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Highlights

• Participants of the Canadian Longi
tudinal Study on Aging reported 
high levels of involvement in social 
activities, happiness, life satisfac
tion and perceived healthy aging.

• The odds of multimorbidity were 
higher among participants who 
were obese relative to those who 
were not. 

• Involvement in social activities was 
reduced among older female par
ticipants living with obesity.

• Impairments in functional health 
were reported more often by partici
pants of both sexes living with obesity.

• Older female participants living 
with obesity had lower odds of 
reporting healthy aging than older 
females who were not living with 
obesity.

with measures of selfrated health and life 
satisfaction that vary based on sex.7 
There fore, understanding the role that 
obesity may play in successful aging 
among older Canadians is important.

There is, however, an obesity paradox 
among the elderly: high body mass index 
(BMI) appears to provide a survival 
advantage and have a lower association 
with mortality, while low BMI is often 
associated with higher mortality relative 
to normal weight.8 The risks of excess 
weight among the elderly are complex and 
there are added considerations such as fat 
redistribution with age, competing mor
talities, and risks associated with weight 

Abstract

Introduction: Canadians are living longer than before, and a large proportion of them 
are living with obesity. The present study sought to describe how older participants in 
the Canadian Longitudinal Study on Aging (CLSA) who are living with obesity are 
aging, through an examination of measures of social, functional and mental wellbeing. 

Methods: We used data from the first wave of the CLSA for people aged 55 to 85 years 
in this study. We used descriptive statistics to describe characteristics of this population 
and adjusted generalized logistic models to assess measures of social, functional and 
mental wellbeing among obese participants (body mass index ≥ 30 kg/m2) relative to 
nonobese participants. Findings are presented separately for females and males.

Results: More than half of the participants reported living with a low personal income 
(less than $50 000); females were particularly affected. Less than half of the participants 
were obese; those who were had higher odds of multimorbidity than those who were 
not living with obesity (among those aged 55–64 years: odds ratio [OR] 2.7, 95% CI: 
2.0–3.5 males; OR 2.8, 95% CI: 2.2–2.5 females). Low social participation was associ
ated with obesity among older female participants, but not males. Physical functioning 
issues and impairments in activities of daily living were strongly associated with obesity 
for both females and males. While happiness and life satisfaction were not associated 
with obesity status, older females living with obesity reported negative impressions of 
whether their aging was healthy.

Conclusion: The odds of multimorbidity were higher among participants who were 
obese, relative to those who were not. Obese female participants tended to have a nega
tive perception of whether they were aging healthily and had lower odds of involvement 
in social activities, while both sexes reported impairments in functional health. The 
associations we observed, independent of multimorbidity in older age, highlight areas 
where healthy aging initiatives may be merited. 

Keywords: obesity, healthy aging, mental health, social participation, multimorbidity, happiness

Canadians may live longer, they might not 
necessarily be living well.2 The majority of 
seniors in Canada are overweight or 
obese,3 the latter being a known risk fac
tor for a number of chronic conditions4,5 
and a factor that can exacerbate age
related declines in physical function and 
frailty.6 Furthermore, even though perceived 
weight does not always agree with actual 
weight, the former has been associated 

Introduction

Canadians are living longer than in pre
vious generations: the proportion of 
Canadians aged 65 years and older is 
expected to be 1 in 5 by 2024.1 Healthy 
aging constitutes more than just longevity, 
however; an individual’s quality of life 
(QOL) has a bearing on the years spent 
living in good health. So, while average 

mailto:deepa.rao@canada.ca
http://twitter.com/share?text=%23HPCDP Journal – %23Obesity and %23healthyaging: social, functional and %23mentalwellbeing among older Canadians&hashtags=PHAC,socialhealth,functionalhealth,mentalhealth&url=https://doi.org/10.24095/hpcdp.38.12.01
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change that all contribute to the unique 
perspective on obesity treatment and pre
vention for this age group.9 The clinical 
definition of obesity is based on BMI, but 
there are other metrics of excess weight 
that may be more applicable to this age 
group. Metrics that better reflect fat distri
bution, such as waist circumference, may 
be able to provide an indication of health 
risk where BMI cannot.10 In regard to 
healthy aging, weight management in the 
elderly is geared towards improving physi
cal function (minimizing muscle and bone 
loss) and healthrelated QOL.6

While there is no uniform definition for 
successful aging, it can be interpreted as 
maintaining physical, social and mental 
wellbeing with age.11 QOL in older indi
viduals is largely determined by these 
factors,12 and by the ability to maintain 
autonomy and independence.12 Fewer 
chronic conditions, strong social supports, 
high independent functioning and life sat
isfaction are among the many indicators 
of successful aging.11,1315 Within this holis
tic understanding, social, functional and 
mental wellbeing, in combination with 
fewer chronic conditions and lower levels 
of mental illness, can be examined 
together to provide an objective indication 
of successful aging. 

Recent estimates suggest that roughly 
15% of Canadians aged 20 years and older 
are living with two or more chronic dis
eases (multimorbidity),16 and that these 
rates increase with age.17 Accordingly, 
there is growing interest in research on 
attitudes in later life that contribute to liv
ing well.18 Current trends also suggest that 
obesity and its related illnesses will persist 
as the “baby boomer” population approaches 
retirement.19,20 Given this trend, it is pru
dent to better understand the role obesity 
may play in successful aging in Canada. 
Consequently, this study aimed to profile 
indicators of social, functional and mental 
health among older Canadians living with 
obesity, in spite of their multiple chronic 
conditions. 

Methods

Data source

This study was conducted using cross
sectional data from the first wave of the 
Tracking Component of the Canadian 
Longitudinal Study on Aging (CLSA). 
Participants (n = 21  241) were recruited 
(1)  from Statistics Canada’s Canadian 

Community Health Survey (CCHS)—Healthy 
Aging focus survey (n  =  3923); (2)  the 
provincial health care registration data
bases (n  =  3810); and (3)  through ran
dom digit dialling (n  =  13  508). All 
participants were asked survey questions 
using the computerassisted telephone 
interviewing (CATI) technique between 
2010 and 2014. The sampling frames 
excluded residents of the three Canadian 
territories, persons living on federal First 
Nations Reserves, fulltime members of 
the Canadian Armed Forces, individuals 
living in longterm care institutions, and 
individuals unable to communicate in 
English or French. A detailed background 
and methodology on CLSA are available 
elsewhere.21 The study population was 
restricted to individuals between the ages 
of 55 and 85 years (N = 15 345).

Variables

Socioeconomic characteristics
We ascertained annual individual income 
levels based on selfreported total per
sonal income from all sources and recoded 
them as a binary variable (< $50 000 vs. 
≥  $50  000). We derived home residence 
status, which was used as a subjective 
measure of financial wellbeing, from a 
combination of the dwelling within which 
the individual resided, and their owner
ship status. Individuals who lived in 
seniors’ housing, oldage facilities and 
hotels were identified as not residing in 
their own home, and individuals who 
lived in other independent venues (house 
or apartment) but who also indicated that 
they did not own their residence were also 
considered not to live in their own home. 
Individuals who responded that they lived 
in a house or apartment and that they 
owned their home were identified as liv
ing in their own home.

Behavioural characteristics
Current smoking status was identified 
based on selfreport (current smoker vs. 
current nonsmoker [former smoker or 
never smoker]), as was level of usual 
alcohol consumption (≥ 4 alcoholic bever
ages per week vs. < 4). 

Health characteristics
We derived BMI from selfreported height 
and weight and calculated it as weight (kg) 
divided by height squared (m2). Obe sity 
was identified as BMI ≥ 30 kg/m2, and non
obesity (including normal weight and over
weight) was identified as BMI < 30 kg/m2.22 

We derived multimorbidity from self
reported diagnosis with two or more of 
the following conditions23,24: arthritis, 
respiratory conditions (asthma or chronic 
obstructive pulmonary disease), diabetes, 
heart disease (including angina, heart 
attack, and peripheral vascular disease), 
stroke (including cerebrovascular event 
and transient ischemic attack), neurologi
cal conditions (Alzheimer’s or Parkinson’s 
disease), cancer, or mental health disor
ders (mood or anxiety). Respondents were 
identified with these conditions if they 
responded yes to the respective question 
of whether they had ever been told by a 
doctor that they had the condition.

Social health
Participants were asked how often in the 
past 12 months (at least once a day, at 
least once a week, at least once a month, 
at least once a year, never) they partici
pated in eight different activities: (1) fam
ily or friendshipbased activities outside 
the household; (2) church or religious 
activities; (3) sports or physical activities 
that you do with other people; (4) educa
tional and cultural activities involving 
other people; (5) service club or fraternal 
organization activities; (6) neighbour
hood, community or professional associa
tion activities; (7) volunteer or charity 
work; or (8) other recreational activities 
involving other people. Based on their 
responses, participation in community 
and social activities was recoded as par
ticipating in community or social activi
ties at least once a week versus less 
frequently. Questions were taken from the 
Medical Outcomes Study Social Support 
Survey for these measures, which have 
been shown to be valid and reliable in 
older females.25

Functional health
We determined physical functioning based 
on responses to 14 questions. For each of 
the 14 scenarios asked, such as whether 
an individual experienced physical diffi
culty extending an arm above their head, 
we coded individuals as having functional 
limitations if they experienced limitations 
with 3 or more of the proposed scenarios. 
Impairments to activities of daily living 
were recoded based on responses using 
the Older Americans Resources and 
Services Multidimensional Assessment 
scale,26 which has been validated previ
ously.27 Ordinal response options were 
recoded as either “no impairment” or 
“mild to total impairment.”
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Mental health and well-being
We determined mental health status based 
on selfreport of a mood or anxiety disor
der diagnosed by a physician. Various 
measures were used for mental well
being. We identified happiness as feeling 
happy 3 or more days per week versus 
fewer. While this measure is not a substi
tute for specific mental health assessment, 
it has been validated as a useful one to 
measure general mental health.28 Self
reported measures of happiness have been 
shown to associate with lower mortality, 
which may be mediated by physical activ
ity and comorbidity, in the elderly.29 Life 
satisfaction was derived from reports of 
feeling slightly satisfied or better with life 
versus neutral or dissatisfied. These mea
sures (selfrated mental health and self
rated healthy aging) were each coded as 
binary variables based on selfreport 
responses of “fair” or “poor” versus “good,” 
“very good” or “excellent,” respectively. 

Analysis

We used descriptive analyses to examine 
socioeconomic, behavioural and health 
characteristics among older Canadian par
ticipants (restricted to those aged 55 to 
85 years). We used chisquare analyses to 
compare characteristics across agegroups, 
and by sex. Logistic regression models 
were constructed to examine the associa
tion between obesity (compared to non
obesity) and multimorbidity, functional 
health, social health, mental health and 
mental wellbeing. We tested potential 
confounders individually for inclusion in 
a logistic regression model assessing the 
odds of multimorbidity based on obesity 
status, and the level of significance was 
set at pvalue < .20. Accordingly, we used 
the following confounding variables: 
income level, alcohol consumption and 
current smoking behaviour. Education 
level and marital status were also tested 
but were not found to be significant. We 
included multimorbidity in the models to 
control for its association with obesity. 
Odds ratios (ORs) and 95% CIs are pre
sented. The overall response rate was 10% 
for the CLSA–Tracking Component sam
ple, and although trimmed sampling 
weights were used to account for the com
plex and multiple sampling frames in the 
CLSA, results are described for the CLSA 
sample and not generalizable to the 
Canadian population.30 

Results

With each successive age group, the num
ber of individuals represented through 

weighting techniques diminished by a fac
tor of two (weighted N5564y = 4 090 454; 
weighted N6574y = 2 599 404; and weighted 
N7585y = 1 664 872). The prevalence and dis
tribution of socioeconomic, behavioural 
and health characteristics are described in 
Table 1. Roughly half of male participants 
aged 55 to 64 years had a personal income 
of greater than $50  000, with this value 
decreasing significantly in older age 
groups. Less than a third of female partici
pants aged 55 to 64 years had a personal 
income greater than $50 000, significantly 
fewer than the proportion of males. We 
observed significant decreases in older 
age groups. We observed significant differ
ences in residence ownership between the 
sexes, as well as across age groups, with 
proportions showing that many older par
ticipants lived in their own home. 

With respect to health, the proportion of 
current smokers was lower in older age 
groups for each sex. While smoking 
behaviours were not significantly different 
between the sexes at age 55 to 64 years, 
more females than males aged 75 to 85 
years reported smoking (p  <  .01). The 
consumption of 4 or more alcoholic bever
ages per week differed significantly between 
the sexes, and also decreased significantly 
with increasing age groups. Obesity was 
significantly higher among males and 
decreased with age, until age 75 to 85, 
where more females lived with obesity 
than males, despite their own agerelated 
decreases. Finally, significantly more females 
than males reported having multimorbid
ity at ages 55 to 64, with differences dis
appearing by ages 75 to 85 years (Table 1). 
Across all age groups, and for both sexes, 
multimorbidity was strongly associated 
with obesity (Table 2). We observed dif
ferences between the sexes in younger age 
groups (p  <  .01), but not among those 
aged 75 to 85 years (p = .8). 

Reduced social participation among male 
participants was not associated with obe
sity. However, among female participants 
aged 55 to 64 and 75 to 85, it was (OR 0.5, 
95% CI: 0.4–0.7, and OR 0.5, 95% CI: 
0.3–0.8, respectively; Table 3). While social 
participation among individuals living 
with obesity did not vary significantly 
between the sexes, there were significant 
differences across age groups for females 
(p  <  .01). Reduced physical functioning 
was strongly associated with obesity for 
both males and females, with differences 
between the sexes being significant only 
among those aged 65 to 74 years old. The 

strength of this association between reduced 
physical functioning and obesity increased 
with age for both sexes. Similarly, impair
ments in activities of daily life were sig
nificantly associated with obesity for both 
sexes, with the strength of association 
increasing with age. The difference between 
sexes was significant across all age group, 
with females living with obesity reporting 
more impairments than males living with 
obesity.  

The odds of having a mood or anxiety dis
order among those who were obese, rela
tive to those who were not, was significant 
among females aged 65 to 74 years (OR 
0.6, 95% CI: 0.4–0.9); differences between 
the sexes and across ages were significant 
as well (p <  .01) (Table 4). Measures of 
happiness and life satisfaction were not 
significantly associated with obesity sta
tus for either sex or for any age group. 
Selfreported good mental health, how
ever, was significantly lower among females 
in the 55 to 64 age group who were living 
with obesity, but this association of men
tal health with obesity disappeared in 
older age groups. Selfreported healthy 
aging was significantly associated with 
obesity among older Canadian partici
pants—females in all age groups reported 
strong negative impressions of their aging. 
Among males, however, this finding was 
only observed among those aged 55 to 
64 years (OR 0.4, 95% CI: 0.2–0.5). 

Discussion

Canadians are enjoying a longer life span 
than ever before, with recent population 
estimates showing that the number of 
Canadians aged 65 years and older out
number those 14 years and below.1 More 
than half of older Canadians are living 
with a low personal income, and females 
are disproportionately affected.31 While 
studies have suggested that poor financial 
health is linked with disease,32 we observed 
that CLSA participants had strong subjec
tive financial wellbeing. We also found 
that many drank 4 or more drinks per 
week in their older age, although the prev
alence of current smokers decreased with 
increasing age. The former finding is not 
necessarily troubling, since regular alco
hol consumption has been associated with 
increasing QOL and mood,33 although it is 
still linked to chronic diseases such as 
cancer.34

The burden of multimorbidity in seniors is 
well recognized17,35,36 and is a combination 
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of physical and mental health that impacts 
QOL37,38 and often results in greater self
care needs.38 Assessing the impact of obe
sity on older Canadians would require 
accounting for the significant prevalence 
of multimorbidity among older individu
als. Although declines in obesity were 
observed with increasing age in our study, 
this may reflect mortality patterns. It may 
also reflect frailty in the aging population, 
which is a syndrome linked with declines 
in health and function that include unin
tentional weight loss, muscle loss or 
weakness and fatigue.39 So, while BMI 
may be treated as an independent state, it 
can also be both a symptom and risk fac
tor associated with disease. 

Given these complex associations, our 
study describes how older participants of 
the CLSA study were aging in spite of their 
chronic conditions, lifestyle behaviours or 
socioeconomic circumstances. Subjective 
wellbeing consisted of three different 
aspects: evaluative (life satisfaction), hedonic 
(feelings, including happiness) and eude
monic (sense of purpose) wellbeing. 
These measures are thought to capture 
what matters to individuals and have 
been shown to be relevant to health and 
QOL as people age.40,41 We observed that 
social participation, which is a eudemonic 
construct, is diminished among older 
female participants living with obesity, 
but not males. The decreasing trend of 

social participation with increasing age 
among female participants living with 
obesity was significant. A previous study 
found that social participation was not 
associated with BMI, but unlike this study, 
they controlled for depression and self
esteem.42 Given the strong ties of self
esteem to social participation, it is possible 
that our findings reflect feelings of low
ered selfesteem among older females liv
ing with obesity. Social participation and 
support are important to good physical 
health, more so than positive health behav
iours, even into late adulthood (90 to 
97  years).43 Obesity has been associated 
with lowered physical functioning,6 although 
women living with obesity experience 
fewer such impairments than men. The 
strong positive associations of physical 
limitations with obesity in this study align 
with previous research suggesting that 
obesity and low physical activity predicts 
the onset of mobility limitations in older 
adults.44 While we were unable to control 
for levels of physical activity in our analy
ses, our finding of an association between 
obesity and physical function might still 
be influenced by physical activity. One 
study has found that those older adults 
who were moderately to vigorously physi
cally active had reduced risks of mobility 
limitation relative to those who were not 
active, and that individuals who main
tained or took up physical activity also 
saw mobility benefits when compared to 
those who did not.45 Similarly, the finding 
that impairments of daily living increased 
with age, and were stronger among females,  

TABLE 2 
Odds ratio of multimorbidity among older obese respondents to the  
Canadian Longitudinal Study on Aging, 2014, by age group and sex

Males Females χ2 
p-valuea  OR 95% CI OR 95% CI

Age groups

  55–64 years 2.7* 2–3.5 2.8* 2.2–3.5 < .01

  65–74 years 2.5* 1.9–3.4 2.7* 2.1–3.6 < .01

  75–85 years 2.0* 1.4–2.9 2.1* 1.5–2.9 .80

χ2 p-valueb < .01 < .01  

Data source: Canadian Longitudinal Study on Aging, 2014.

Abbreviations: CI, confidence interval; OR, odds ratio.

Notes: Models are controlled for income level, alcohol consumption and current smoking behaviour.  
Analyses use nonobese Canadians as the referent category.
a χ2 p-value between sexes among obese individuals.
b χ2 p-value across age groups among obese individuals.

* p < .01.

TABLE 3 
Odds ratios for indicators of social and functional health among older obese respondents  

to the Canadian Longitudinal Study on Aging, 2014, by age group and sex

Ages 55–64 years Ages 65–74 years Ages 75–85 years χ2

Males Females χ2 
p-valuea

Males Females χ2 
p-valuea

Males Females χ2 
p-valuea

Males Females

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI p-valueb p-valueb

Social health

Involvement in social  
activities at least once  
a week

0.8 0.6–1.1 0.5* 0.4–0.7  .10 1.0 0.7–1.4 0.7 0.5–1.1 .08 0.8 0.5–1.3 0.5** 0.3–0.8 .10 .09 .01

Functional health

Physical functioning 
issues 2.2* 1.5–3.1 2.0* 1.5–2.8 .06 1.5 1.0–2.3 3.0* 2.1–4.3 < .01 2.8* 1.8–4.3 1.5** 1.0–2.2 .30 .01 < .01

Impairment(s) in 
Activities of Daily 
Living

1.8** 1.1–3.0 2.0* 1.4–2.9 < .01 1.1 0.7–1.9 2.7* 1.8–4.1 < .01 2.1* 1.3–3.3 2.2* 1.6–3.1 < .01 < .01 < .01

Data source: Canadian Longitudinal Study on Aging, 2014.
Abbreviations: CI, confidence interval; OR, odds ratio. 
Notes: Models are controlled for income level, multimorbidity, alcohol consumption and current smoking behaviour. Analyses use nonobese Canadians as the referent category.
a χ2 p-value between sexes among obese individuals.
b χ2 p-value across age groups among obese individuals.
* p < .01.
** p < .05.
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highlights an atrisk demographic that 
may benefit from healthy aging programs.

Measures of mental health and wellbeing 
can vary by age and sex.45,46 Anxiety in 
older age has been shown to have a bi
directional relationship with cognition 
and with decreases in executive function
ing.47 Measures of mental wellbeing 
included those that were evaluative and 
hedonic. We observed no significant asso
ciations of these constructs with obesity 
in older age, although when we examined 
these attributes across age groups, chi
square estimates suggested that age is 
related to life satisfaction among males. 
Life satisfaction has been previously 
shown to associate with mortality among 
men, but not women48. Furthermore, 
these associations were suggested to be 
partially mediated through adverse health 
behaviours.48 So, while adjusting for 
covariates may have dissipated associa
tions of obesity with life satisfaction, as 
observed with ORs, the chisquare trends 
suggest an opportunity to study this eval
uative construct among older males. The 
low perception of good mental health 
among older females is noteworthy, 
although this improves with age. Finally, 
in the context of how retaining a positive 
outlook can support living well into old 
age,18 we found that older participants liv
ing with obesity selfidentified as not 
aging with good health. This finding was 
significant for females in all the age 
groups examined, and for males in the 

group aged 55 to 64 years. A negative 
association of obesity on life satisfaction 
has been described previously as well, 
and although this finding was significant 
among both sexes, Wadsworth et al. found 
the association to be stronger among 
females than among males.49 

Strengths and limitations

The use of a large national survey to 
examine detailed characteristics of aging 
is one of the main strengths of this study. 
However, some limitations must be con
sidered in interpreting our findings. First, 
BMI was derived based on selfreported 
measures of height and weight, which 
may be subject to respondent bias, with 
some data indicating that misreporting is 
greatest in the oldest age group.50 Because 
of these possible biases, it is difficult to 
gauge their impact in the context of the 
multivariable models discussed. Second, 
given the current literature regarding 
frailty in older age, it is unclear whether 
BMI is the most appropriate measurement 
of obesity or excess body fat for older 
individuals. Third, the analysis conducted 
in this study is limited by the information 
available in the survey. Thus, there may 
be other important factors that were not 
included, such as physical activity, nutri
tion and other environmental factors. The 
lack of information on physical activity, 
sedentary time and general time use con
strains the interpretation of the obesity–health 

relationship, particularly given the known 
associations of physical activity with mea
sures of health in old age.45 Fourth, 
although sample weights are generally 
applied so as to permit an estimation of 
statistics representative to the Canadian 
population, the first wave of the CLSA had 
a low response rate. Therefore, while we 
have applied sampling weights in our 
analyses, we describe our results in rela
tion to CLSA participants, and these might 
not be generalizable to the Canadian pop
ulation. Finally, we are aware that not all 
selfreported measures used in this analy
sis have been validated, such as happiness 
and healthy aging; therefore, interpreta
tions should be made with caution. 

Conclusion

This study provides a baseline analysis of 
healthy aging among older Canadian 
CLSA participants living with obesity that 
may be continued with successive cycles 
of the CLSA. The finding that these older 
Canadians’ social and functional health 
profiles were associated with their obesity, 
even though other measures of wellbeing 
mostly were not, is also concerning as we 
transition to an era in which healthy aging 
is becoming a growing concern. These 
profiles should help to assist efforts geared 
toward promoting healthy aging for all by 
providing a picture of how social, func
tional and mental wellbeing is impacted 
by obesity in this age demographic. 

TABLE 4 
Odds ratios for indicators of mental health and well-being among older obese respondents to the Canadian Longitudinal Study on Aging, 

2014, by age group and sex

Ages 55–64 years Ages 65–74 years Ages 75–85 years χ2

Males Females χ2 
p-valuea

Males Females χ2 
p-valuea

Males Females χ2 
p-valuea

Males Females

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI p-valueb p-valueb

Mental health

Mood or anxiety 
disorder 1.3 0.9–1.9 0.8 0.6–1.1 < .01 0.8 0.5–1.3 0.6* 0.4–0.9 < .01 1.0 0.5–1.9 0.7 0.5–1.2 < .01 < .01 < .01

Mental well-being

Happiness 1.0 0.6–1.5 1.4 1.0–2.0  .40 1.3 0.8–2.2 1.0 0.6–1.6 .30 1.0 0.5–1.8 1.3 0.8–2.1 .40 .50 .70

Life satisfaction 0.8 0.6–1.2 0.8 0.6–1.1  .40 0.8 0.5–1.4 0.8 0.5–1.2 .05 1.2 0.7–2.3 0.9 0.6–1.6 .60 < .01 .08

Good mental health 0.7 0.4–1.2 0.5* 0.3–0.8  .40 1.2 0.5–2.7 1.2 0.6–2.2 .20 0.7 0.3–1.6 0.5 0.2–1.2 .20 .02 < .01

Healthy aging 0.4* 0.2–0.5 0.3* 0.2–0.4  .60 0.8 0.5–1.3 0.4* 0.2–0.6 .40 0.6 0.4–1.0 0.4* 0.2–0.2 .07 .03 .03

Data source: Canadian Longitudinal Study on Aging, 2014.

Abbreviations: CI, confidence interval; OR, odds ratio.

Notes: Models are controlled for income level, multimorbidity, alcohol consumption, and current smoking behaviour. Analyses use nonobese Canadians as the referent category.
a χ2 p-value between sexes among obese individuals.
b χ2 p-value across age groups among obese individuals.

* p < .01.
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Highlights

Q: Who is more likely to receive 
bone mineral density tests?

A: Older women (aged 65 years and 
older) with other physical chronic 
conditions. 

Q: Who is more likely to use nutri-
tional supplements known to facili-
tate healthy bone development?

A: Older women with osteoporosis, 
with postsecondary education (cal
cium only) and higher income (vita
min D only) who are not obese, have 
had a major fracture after age 40 
(vitamin D only) and have other 
physical chronic conditions. 

Q: Who is more likely to engage in 
regular physical activity?

A: Men and women of all ages with-
out osteoporosis, with postsecondary 
education and higher income, who 
are not obese, and who are without 
other physical chronic conditions.

data suggest that most individuals with 
fracture do not undergo appropriate assess
ment or treatment.37

Clinical practice guidelines outline several 
clinical factors that help to identify people 
who have a high risk of fracture. These 
factors include advanced age, previous 
fragility fracture, parental hip fracture, 
cigarette smoking, heavy alcohol consump
tion, low body weight, prolonged use of 
glucocorticoids and other bonedepleting 
medications, certain disease states and 

Abstract 

Introduction: This study provides a benchmark for the nationwide use of osteoporosis 
screening, prevention and management strategies among Canadians aged 40 years and 
older (40+) using data collected one year prior to the release of Osteoporosis Canada’s 
latest (2010) clinical practice guidelines.

Methods: Data are from the 2009 Canadian Community Health Survey—Osteoporosis 
Rapid Response Component. The study sample (n = 5704) was divided into four risk 
subgroups: (1) osteoporosis diagnosis and major fracture; (2) osteoporosis diagnosis 
only; (3) major fracture only; or (4) neither osteoporosis diagnosis nor major fracture. 
We calculated descriptive statistics and performed multinomial multivariate logistic 
regression analyses to examine factors independently associated with osteoporosis 
screening, prevention and management strategies. Estimates were weighted to represent 
the Canadian house hold population (40+) living in the 10 provinces. 

Results: Approximately 10.1% of the population or 1.5 million Canadians 40+ reported 
having been diagnosed with osteoporosis. The majority related taking vitamin D or cal
cium supplements and having been prescribed osteoporosis medication(s), while less 
than 40% reported regular physical activity. Among those without a reported osteopo
rosis diagnosis, an estimated 6.7% or 1 million reported having had a major fracture, of 
which onethird reported having had a bone density test and less than half reported 
taking vitamin D supplements, calcium supplements or engaging in regular physical 
activity. Major fracture history was not associated with bone density testing or osteopo
rosis medication use.

Conclusions: A large proportion of Canadians at risk for osteoporosis—those with a 
major fracture history—are not undergoing bone density testing nor are they engaging 
in lifestyle approaches known to help maintain healthy bones. This study provides the 
historical information required to evaluate whether the latest clinical practice guidelines 
have had an impact on osteoporosis care in Canada.

Keywords: osteoporosis, screening, prevention, disease management, health surveys, 
population surveillance 

decades, as the number of older individu
als is expected to increase.1 The fractures 
associated with osteoporosis, especially 
fractures of the spine and hip, are a sig
nificant cause of disability, mortality and 
health care use. Despite available evidence 
based interventions that can substantially 
reduce the risk of these fractures,2 extensive 

Introduction 

Osteoporosis is a common skeletal disor
der characterized by low bone density 
and an elevated risk of fracture. It is more 
prevalent among older individuals and 
among women. Its prevalence is projected 
to rise markedly over the next few 
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genetic disorders associated with bone 
loss. Furthermore, they provide recom
mendations regarding lifestyle approaches 
such as calcium and vitamin D intake and 
physical activity, in addition to the appro
priate and selective use of medications for 
the prevention and management of 
osteoporosis.2

The Public Health Agency of Canada 
devel oped and funded the 2009 Canadian 
Community Health Survey (CCHS)—Osteo
porosis Rapid Response (ORR) Component 
to provide information on the prevalence, 
screening, prevention and management of 
osteoporosis in a nationally representative 
sample of Canadians 40 years of age or 
older living in the community. Using data 
from this questionnaire, the objectives of 
our study were: 1)  to provide prevalence 
estimates of diagnosed osteoporosis and/
or major fracture history (i.e. selfreported 
fracture after age 40 of the wrist, upper 
arm, spine or hip); 2)  to describe the 
sociodemographics, behavioural risk and 
protective factors, health characteristics, 
and use of osteoporosis screening, preven
tion and management strategies according 
to four risk subgroups based on osteopo
rosis diagnosis and major fracture history; 
and 3) to determine the factors associated 
with the use of these osteoporosis man
agement strategies. 

The findings from this study represent the 
most recent data of their kind and serve as 
a benchmark for the nationwide use of 
osteoporosis screening, prevention and 
management strategies. Furthermore, the 
findings are based on data from an ideal 
moment in time—that is, one year prior to 
release of the latest (2010) clinical practice 
guidelines for the diagnosis and manage
ment of osteoporosis in Canada—and 
therefore provide the necessary historical 
information to evaluate whether these 
guidelines have had a positive impact on 
osteoporosis care in Canada.

Methods

Data source and study sample

The 2009 CCHS is a crosssectional, popu
lationbased health survey designed to 
provide reliable estimates at the health 
region level.8 The target population included 

Canadians 12 years of age and older living 
in private dwellings in the 10 provinces 
and three territories. Persons living on 
Indian reserves or Crown lands, those 
residing in institutions, fulltime members 
of the Canadian Forces and residents of 
certain remote regions were excluded 
(approximately 2% of the target popula
tion). The 2009 CCHS used three sampling 
frames in order to select the sample of 
households: 49% of the sampled house
holds from an area frame, 50% from a list 
frame of telephone numbers and the 
remaining 1% from a random digit dial
ling telephone number frame. The selec
tion of a household member was made at 
the time of contact for data collection. All 
members of the household were listed, 
and a person aged 12 years or over was 
selected using various selection probabili
ties based on age and household composi
tion. The survey was administered by trained 
personnel via either computerassisted 
telephone interview or computerassisted 
personnel interview (English or French).

The questions within the ORR Component 
appeared in the 2009 CCHS for a single 
collection period (i.e. during the months 
of March and April) and took approxi
mately two minutes of interview time. The 
target population included all Canadians 
40 years of age and older living in private 
dwellings in the 10 provinces. It was 
designed to produce reliable estimates at 
the national level, by sex and by the fol
lowing age groups: 40 to 64 and 65 to 
79  years. A total of 7461 survey respon
dents aged 40 years and older participated. 
Of these respondents, 5849 consented to 
share their data with the Public Health 
Agency of Canada, Health Canada and 
provincial and territorial ministries of health, 
with an overall response rate of 78.4%. 
After excluding 145 respondents with mis
sing responses to the diagnosed osteopo
rosis or major fracture questions, the final 
study sample contained 5704 individuals. 
More detailed information regarding the 
2009 CCHS is available online: http://
www23.statcan.gc.ca/imdb/p2SV.pl?Function 
=getSurvey&Id=67251

Ethics

This study did not require a research eth
ics board review as it relied exclusively on 

secondary use of anonymous information 
as per Article 2.4 of the Tri-Council Policy 
Statement: Ethical Conduct for Research 
Involving Humans.* Furthermore, partici
pation in the 2009 CCHSORR was com
pletely voluntary. Respondents were informed 
of the voluntary nature of the survey 
through a notice prior to the start of the 
data collection. Interviewers were also 
instructed to permit respondents to refuse 
to answer any question or to terminate an 
interview at any time. Share partners, 
including the Public Health Agency of 
Canada, have access to the data under the 
terms of the data sharing agreements.8 
These data files contain only information 
on respondents who agreed (as part of the 
survey) to share their information with 
Statistics Canada’s partners. Personal iden
tifiers are removed from the share files to 
respect respondent confidentiality. Users 
of these files must first certify that they 
will not disclose, at any time, any infor
mation that might identify a survey 
respondent. 

Measures

Four risk subgroups based on osteoporosis 
diagnosis status and major fracture history 
Respondents were classified into one of 
four mutually exclusive osteoporosis risk 
sub groups based on their responses to 
questions regarding their osteoporosis 
diagnosis status (“Has a doctor ever told 
you that you had osteoporosis, sometimes 
called thin or brittle bones?”; response 
options: “yes”, “no”); and their major 
fracture history (“Since turning 40 years 
old, have you broken or fractured your 
[lower arm/wrist, upper arm, spine, or 
hip]?”†; response options: “yes”, “no”). 
Based on responses to these questions, 
respondents were categorized as having 
(1) both osteoporosis diagnosis and major 
fracture; (2) osteoporosis diagnosis only 
(and no major fracture); (3) major frac
ture only (and no osteoporosis diagnosis); 
or (4) no osteoporosis diagnosis and no 
major fracture. Figure 1 illustrates how 
respondents were catego rized among the 
aforementioned risk subgroups.

Sociodemographic characteristics  
The sociodemographic characteristics 
included were age (mean age and age 

* This 2014 policy statement (“TCPS2 [2014]”) is a joint policy of Canada’s three federal research agencies—the Canadian Institutes of Health Research, the Natural Sciences and Engineering 
Research Council of Canada and the Social Sciences and Humanities Research Council of Canada. Available from: http://www.pre.ethics.gc.ca/eng/policy-politique/initiatives/tcps2-eptc2 
/chapter2-chapitre2/#toc02-intro
† Major fracture history did not take into account the mechanism of injury.

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=67251
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=67251
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=67251
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groups 40–64 and 65+ years); sex (female, 
male); cultural/racial background (White, 
nonWhite); respondent’s highest level of 
education (less than postsecondary educa
tion and postsecondary graduation); and 
adjusted household income adequacy 
quintiles based on deciles, derived by 
Statistics Canada,‡ transformed into quin
tiles (first/second quintile [low], third 
quintile [middle] and fourth/fifth quintile 
[high]). 

Risk and protective factors  
The risk and protective factors included 
body mass index (BMI), smoking status 
and alcohol consumption. 

BMI
We used BMI to quantify the prevalence of 
underweight, normal weight, overweight 
and obesity. Based on selfreported height 
and weight, BMI was calculated by divid
ing weight in kilograms (kg) by height in 
metres squared (m2). 

We applied correction factors9 to adjust 
for known biases in selfreported BMI (i.e. 
people overreport their height and under
report their weight).10 These correction 
factors were as follows:

Corrected BMI for males = −1.08 + 1.08 
(selfreported BMI); and

Corrected BMI for females = −0.12 + 1.05 
(selfreported BMI).

Using cutpoints according to the World 
Health Organization (WHO) Consultation 
on obesity,11 respondents were classified 
into one of the following four categories 
based on their corrected BMI (kg/m2): 
underweight (less than 18.5), normal 
(18.5–24.9), overweight (25.0–29.9) and 
obese (30.0 or more).

Smoking status
Respondents were classified as a daily 
smoker based on their response to the fol
lowing question: “At the present time, do 
you smoke cigarettes daily, occasionally 
or not at all?” (response options: “daily”, 
“occasionally”, “not at all”).

Alcohol consumption
Respondents were asked about the fre
quency with which they drank alcohol in 

‡ This derived variable is a distribution of respondents in deciles (10 categories including approximately the same percentage of residents for each province) based on the adjusted ratio of their 
total household income to the low-income cut-off corresponding to their household and community size. It provides, for each respondent, a relative measure of their household income to the 
household incomes of all other respondents.

FIGURE 1 
Flowchart for identification of the final study sample (n = 5704), 2009 CCHS-ORR

Abbreviations: CCHS-ORR, Canadian Community Health Survey—Osteoporosis Rapid Response; n, unweighted number.

Note: The 2009 CCHS questionnaire is available online: http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=67251 

a Fracture case definitions:

Lower arm/wrist fracture: if OST_Q05=’yes’ or (INJ_Q05=’broken or fractured bones’ and INJ_Q06=’elbow or lower arm’ and 
OST_Q04=’lower arm’) or (INJ_Q05=’broken or fractured bones’ and INJ_Q06=’wrist’) 

Upper arm fracture: if OST_Q12=’yes’ or (INJ_Q05=’broken or fractured bones’ and INJ_Q06=’shoulder/upper arm’ and 
OST_Q11=’upper arm’)

Spine fracture: if OST_Q08=’yes’ or (INJ_Q05=’broken or fractured bones’ and INJ_Q06=’upper back and spine (excluding 
neck) or lower back or spine’) 

Hip fracture: If OST_Q01=’yes’ or (INJ_Q05=’broken or fractured bones’ and INJ_Q06=’hip’)

CCHS sample (aged 12+)
(N = 58 300)

Eligible participants (all respondents aged 40+ living in the 10 provinces) completed the ORR 
component between March and April 2009 (n = 7461)

Respondents who consented to share their data with Statistics Canada share partners  
(response rate of 78.4%) (n = 5849)

Respondents with missing responses (n = 145) to osteoporosis diagnosis or major fracture 
case finding questions were excluded (n = 5704)

YES (n = 672)

YES (n = 159)

NO (n = 5032)

NO (n = 513)

BOTH osteoporosis 
diagnosis and major 

fracture

Osteoporosis diag-
nosis ONLY (and no 

major fracture)

Major fracture ONLY 
(and no osteoporosis 

diagnosis)

NO (n = 4626)YES (n = 406)

Neither osteoporosis 
diagnosis nor major 

fracture

Has a doctor ever told you that you had osteoporosis, sometimes called thin or brittle bones? 
(variable name: OST_16)

Since turning 40 years old, have you 
broken or fractured your [hip, lower arm/

wrist, spine and/or upper arm]?
(variable names: see fracture case  

definitionsa below)

Since turning 40 years old, have you 
broken or fractured your [hip, lower arm/

wrist, spine and/or upper arm]?
(variable names: see fracture case  

definitionsa below)

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=67251
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the past 12 months, i.e. “During the past 
12 months, how often did you drink alco
holic beverages?” (response options: “less 
than once a month”, “once a month”, “2 to 
3 times a month”, “once a week”, “2 to 
3 times a week”, “every day”, “not appli
cable”) and classified as daily drinkers if 
they responded that they drank “every 
day.” 

Health status 
For health status, we included the number 
of nonosteoporosis physical chronic con
ditions based on responses to questions 
regarding specific health conditions that 
were expected to last or had already lasted 
six months or more, and had been diag
nosed by a health professional. The condi
tions included were arthritis, asthma, 
chronic obstructive pul monary disease, 
diabetes, heart disease, cancer, stroke, 
bowel disorder and Alzheimer disease/
other demen tia. A summary measure was 
computed by summing the number of 
conditions and then categorizing as fol
lows: none, 1–2 and 3+. 

Osteoporosis screening, prevention and 
management strategies  
The osteoporosis screening, prevention 
and management strategies included 
receipt of a bone density test, use of vita
min D and calcium supplements, regular 
physical activity and having been pre
scribed osteoporosis medication(s). 

Bone density test
Respondents were asked if they had had a 
bone density test of the spine (lower back) 
or hip (response options: “yes”, “no”). A 
bone density test for osteoporosis was 
described as a test using a special xray 
device called dualenergy Xray absorpti
ometry (DXA). 

Supplements
Respondents were asked if they took cal
cium supplements (“yes”, “no”) and/or 
vitamin D supplements (“yes”, “no”).  

Physical activity
Respondent’s level of physical activity 
was based on the Leisure Time Physical 
Activity Index, which categorizes a respond
ent as being “active”, “moderately active”, 
or “inactive” in their leisure time accord
ing to their total daily energy expenditure 
(EE) value (kcal/kg/day).8 The respondent’s 

total daily EE is calculated by determining 
their average daily EE for each leisure 
time physical activity in the previous three 
months using their selfreported frequency 
and duration of a variety of leisure time 
activities,§ as well as the metabolic energy 
cost of each activity. The respondent’s 
total daily EE is the sum of their average 
daily EE of all leisure time activities. 
Respondents that were categorized as 
being “active” had a total daily EE value 
of ≥  3 kcal/kg/day; “moderately active” 
1.5 to 2.9 kcal/kg/day; and “inactive” 
< 1.5 kcal/kg/day. 

Osteoporosis medications
Respondents that answered “yes”, “don’t 
know” or refused to answer the question 
“Has a doctor ever told you that you had 
osteoporosis, sometimes called thin or 
brittle bones?” were asked if they were 
prescribed medication for osteoporosis 
(“yes”, “no”).

Statistical analysis

We carried out descriptive analyses to 
determine the prevalence estimates of 
selfreported diagnosed osteoporosis and 
major fracture history. We conducted 
crosstabulation analyses to describe the 
sociodemographic, behavioural risk/pro
tective factors, health characteristics and 
use of osteoporosis screening, prevention 
and management strategies according to 
four mutually exclusive risk subgroups 
based on osteoporosis diagnosis status 
and major fracture history. We used chi
square tests to explore the relationship 
between the four subgroups and respon
dents’ characteristics (categorical vari
ables only) as well as respondents’ uptake 
of the described osteoporosis strategies. 
Finally, we conducted multivariate logistic 
regression analyses to examine factors 
independently associated with the use of 
the aforementioned osteoporosis strate
gies. Approximately 16% of the original 
data in the models were missing. Analyses 
were performed using respondents with 
complete data only. Statistical significance 
was deter mined at the pvalue < .05 level. 

We used SAS Enterprise Guide, version 5.1 
(SAS Institute Inc., Cary, NC, USA) for all 
data analyses. All estimates are based on 
weighted data. Sample weights were cre
ated by Statistics Canada so that the data 

would be representative of the Canadian 
household population aged 40 years and 
older living in the 10 provinces in 2009 
and were adjusted to compensate for non
response to the 2009 CCHSORR.8 Esti
mates were agestandardized using the 
2011 Canadian population in order to min
imize the effects of differences in age 
composition when comparing estimates of 
the four risk subgroups.12 Variance esti
mates and 95% confidence intervals (CIs) 
were calculated using bootstrap weights 
provided with the data and using the 
bootstrap technique to account for the 
complex survey design.8,13 In accordance 
with Statistics Canada’s release guide
lines, only results with a coefficient of 
variation less than 33.3% are reported. If 
high sampling variability (i.e. coefficient 
of variation between 16.6% and 33.3%) is 
associated with any of the estimates 
reported in Tables 1 and 2, a superscript 
“a” is used to indicate that the estimate 
must be interpreted with caution. Note 
that weighted estimates based on sample 
sizes of less than 10 observations are not 
reportable regardless of the value of the 
coefficient of variation.8

Results

Prevalence of diagnosed osteoporosis and 
major fracture history 

In 2009, 10.1% of Canadians aged 40 years 
and older (an estimated 1.5 million peo
ple) reported having been diagnosed with 
osteoporosis (Table 1). Of these individu
als, 80.9% were female, and 21.7% reported 
having had a major fracture. Additionally, 
6.7% of Canadians aged 40 years and 
older (an estimated 1.0 million people) 
reported having had a major fracture but 
not having been diagnosed with osteopo
rosis; of these, 55.4% were female.

Sociodemographics, behavioural risk/
protective factors, health characteristics, 
and use of osteoporosis screening, 
prevention and management strategies 

We found important differences in the 
individuals’ characteristics between the 
four risk subgroups (Table 1). Increasing 
age, being female, decreasing levels of 
education and household income, lower 
BMI and increasing number of nonosteo
porosis physical chronic conditions were 

§ Including walking for exercise, gardening/yard work, swimming, bicycling, popular/social dance, home exercises, ice hockey, ice skating, inline skating/rollerblading, jogging/running, golfing, 
exercise class/aerobics, downhill skiing, bowling, baseball/softball, tennis, weight training, fishing, volleyball, basketball and up to three other categories.



449 Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and PracticeVol 38, No 12, December 2018

associated with having an osteoporosis 
diagnosis and major fracture history. 

Furthermore, we found differences in 
bone density testing, calcium, vitamin D 
and physical activity between the four risk 
subgroups (Table 2). Overall, bone density 
testing was reported by a minority (27.8%) 
of Canadians aged 40 years and older, but 
by an overwhelming majority (over 85%) 
of those with an osteoporosis diagnosis. 
Canadians with diagnosed osteoporosis 
with and without prior major fracture also 
had high selfreported use of vitamin D 

supplements (89.2% and 68.5%, respec
tively) or calcium supplements (90.7% 
and 81.7%, respectively). In contrast, less 
than 40% reported regular physical activ
ity. In addition, the majority of respon
dents diagnosed with osteoporosis 
reported having been prescribed osteopo
rosis medication(s) (59.3% overall) and 
this was slightly higher for those with (as 
opposed to without) prior major fracture 
(69.5% and 56.5%, respectively). Among 
respondents who had not been diagnosed 
with osteoporosis but reported having had 
a major fracture at one of the common 

osteoporotic sites, onethird (33.4%) reported 
having had a bone density test, fewer than 
half reported taking vitamin D supple
ments (45.2%) or calcium supplements 
(40.7%), or regular physical activity (44.6%). 
Sexstratified results demonstrated that all 
screening, prevention and management 
strategies were more common among 
women than men, with the exception of 
physical activity. 

Agestandardized estimates related to 
screening, prevention and management 
strategies were consistently lower than the 

TABLE 1 
Sociodemographic, risk and protective factors and health characteristics overall and according to osteoporosis diagnosis and  

major fracture history, household population aged 40 or older, Canada excluding territories, 2009

Sociodemographic, risk and 
protective factors and health 

characteristics 

Overall

(100%)

BOTH osteoporosis 
diagnosis and 
major fracture

(2.2%)

Osteoporosis 
diagnosis ONLY  

(and no major 
fracture)

(7.9%)

Major fracture ONLY  

(and no osteoporosis 
diagnosis)

(6.7%)

NEITHER osteoporosis 
diagnosis nor major 

fracture

(83.2%)

χ2  
p-value

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Age (years)

Mean age 57.5 (57.3–57.7) 70.0 (67.3–72.7) 64.1 (62.4–65.7) 63.8 (61.4–66.1) 56.1 (55.8–56.3) n/a

Age group

40–64 72.9 (72.5–73.3) 33.7 (22.6–44.8)a 55.9 (48.4–63.4) 52.1 (43.7–60.4) 77.2 (76.3–78.1)
< .001

65+ 27.1 (26.7–27.5) 66.3 (55.2–77.4) 44.1 (36.6–51.6) 47.9 (39.6–56.3) 22.8 (21.9–23.7)

Sex (females) 51.6 (51.2–52.0) 91.1 (85.3–96.9) 78.1 (70.6–85.7) 55.4 (47.6–63.2) 47.7 (46.7–48.7) < .001

Cultural/racial background 
(White) 

86.4 (84.5–88.3) 93.0 (87.0–99.1) 87.2 (79.6–94.8) 88.3 (81.1–95.5) 86.0 (84.0–88.0) .658

Highest level of education 
(postsecondary graduation)

58.3 (56.2–60.3) 45.1 (31.9–58.2) 49.3 (41.9–56.6) 53.5 (45.5–61.6) 59.8 (57.6–62.1) .004

Household income adequacy quintile

Low (Q1–Q2) 38.1 (35.8–40.3) 53.8 (38.2–69.4) 54.4 (45.8–63.1) 47.5 (39.1–56.0) 35.5 (33.1–37.9)

< .001Middle (Q3) 19.5 (17.7–21.4) 16.0 (6.3–25.7)a 19.1 (12.5–25.8)a 19.4 (14.4–24.3) 19.7 (17.7–21.7) 

High (Q4–Q5) 42.4 (40.1–44.7) 30.2 (13.1–47.3)a 26.4 (18.8–34.0) 33.1 (25.1–41.1) 44.8 (42.3–47.3)

BMI (kg/m2)

Underweight (< 18.5) 0.8 (0.4–1.2) NRb NRb NRb 0.8 (0.3–1.3)a

.004
Normal weight (18.5–24.9) 29.0 (27.0–31.0) 37.4 (25.5–49.2) 39.3 (31.2–47.3) 32.9 (24.0–41.8) 27.5 (25.4–29.6)

Overweight (25.0–29.9) 43.4 (41.2–45.6) 45.1 (31.6–58.6) 32.1 (24.8–39.3) 41.6 (33.7–49.6) 44.5 (42.2–46.9)

Obese (≥ 30.0) 26.8 (24.9–28.7) 16.8 (8.7–24.8)a 27.6 (20.0–35.2) 24.8 (18.1–31.5) 27.2 (25.1–29.2)

Smoking status (daily) 15.4 (13.9–16.8) 10.6 (4.4–16.9)a 13.3 (9.1–17.4) 13.0 (8.0–17.9)a 15.9 (14.2–17.5) .300

Alcohol consumption (daily) 11.7 (10.3–13.0) NRb 8.7 (4.6–12.8)a 13.3 (7.6–19.0)a 11.9 (10.3–13.4) .528

Number of nonosteoporosis physical chronic conditions:

None 59.1 (57.2–61.0) 21.6 (11.9–31.2)a 32.0 (25.1–38.8) 41.4 (33.5–49.3) 64.1 (62.2–65.9)

< .0011–2 35.7 (33.7–37.6) 62.7 (50.7–74.6) 56.8 (49.1–64.6) 49.8 (42.0–57.5) 31.8 (29.9–33.7)

3+ 5.2 (4.4–6.0) 15.8 (6.8–24.7)a 11.2 (6.5–15.9)a 8.8 (4.6–13.0)a 4.1 (3.4–4.8)

Data source: 2009 Canadian Community Health Survey—Osteoporosis Rapid Response.
Abbreviations: BMI, body mass index; CI, confidence interval; NR, nonreportable; Q, quintile. 
Notes: Percentages (%), means and 95% CIs are based on weighted data. 
a High sampling variability (coefficient of variation between 16.6% and 33.3%). 
b Coefficient of variation > 33.3%.
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crude for all the risk subgroups with the 
exception of those with neither an osteo
porosis diagnosis nor a prior major frac
ture (available from the author upon 
request).  

Factors independently associated with use 
of screening, prevention and management 
strategies

After adjusting for all sociodemographic 
factors, risk and protective factors and 
health characteristics,** results demonstrated 
that factors independently associated with 
the use of osteoporosis prevention and 
management strategies varied by type of 
strategy (Table 3). Older age was posi
tively associated with having received a 
bone density test and use of vitamin D 
and calcium supplements. Being male was 
negatively associated with all strategies 

except for regular physical activity, which 
was not associated with osteoporosis 
strategies for either sex. Having a lower 
level of education and lower household 
income were negatively associated with 
use of calcium and vitamin D supple
ments, and both were negatively associ
ated with regular physical activity. Being 
obese (vs. normal weight) and a daily 
smoker were negatively associated with 
use of vitamin D supplements, calcium 
supplements and regular physical activity. 
The number of nonosteoporosis physical 
chronic conditions was positively associ
ated with all strategies with the exception 
of regular physical activity. Major fracture 
history, despite being an important risk 
factor for future fractures, was not associ
ated with any strategy with the exception 
of vitamin D supplements.

Discussion

Osteoporosis and its complications are 
common. In 2009, approximately 10% of 
Canadian adults aged 40 years and older 
(an estimated 1.5 million people) reported 
having been diagnosed with osteoporosis, 
of which one in five also reported a major 
fracture history. More concerning is the 
large proportion of the one million 
Canadians aged 40 years and older at risk 
of osteoporosis—those with a major frac
ture history—that had not undergone 
bone density testing (approximately two
thirds) and were not engaging in lifestyle 
approaches recommended to maintain 
healthy bones (about half). Many of the 
factors found to be independently associ
ated with the osteoporosis screening, pre
vention and management strategies studied 

TABLE 2 
Screening, prevention and management strategies overall and according to osteoporosis diagnosis and major fracture history,  

household population aged 40 or older, Canada excluding territories, 2009

Screening, 
prevention and 
management 
strategies

Overall
BOTH osteoporosis 
diagnosis and major 

fracture 

Osteoporosis 
diagnosis ONLY (and 
no major fracture) 

Major fracture ONLY                 
(and no osteoporosis 

diagnosis) 

NEITHER osteoporo-
sis diagnosis nor 
major fracture 

χ2

Both sexes  
%  

(95% CI)

Both sexes 
%  

(95% CI)

Both sexes 
%  

(95% CI)

Both sexes 
%  

(95% CI)

Both sexes 
%  

(95% CI)

Both sexes 
p-value

Females 
%  

(95% CI)

Males 
%  

(95% CI)

Females 
%  

(95% CI)

Males 
%  

(95% CI)

Females 
%  

(95% CI)

Males 
%  

(95% CI)

Females 
%  

(95% CI)

Males 
%  

(95% CI)

Females 
%  

(95% CI)

Males 
%  

(95% CI)

Females 
p-value

Males 
p-value

Bone density 
test

27.8 
(26.3–29.2)

89.1 
(82.5–95.7)

85.9 
(81.2–90.6)

33.4 
(26.6–40.2)

20.2 
(18.5–21.8)

< .001

44.6 
(42.3–46.6)

9.9 
(7.9–11.8)

88.5 
(81.3–95.7)

94.9 
(85.7–100)

91.5 
(88.6–94.3)

66.0 
(48.1–83.9)

47.8 
(36.6–59.1)

15.5 
(9.0–22.1)a

34.6 
(32.0–37.3)

6.9 
(5.2–8.5)

< .001 < .001

Vitamin D 
supplements

41.5 
(39.5–43.5)

89.2 
(83.3–95.0)

68.5 
(60.0–77.0)

45.2 
(37.3–53.0)

37.5 
(35.3–39.6)

< .001

53.1 
(50.3–56.0)

29.1 
(26.4–31.9)

90.2 
(84.4–96.1)

78.6 
(51.0–100)a

72.8 
(64.7–80.9)

53.0 
(31.4–74.7)a

59.7 
(48.1–71.2)

27.2 
(18.3–36.1)a

47.7 
(44.4–50.9)

28.1 
(25.2–30.9)

< .001 .001

Calcium 
supplements

39.4 
(37.5–41.3)

90.7 
(85.1–96.4)

81.7 
(76.5–86.9)

40.7 
(32.9–48.5)

34.0 
(32.0–36.0)

< .001

54.9 
(52.0–57.7)

22.9 
(20.4–25.5)

92.8 
(87.9–97.7)

69.6 
(38.2–100)a

87.8 
(83.7–91.8)

60.2 
(40.8–79.6)

55.7 
(44.0–67.4)

21.9 
(13.6–30.3)a

47.8 
(44.6–51.1)

21.3 
(18.8–23.8)

< .001 < .001

Regular physical 
activityc

42.0 
(39.8–44.2)

37.0 
(23.1–51.0)a

29.4 
(23.2–35.7)

44.6 
(36.3–52.9)

43.1 
(40.7–45.5)

.003

40.7 
(37.7–43.7)

43.3 
(40.2–46.5)

35.5 
(20.4–50.6)a NRb 31.2 

(24.3–38.2)
23.0 

(8.8–37.3)a

43.9 
(31.8–56.1)

45.5 
(35.2–55.9)

42.2 
(38.8–45.6)

43.9 
(40.6–47.3)

.089 .031

Osteoporosis 
medication

59.3 
(53.0–65.7)

69.5 
(58.7–80.4)

56.5 
(49.1–63.9)

n/a n/a .059

64.8 
(58.9–70.8)

36.2 
(18.5–54.0)

69.0 
(57.1–80.8)

NRb 63.5 
(56.3–70.6)

31.8 
(12.4–51.1)a n/a n/a n/a n/a n/a n/a

Data source: 2009 Canadian Community Health Survey—Osteoporosis Rapid Response.
Abbreviations: CI, confidence interval; n/a, not applicable; NR, nonreportable.
Notes: Percentages (%) and 95% CIs are based on weighted data. 
a High sampling variability (coefficient of variation between 16.6% and 33.3%). 
b Coefficient of variation > 33.3%. 
c Defined as moderately active or active.

** Age, sex, cultural/racial background, respondent’s level of education, adjusted household income adequacy quintile, body mass index, smoking status, alcohol consumption, major fracture 
after the age of 40 and number of nonosteoporosis physical chronic conditions.
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TABLE 3 
Factors independently associated with use of osteoporosis screening, prevention and management strategies,  

household population aged 40 or older, Canada excluding territories, 2009 

Bone density test Vitamin D supplements Calcium supplements
Regular physical 

activitya

Osteoporosis 
medication

Adjusted ORb (95% CI), p-value

Age group (years)

65+ 3.0 (2.3–4.0), < .001c 1.7 (1.4–2.1), < .001c 1.6 (1.2–2.0), ≤ .001c 1.0 (0.8–1.2) 1.6 (0.8–3.0)

40–64 Referent Referent Referent Referent Referent

Sex

Male 0.1 (0.1–0.2), < .001c 0.4 (0.3–0.5), < .001c 0.2 (0.2–0.3), < .001c 1.1 (0.9–1.3) 0.3 (0.1–0.7), .003c

Female Referent Referent Referent Referent Referent

Cultural/racial background

Non-White 1.4 (0.8–2.4) 0.9 (0.6–1.3) 1.2 (0.9–1.8) 0.7 (0.5–1.1) 3.9 (0.6–23.5)

White Referent Referent Referent Referent Referent

Highest level of education

Less than postsecondary 0.8 (0.6–1.0) 0.8 (0.7–1.0) 0.8 (0.6–1.0), .030c 0.7 (0.6–0.9), .001c 1.1 (0.6–2.2)

Postsecondary Referent Referent Referent Referent Referent

Household income adequacy quintile

Low (Q1–Q2) 1.0 (0.7–1.4) 0.7 (0.6–0.9), .004c 1.0 (0.8–1.3) 0.7 (0.5–0.9), .003c 0.9 (0.4–1.9)

Middle (Q3) 0.9 (0.7–1.3) 0.6 (0.5–0.9), .003c 0.9 (0.6–1.2) 0.8 (0.6–1.1) 0.6 (0.2–1.4)

High (Q4–Q5) Referent Referent Referent Referent Referent

BMI (kg/m2)

Underweight (< 18.5) 0.9 (0.2–3.6) 1.8 (0.4–8.1) 0.7 (0.2–2.4) 1.2 (0.3–5.7) 1.0 (0.5–2.0)

Overweight (25.0–29.9) 0.9 (0.7–1.2) 0.8 (0.6–1.0) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 1.0 (0.5–2.0)

Obese (> 30.0) 0.9 (0.7–1.3) 0.6 (0.5–0.8), .001c 0.6 (0.5–0.8), ≤ .001c 0.5 (0.4–0.6), < .001c 0.9 (0.4–2.1)

Normal weight (18.5–24.9) Referent Referent Referent Referent Referent

Daily smoker

Yes 0.9 (0.6–1.3) 0.5 (0.4–0.7), < .001c 0.6 (0.4–0.8), .001c 0.5 (0.4–0.7), < .001c 1.0 (0.5–2.0)

No Referent Referent Referent Referent Referent

Daily drinker

Yes 1.1 (0.8–1.6) 1.2 (0.9–1.6) 1.2 (0.9–1.7) 1.4 (1.0–1.9), .040c 1.0 (0.5–2.0)

No Referent Referent Referent Referent Referent

Major fracture after the age of 40

Yes 1.4 (0.9–2.1) 1.4 (1.0–1.9), .035c 1.2 (0.8–1.7) 1.0 (0.7–1.4) 1.0 (0.5–2.0)

No Referent Referent Referent Referent Referent

Number of nonosteoporosis physical chronic conditions

3+ 2.9 (1.7–5.0), < .001c 1.2 (0.8–1.9) 1.7 (1.1–2.7), .018c 0.4 (0.3–0.6), .001c 1.0 (0.5–2.0)

1–2 2.3 (1.7–3.0), < .001c 1.4 (1.1–1.7), .001c 1.8 (1.4–2.2), < .001 0.8 (0.6–1.0), .031c 1.0 (0.5–2.0)

None Referent Referent Referent Referent Referent

Data source: 2009 Canadian Community Health Survey—Osteoporosis Rapid Response.

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; Q, quintile.

Note: OR and 95% CIs are based on weighted data.
a Defined as moderately active or active.
b Adjusted for all variables in the model including age, sex, cultural/racial background, respondent’s level of education, household income adequacy quintile, BMI, smoking status, alcohol con-
sumption, major fracture after the age of 40 and number of nonosteoporosis physical chronic conditions.
c Significantly different from the referent (p-value < .05).
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are in keeping with what we know about 
those at greatest risk and those most likely 
to receive osteoporosis care.2 However, the 
negligible effect that a prior major fracture 
had on any of the strategies studied (par
ticularly bone density testing) is of great 
concern given that individuals with a prior 
osteoporosisrelated fracture are known to 
be at greatest risk of a future fracture.14 
Prevalence estimates based on Canadian 
administrative health data generally cor
roborate the findings from this study, with 
approximately 11% of Canadian adults 
aged 40 years and older having been diag
nosed with osteoporosis in 2009/10.15 

Between the release of the 2002 clinical 
practice guidelines and the latest update 
in 2010,16 there was a fundamental shift in 
osteoporosis care from treating low bone 
mineral density to preventing fractures, 
given the readily identifiable clinical fac
tors that increase the risk of fracture inde
pendent of bone mineral density. As a 
result, the 2010 guidelines outline a more 
integrated approach to identify people 
who should be assessed for osteoporosis 
and recommended for treatment based on 
high absolute fracture risk, which incor
porates clinical risk factors beyond bone 
mineral density.2 Also, in order to address 
the well documented osteoporosis care 
gap among highrisk individuals,37 the 
2010 clinical practice guidelines concen
trate on the assessment and management 
of women and men over age 50 who are at 
high risk of fragility fractures, and the 
integration of new tools for assessing the 
10year risk of fracture into overall 
management.

Indications for measuring bone density in 
the 2010 guidelines include advanced age, 
previous fragility fracture, parental hip 
fracture, cigarette smoking, heavy alcohol 
consumption, body weight under 60 kg 
(132 lbs), prolonged use of glucocorti
coids and other bonedepleting medica
tions, certain disease states and genetic 
disorders associated with bone loss.2 Fur
thermore, the 2010 clinical guidelines pro
vide recommendations regarding lifestyle 
approaches such as calcium and vitamin 
D intake and physical activity, in addition 
to the use of medications for the preven
tion and management of osteoporosis.

Future work is essential to determine 
if there has been a positive change in 

osteoporosis care in Canada as a result of 
implementing the latest evidencebased 
clinical practice guidelines and respective 
knowledge translation strategies.17,18 

Repeating similar questions in a future 
CCHS would assist in a reevaluation of 
the osteoporosis care gap on a national 
level; alternately, the use of administrative 
data via the Public Health Agency of 
Canada’s Canadian Chronic Disease 
Surveillance System has the potential to 
achieve this on an ongoing basis. 

Strengths and limitations

This study has a number of strengths, 
including the large, populationbased sam
ple and the administration of the sur vey 
by trained personnel using a struc tured 
format. Furthermore, it makes use of data 
from the only national survey to have col
lected information on the screening, pre
vention and management of osteoporosis 
including health deter minants, lifestyle 
behaviours and comorbidities among 
Canadian adults.  

However, findings should be inter preted 
in light of some important limita tions. 
First, as with most populationbased health 
surveys, the 2009 CCHSORR relies on 
selfreporting of healthrelated events with 
no thirdparty corroboration or verifica
tion of these selfreports. While this is the 
most practical method of assessing dis
ease sta tus in large population studies, 
selfreporting of health events and related 
information is susceptible to misclassifica
tion of the outcome or explanatory vari
ables due to social desirability bias, recall 
bias and conscious nonreporting. Never
theless, validation studies have demon
strated that the prevalence of selfreported 
diagnosis of osteoporosis and major osteo
porotic fractures is reasonably accurate.19,20 

Second, associations between different 
factors can be explored; however, causal 
inferences cannot be drawn from the 
results due to the survey’s crosssectional 
design.21 For example, while the use of 
vitamin D and calcium supplements are 
associated with osteoporosis and fracture 
risk, we do not know whether receiving 
an osteoporosis diagnosis or having had a 
major fracture preceded the use of these 
prevention strategies or vice versa. 

Third, while the 2009 CCHSORR was 
designed to be nationally representative, 
the generalizability of the findings to the 
entire Canadian population 40 years and 
older is limited due to the exclusion of the 
territories and some subpopulations known 
to be at an elevated risk of osteoporosis, 
including Indigenous populations living 
on Indian reserves or Crown lands22 and 
institutionalized patients.23

Fourth, while the majority (58.6%) of 
those having had at least one major frac
ture after the age of 40 reported it occurred 
as a result of a fall from a standing height 
or less, 23.1% reported it occurred as a 
result of a hard fall and 19.5% reported it 
was the result of other severe trauma.†† 
We elected to include all fractures, irre
spective of the mechanism of injury, given 
that it is uncertain whether such trauma 
classifications are useful for determining 
whether a fracture is related to low bone 
density or indicates an increased risk of 
future fracture,24 and given the recent shift 
in thinking that all fractures in older 
adults warrant careful evaluation in an 
effort to reduce the risk of future 
fractures.25 

Finally, we encountered analytical limita
tions due to available sample size when 
disaggregating data by specific character
istics of interest. For example, it was not 
possi ble to provide a statistical description 
of the population by racial/ethnic group, 
as the estimates for the different catego
ries had high coefficients of variation 
(CV), indi cating high sampling variability 
and esti mates of unacceptable quality; 
therefore, we were limited to collapsing 
respondents into “White” or “nonWhite” 
response categories only.

Conclusion 

Osteoporosis is common among Canadians 
40 years of age and older, but more con
cerning is the large proportion at risk for 
osteoporosis—those with a major fracture 
history—who have not received a bone 
density test, nor engaged in lifestyle 
approaches recommended to help main
tain healthy bones. The latest clinical 
practice guidelines released by Osteoporosis 
Canada in 2010 focus on preventing fragil
ity fractures, as opposed to treating low 
bone mineral density, which represents a 
fundamental shift in the prevention and 
treatment of osteoporosis and related 

†† Percentages do not add up to 100% because an individual can report more than one fracture of the major fracture sites with different mechanisms of injury.



453 Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and PracticeVol 38, No 12, December 2018

fractures since the release of the 2002 
clinical practice guidelines. The results 
from this study represent the most recent 
data of their kind and serve as a bench
mark for the nationwide use of osteoporo
sis screening, prevention and management 
strategies among Canadians aged 40 years 
and older. Based on 2009 CCHSORR data 
captured one year prior to the release of 
the 2010 clinical practice guidelines, the 
findings within provide the necessary his
torical information to evaluate whether 
the release of these guidelines has had a 
positive impact on osteoporosis care in 
Canada. 
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Erratum

This erratum is being published to correct a number of errors, including inaccurate references, on pages 380 and 383 of the following 
article:

Simpson A, Furlong A, Jetha N. Ataglance – Bringing equity into the fold: a review of interventions to improve mental health. 
Health Promot Chronic Dis Prev Can. 2018;38(10):3804. doi: 10.24095/hpcdp.38.10.04.

Before correction

According to the Canadian chronic disease surveillance statistics, more than one in ten individuals are affected by a mood or anxiety 
disorder in Canada, representing nearly threequarters of the population that uses health services for a mental illness annually.9 Of 
the 4000 deaths by suicide each year in Canada, more than 90 percent of individuals were experiencing a mental illness or mental 
health problem.10 Suicide is the second leading cause of death in children, youth and young adults aged 1029 years.10 Boys account 
for 65% of suicides among 1519 year olds, while girls account for over 80% of selfharm hospitalizations in that same age group.11,12 

Perhaps less known, girls aged 1014 years account for 59% of suicides in that age cohort.11

with the following references:

9. Public Health Agency of Canada. Report from the Canadian Chronic Disease Surveillance System: Mental Illness in Canada, 2015. 
Ottawa (ON): Public Health Agency of Canada; 2015. 34 p. Cat. No.: HP3556/2015EPDF.

10. Public Health Agency of Canada. Public Health Infobase. Suicide in Canada – Current Context. 2016. Available from: https://
www.canada.ca/en/publichealth/services/publications/healthyliving/suicidecanadainfographic.html

11. Statistics Canada. Leading causes of death, total population, by age group. Table 1310039401 (formerly CANSIM 1020561). 
Ottawa (ON): Statistics Canada; 2017. Available from: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310039401

12. Canadian Institute for Health Information. Intentional selfharm among youth in Canada. Canadian Institute for Health Information; 
2014. Available from: https://www.cihi.ca/sites/default/files/info_child_harm_en.pdf

After correction

According to estimates from the Canadian Chronic Disease Surveillance System, close to one in ten individuals in Canada used health 
services for mood and anxiety disorders in 2009/10, which represents about threequarters of Canadians who used health services for 
a mental illness.9 Of the approximately 4000 deaths by suicide each year in Canada, research suggests that almost 90 percent of indi
viduals may have been living with a mental illness or mental health problem.10 According to 2016 data, suicide is the second leading 
cause of death in youth and young adults aged 1529 years.11 Boys account for 64% of suicides among 1519 year olds11 while girls 
account for approximately 83% (excludes Quebec data) of selfharm hospitalizations in that same age group.12 Perhaps less known, 
girls aged 1014 years account for 66% of suicides in that age cohort.11

with the following references:

9. Public Health Agency of Canada. Report from the Canadian Chronic Disease Surveillance System: Mood and Anxiety Disorders in 
Canada, 2016. Ottawa (ON): Public Health Agency of Canada; 2016. 44 p. Cat. No.: HP3570/2016EPDF.

10. ArsenaultLapierre G, Kim C, Turecki G. Psychiatric diagnoses in 3275 suicides: a metaanalysis. BMC Psychiatry. 2004;4:37. doi: 
10.1186/1471244X437.

11. Statistics Canada. Leading causes of death, total population, by age group. Table 1310039401 (formerly CANSIM 1020561). 
Ottawa (ON): Statistics Canada; 2017 [cited 2018 Oct 29]. Available from: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid 
=1310039401

12. Canadian Institute for Health Information. Discharge Abstract Database (DAD): 2016 data. Ottawa (ON): Canadian Institute for 
Health Information; 2018 [cited 2018 Oct 29].
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Other PHAC publications

Researchers from the Public Health Agency of Canada also contribute to work published in other journals. Look for the follow-
ing articles published in 2018:

Brooks JI, Bell CA, Rotondo J, Gilbert NL, Tunis M, Ward BJ, Desai S. Low levels of detectable pertussis antibody among a large 
cohort of pregnant women in Canada. Vaccine. 2018;36(41):61386143. doi: 10.1016/j.vaccine.2018.08.066.

Ellis VL, Milliken OV. Integrating economics into the rationale for multisectoral action on obesity. Pan Am J Public Health. 2018;42:e58. 
doi: 10.26633/RPSP.2018.58.

England G, Casey R, Ferro M, MacMillan H, Tonmyr L, Gonzalez A. Child maltreatment and adult multimorbidity: results from the 
Canadian Community Health Survey. Can Journal Public Health. 2018;109(4):561572. doi: 10.17269/s419970180069y.

Gonzalez A, Catherine N, Boyle M, […] Tonmyr L, et al. Healthy Foundations Study: a randomised controlled trial to evaluate biological 
embedding of earlylife experiences. BMJ Open. 2018;8(1):e018915. doi: 10.1136/bmjopen2017018915.

Govia RNM, Birse KD, Sepehri S, Khafipour E, Menticoglou SM, Burgener AD, et al. Amniotic fluid proteomic signatures of cervical 
insufficiency and their association with length of latency. Am J Reprod Immunol. 2018. doi: 10.1111/aji.13030.

Lix LM, Ayles J, Bartholomew S, Cooke CA, Ellison J, […] O’Donnell S, […] Pelletier C, […] Robitaille C, […] Pelletier L. The Canadian 
Chronic Disease Surveillance System: a model for collaborative surveillance. International Journal of Population Data Science. 
2018;3(3). doi: 10.23889/ijpds.v3i3.433.
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advancement and evidence. Pan Am J Public Health. 2018;42:e62. doi: 10.26633/RPSP.2018.62.

Rhodes AE, Sinyor M, Boyle M, [...] Tonmyr L, Skinner R. Emergency department presentations and youth suicide: a casecontrol 
study. Can J Psychiatry. 2018:110. doi: 10.1177/0706743718802799.

Tonmyr L, Mathews B, Shields ME, Hovdestad WE, Afifi TO. Does mandatory reporting legislation increase contact with child  
protection? – a legal doctrinal review and an analytical examination. BMC Public Health. 2018;18(1):1021. doi: 10.1186/s12889 
01858640.
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