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Incidence of Heart Failure Among Immigrants to Ontario,

Canada: A CANHEART Immigrant Study
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Background: Several known traditional cardiovascular risk factors contribute to the development of heart

failure (HF); however, whether ethnicity is also an important predictor is not well established. We deter-

mined the incidence of hospitalization for HF among ethnic groups in Ontario, Canada, and examined dif-

ferences in risk factor prevalence that may contribute to disparities in HF hospitalization incidence

between groups.

Methods and Results: We conducted a retrospective observational study from 2008 to 2012 with the use

of a linked cohort derived from population-based health administrative, clinical, and survey datasets. We

followed 895,823 recent immigrants from 8 ethnic groups and 5.3 million long-term residents aged

40�105 years for incident HF hospitalization. Sex-stratified age-standardized HF incidence was lower

among all immigrant groups than long-term residents. Among immigrants, Black men and West Asian

women had the highest incidence of hospitalizations for HF (1.19 and 1.60 per 1000 person-years, respec-

tively), and East Asians of both sexes had the lowest incidence. After adjusting for sociodemographic char-

acteristics, comorbidities, and other risk factors, the association between ethnicity and HF hospitalization

risk remained significant.

Conclusions: HF hospitalization incidence varies widely among ethnic immigrant groups, highlighting the

importance of ethnicity as a potential independent risk factor for HF development. (J Cardiac Fail

2019;25:425�435)
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Heart failure (HF) has become increasingly prevalent

worldwide and is associated with significant morbidity and

mortality, especially in the elderly.1 In the United States,

HF accounts for 6.5 million days of hospitalization, and is

the primary diagnosis in »1 million hospital admissions

annually.2,3 Although the incidence of HF has declined in

recent years in North America,4,5 with improved survival
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and an aging population it is projected that by 2030 the

annual costs associated with hospitalizations due to HF as

the main diagnosis will rise from $482 million to $722 mil-

lion in Canada.6 Although hypertension, coronary artery

disease, and valvular conditions contribute significantly to

HF development,7 ethnicity as a potential risk factor has

not been explored in most previous studies.8�10 Literature
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has shown that African-American individuals have a higher

incidence than those of primarily European ancestry,10

which may partly be explained by ethnic differences in car-

diovascular risk factors, such as diabetes or hypertension.11

However, much less is known about HF incidence in other

ethnic groups.

Among high-income countries, Canada is one of the most

ethnically and culturally diverse.12 Canada continues to see

high rates of immigration annually, with the majority of

immigrants settling in the province of Ontario. However,

little is known about the incidence of HF in these immigrant

populations. Although studies in Europe have shown that

immigrant populations have higher HF incidence rates and

generally poorer cardiac health,13 whether these findings

are generalizable to other immigrant populations and

whether they vary by ethnic group are unknown. The objec-

tives of the present study were to (1) determine the inci-

dence of HF hospitalization among different ethnic groups

in Ontario’s immigrant population and (2) examine under-

lying differences in the prevalence of HF risk factors

between these ethnic groups. This information will provide

insights into ethnic differences for incident HF in a multi-

cultural Canadian setting and internationally.

Methods

Study Population and Design

In brief, the Cardiovascular Health in Ambulatory Care

Research Team (CANHEART) big data initiative is a

retrospective observational cohort study linking multiple

population-based datasets, including population-based

administrative, clinical, and survey datasets, on more than

9.8 million Ontario adult residents aged 20�105 years with

the use of unique encoded personal identifiers.14 Individuals

were identified from the Ontario Registered Persons Data-

base (RPDB) and followed for 5 years from January 1,

2008, to December 31, 2012, for incident cardiovascular

events. The RPDB is a population database managed by the

Ministry of Health and Long-Term Care and contains basic

demographic information about anyone who has ever been

eligible for Ontario’s Health Insurance Plan (OHIP), a gov-

ernment-funded universal health care service available to

almost all residents of Ontario, which enables free access to

medically necessary health care services. Further details on

data linkage methods used to create the CANHEART

cohort have been described previously.14

For this study, among 6,282,855 individuals aged

40�105 years on January 1, 2008, we identified a subpopu-

lation of 895,823 recent immigrants born in 201 different

countries and a reference cohort of 5,272,065 long-term res-

idents without a known hospitalization for HF in the pre-

ceding 20 years (Supplemental Fig. 1). Recent immigrants

were identified through linkage to the Immigration, Refu-

gees, and Citizenship Canada (IRCC) Permanent Resident

Database, and defined as those immigrating to Ontario in

1985 or later. Individuals not linkable to IRCC were consid-

ered to be long-term residents and composed predominantly
of white individuals (>95%) born in Canada (»83%) or

who immigrated to Ontario before 1985 (»17%).15 Immi-

grants were further categorized into 8 ethnic groups with

the use of previously validated algorithms based on country

of birth, mother tongue, and surname.16,17 The eight ethnic

groups were (1) East Asian, (2) Southeast Asian, (3) Black

(from Sub-Saharan Africa and the Caribbean), (4) West

Asian/Arab, (5) Latin American, (6) South Asian, (7) East-

ern European, and (8) Western European (the latter 2 com-

prising “white” immigrants). Individually, these algorithms

have demonstrated generally high positive predictive values

(PPVs) and negative predictive values (NPVs) for the ethnic

groups being studied.16,17 Individuals were excluded if they

were not eligible for OHIP in 2006 and 2007 or were a resi-

dent of a long-term care facility in the 5 years before Janu-

ary 1, 2008.14 This study was approved by the Research

Ethics Board at Sunnybrook Health Sciences Centre.
Data Sources

Data sources used in creating the CANHEART cohort

have been described previously.14 Briefly, information on

age, sex, and residence postal code was obtained from the

RPDB. Postal codes were linked to Statistics Canada’s

2006 census data to obtain additional sociodemographic

information such as neighborhood median income (derived

by Statistics Canada from household incomes and number

of residents as a proxy for socioeconomic status) and rural

residence. Low-income neighborhoods were defined as

being in the lowest 2 neighborhood income quintiles, where

quintiles are specifically ranked within each census metro-

politan area, census agglomeration, or residual area in

Ontario. At the time of immigration, IRCC captures key

demographic information for every landing immigrant,

including country of birth (also used to determine income

group of country of birth),18 immigration class (eg, eco-

nomic, family, refugee),19 and landing date, which were

obtained from the IRCC Permanent Resident Database.

Baseline cardiovascular risk factor information was

obtained through linkage to chronic disease databases that

use validated algorithms based on health administrative data-

bases (for hypertension, diabetes, and atrial fibrillation)20�22

and the nationally representative Canadian Community

Health Survey (for smoking and body mass index; available

for 116,692 respondents).23 Hospitalization data was obtained

from the Canadian Institute for Health Information Discharge

Abstract Database, which contains information from the dis-

charge abstracts of all Ontario hospital admissions from

1988 on. Diagnoses for acute myocardial infarction (AMI),

coronary revascularization with either percutaneous coronary

intervention (PCI) or coronary artery bypass graft (CABG)

surgery, atrial fibrillation, valvular heart disease (VHD), val-

vular surgery, as well as our primary outcome, HF, were

identified using validated codes from the International Classi-

fication of Diseases, Ninth Revision, Clinical Modification

(ICD-9-CM) and Tenth Revision, Canada (ICD-10-

CA).14,24,25 Comorbidity disease status was quantified with
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the use of scores based on the Johns Hopkins Adjusted Clini-

cal Group (ACG) Case-Mix Adjustment System.26

Primary Outcome and Classification of Heart Failure

Our primary outcome of interest was the incidence of

hospitalization for HF as the primary diagnosis from 2008

to 2012, identified with the use of ICD-10 code I50 which

has been validated in hospitalized Canadian patients.27 We

chose not to include HF diagnosed outside of hospital

because this may not be consistently coded in the commu-

nity setting.

To examine potential causes of HF, we grouped each

index HF hospitalization into 1 of 5 mutually exclusive cat-

egories with the use of a modified hierarchic algorithm orig-

inally developed in the Framingham Heart Study based on a

person’s cardiovascular disease history.28,29 In descending

order, our classification system assigned each incident HF

case to (1) ischemic heart disease, (2) VHD, (3) atrial fibril-

lation, (4) hypertension or diabetes, or (5) unknown or

other. Ischemic heart disease was defined as previous AMI

or revascularization with PCI or CABG surgery, and VHD

was the composite of hospitalization for VHD and previous

cardiac valve surgery.

Statistical Analyses

Descriptive statistics were performed on continuous and

categoric variables and reported as mean § SD and propor-

tions with 95% confidence intervals (CIs), respectively.

One-way analysis of variance, Student’s t test, and x2 test

were used to compare differences in the distributions of

baseline characteristics among ethnic groups. Sex-stratified

cardiovascular risk factor prevalence and incidence rates

were age-standardized to the 2006 Ontario census popula-

tion.

Incidence rates for HF hospitalizations were calculated as

events per 1000 person-years of observation with 95% CIs.

In addition, cumulative incidence functions by ethnicity

were compared with the use of Gray’s test for equality over

time. Because HF is a disease primarily affecting older pop-

ulations, cumulative incidence functions accounted for all-

cause mortality as a competing risk.30

Sex-stratified Cox proportional hazards regression mod-

els were used to determine the unadjusted, age-adjusted,

and multivariable-adjusted association between immigrant

ethnicity and risk of HF hospitalization compared with

long-term residents. With long-term residents as the refer-

ence group, risk factors adjusted for in the multivariable

model were decided a priori and included age, low neigh-

borhood income quintile, rural or small-town residence, his-

tory of AMI, PCI or CABG surgery, VHD, atrial

fibrillation, hypertension, or diabetes mellitus, current

smoker, and obesity. Obesity was defined as a body mass

index (BMI) �30 kg/m2, and age was log-transformed to

account for the near-exponential association with HF risk in

regression analyses. Time in Ontario, income group of

country of birth, and immigrant status were excluded from
the model owing to their multicollinearity with ethnicity.

Collinearity was present in the multivariable regression

model where the immigrant ethnicity was predicting the

immigrant status and country of birth income group (eg,

East Asian ethnic groups and high income and economic

status). Where missing, data on obesity and smoking status

were imputed by means of multiple imputation.15 All 2-

sided P values <0.05 were considered to be significant. Sta-

tistical analyses were performed in R version 3.1.2 and SAS

version 9.4 (SAS Institute, Cary, North Carolina) at ICES.

Sensitivity Analysis

Because HF is commonly diagnosed in the outpatient set-

ting, we performed a post hoc sensitivity analysis excluding

individuals from our cohort with outpatient-diagnosed HF

but no known history of hospitalization for HF (in addition

to those with a HF hospitalization already excluded). These

individuals were identified from physician billings by

means of a validated algorithm of �2 outpatient claims for

HF within 1 year, which has been shown to have 85% sensi-

tivity and 97% specificity.31

Results

Baseline Cohort Characteristics

Our study population had a mean follow-up time of

4.9 years, representing 29,815,775 person-years of total

observation. Baseline sociodemographic data for the immi-

grant cohort by ethnic group and long-term residents are

presented in Table 1. Recent immigrants composed 14.5%

(n = 895,823) of our study population, with the largest eth-

nic group being South Asian (22.5%) and the smallest Latin

American (6.6%). Overall, recent immigrants were younger

than long-term residents (mean age 52.9 § 11.6 vs 57.6 §
12.3; P < 0.001), were more likely to live in low-income

neighborhoods (50.3% vs 36.4%; P < 0.001), and had

lower age- and sex-adjusted Johns Hopkins ACG comorbid-

ity scores (7.3 § 4.6 vs 8.5 § 4.5; P < 0.001). At study

inception, the mean duration of time in Canada for the

immigrant cohort was 11.8 § 6 years, with 58.0% of immi-

grants born in medium-income countries and 45.2% of

immigrants admitted under the Economic Class program.

Immigrants of West Asian/Arab (30.1%) and Eastern Euro-

pean (33.0%) descent had the highest proportion of refu-

gees.

Prevalence of HF Risk Factors

Prevalence of HF risk factors for each ethnic group and

long-term residents are presented in Table 2. With the

exception of diabetes, male and female immigrants had

lower rates of all risk factors compared with long-term resi-

dents. For diabetes, East Asian and European immigrants

had lower rates and all other ethnic groups higher rates than

long-term residents. Black and South Asian immigrants had

the highest diabetes rates. In addition, by ethnic group,

hypertension rates were higher among Blacks (men 37.4%,



Table 1. Baseline Characteristics of Study Population

Characteristic
East Asian

(n = 186,971)

Southeast
Asian

(n = 77,840)

Latin
American
(n = 58,849)

Eastern
European

(n = 126,560)

Western
European

(n = 77,621)
Black

(n = 83,107)
South Asia
(n = 201,16 )

West
Asian/Arab
(n = 83,709)

All Immigrantsy

(n = 895,823)

Long-Term
Residents

(n = 5,272,065)

Age on Jan 1, 2008 (y) 54.5 § 12.8 52.9 § 11.8 52.1 § 10.9 52.3 § 10.5 52.8 § 12.0 51.0 § 10.7 53.5 § 11.6 51.9 § 10.8 52.9 § 11.6 57.6 § 12.3
Male (%) 48.1 38.7 49.2 48.5 50.5 48.9 53.1 56.1 49.6 48.1
Income quintile (%)
1 (lowest) 21.9 30.8 32.8 24.8 15.8 40.0 30.4 27.9 27.4 17.1
2 24.7 25.5 24.9 18.5 19.0 23.3 25.5 18.4 22.9 19.3
3 19.5 21.1 19.2 19.5 18.4 18.3 22.1 18.9 19.9 19.7
4 19.0 14.6 13.9 21.9 20.6 12.0 14.5 19.7 17.2 21.1
5 (highest) 14.9 8.0 9.1 15.3 26.3 6.4 7.5 15.1 12.5 22.9

Rural or small-town residence (%) 0.4 0.5 0.8 1.0 10.1 0.5 0.3 0.3 1.3 14.7
Income of country of birth (%)*
Low 5.9 16.3 0 0 0.2 39.2 72.9 11.9 23.8 N/A
Medium 58.3 83.4 99.9 99.3 7.1 44.2 24.6 83.1 58.0
High 35.9 0.3 0.1 0.7 92.7 16.7 2.5 4.9 18.2

Years in Ontario up to Jan 1, 2008 11.4 § 5.6 12.0 § 6.0 12.9 § 6.5 12.4 § 5.6 13.9 § 6.4 13.2 § 5.9 10.4 § 5.8 10.7 § 6.0 11.8 § 6.0 N/A
Immigration class (%)
Economic 53.9 51.5 30.5 41.3 54.4 29.3 44.2 46.1 45.2 N/A
Family 37.2 40.3 41.6 24.5 43.5 47.3 42.5 22.5 37.3
Refugee 5.1 7.6 26.0 33.0 0.5 21.2 12.2 30.1 15.7
Other/unknown 3.8 0.6 1.8 1.1 1.6 2.3 1.1 1.3 1.8

Johns Hopkins ACG score 6.4 § 4.6 7.7 § 4.3 8.0 § 4.5 7.2 § 4.4 6.8 § 4.6 7.9 § 4.5 7.6 § 4.6 7.5 § 4.9 7.3 § 4.6 8.5 § 4.5
Years of follow-up 4.9 § 0.6 4.9 § 0.5 4.9 § 0.5 4.9 § 0.5 4.9 § 0.6 4.9 § 0.5 4.9 § 0.6 4.9 § 0.6 4.9 § 0.6 4.8 § 0.7

ACG, Adjusted Clinical Groups.
*Country of birth income group is based on the World Bank’s 2006 country classification.18
yP values for comparisons between all immigrants and long-term residents are <.001 on all characteristics.
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Table 2. Age-Standardized Baseline Prevalence of Risk Factors for Heart Failure

HF Risk Factor
East
Asian

Southeast
Asian

Latin
American

Eastern
European

Western
European Black

South
Asian

West
Asian/Arab

All
Immigrants

Long-Term
Residents

Men, n 89,893 30,161 28,974 61,361 39,225 40,623 106,88 46,938 444,055 2,533,806
AMI 0.6 1.5 2.3 2.6 2.0 1.4 2.9 2.5 1.9 3.8

(0.5�0.6) (1.3�1.7) (2.1�2.6) (2.4�2.7) (1.8�2.2) (1.3�1.6) (2.8�3. (2.3�2.7) (1.9�2.0) (3.8�3.9)
PCI or CABG surgery 0.8 2.0 2.7 3.4 2.3 1.7 4.4 3.9 2.7 4.6

(0.8�0.9) (1.8�2.2) (2.4�3.0) (3.2�3.6) (2.1�2.5) (1.5�1.9) (4.2�4. (3.7�4.2) (2.7�2.8) (4.6�4.6)
Valvular heart disease 0.2 0.3 0.3 0.5 0.5 0.3 0.3 0.4 0.3 0.7

(0.1�0.2) (0.3�0.4) (0.2�0.4) (0.4�0.6) (0.4�0.6) (0.2�0.4) (0.3�0. (0.3�0.5) (0.3�0.3) (0.7�0.8)
Atrial fibrillation 0.9 1.4 0.9 2.3 2.0 0.8 0.7 1.4 1.2 2.6

(0.9�1.0) (1.2�1.6) (0.8�1.1) (2.1�2.5) (1.8�2.2) (0.6�0.9) (0.7�0. (1.3�1.6) (1.1�1.2) (2.6�2.7)
Hypertension 25.2 42.1 30.7 30.5 27.5 37.4 35.5 26.6 31.4 35.6

(24.8�25.5) (41.2�42.9) (29.8�31.5) (30.0�31.1) (26.9�28.2) (36.6�38.3) (35.1�35 ) (26.0�27.2) (31.2�31.5) (35.6�35.7)
Diabetes mellitus 11.9 18.4 17.3 10.6 10.4 20.9 25.6 15.7 16.8 14.4

(11.7�12.2) (17.9�19.0) (16.7�18.0) (10.2�10.9) (10.0�10.8) (20.3�21.6) (25.3�25 ) (15.2�16.1) (16.7�16.9) (14.3�14.4)
Obesity (BMI �30 kg/m2)* 2.4 6.2 13.1 16.9 13.3 9.3 9.1 18.9 10.9 21.7

(0.4�5.4) (0.7�15.9) (4.7�24.4) (9.9�23.3) (8.2�19.3) (3.8�16.7) (4.8�13 (9.3�29.2) (8.9�13.2) (21.0�22.5)
Current smoker* 21.0 14.9 9.5 19.9 24.8 21.6 11.8 21.9 17.3 23.2

(13.2�28.2) (7.3�24.3) (4.4�18.5) (13.1�29.1) (17.1�32.6) (8.4�28.0) (7.7�16 (12.2�30.9) (14.5�19.8) (22.5�24.1)
Women, n 97,078 47,679 29,875 65,199 38,396 42,484 94,286 36,771 451,68 2,738,259
AMI 0.2 0.5 1.0 0.7 0.7 0.7 1.0 0.7 0.7 1.4

(0.2�0.3) (0.4�0.6) (0.8�1.1) (0.7�0.8) (0.6�0.8) (0.6�0.8) (1.0�1. (0.6�0.9) (0.6�0.7) (1.4�1.5)
PCI or CABG surgery 0.2 0.5 0.9 0.9 0.7 0.6 1.2 1.0 0.7 1.3

(0.2�0.3) (0.4�0.6) (0.8�1.0) (0.8�1.0) (0.6�0.8) (0.5�0.7) (1.1�1. (0.9�1.2) (0.7�0.8) (1.3�1.3)
Valvular heart disease 0.2 0.3 0.4 0.5 0.5 0.4 0.3 0.5 0.4 0.8

(0.2�0.3) (0.3�0.4) (0.3�0.5) (0.4�0.5) (0.4�0.6) (0.3�0.5) (0.3�0. (0.4�0.6) (0.3�0.4) (0.8�0.8)
Atrial fibrillation 0.9 0.9 0.9 2.0 1.6 0.9 0.7 1.3 1.1 2.1

(0.9�1.0) (0.8�1.0) (0.8�1.1) (1.9�2.2) (1.5�1.8) (0.8�1.0) (0.6�0. (1.2�1.5) (1.1�1.2) (2.1�2.1)
Hypertension 28.9 42.8 35.7 32.8 30.4 46.9 36.8 30.4 34.9 37.8

(28.5�29.3) (42.1�43.5) (34.8�36.5) (32.3�33.4) (29.7�31.1) (46.1�47.7) (36.4�37 ) (29.7�31.1) (34.7�35.1) (37.7�37.8)
Diabetes mellitus 11.1 16.3 17.0 8.9 9.1 22.3 22.8 14.8 15.4 12.0

(10.8�11.3) (15.9�16.7) (16.5�17.6) (8.6�9.2) (8.8�9.5) (21.7�22.8) (22.5�23 ) (14.3�15.2) (15.2�15.5) (11.9�12.0)
Obesity (BMI �30 kg/m2)* 1.4 6.8 30.6 16.7 20.9 25.6 9.8 11.1 13.5 19.2

(0.3�3.3) (0.6�13.4) (16.8�39.5) (10.7�25.9) (14.8�28.3) (16.4�34.3) (5.6�15 (5.2�22.0) (10.9�16.4) (18.6�20.0)
Current smoker* 1.1 3.9 2.2 16.2 11.1 2.0 1.1 11.8 5.7 18.7

(0.1�3.2) (0.4�9.1) (0.4�4.2) (11.5�21.5) (7.4�15.5) (0.3�4.9) (0.1�2. (3.9�21.3) (4.4�7.1) (18.1�19.4)

Results are presented as % (95% confidence interval) unless otherwise specified.
AMI, acute myocardial infarction; BMI, body mass index (kg/m2); CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention.
*From a subpopulation of respondents to the 2005�2010 Canadian Community Health Surveys (men, n = 34,659; women, n = 43,715).
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women 46.9%) and Southeast Asians (men 42.1%, women

42.8%) compared with long-term residents (men 35.6%,

women 37.8%).

Incidence of HF

We identified 2,751 cases (0.003%) of incident HF hospi-

talizations among our immigrant cohort (men 44.3%,

women 55.7%) compared with 42,539 (0.008%) among

long-term residents (men 51.1%, women 48.9%) during the

observation period. Incidence rates for each ethnic group

and long-term residents are presented in Table 3. Among

both men and women, long-term residents had a higher inci-

dence of HF than all of the ethnic groups. Among immi-

grants, Black men and West Asian/Arab women had the

highest incidence rates (1.19 and 1.60 per 1000 person-

years, respectively) and East Asians of both sexes had the

lowest (0.38 and 0.51 per 1000 person-years for men and

women, respectively). By 10-year age group (Fig. 1), inci-

dence rates were similar between each ethnic group and

long-term residents for all age groups except �80-year-

olds, where male immigrants had a 2�6 times lower inci-

dence rate than male long-term residents. Men also tended

to develop HF at a younger age than women.

Figure 2 illustrates the cumulative incidence function for

HF hospitalization of each ethnic group and long-term resi-

dents during the 5-year study period accounting for all-

cause mortality as a competing risk. A significant difference

in the cumulative incidence was observed among the 8 eth-

nic groups and long-term residents (Gray’s test: P <

0.001). Among both male and female immigrants, South

Asians had the highest cumulative incidence and East

Asians the lowest.

Sex-stratified causal classifications for HF hospitaliza-

tions are presented in Table 3. For male immigrants and

long-term residents overall, HF was most associated with

ischemic heart disease (38.3% and 46.1%, respectively) fol-

lowed by hypertension or diabetes. However, hypertension

or diabetes represented the largest attributable proportion to

HF classification in Black, East Asian, and Southeast Asian

men, ranging from 41.8% to 51.7%. Among all female eth-

nic groups and long-term residents, the reverse was

observed, with HF being most attributable to hypertension

or diabetes (43.1% in immigrants, 33.6% in long-term resi-

dents) followed by ischemic heart disease. An exception

was among East Asian and Eastern European women,

where atrial fibrillation was the second highest contributor.

Overall, a significant difference between ethnic groups and

long-term residents for both men and women in HF causal

classification was observed (P < 0.001).

Role of Traditional Cardiovascular Risk Factors in HF

In unadjusted regression analyses, all male and female

ethnic groups were at a significantly lower risk of HF than

long-term residents (Fig. 3). After adjusting for age, all

male ethnic groups remained at lower risk. However, the

lower risks among South Asian (hazard ratio [HR] 0.98,



Fig. 1. Incidence of heart failure hospitalization stratified by age
group.

Fig. 2. Five-year cumulative incidenc
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95% CI 0.89�1.08) and West Asian/Arab (HR 0.94, 95%

CI 0.80�1.10) women were no longer statistically signifi-

cant. Being a recent immigrant was independently associ-

ated with a lower HF risk, and length of time spent in

Canada since landing (<10 y vs �10 y) did not appear to

change this risk (Supplemental Table 1). In addition, after

age-adjustment, the risk among refugees was not statisti-

cally different from long-term residents (Supplemental

Table 1).

After adjusting for age, sociodemographics, and HF risk

factors, all male ethnic groups remained at a lower risk of

HF compared with long-term residents, with East Asian

men remaining at lowest risk among the immigrant groups

(HR 0.27, 95% CI 0.22�0.31; Fig. 3). However, among

women, Western Europeans, South Asians, and West

Asians were not at significantly different risk compared

with long-term residents. Low-income neighborhood and

rural or small-town residence, hypertension, obesity, smok-

ing, diabetes, and a history of AMI, coronary revasculariza-

tion, VHD, or atrial fibrillation were all independently

associated with an increased risk of HF in multivariable

analysis (Supplemental Table 1).

In sensitivity analyses, 2,740 (0.6%) immigrants and

41,643 (1.6%) long-term residents with HF diagnosed in an

outpatient setting and no HF hospitalization before study

enrollment were excluded from analyses of outcomes. Sex-

stratified incidence among all immigrant ethnic groups

remained lower than long-term residents (Supplemental

Table 2). Similar trends in HF risk among the various ethnic

groups were also observed in unadjusted, age-adjusted, and

multivariable regression (Supplemental Table 2).
e for heart failure hospitalization.



Fig. 3. Association of immigrant ethnicity and risk of heart failure hospitalization, with ethnic groups ordered by overall increasing inci-
dence of heart failure. *Adjusted for age, low income quintile, rural residence, history of acute myocardial infarction, percutaneous coronary
intervention or coronary artery bypass graft surgery, valvular heart disease, atrial fibrillation, hypertension, or diabetes mellitus, current
smoker and obesity (�30 kg/m2).
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Discussion

In this study, we report novel findings from, to our

knowledge, the largest population-based cohort assessing

differences in the association between ethnicity and HF

incidence. We found that immigrants to Ontario, Canada,

of diverse ethnic backgrounds have a lower incidence of

HF hospitalization than Canadian-born residents and long-

term immigrants, even after adjusting for sociodemographic

and cardiovascular risk factors. Among immigrants, those

of West Asian, South Asian, and Black ethnicity had a

higher incidence compared with other immigrant ethnic

groups of similar age and sex. We also found that the preva-

lence of traditional cardiac risk factors varied among eth-

nicities, with East Asians having the lowest frequency of

traditional cardiovascular risk factors, which likely contrib-

utes to their lower incidence of HF. Overall, ethnicity

appeared to be an important independent risk factor for the

development of HF.

The ethnic differences in incidence of HF hospitalization

seen in this study have several possible explanations. Partic-

ularly, the healthy immigrant effect, and observation that
immigrants tend to be relatively healthier than the host pop-

ulation, has been previously described.32 HF incidence rates

were similar between immigrants and long-term residents

when stratified by 10-year age groupings except among

men aged �80 years, where immigrants had lower inci-

dence than long-term residents (Fig. 1). This finding sug-

gests variation in the relative incidence of HF between

immigrants and long-term residents across age groups.

After adjustment for baseline cardiovascular risk factors,

male immigrants in particular were still at lower risk of HF

than their long-term resident counterparts compared with

women. Immigration Canada uses a points-based system

for potential immigrants who must undergo mandatory

medical assessment, which results in an immigrant popula-

tion of higher education, economic status, and overall better

general health than the Canadian-born population.33 In this

study, immigrants overall were healthier than long-term

residents, with long-term residents’ age-standardized preva-

lence of AMI, revascularization interventions, VHD, and

atrial fibrillation double that of immigrants. With an aver-

age time in Ontario of 12 years, our immigrant cohort may
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not yet show signs of the impact of Western lifestyles and

the associated risk factors for cardiovascular health, such as

sodium-rich diets,34 which have been shown to negatively

affect the cardiovascular health of immigrants.35�37 Refu-

gees are the only immigrant population exempt from the

medical assessment requirement, and thus they may not be

subject to the healthy immigrant effect. Indeed, after age-

adjustment they were not at significantly different risk of

HF than long-term residents.

Although our finding of lower HF incidence among East

Asian immigrants compared with long-term residents is

consistent with previous results elsewhere, the lower inci-

dence observed among other ethnic groups in our study

contrasts with reports of increased incidence compared

with native white residents.38,39 To our surprise, the lower

incidence of HF observed among Blacks in our study con-

flicts with the higher incidence found in African-Americans

from several studies in the United States.40�42 This differ-

ence may be related to differences in the characteristics of

these populations, particularly that we define Black as an

ethnicity rather than a race. Black study populations in the

United States largely represent those born in the country

and who tend to have a higher prevalence of cardiac risk

factors compared with non-Blacks.41�43 However, those in

our study comprise immigrants from the Caribbean and

Africa and tend to have lower cardiovascular disease rates

compared with those of Western countries.44,45

The variation in cardiovascular risk factors seen in this

study is consistent with the literature from higher-income

countries and may aid in explaining the differences in

immigrant HF incidence. A recent study by Fang et al dis-

covered that the prevalence of coronary heart disease and

stroke was significantly lower in immigrants to the United

States than native citizens, with heterogeneity of these car-

diovascular diseases by country of birth.46 Our findings

are similar, with our immigrant cohort having lower age-

standardized prevalence of cardiovascular disease risk fac-

tors than native-born Canadian long-term residents, and

with a significant disparity in the distribution of risk factors

among the ethnic immigrant groups. South Asian partici-

pants had the largest burden of ischemic heart disease

among all immigrants. This finding has been reproduced

consistently in Europe, Canada, and the United States47�49

and is a possible explanation for the elevated HF incidence

seen among this ethnic group.

A strength of the present study is that it consisted of a

very large sample size representative of the entire popula-

tion of Ontario, Canada. Detailed immigration data were

available on immigrants from 201 countries, creating the

opportunity to assign every individual in our study popula-

tion an ethnicity with reasonable accuracy. We used vali-

dated methods to accurately link health care data across

several decades and databases to create a cohort with com-

prehensive data on cardiovascular health. Sensitivity analy-

sis produced no change in results after excluding

individuals with an HF diagnosis made in an outpatient set-

ting (which may have confounded our original results),
further strengthening our observations. Despite these

strengths, we recognize several limitations. Multiple com-

parisons were performed with no adjustment and should be

considered when interpreting tests of significance. Though

we lacked more clinical data that could support the healthy

immigrant effect, the selective system used by Immigration

Canada for approving prospective immigrants, as described

above, can lead to an overall healthier immigrant popula-

tion compared with long-term Canadian residents, thereby

contributing to their lower risk of HF hospitalization. Our

method of assigning ethnicity may have also resulted in

some misclassification. Identifying Southeast Asians from

country of birth and mother tongue alone has a particularly

low PPV (0.47).16 Therefore, we additionally used a sur-

name algorithm to assign ethnicity (PPV for South

Asians = 89.3 and for Chinese = 91.9) which we think

improved the accuracy of our classification.16 The NPV for

assignment based on country of birth and mother tongue is

also unanimously above 0.93, suggesting a suitable classifi-

cation system.16 In addition, we lacked some clinical infor-

mation that may further assist in identifying the factors

contributing to differences in HF between ethnic groups,

such as information on left ventricular ejection fraction.

Also, information on smoking status and body mass index

were available for only a subpopulation of our entire cohort

and was imputed for the remainder of our population. These

factors are well established predictors of HF.50 However,

we think that we have been able to capture the major

risk factors, specifically hypertension, diabetes, and cardiac

history.

In summary, we found prominent variations in both the

incidence of hospitalization for HF and prevalence of car-

diovascular risk factors among immigrants of different eth-

nicities with HF incidence significantly lower in

immigrants than in long-term residents of Ontario. Among

immigrants, Blacks and South Asians had the highest inci-

dence of HF hospitalization, which may be due to the

higher prevalence of hypertension and diabetes in these

populations. This study provides insight into how physi-

cians may better approach the cardiovascular health of

patients from diverse ethnic backgrounds. By being aware

of the importance of ethnicity as a possible marker of HF

risk, physicians may be able to effectively target their

health promotion efforts at HF prevention to reduce related

complications. Future research into the genetic, cultural,

and environmental causes of variations between ethnic

groups would further enhance our understanding of HF in

these populations.
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