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ABSTRACT
Background: The intent of the Canadian Alliance for Healthy Hearts
and Minds (CAHHM) cohort is to understand the early determinants of
subclinical cardiac and vascular disease and progression in adults
selected from existing cohortsdthe Canadian Partnership for Tomor-
row’s Health, the Prospective Urban and Rural Evaluation (PURE)
cohort, and the Montreal Heart Institute Biobank. We evaluated how
well the CAHHM-Health Services Research (CAHHM-HSR) subcohort
reflects the Canadian population.
Methods: A cross-sectional design was used among a prospective
cohort of community-dwelling adults aged 35-69 years who met the
CAHHM inclusion criteria, and a cohort of adults aged 35-69 years who
responded to the 2015 Canadian Community Health Survey-Rapid
Response module. The INTERHEART risk score was calculated at the

Cardiovascular disease is the leading cause of morbidity and
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R�ESUM�E
Contexte : L’�etude Alliance canadienne cœurs et cerveaux sains
(CAHHM) vise àmieux comprendre les facteurs d�eterminants pr�ecoces et
la progression de l’atteinte cardiovasculaire subclinique chez des adultes
s�electionn�es auseindecohortesexistantese soit celles de l’�etudemen�ee
par le Partenariat canadien pour la sant�e de demain, de l’�etude PURE
(Prospective Urban and Rural Evaluation) et de la biobanque de l’Institut
de cardiologie deMontr�eal. Nous avons �evalu�e lamesure dans laquelle la
sous-cohorte du volet de recherche sur l’utilisation des services de sant�e
de la CAHHM (CAHHM-HSR) repr�esente la population canadienne.
M�ethodologie : Nous avons adopt�e une approche transversale pour
�etudier une cohorte prospective d’adultes vivant dans la communaut�e
âg�es de 35 à 69 ans et r�epondant aux critères d’inclusion de l’�etude
CAHHM, ainsi qu’une cohorte d’adultes âg�es de 35 à 69 ans ayant
mortality in Canada. Cardiovascular health is critical to hypertension and diabetes, it is of paramount importance to

prevent cardiac, vascular, and cognitive dysfunction, as well as
ensure quality of life, longevity, and sustainable health care
expenditures.2 Given the increasing prevalence of cardiovas-
cular risk factors among Canadians, and the rising prevalence
of obesity and the associated consequences, including

understand the early determinants of cardiac, vascular, and
cognitive dysfunction and progression to clinical events.2 The
Canadian Alliance for Healthy Hearts and Minds (CAHHM)
was designed to address this knowledge gap.
board approval was obtained from each CAHHM-HSR participating centre,
and all participants signed consent forms prior to beginning the study.
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individual level with means and proportions reported at the overall and
provincial level.
Results: There are modest differences between CAHHM-HSR study
participants and the 2015 Canadian Community Health Survey-Rapid
Response respondents in age (56.3 vs 51.7 mean years), proportion
of men (44.9% vs 49.3%), and mean INTERHEART risk score (9.7 vs
10.1). Larger differences were observed in postsecondary education
(86.8% vs 70.2%), Chinese ethnicity (11.0% vs 3.3%), obesity (23.2%
vs 29.3%), current smoker status (6.1% vs 18.4%), and having no
cardiac testing (30.4% vs 55.9%).
Conclusions: CAHHM-HSR participants are older, of higher socioeco-
nomic status, and have a similar mean INTERHEART risk score,
compared with participants in the Canadian Community Health Survey.
Differing sampling strategies and missing data may explain some
differences between the CAHHM-HSR cohort and Canadian
community-dwelling adults and should be considered when using the
CAHHM-HSR for scientific research.

particip�e au volet de r�eponse rapide de l’Enquête sur la sant�e dans les
collectivit�es canadiennes (ESCC) de 2015. Le score de risque INTER-
HEART individuel des participants a �et�e calcul�e à partir des moyennes
et des proportions rapport�ees à l’�echelle globale et à l’�echelle
provinciale.
R�esultats : Les diff�erences entre les participants du volet CAHHM-HSR
et ceux du volet de r�eponse rapide de l’ESCC de 2015 �etaient minimes
quant à l’âge (56,3 ans vs 51,7 ans en moyenne), à la proportion
d’hommes (44,9% vs 49,3%) et au score de risque INTERHEARTmoyen
(9,7 vs 10,1). On a toutefois not�e des diff�erences plus importantes en ce
qui concerne les caract�eristiques suivantes : �education postsecondaire
(86,8 % vs 70,2 %), origine ethnique chinoise (11,0 % vs 3,3 %), ob�esit�e
(23,2 % vs 29,3 %), tabagisme actuel (6,1 % vs 18,4 %) et absence
d’ant�ec�edents d’examen cardiaque (30,4 % vs 55,9 %).
Conclusions : Les participants du volet CAHHM-HSR sont plus âg�es et
ont un statut socio�economique plus �elev�e que ceux du volet de
r�eponse rapide de l’ESCC, mais ont un score de risque INTERHEART
moyen comparable. Les diff�erences quant aux strat�egies
d’�echantillonnage et des donn�ees manquantes pourraient expliquer
certains des �ecarts observ�es entre la cohorte CAHHM-HSR et celle des
adultes canadiens vivant dans la communaut�e; il conviendrait d’en
tenir compte lorsqu’on utilise les donn�ees du volet CAHHM-HSR à des
fins de recherche scientifique.
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The goal of the CAHHM is to examine the associations
among socio-environmental and contextual factors, activity,
nutrition, and social and tobacco environments, as well as
cardiovascular risk factors, subclinical vascular disease as
measured by magnetic resonance imaging, and cardiovascular
and other chronic disease outcomes.2,3 The CAHHM is a rich
cohort platform to inform policy and population health
interventions as well as determine markers of subclinical stages
of cardiovascular disease.2

The CAHHM-Health Services Research (CAHHM-HSR)
is a subcohort study of the CAHHM population with avail-
able HSR data among adults aged between 35 and 69 years.
The cohorts for the CAHHM were largely recruited from
participants in the Canadian Partnership for Tomorrow
Project, which focused on individuals aged 35-69 years. The
age group allows for understanding the early determinants of
subclinical cardiac and vascular disease and progression. The
CAHHM-HSR includes 8875 participants recruited from
multiple sources, including existing cohorts as well as de novo.
The 5 Canadian Partnership for Tomorrow’s Health cohorts
(BC Generations Project, Alberta’s Tomorrow Project,
Ontario Health Study, CARTaGENE, and Atlantic PATH),
the Prospective Urban and Rural Evaluation (PURE) Canada
cohort (from Vancouver, Quebec City, and Hamilton), and
the Montreal Heart Institute Biobank (MHI-Biobank) invited
their eligible participants to take part via e-mail, phone call,
and in-person visits. Special efforts were made to recruit
participants from ethnic minorities, by asking the partner
cohorts to prioritize participants of South Asian, Chinese, and
African ethnicity, as well as co-recruit South Asian participants
from Ontario. Additional recruitment of a “new” Chinese
cohort from the greater Toronto area was also undertaken as
previously described.4 In parallel, a First Nations cohort was
developed, and data from this cohort are not included in this
analysis.5 The CAHHM cohort platform provides a large
cohort of adults with extensive risk and contextual factor
measurement, in-depth phenotyping, geographic and ethnic
diversity, and the ability to link to health care service
utilization and outcomes.2 The CAHHM-HSR subcohort
includes individuals aged 35-69 years who had HSR data
captured between 2014 and 2018 (Fig. 1). Given the exten-
sive resources associated with the CAHHM, it is essential to
describe the characteristics of the subcohort to inform and
support researchers and promote broader uptake of this data
source in accelerating future research into cardiac, vascular,
and cognitive dysfunction and outcomes.2

We aimed to assess the generalizability of the CAHHM-
HSR cohort to Canadians selected for the 2015 Canadian
Community Health SurveydRapid Response (CCHS-RR)
module and residing in the same provinces as the CAHHM-
HSR participants. Specifically, the objectives of this study
were as follows: (i) to describe the CAHHM-HSR cohort ; (ii)
to compare the CAHHM-HSR cohort to the CCHS-RR
cohort. This comparison is 2-fold, focusing first on popula-
tion health and health services indicators, including rates of
smoking, diabetes, hypertension, obesity, myocardial infarc-
tion (MI), and stroke, as well as diabetes screening, lipid
screening, electrocardiograms, cardiac stress tests, and
echocardiograms. The second area of focus covers the regional
variation across Canada in rates of cardiac disease, access to
care, screening rates, prevalence of risk factors, cardiac testing,
and INTERHEART risk score results. Based on the above
findings, we discuss the generalizability of the CAHHM-HSR
cohort to the Canadian population.
Materials and Methods

Data sources

CAHHM-HSR. TheCAHHM-HSR is a derived prospective
cohort of adults from existing cohorts in the Canadian



Figure 1. CAHHM-HSR participant selection by cohort. BC, British Columbia; CAHHM-HSR, The Canadian Alliance for Healthy Hearts
and MindsdHealth Services Research; CPTP, Canadian Partnership for Tomorrow Project; MHI, Montreal Heart Institute; PATH, Partnerships for
Tomorrow’s Health; PURE, Prospective Urban and Rural Evaluation.
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Partnerships for Tomorrow Project.6 The specific cohorts
included the following: (i) CARTaGENE in Quebec7; (ii)
Ontario Health Study in Ontario (OHS), (iii) British
Columbia Generations Project (BCGP)8; (iv) Atlantic Part-
nership for Tomorrow’s Health (PATH) in Nova Scotia9; (v)
Alberta’s Tomorrow Project10; (vi) the ProspectiveUrban Rural
Epidemiological Study (PUREdCanada) in Hamilton, Van-
couver, and Quebec City11; (vii) the Montreal Heart Institu-
tedMHI BioBank inMontreal (see Fig. 1), and a new Chinese
cohort of adults recruited from the greater Toronto area. All
cohorts with the exception of the OHS, had a maximum of
20% of participants with a history of MI, stroke, cancer,
percutaneous transluminal coronary angioplasty, or coronary
artery bypass graft (CABG) surgery. The OHS participant se-
lection criteria excluded subjects with history of MI, stroke,
CABG surgery, angioplasty, congestive heart failure, or cancer.

Details of the CAHHM design and methodology have
been described elsewhere.2 In brief, the CAHHM study
selected adults aged 35-69 years at the time of entry into their
respective Canadian Partnership for Tomorrow’s Health
cohorts that were willing to undergo a magnetic resonance
imaging scan through a quasi-random process. Recruitment
was targeted to allow over-recruiting of high-risk ethnic
minorities of South Asian, Chinese, and African descent, as
well as achieve equal representation of male and female
participants and ensure that we have a predominantly healthy
cohort with at most 20% with known cardiovascular disease
(MI, stroke, percutaneous transluminal coronary angioplasty,
CABG) across 3 age groupings: 35-45, 46-55, and 56-69
years.2 Consecutive participants from the PUREdCanada,
and the MHI BioBank cohorts, were selected.2 At the time
of the analyses (November 2018), there were 8875
participants, with most participants (w80%) providing the
HSR information in 2015 and 2016, and with Ontario par-
ticipants representing 49%, Quebec 24%, British Columbia
11%, Nova Scotia 10%, and Alberta 7% of the cohort
(Fig. 2).

CAHHM-HSR participant sociodemographic factors were
obtained from their original cohort study data, and all par-
ticipants who consented to CAHHM-HSR completed a
detailed self-administered Health Services Questionnaire
(HSR) (online or mailed) to obtain information on cardio-
vascular risk factors, health behaviours, access to care and
cardiac diagnostic testing, and information needed to calculate
the non-lab INTERHEART risk scoreda validated score for
quantifying risk-factor burden without the use of laboratory
testing.12 The score range is 0-49, with a higher score, the
greater the modifiable cardiovascular risk-factor burden, and
when categorized, a score between 0 and 9 is considered low
risk; 10-15 is medium risk, and 16-49 is a high risk factor
burden.8 The HSR contained questions similar to those
administered in the 2015 CCHS-RR module (see
Supplemental Appendix S1).

CCHS-RR module. The CCHS is a national cross-sectional
survey conducted by Statistics Canada that has collected
demographic, health status, health care utilization, and de-
terminants of health information on w130,000 community-
dwelling Canadians annually since 2007.13 Data collection in
the 110 health regions is conducted through random selection



Figure 2. CAHHM-HSR study cohort. CAHHM-HSR, The Canadian
Alliance for Healthy Hearts and Minds-Health Services Research.

Table 1. Self-reported prevalence of sociodemographic characteristics
in the CCHS-RR and CAHHM-HSR cohorts

Characteristic

CCHS-RR CAHHM-HSR

(N ¼ 14,439,126) (N ¼ 8875)

Age (mean), y 51.7 56.3
Sex, male 49.3 44.9
Marital status*
Divorced/separated 11.4 12.0
Married/common-law 74.6 74.7
Single 11.6 11.5
Widowed 2.4 1.8

Highest level of education*
Less than secondary school 9.1 0.6
Secondary school 20.7 12.7
Postsecondary or university

degree
70.2 86.8

Canadian born* 70.3 73.5
Racial/ethnic background*
White only 79.2 80.1
South Asian only 4.7 4.2
Chinese only 3.3 11
Black only 2.7 1.3
Other/multiple 10.0 3.4

Values are %, unless otherwise indicated.
CAHHM-HSR, The Canadian Alliance for Healthy Hearts and

MindsdHealth Services Research; CCHS-RR, Canadian Community
Health SurveydRapid Response.

* Among those not missing data.
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of telephone numbers to conduct interviews with a randomly
selected respondent per household, and planned oversampling
of youths will result in a second member of certain households
being interviewed.13

An investigator (JVT), in collaboration with Statistics
Canada, developed the 15-question Rapid Response Module
to capture supplemental cardiac health information on the
2015 CCHS (CCHS-RR; see Supplemental Appendix S2).
The CCHS-RR was administered to a subset of the CCHS
respondents between July and December 2015. From the
CCHS-RR we created a subcohort of adults aged 35-69 years
and excluded respondents from Saskatchewan, Manitoba,
New Brunswick, Prince Edward Island, and Newfoundland,
and indigenous respondents to mirror the CAHHM-HSR
cohort participants, resulting in 10,395 respondents, repre-
senting 14,439,126 Canadian adults between aged 35 and 69
years residing in British Columbia, Alberta, Ontario, Quebec,
and Nova Scotia. The CCHS-RR cohort represents over 80%
of Canada’s 35-69-year-old population, and its regional dis-
tribution reflects Canada’s regional population distribution
with the exception of Ontario, where the CCHS-RR cohort is
w5% lower.14

The collection of data from the CAHHM- HSR, in addition
to data from the CCHS-RR, enabled examination of differences
on the cardiac risk factors, outcomes, and utilization of preven-
tive health care services in communities across Canada.

Analysis

Pairwise deletion was used in all analyses (ie, records were
excluded only when the variable of interest was missing). See
Supplemental Table S1 for variable percentage of missing
records for variables used in this study. Means for continuous
measures and proportions for categorical measures
were calculated. Means and proportions were age/sex
standardized based on the 2011 Canada Census using the
following age groupings: 35-49, 50-59, and 60-69 years.
CCHS-RR results were weighted using Statistics Canada
survey weights.13
Results
Table 1 compares the sociodemographic characteristics of

the CCHS-RR and CAHHM-HSR cohorts. Compared to the
CCHS-RR participants, CAHHM-HSR study participants
are older (aged 56.3 vs 51.7 years), have a lower prevalence of
men (44.9% vs 49.3%) and widowers (1.8% vs 2.4%), and a
higher prevalence of participants with postsecondary educa-
tion (86.8% vs 70.2%) and Chinese ethnic background
(11.0% vs 3.3%).

Table 2 compares the differences in prevalence of cardio-
vascular risk factors, conditions, and comorbidities between
the CAHHM-HSR and the CCHS-RR. The CAHHM-HSR
participants have a higher prevalence of cardiovascular disease
(3.7% vs 2.5%), a much higher prevalence of hypertension
(26.1% vs 18.1%), hypercholesterolemia (32.7% vs 14.6%),
asthma (12.8% vs 7.5%), and paternal family history of heart
attack (17.4% vs 10.4%), but a lower prevalence of obesity,
diabetes, and chronic obstructive pulmonary disease (23.2%
vs 29.3%, 5.8% vs 7.4%, and 0.7% vs 3.5%, respectively),
compared with the general Canadian adult population in the
same age range (ages 35-69 years). As well, the CAHHM-
HSR cohort participants are more likely to report having a
regular health care provider than the CCHS-HSR cohort
(94.3% vs 86.6%).

Although the CAHHM-HSR participants had the same
prevalence of former smokers as the CCHS-RR participants
(29.3% vs 29.2%), the prevalence of current smokers was 3
times lower among the CAHHM-HSR participants than
among CCHS-RR participants aged 35-69 years (6.1% vs
18.4%). There were large differences in the reported
consumption of salty, deep-fried foods, and meat or poultry



Table 2. Age- and sex-standardized self-reported prevalence of
cardiovascular risk factors, conditions, and comorbidities in the CCHS-
RR and CAHHM-HSR cohorts*

Cardiovascular risk factors CCHS-RR CAHHM-HSR

Diabetes 7.4 5.8
Hypertension 18.1 26.1
High cholesterol 14.6 32.7
Obesityy 29.3 23.2
Family history, mother 5.4 4.8
Family history, father 10.4 17.4
Smoking status

Current 18.4 6.1
Former 29.2 29.3
Experimental or abstainer 52.4 -

Ate salty foods in the past week 78.6 30.8
Ate meat in the past week 95.9 34.6
Deep fried foods in the past week 53.8 13.7
Cardiovascular conditions and

comorbidities
Cardiovascular disease

Atrial fibrillation 0.7 1.3
Heart attack 1.0 0.9
Stroke 0.8 0.4
Angina 0.8 0.8
Heart failure 0.3 0.1
Aortic stenosis 0.4 0.2
Peripheral vascular disease 0.4 0.1
PCI or CABG 1.4 1.3

Any cardiovascular diseasez 2.5 3.7
Comorbidities

Asthma 7.5 12.8
Chronic obstructive pulmonary

disease
3.5 0.7

Has a regular health care provider 86.6 94.3

CABG, coronary artery bypass graft; CAHHM-HSR, The Canadian
Alliance for Healthy Hearts and MindsdHealth Services Research; CCHS-
RR, Canadian Community Health SurveydRapid Response; PCI, percuta-
neous coronary intervention.

* Among those not missing data .
yBody mass index � 30.
zDefined as reporting any of the following: atrial fibrillation, heart attack,

stroke, angina, heart failure, aortic stenosis, peripheral vascular disease, PCI,
CABG.

Table 3. Age- and sex-standardized self-reported prevalence of cardiac
testing, screening, and medication in the CCHS-RR and CAHHM-HSR
cohorts*

Cardiac testing CCHS-RR CAHHM-HSR

Electrocardiogram 39.3 58.4
Stress test 17.7 31.0
Echocardiogram 17.6 20.4
Cardiac MRI d 4.8
Heart CT d 3.8
Holter monitor d 15.2
Other d 3.4
None 55.9 30.4

Screeningy

Blood pressure measured (� 1 y) 79.3 80.4
Lipids measured (� 1 y) 66.1 56.3

Medication
Lipid-lowering medication 13.3 13.9
Aspirin 12.7 10.9

CAHHM-HSR, The Canadian Alliance for Healthy Hearts and Mindsd
Health Services Research; CCHS-RR, Canadian Community Health Sur-
veydRapid Response; CT, computed tomography; MRI, magnetic resonance
imaging.

* Excludes those who did not respond.
yCAHHM-HSR screening values measured at <1 year.

Table 4. Age- and sex-standardized regional variation in mean
INTERHEART risk score* in the CCHS-RR vs CAHHM-HSR cohorts

Cohort BC AB ON QC NS Overall

CCHS-RR 8.7 9.9 10.3 10.6 11.5 10.1
CAHHM-HSR 8.8 9.1 10.0 9.7 10.1 9.7

AB, Alberta; BC, British Columbia; CAHHM-HSR, The Canadian
Alliance for Healthy Hearts and MindsdHealth Services Research; CCHS-
RR, Canadian Community Health SurveydRapid Response; NS, Nova
Scotia; ON, Ontario; QC, Quebec

* Calculated among those with complete data needed to calculate the
score.
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between the CAHHM-HSR and CCHS-RR participants
(30.8% vs 78.6%, 13.7% vs 53.8%, and 34.6% vs 95.9%,
respectively).

Table 3 compares the proportion of CAHHM-HSR and
CCHS-RR participants exposed to cardiac testing and
screening. The CAHHM-HSR participants had a higher
prevalence of cardiac-specific testing compared with the gen-
eral Canadian population, but they had a similar frequency of
blood pressure screening (80.4% vs 79.3%) and a lower blood
lipidescreening frequency (56.3% vs 66.1%).

Table 4 and Figure 3 illustrate the overall difference in
INTERHEART risk score between the CAHHM-HSR and
CCHS-RR participants. Overall, CAHHM-HSR participants
had mean INTERHEART scores similar to those in the
general Canadian population aged 35-69 years (9.7 vs 10.1;
see Table 4). Among the CAHHM-HSR participants, 14.5%
were considered to have a high risk-factor burden (score 16-
49), compared to 16.9% of the CCHS-RR participants.

Regional variation

Figure 4, A-C shows the provincial variation in the
proportion of respondents with low, moderate, and high
INTERHEART risk scores. In British Columbia, the
frequencies of INTERHEART risk-score categories (low/
medium/high) are very similar in the CAHHM-HSR and
CCHS-RR cohorts. However, in most of the other provinces,
the CAHHM-HSR cohort has a higher proportion of
participants in the low INTERHEART risk-score category,
and a lower proportion of participants in the high INTER-
HEART risk-score category, compared with the CCHS-RR
cohort. There is also a west-to-east gradient in the mean
INTERHEART risk scores among CCHS-RR respondents,
with the mean INTERHEART risk scores monotonically
increasing, moving from the western to the eastern region of
Canada, that does not appear in the CAHHM-HRS cohort
(see Table 4). Figure 5, A-D illustrates the variation in risk-
factor frequency across Canada in the CCHS-RR and
CAHHM-HSR cohorts. Again, the west-to-east gradient of
cardiovascular risk-factor frequency among the CCHS-RR
cohort was not observed in the CAHHM-HSR cohort,
except for hypertension. Across all regions, the CAHHM-
HSR cohort has a lower prevalence of diabetes and a much
lower prevalence of current smokers compared to the CCHS-
RR cohort. Conversely, the CAHHM-HSR cohort had a
higher prevalence of hypertension and hypercholesterolemia
across all regions.



Figure 3. Overall age- and sex-standardized proportions of INTER-
HEART risk-score categories (calculated among those with complete
data needed to calculate the score) for CCHS-RR and CAHHM-HSR.
CAHHM-HSR, The Canadian Alliance for Healthy Hearts and Mindsd
Health Services Research; CCHS-RR, Canadian Community Health
SurveydRapid Response.
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Figure 6, A-C illustrates that the CAHHM-HSR cohort
has higher rates of cardiac testing than the CCHS-RR cohort
across all regions with electrocardiogram and stress-testing
rates much higher across all regions for the CAHHM-HSR
cohort than the CCHS-RR cohort. The 2 cohorts differed
A

C

Figure 4. (A-C) Age- and sex-standardized prevalence of CAHHM-HSR and CC
INTERHEART risk score (calculated among those with complete data needed
CAHHM-HSR, The Canadian Alliance for Healthy Hearts and MindsdH
SurveydRapid Response; NS, Nova Scotia; ON, Ontario; QC, Quebec.
in echocardiogram testing in Quebec and Ontario, with the
CAHHM-HSR cohort having higher rates (21.0% vs 16.1%
and 23.1% vs 20.0%, respectively), but it had lower rates in
Nova Scotia (15.2% vs 16.7%) than the CCHS-RR cohort.

Figure 7, A-C illustrates the regional variation in cardiac
disease in the CCHS-RR and CAHHM-HSR cohorts.
Generally, the prevalence of cardiac disease across the regions
was lower in the CAHHM-HSR cohort than in the CCHS-
RR cohort. The exception was in Ontario where the
CCHS-RR and CAHHM-HSR cohorts had a similar
prevalence of MI, and in Quebec, the MI frequency in the
CAHHM-HSR cohort was double the frequency in the
CCHS-RR cohort (1.98% vs 0.97%).
Discussion
The CAHHM-HSR cohort is the first study in Canada of

cardiovascular risk factors including modifiable risk factors.
The CAHHM-HSR participants are, on average, older, more
likely to be women, and more highly educated compared with
the general Canadian community-dwelling adults aged 35-69
years included in the CCHS-RR. There are also differences in
cardiovascular risk factors; specifically, CAHHM-HSR par-
ticipants were more likely to have a diagnosis of hypertension
and hypercholesterolemia, but less likely to be considered
current smokers, obese, or diagnosed with diabetes compared
B

HS-RR participants with a low (0-9), medium (10-15), and high (16-49)
to calculate the score), by region. AB, Alberta; BC, British Columbia;
ealth Services Research; CCHS-RR, Canadian Community Health



A B

C D

Figure 5. (A-D) Prevalence of age- and sex-standardized cardiovascular risk factors (hypertension, diabetes, high cholesterol, current smoker)
across regions in the CAHHM-HSR and CCHS-RR cohorts (calculated among those with complete data needed to calculate). AB, Alberta; BC, British
Columbia; CAHHM-HSR, The Canadian Alliance for Healthy Hearts and MindsdHealth Services Research; CCHS-RR, Canadian Community Health
SurveydRapid Response; NS, Nova Scotia; ON, Ontario; QC, Quebec.
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with the general Canadian population. The 2017 Canadian
Tobacco, Alcohol and Drugs study revealed a higher
prevalence of current smokers (15.1%) among the Canadian
population aged 15 years or older, than among the CAHHM-
HSR cohort, supporting our finding of a much healthier
CAHHM-HSR cohort, compared with the Canadian
population.15 Similarly, the obesity and diabetes preva-
lenced26.7% and 10%, respectively, in Canada during the
study period, as reported by Diabetes Canada, also suggests a
healthier CAHHM-HSR cohort.16 The higher prevalence of
hypertension and hypercholesterolemia is not surprising given
that over 90% of CAHHM-HSR participants reported that
they had a regular health care provider. Higher rates of
cardiovascular risk factor screening and monitoring have been
observed when individuals have a regular health care
provider.17 Despite the differences in demographics, cardio-
vascular risk, and history of cardiovascular disease between the
CAHHM-HSR and CCHS-RR cohorts, we observed similar
frequencies between the 2 of a history of MI and angina, and
small differences in the overall mean INTERHEART risk
score (9.7 vs 10.1), but larger differences in the proportions of
respondents in the low and high INTERHEART risk-score
categories: low riskd57.1% vs 54.3%; medium
riskd28.5% vs 28.8%; and high riskd14.5% vs 16.9%,
respectively, indicating better cardiovascular health status of
the CAHHM-HSR cohort. However, both the CAHHM-
HSR and the CCHS-RR cohorts report a lower prevalence
of ageesex standardized MI (0.9%,1.0% vs 2.0%, respec-
tively) and heart failure (0.1%, 0.3% vs 3.4%, respectively)
than observed in the general Canadian population aged >20
years, based on administrative databases.18 This information
should be considered when analyzing data from CAHHM.

Strengths

One strength of this study is that it provides an example of
the value of the 2015 CCHS-RR as a rich data source
representative of the Canadian population aged 35-69 years.
Cardiovascular health researchers should consider using it to
evaluate the representativeness of their study cohorts because
it contains information beyond sociodemographic character-
istics available in census data. Specifically, the CCHS-RR
captures cardiovascular risk-factor, screening, and cardiac
testing, as well as data needed to calculate the INTERHEART
risk score, and it can assist in determining the generalizability
of relevant study populations.

The CAHHM-HSR cohort leverages several cohorts across
Canada and provides a rich data source, including phenotype
and modifiable risk-factor information, to study national
and regional cardiovascular disease development and
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Figure 6. (A-C). Prevalence of age- and sex-standardized cardiac testing (electrocardiogram, stress test, echocardiogram) across regions in the
CCHS-RR and CAHHM-HSR cohorts (calculated among those with complete data needed to calculate ). AB, Alberta; BC, British Columbia; CAHHM-
HSR, The Canadian Alliance for Healthy Hearts and MindsdHealth Services Research; CCHS-RR, Canadian Community Health SurveydRapid
Response; NS, Nova Scotia; ON, Ontario; QC, Quebec.
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benchmarking for future CAHHM research. It also includes
oversampling of participants of Chinese ethnicity to allow for
robust subpopulation cardiovascular disease development
studies.

Limitations

Selection, recall, and social desirability bias are always a
concern in any survey-based study. The quality of self-
reported conditions, medications, and diagnostic testing is
dependent upon having been diagnosed, prescribed, or
referred by a physician and reporting accurately in the survey.
Ideally, the data would have been verified through linkage to
health administrative data or collection of physical or clinical
measures to mitigate potential misclassification.

The observed differences between the CAHHM-HSR and
CCHS-RR participants may also be explained by the different
recruitment strategies. The sampling frame CAHHM-HSR
used included several cohorts that employed recruiting in-
centives that resulted in a selected group of participants
enrolled who are healthier in general (current smokers 6.1% vs
18.4% in the CCHS-RR; obesity 23.2% vs 29.3% in the
CCHS-RR) and have higher education and time to travel to
central urban sites for in-depth investigations and measure-
ments.19 Unlike the CCHS, which is a telephone survey
designed to be representative of the Canadian population,
recruitment strategies for the cohorts within the CAHHM-
HSR increased the chances of a nonrepresentative sample.
For example, there was a concerted effort to prioritize
recruitment of Chinese-, South Asiane, and African-origin
participants, and recruitment of a separate Chinese cohort
given the higher risk for cardiovascular morbidity observed in
these ethnic groups. Although we show that the CAHHM-
HSR cohort is not a clear representation of the general
Canadian population aged 35-69 years in British Columbia,
Alberta, Ontario, Quebec, and Nova Scotia, limiting gener-
alizability, the CAHHM-HSR cohort recruitment and survey
instrument was consistent, and hence subcohort comparisons
(ie, provincial comparisons) are unlikely to be affected by
differential misclassification (ie, when comparing groups with
different data sources, the accuracy may be better in one
group, resulting in differential misclassification).

Given the differing sampling strategies employed in the 2
cohorts, it is unclear how to best formally test differences
between them. The CAHHM-HSR is a convenience sample
without weights but allows for conventional statistical
methods for making inferences. In contrast, it is uncertain if
applying the CCHS bootstrap weights in conjunction with
bootstrap resampling methodology to the CCHS-RR
respondents to construct confidence intervals is appropriate.
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Figure 7. (A-C) Prevalence of age- and sex-standardized cardiac disease (heart attack, stroke, heart failure) across regions in the CCHS-RR and
CAHHM-HSR cohorts (calculated among those with complete data needed to calculate). AB, Alberta; BC, British Columbia; CAHHM-HSR, The Ca-
nadian Alliance for Healthy Hearts and MindsdHealth Services Research; CCHS-RR, Canadian Community Health SurveydRapid Response; NS,
Nova Scotia; ON, Ontario; QC, Quebec.

Hall et al. 607
Canadian Alliance for Healthy Hearts and Minds
Furthermore, it is unclear how to compare the 2 cohorts, one
of which requires the use of bootstrap weights for inference
(CCHS-RR), and one of which permits the use of conven-
tional methods for statistical inference (CAHHM-HSR).
However, our intent was to illustrate the similarities and
differences between cohorts, not to draw formal conclusions
nor formally test statistical hypotheses about differences.

Differences in the percentage of missing data may also
explain the observed differences between the CCHS-RR and
CAHHM-HSR cohorts. The range of missing data in the
CCHS-RR varied from 0% for age and sex data to 22% for
the INTERHEART risk score, which includes several car-
diovascular risk factors. In the CAHHM-HSR, the level of
missing data varied from 0% for age and sex data to 40% for a
history of stroke. The extent of missing data on cardiac
testing, and of data needed to calculate the INTERHEART
risk score in the CAHHM-HSR, was close to half the missing
data in the CCHS-RR (7% vs 15% and 13% vs 22%,
respectively). Conversely, for smoking status and obesity, the
extent of missing data in the CAHHM-HSR was more than
double that in the CCHS-RR (13% vs <5%; 13% vs 4%,
respectively; see Supplemental Table S1). Finally, the ques-
tionnaires used by the CCHS-RR vs CAHHM-HSR were
very similar but not identical for all questions. Examples are
the time frame used to ask about most-recent screening tests,
and the response options available for the dietary questions.
For the dietary questions, responses were analyzed to allow for
harmonization of the dietary questions between the 2 cohorts
and are therefore unlikely to explain the observed large dif-
ferences in dietary risk factors. However, in the CCHS-RR,
the dietary question was posed as “In the past week, how
many times did you eat salty foods or snacks such as prepared
soups, lunch meat and potato chips?” Thus, it provides ex-
amples, whereas in the CAHHM-HSR, the question was
simply “Do you eat salty food or snacks one or more times a
day?” The examples provided in the CCHS-RR may have
introduced recall bias, and furthermore, there may have been
social desirability bias among the CAHHM-HSR participants,
contributing to the large differences reported between the 2
cohorts.
Conclusions
Compared with the CCHS-RR, the CAHHM-HSR

cohort is older, of higher socioeconomic status, and has
differing individual INTERHEART cardiovascular risk-score
frequencies (low/medium/high), although the mean INTER-
HEART risk score is similar. These differences should be
considered when using the CAHHM-HSR data for scientific
research.
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