = 9, p < .0005).

Table 2 includes numbers and percentages 
of obese and adequate weight individuals 
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by levels of all variables used in the analy-
sis. The table also includes results of the  
multiple logistic regression analysis.  
The bivariate chi-square tests revealed a 
significant association (p < .0005) between 
obesity and sex, age, living arrangement, 
length of time in Canada, income level, 
education level, number of chronic physi-
cal conditions, limitations in daily living 
activities, smoking frequency and level of 
physical activity. The prevalence of obe
sity increased steadily with advancing age  
and number of chronic physical conditions and 
decreased steadily with higher education 
and physical activity levels. It is also worth 
noting that the prevalence of obesity among 
individuals born in Canada was more than 
double that of recent immigrants.

The likelihood of obesity for men was  
twice that of women (OR = 2.00, 95% CI =  
1.92, 2.10), increased with advancing age 
(OR = 1.48, 95% CI = 1.40, 1.57 for the 
35 to 49 age group; OR = 1.68, 95% CI =  
1.58, 1.79 for the 50 to 64 age group) and 
was higher in individuals living with a 
partner compared with those living with-
out (OR = 1.22, 95% CI = 1.16, 1.28). 
Further, the odds of obesity was 2.63 times 
higher (95% CI = 2.33, 2.96) for those 
born in Canada compared with recent 
immigrants. Persons in the low and middle 
income groups had higher odds of being 
obese compared with persons in the high-
est income level (OR = 1.12, 95% CI =  
1.05, 1.19 for the low income group;  

OR = 1.12, 95% CI = 1.06, 1.18 for the 
middle income group). Those with less 
than high school education had signifi-
cantly higher odds of being obese compared 
with post-secondary graduates (OR = 
1.60, 95% CI = 1.49, 1.72). Although the 
results did not indicate a gradient of risk 
of obesity with income level (OR = 1.12 
for both low and middle income groups), 
there was an apparent gradient of the odds 
of obesity with lower levels of education. 
Odds ratios presented in Table 2 also show 
a gradient of risk of obesity with level of 
physical activity with inactive individuals  
having double the odds of being obese 
compared with active individuals (OR = 
2.01, 95% CI = 1.89, 2.13). Lastly, regular  
and occasional smokers were less likely  
to be obese compared with non-smokers 
(OR = 0.58, 95% CI = 0.55, 0.63 for regu-
lar smokers; OR = 0.63, 95% CI = 0.56, 
0.69 for occasional smokers).

Results of the logistic regression analysis  
further indicated that after controlling for 
the above variables, the odds ratios of 
obesity were 1.50 (95% CI = 1.36, 1.66) 
among those with mood disorders and 
1.48 (95% CI = 1.29, 1.69) among persons 
with both mood and anxiety disorders, 
compared with the odds of obesity in those 
with neither disorder (Table 2). There was 
no significant association between the 
odds of obesity and having been diagnosed 
with anxiety disorders (OR = 1.02, 95% 
CI = 0.89, 1.17).

Results of the logistic regression analysis 
conducted on men and women separately 
revealed slight differences with regards to 
sex in the association between obesity and 
mood and anxiety disorders. Adjusting for 
socio-demographic and economic character-
istics, chronic physical conditions, activity  
limitations and smoking frequency, the odds 
ratios of obesity in men and women with 
anxiety disorders remained insignificant 
(OR = 0.88 for men; 1.10 for women). 
The odds ratio of obesity in women with 
mood disorders was 1.48 (95% CI = 1.30, 
1.68, p < .005) and in men with mood 
disorders was 1.50 (95% CI = 1.27, 1.79,  
p < .0005). The odds ratio of obe
sity among women with both disorders 
increased to 1.45 (95% CI = 1.22, 1.72, 
p < .0005) and to 1.32 (95% CI = 1.04, 
1.67, p = .02) among men with both dis-
orders, compared with the odds of obesity 
in women and men with neither disorders. 

Similar logistic regression analysis was con-
ducted with overweight versus adequate 
weight as the dependent variable. Results 
of this analysis indicated that after control-
ling for socio-economic and health char-
acteristics, the odds of being overweight 
for persons with mood disorders was 1.23 
times that for persons with neither mood 
nor anxiety disorder (95% CI = 1.12, 1.34, 
p < .0005). There was no significant dif-
ference between the odds of being over-
weight for persons with anxiety disorders 
(OR = 1.04, 95% CI = 0.93, 1.16) nor for 

Table 1 
Canadians diagnosed with mood and/or anxiety disorders by BMI classification, 2005

BMI classification
Sample size Neither mood nor anxiety Mood disorders Anxiety disorders

Mood and anxiety 
disorders

(n) n (%) n (%) n (%) n (%)

Underweight 1 769 1 565 74 57 73

(BMI < 18.5) (88.5) (4.2) (3.2) (4.1)

Adequate weight 34 087 31 326 1 227 886 648

(18.5 ≤ BMI < 25) (91.9) (3.6) (2.6) (1.9)

Overweight 25 170 23 083 1 031 629 427

(25 ≤ BMI < 30) (91.8) (4.1) (2.5) (1.7)

Obese 12 109 10 559 775 363 412

(BMI ≥ 30) (87.2) (6.4) (3.0) (3.4)

Total 73 135 66 533 3 107 1 935 1 560

(91.0) (4.3) (2.6) (2.1)

Chi-square = 363.83, df = 9, p < .0005

Abbreviations: BMI, body mass index; df, degrees of freedom; n, sample size; p, significance level
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Table 2 
Association between obesity (BMI ≥ 30) and socio-demographic and economic characteristics and mental health indicators  

in Canadians 20 to 64 years old (n = 46 196 obese or adequate weight)

Total Obese n (%) Odds Ratio (95% CI)

Block 1:

Sex

Women 24 578 5 391 (21.9) 1 (ref)

Men 21 618 6 718 (31.1) 2.00 (1.92, 2.10)**

Age in years

20-34 15 641 2 843 (18.2) 1 (ref)

35-49 18 107 4 918 (27.2) 1.48 (1.40, 1.57)**

50-64 12 448 4 348 (34.9) 1.68 (1.58, 1.79)**

Living arrangement

With a partner 30 869 8 697 (28.2) 1.22 (1.16, 1.28)**

Without a partner 15 327 3 412 (22.3) 1 (ref)

Length of time in Canada

0-9 years 2 859 356 (12.5) 1 (ref)

10 years or more 6 710 1 391 (20.7) 1.42 (1.25, 1.62)**

Canadian-born 36 626 10 361 (28.3) 2.63 (2.33, 2.96)**

Income level

Lowest 30% 12 195 3 207 (26.3) 1.12 (1.05, 1.19) *

Middle 40% 18 740 5 081 (27.1) 1.12 (1.06, 1.18) **

Highest 30% 15 261 3 821 (25.0) 1 (ref)

Education level

Less than high school 4 856 1 867 (38.4) 1.60 (1.49, 1.72)**

High school graduate 7 253 2 032 (28.0) 1.22 (1.15, 1.30)**

Some post-secondary 4 156 1 066 (25.6) 1.14 (1.06, 1.24)*

Post secondary graduate 29 930 7 144 (23.9) 1 (ref)

Number of chronic conditions

None 16 643 3 125 (18.8) 1 (ref)

One 13 510 3 311 (24.5) 1.35 (1.27, 1.43)**

Two 7 807 2 256 (28.9) 1.61 (1.50, 1.72)**

Three 4 197 1 484 (35.4) 2.09 (1.93, 2.26)**

Four or more 4 039 1 933 (47.9) 3.27 (3.00, 3.56)**

Functional limitations

None 41 583 10 246 (24.6) 1 (ref)

Any 4 586 1 860 (40.6) 1.28 (1.19, 1.38)**

Physical activity index

Active 11 597 2 086 (18.0) 1 (ref)

Moderately active 12 002 2 897 (24.1) 1.40 (1.31, 1.49)**

Inactive 22 596 7 125 (31.5) 2.01 (1.89, 2.13)**

Type of smoker

Daily 9 480 2 238 (23.6) 0.58 (0.55, 0.61)**

Occasionally 2 715 495 (18.2) 0.63 (0.56, 0.69)**

Not at all 34 001 9 376 (27.6) 1 (ref)

Abbreviations: BMI, body mass index; CI, confidence interval; p, significance level; ref, reference.

* p < .005, ** p < .0005
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Statistical Manual Disorders (DSM-IV) to 
identify people with these disorders.

With regard to the association between 
being overweight and having mood and/
or anxiety disorders, findings of this study 
revealed a significant association of over-
weight with mood disorders and insigni
ficant association of overweight with 
anxiety disorders. These findings are dif-
ferent from those reported by Bruffaerts et 
al.1 and McLaren et al.21 who did not find 
an association of overweight with having 
mood disorders.

Although the methodology of the present 
study does not allow for the examination 
of specific conceptual models that could 
account for the observed associations 
between obesity and poor psychological 
health, a brief discussion of possible expla-
nations that have been put forward regard-
ing them is warranted. One explanation 
highlights the role of poor physical health, 
increased functional limitations and inter-
personal stressors, such as social stigma30 
experienced by obese persons as mediators 
in the obesity-poor mental health relation-
ship. For example, Carr and colleagues24 
reported that once these physical and 
interpersonal stressors were controlled 
for, obese persons had better psychologi-
cal health, compared with persons with 
adequate weight. A theoretical model, 
which stipulates a bidirectional causal 
pathway between obesity and depression 
and defines potential behavioural, cogni-
tive, physiological and social mediators, 
has also been suggested.31 Additionally, a 
genetic susceptibility to both obesity and 
depression has been proposed, whereby 
both conditions share some common 

persons with both disorders (OR = 0.94, 
95% CI = 0.83, 1.08) compared to those 
with neither disorder.

Discussion

This research examined a range of socio-
demographic, economic, physical health 
and behavioural correlates of obesity 
using a nationally representative sample 
of Canadians. It then examined the asso-
ciations between obesity and mood and 
anxiety disorders while controlling for the 
above factors. The above associations were 
examined in the total sample as well as in 
men and women samples separately. 

Findings of this research revealed signifi
cantly elevated levels of obesity in  
men compared with women, Canadian born 
compared with recent immigrants, persons 
living with a partner compared to those 
not living with a partner, non-smokers  
compared with smokers, and persons 
with functional limitations compared to 
those with no such limitations. Findings 
also revealed an educational gradient in 
prevalence of obesity. Further, prevalence 
of obesity was positively associated with 
advancing age and number of chronic 
physical conditions. When adjusting for 
the above variables, the odds of obesity 
remained significantly higher in persons 
with mood disorders (with or without  
anxiety) compared to those with neither 
mood nor anxiety disorders.

Based on the results of this study, about 
16.6% of the Canadian population 20 to 64 
years old were classified as obese (BMI ≥ 30). 
This is slightly higher than rates reported for 
European countries1 and much lower than 

the 31% observed in the US population.36 
However, the fact that the Canadian obesity 
rate was based on self-reported data while 
the US rate was based on measured data 
could explain some of the difference between 
the two rates. The association between obe
sity and physical inactivity, less smoking, 
advancing age, low income, and lower levels 
of education are consistent with findings of  
previous studies (e.g. Bryan and Walsh,7 
Perez,6 Simon et al.,20 Torrance et al.8). The 
strong association between obesity and 
functional limitations and chronic physical  
conditions are also in line with findings 
of previous studies (e.g. Larsson et al.,10  
Li et al.9).

Results of this research indicated a moderate 
association between obesity and mood dis-
orders. This result is in line with previously 
reported reports (e.g. Blaine,16 Bruffaerts et 
al.,1 Jorm et al.18). Simon and colleagues20 
reported similar association between obe
sity and lifetime diagnosis of mood disor-
ders. In addition, the lack of apparent sex 
difference in the obesity-mood disorders 
relationship is consistent with results of  
other studies (e.g. Carr et al.,24 Dong  
et al.,25 Simon et al.20). 

However, data used in this study revealed 
a non-significant association between 
obesity and anxiety disorders. This result 
contrasts with that reported by Simon and 
colleagues.20 Differences in measurement 
and methodology may account for the 
different findings. In their study, Simon 
and colleagues20 compared the prevalence 
of mental disorders among obese versus 
adequate/overweight individuals. They 
also used the criteria of the Diagnostic and 

Table 2 (continued) 
Association between obesity (BMI ≥ 30) and socio-demographic and economic characteristics and mental health indicators  

in Canadians 20 to 64 years old (n = 46 196 obese or adequate weight)

Total Obese n (%) Odds Ratio (95% CI)

Block 2:

Mood and/or anxiety disorder

Neither 41 858 10 549 (25.2) 1 (ref)

Mood only 1 994 768 (38.5) 1.50 (1.36, 1.66)**

Anxiety only 1 233 359 (29.1) 1.02 (0.89, 1.17)

Mood and anxiety 1 059 417 (39.4) 1.48 (1.29, 1.69)**

Abbreviations: BMI, body mass index; CI, confidence interval; p, significance level; ref, reference.

* p < .005, ** p < .0005 
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genes.32,33 Stankard and colleagues33 also 
emphasized the role of adverse childhood 
experiences in promoting both conditions. 
In their review of the literature on obesity 
and mood disorders, McIntyre and col-
leagues11 concluded that both conditions 
share aspects of phenomenology, comor-
bidity, family history and biology. More 
research examining this potential explana-
tion is warranted. If indeed, the relation-
ship between obesity and mood and/or 
anxiety disorders is causal, more research 
is needed to establish the direction of this 
causal relationship.

A number of limitations should be consid-
ered when interpreting the findings of this 
research. First, BMI calculated from self-
reported height and weight is known to be 
lower than that calculated from measured 
height and weight because of people’s 
tendency to overestimate their height and 
underestimate their weight.34 When Shields 
and colleagues35 compared self-reported 
against measured heights and weights 
in a sample of the Canadian Community 
Health Survey participants, they concluded 
that the prevalence estimates of obesity 
calculated from self-reported data were 
approximately 9% and 6% lower than 
estimates based on measured data for men 
and women, respectively. Similar estimates 
were reported by Flegal and colleagues36 
who examined the difference between self-
reported and measured obesity measures in 
the US surveys. Second, although the BMI 
classification system is a useful indicator 
for comparing body weight patterns and 
related health risks within and between 
populations, it does not take into account 
individual differences in body leanness 
and/or muscularity. Hence, the health risk 
associated with each BMI category varies 
considerably between individuals. 

Third, the identification of individuals as 
having mood disorders and/or anxiety  
disorders was not done by clinicians. It 
was based on respondents’ answers to 
the question of whether they had been 
diagnosed with the disorder. Given the 
frequently reported under-diagnosis of 
mental disorders, the data could possibly 
underestimate the prevalence of mood and 
anxiety disorders. Additionally, the survey 

did not include individuals living in nurs-
ing homes, mental institutions or chronic 
care hospitals; thus, the data could further 
underestimate the prevalence of both dis-
orders. Fourth, participants were not asked 
about each mood disorder separately. 
Instead, depression, bipolar disorder, 
mania or dysthymia were combined in one 
question. Consequently, the association 
between obesity prevalence and impact of 
each of these disorders on quality of life 
cannot be inferred. Additionally, the cross-
sectional nature of the data precluded an 
examination of the temporal sequence of 
onset of obesity and mood and anxiety  
disorders. Thus, a causal relationship 
between obesity and mood and/or anxiety 
disorders cannot be inferred. 

Given these limitations, the present study 
determined the prevalence and correlates 
of obesity using the most up-to-date data 
available on a representative sample of 
Canadians. In addition, the study exam-
ined the association between obesity and 
mood and/or anxiety disorders while 
adjusting for a range of socio-demographic, 
economic and behavioural characteristics, 
physical health and smoking frequency. 
To the authors’ knowledge, this is the first 
study to examine the associations between 
obesity and mood and anxiety disorders in 
this population. 

Detrimental ramifications of the obesity 
epidemic are enormous, both to the indi-
viduals and society. Health care providers 
are encouraged to consider an integrated 
treatment modality to investigate depres-
sion in obese patients whereby psycholo-
gists and mental health care professionals 
participate in the assessment and treat-
ment plan of obese patients.37,31 There is 
an urgent need for behavioural interven-
tions aimed at targeting unhealthy eating 
and physical inactivity, especially among 
the high risk populations identified in this 
study. There is also a need for more lon-
gitudinal research to clarify the temporal 
relationship between obesity and mood 
disorders as well as the biological, psycho-
logical and socio-demographic moderators 
and mediators of this important relation-
ship. Specifically, as results of this study 
revealed a large difference in the preva-
lence of obesity between new immigrants 

and Canadian born, more research on the 
role of ethnicity as a determinant of obe
sity and possibly as a moderator in the 
obesity-mental health relationship needs 
further scrutiny. 
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