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Summary

Background: New immigrants to North America
exhibit lower rates of obesity and hypertension
than their native-born counterparts. Whether this is
reflected by a lower relative risk of acute myocardial
infarction (AMI) is not known.

Objective: To determine the risk of AMI among new
immigrants compared to long-term residents, and,
among those who develop AMI, their short- and
long-term mortality rate.

Design: Population-based, matched, retrospective
cohort study.

Setting: Entire province of Ontario, the most popu-
lated province in Canada, from 1 April 1995 to 31
March 2007.

Participants: A total of 965829 new immigrants
were matched to 3272393 long-term residents by
year of birth, sex and geographic location.

Measurements: The main study outcome was hos-
pitalization with a most responsible diagnosis of
AMI. Secondary study outcomes among those who
sustained an AMI were in-hospital, 30-day and
1-year mortality.

Results: The mean age of the participants at study
entry was ~34 years. The incidence rate of AMI was
4.14 per 10000 person-years among new immi-
grants and 6.61 per 10000 person-years among
long-term residents. After adjusting for age, income
quintile, urban vs. rural residence, history of hyper-
tension, diabetes mellitus and smoking and number
of health insurance claims, the hazard ratio for AMI
was 0.66 [95% confidence interval (Cl): 0.63-0.69].
Conclusion: New immigrants appear to be at lower
risk of AMI than long-term residents. This finding
does not appear to be explained by the availability
of health-care services or income level.
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Background

Recent immigrants to the USA and Canada, most of
whom are <50 years of age, tend to exhibit fewer
risk factors for acute myocardial infarction (AMI),
including obesity and chronic hypertension.' This
so-called ‘healthy immigrant effect’” may reflect
the fact that those who emigrate to a new country
are fit—both mentally and physically>—and can
pass the medical examination administered to all
potential new immigrants. The ‘salmon effect’ fur-
ther suggests that immigrants who experience ill
health and/or long-term unemployment return to
their country of origin, thereby enhancing the
health profile of the remaining cohort.*

In the province of Ontario, Canada, universal
health care is available to all residents and detailed
computerized medical records are also maintained.
This enabled us to determine the risk of AMI
amongst relatively young new immigrants to
Ontario compared with long-term and native-born
residents (hereafter called ‘long-term residents’).
Amongst those who had an AMI, we also compared
the mortality rates between new immigrants and
long-term residents.

Methods

Myocardial infarction Associated with Recency of
Immigration to Ontario (MARIO) was a population-
based, matched, retrospective cohort study. All par-
ticipants had to be enrolled in the Ontario Health
Insurance Plan (OHIP), which covers most aspects
of health care and for which there is no user fee. All
residents of Ontario are covered under OHIP, which
becomes active within ~3 months of acquiring res-
ident status. Details of the study methods are avail-
able elsewhere.” In brief, we included adults in the
age range of 16-65 years at the time of inclusion to
the study. New immigrants were defined as those
who received a new OHIP number at any time
between 1 April 1995 and 31 March 2006.
Long-term residents were defined as those in the
age range of 16-65 years who had an active OHIP
number for 5 years or more during this same time
period. Each new immigrant was matched to up to
five randomly selected long-term residents by year
of birth (within 365 days), sex and one of 14 geo-
graphically defined health networks. Adults >65
years were excluded because they represent a very
small proportion of new immigrants to Canada, and
our focus was mainly on AMI in middle-aged adults.

The main study outcome was hospitalization with
a most responsible diagnosis of AMI. Secondary

study outcomes following an AMI were in-hospital,
30-day and 1-year mortality.

We used three linked provincial health-care
administrative databases, as described elsewhere.®
The Registered Persons Database was used to iden-
tify the date of issue of a health-insurance number, a
proxy for the date of arriving in Ontario. The
Canadian Institute for Heath Information Discharge
Abstract Database was used to identify a hospital-
ization for AMIl—defined by an International
Classification of Diseases Ninth (ICD-9) code of
410 or ICD-10 codes 121 or 122—as well as whether
a patient was discharged alive or dead. The OHIP
database of physicians billing information for outpa-
tient and inpatient services was used to identify con-
ditions diagnosed on an outpatient basis (e.g.
pre-existing hypertension, diabetes mellitus and
smoking), arising between the study-entry date and
either the day before hospitalization for an AMI or
the date of censoring, whichever came first.

The health-care databases were linked anon-
ymously using encrypted individual health card
numbers to safeguards for patient confidentiality.
The project was approved by the Research Ethics
Boards at Sunnybrook and St Michael’s Hospitals.

Analyses

The period of observation for each new immigrant
began on the date of the new OHIP number.” The
period of observation for each long-term resident
began on the same date as the new immigrant the
person was matched to. Time-to-event analysis was
performed up to 31 March 2007. An individual was
censored if he/she died or reached the end of the
study period.

The incidence rate of AMI was determined for
both new immigrants and long-term residents. A sur-
vival curve was generated using the Kaplan-Meier
procedure. Crude and adjusted hazard ratios (HRs)
and 95% confidence intervals (Cls) were derived by
multivariable Cox’s proportional hazards models,
with long-term residents serving as the referent cat-
egory. Adjustment variables included age, income
quintile, urban vs. rural residence, each at inclusion
into the study, as well as diagnosed hypertension,
diabetes mellitus or smoking and number of physi-
cian OHIP claims, each after inclusion into the
study. Stratified analyses were conducted by partic-
ipant characteristics at study entry, as listed in
Figure 2.

Risk estimates for death were expressed as crude
and adjusted odds ratios (ORs), derived using con-
ditional logistic regression analysis and the same
variables as in the Cox’s proportional hazards
model above.
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All P-values were two sided, at a significance
level of 0.05. Analyses were performed using
Statistical Analysis Software (SAS) for UNIX (SAS
Institute Inc., Cary, NC, USA).

Results

We excluded 201 individuals >65 years (98 immi-
grants and 103 long-term residents) of age. There
were 965 829 participants classified as new immi-
grants and matched to 3272393 long-term
residents.

The mean ages of the immigrant and long-term
residents at inclusion into the study were 33 and
34 years, respectively; >80% were <45 years of
age (Table 1).

After a median duration of follow-up of 5.5 years
for new immigrants and 6.2 years for long-term res-
idents, there were 2290 and 13620 AMI events,
respectively, corresponding to incidence rates of
4.1 and 6.6 per 10000 person-years (crude HR:
0.63, 95% Cl 0.60-0.66; Figure 1). After adjustment
for potential confounders, the HR was 0.66 (95% ClI
0.63-0.69). These risk estimates were consistent

Table 1 Characteristics of study participants

across age, sex, residence and income strata
(Figure 2).

Among those who developed an AMI during the
study period, there was a non-significant trend of
lower in-hospital, 30-day or T1-year mortality
amongst new immigrants (Table 2).

Discussion

The current study represented a large diverse popu-
lation, and included approximately 4.2 million par-
ticipants and over 15000 AMI events. New
immigrants had ~35% lower relative risk of AMI
than matched long-term residents. This was so
across various demographic strata and after adjust-
ing for conventional risk factors for MI and for phy-
sician visits. Mortality rates among those who
sustained an AMI were not significant, however.
Our study has several limitations. First, we used
the date of enrollment in universal health insurance
(OHIP) to approximate of the time of arrival to
Ontario. Since most immigrants receive OHIP after
~3 months of achieving residency, this may not
pose a major threat to validity. Had we misclassified
the time of new receipt of OHIP, or had confused

Characteristics®

New immigrants Long-term residents

(n=965 829) (n=3272393)
Measured at study entry
Mean (SD) age, years 33.2 (10.1) 34.3 (10.9)
Age groups, years
16-30 420044 (43.5) 1293001 (39.5)
31-44 420288 (43.5) 1399720 (42.8)
45-64 125497 (13.0) 579672 (17.7)
Females 480719 (49. 8) 1625688 (49.6)
Income quintile (Q)
Q1 (lowest) 291982 (30.8) 550356 (16.9)
Q2 214043 (22.6) 639480 (19.6)
Q3 172263 (18.2) 679387 (20.8)
Q4 144675 (15.2) 705441 (21.6)
Q5 (highest) 126241 (13.3) 690706 (21.2)
Unknown 16723 (1.7) 7126 (0.2)
Urban residence 923158 (95.6) 2916033 (89.1)
After study entry
Hypertension 130718 (13.5) 601921 (18.4)
Dyslipidaemia 155112 (16.1) 532418 (16.3)
Diabetes mellitus 74273 (7.7) 257625 (7.9)
Current smoking 1146 (0.12) 8920 (0.27)
Mean (SD) number of physician claims 35 7 (48.2) 46 5 (60.6)
Median (IQR) duration of follow-up, years 5 (2.8-8.5) 2 (3.6-9.0)

“Data are presented as a number (%) unless otherwise indicated.

SD: standard deviation; IQR: interquartile range.
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new immigrants with long-term residents, then our
effect sizes would likely have been attenuated.
We did not have access to information on the
study participants’ lifestyle, ethnicity or country
of birth, nor did we possess measures of blood pres-
sure, blood glucose or lipid profile. Considering the
data sources used in the study, it is also likely that
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Figure 1. Risk of acute myocardial infarction comparing
965829 new immigrants and 3272393 long-term resi-
dents in Ontario.

All participants
Age 16-30
31-44
45 - 64
Sex Male
Female
Residence
Urban
Rural

Income quintile (Q) a

Q2
Q3
Q4
Q5

comorbid conditions, such as smoking, were under-
reported. We also lacked details about the pre-
existing health of the new immigrants in our study.
Canada’s universal health-care system offers equal
access to emergency care, especially for an acute
and time-sensitive medical conditions such as
AMI, so there was unlikely to be a difference in
health-care access between the groups.

MARIO introduces precise, robust and representa-
tive estimates of the risk of AMI and AMI-associated
mortality among new immigrants. In a study from
Goteborg, Sweden of individuals in the age range
of 25-64 years,® the incidence of AMI among immi-
grants was similar to that of Swedish-born partici-
pants. Studies of Japanese immigrants to North
America found their prevalence of coronary heart
disease to be 3-5 times higher than their counterparts
who had retained their Japanese lifestyle.® Mortality
due to cardiac disease was also higher in Japanese
men living in California than those who remained in
Japan.'® Our current study differs from previous work
because of its large sample size, the setting of a uni-
versal health-care system and the diversity of its pop-
ulation. Similar to native-born Americans, those born
in Canada in the past 30 years represent an

Adjusted HR (95% CI)
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- 0.63 (0.56-0.70)
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Figure 2. Risk of premature acute myocardial infarction according to participant characteristics at study entry comparing
new immigrants and long-term residents. Adjusted HR (95% Cl) adjusted for age (continuous in years), income quintile and
urban vs. rural residence, each at study entry, as well as diagnosed hypertension, diabetes mellitus or smoking and number

of physician claims, each after study entry.
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Table 2 Risk of in-hospital, 30-day and 1-year mortality comparing new immigrants and long-term residents who devel-

oped acute myocardial infarction during the study period

Study outcome No. (%)

Odds ratio(95% Cl)

Recent immigrants Long-term residents Unadjusted Adjusted?®
(n=2290) (n=13620)
Mortality
In-hospital 51 (2.2) 367 (2.7) 0.82 (0.61-1.11) 0.79 (0.58-1.08)
30-day 67 (2.9) 493 (3.6) 0.80 (0.62-1.04) 0.78 (0.59-1.02)
1-year 106 (4.6) 755 (5.5) 0.83 (0.67-1.02) 0.82 (0.66-1.03)

?Adjusted for age (continuous in years), income quintile and urban vs. rural residence, each at study entry, as well as
diagnosed hypertension, diabetes mellitus or smoking and number of physician claims, each after study entry.

ethnically diverse group of people, as do its new
immigrants.”

The results of MARIO constitute an early step in
our understanding of the ‘healthy immigrant’ effect
in relation to acute coronary artery disease.
In Canada, the USA and other Western nations,
many recent immigrants originate from South and
East Asia, where the rates of obesity, hypertension
and diabetes mellitus are typically lower."""'? The
tendency for young immigrants to have lower rates
of chronic diseases than those born in their host
country may reflect the fact that the most robust
individuals choose to immigrate. Furthermore, a
required medical examination of all prospective
immigrants may screen out the most unhealthy
applicants with chronic disease.'?

Our novel findings suggest the presence of
a ‘healthy immigrant effect’ in relation to AMI.?
Accordingly, policies may be needed that aim to pre-
serve the healthier state of new immigrants,
while continuing to focus on lowering cardiovascu-
lar risk among all adults."*"®

Acknowledgements

The sponsor was not involved in the design, execu-
tion, analysis and interpretation or reporting of the
results.

Funding

Heart and Stroke Foundation of Ontario and The
Ontario Stroke System (OSS).

Conflict of interest: None declared.

References

1. Moran A, Roux AV, Jackson SA, Kramer H, Manolio TA,
Shrager 'S, et al. Acculturation is associated with

10.

11.

12.

13.

14.

hypertension in a multiethnic sample. Am | Hypertens
2007; 20:354-63.

. Beiser M. The health of immigrants and refugees in Canada.

Can J Public Health 2005; 96 (Suppl 2):530-544.

. Dey AN, Lucas JW. Physical and mental health characteris-

tics of U.S.- and foreign-born adults: United States,
1998-2003. Adv Data 2006; 369:1-19.

. Palloni A, Arias E. Paradox lost: explaining the Hispanic

adult mortality advantage. Demography 2004; 41:385-415.

. Saposnik G, Redelmeier DA, Lu H, Fuller-Thompsom E,

Lonn E, Ray JG. Risk of Premature Stroke Associated with
recency of Immigration to Ontario (PRESARIO): A population
base study. Neurology 2009; 74:451-7.

. Alter DA, Naylor CD, Austin PC, Tu JV. Long-term Ml out-

comes at hospitals with or without on-site revascularization.
JAMA 2001; 285:2101-8.

. Health Insurance Act. In: Health OMo, editor. R.R.O. 1990,

REGULATION 552; 1990.

. Gadd M, Johansson SE, Sundquist J, Wandell P. Morbidity in

cardiovascular diseases in immigrants in Sweden. J Intern
Med 2003; 254:236-43.

. Marmot MG, Syme SL. Acculturation and coronary heart

disease in Japanese-Americans. Am J Epidemiol 1976;
104:225-47.

Worth RM, Kato H, Rhoads GG, Kagan K, Syme SL.
Epidemiologic studies of coronary heart disease and stroke
in Japanese men living in Japan, Hawaii and California: mor-
tality. Am J Epidemiol 1975; 102:481-90.

Kearney PM, Whelton M, Reynolds K, Muntner P,
Whelton PK, He J. Global burden of hypertension: analysis
of worldwide data. Lancet 2005; 365:217-23.

Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the
developing world—a growing challenge. N Engl | Med 2007;
356:213-5.

Gushulak BD, Williams LS. National immigration health
policy: existing policy, changing needs, and future direc-
tions. Can J Public Health 2004; 95:127-9.

Antman EM, Hand M, Armstrong PW, Bates ER, Green LA,
Halasyamani LK, et al. 2007 Focused Update of the ACC/
AHA 2004 Guidelines for the Management of Patients With
ST-Elevation Myocardial Infarction: a report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines: developed in collaboration



258 G. Saposnik et al.

With the Canadian Cardiovascular Society endorsed by the 15. Welsh RC, Travers A, Huynh T, Cantor WJ. Canadian
American Academy of Family Physicians: 2007 Writing Cardiovascular Society Working Group: Providing a perspec-
Group to Review New Evidence and Update the ACC/AHA tive on the 2007 focused update of the American College of
2004 Guidelines for the Management of Patients With Cardiology and American Heart Association 2004 guidelines
ST-Elevation Myocardial Infarction, Writing on Behalf of the for the management of ST elevation myocardial infarction.
2004 Writing Committee. Circulation 2008; 117:296-329. Can J Cardiol 2009; 25:25-32.

Appendix 1

World region of origin of new immigrants to Ontario, 2001-06"

Region Number (%)
Asia 375225 (64.6)
Europe 84590 (14.6)
Africa 40320 (6.9)
Central/South America 39705 (6.8)
Caribbean 20105 (3.5)
North America 18310 (3.2)
Oceania/Other 2490 (0.4)

Modified from: Ontario Ministry of Finance. http://www fin.gov.on.ca/english/economy/demographics/census/cenhi06-7
.html. Accessed 16 September 2009.

“The country of origin of most immigrants to Ontario between 2001 and 2006 included India (15%), China (14%), Pakistan
(7.5%), the Philippines (6.5%) and Sri Lanka (3.2%).

AMI: acute myocardial infarction; OHIP: Ontario health Insurance Plan
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