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C ardiovascular disease is a major cause of premature mor-
bidity and mortality among people with diabetes, devel-
oping 15 years earlier and being associated with poorer 

prognoses after an event than among individuals without diabe-
tes.1–5 Although high blood glucose is a major independent risk 
factor for cardiovascular disease, people with diabetes often 
have other risk factors such as hypertension, dyslipidemia and 
being overweight, which further increase their cardiovascular 
risk.6–8 However, over the last 20–30 years, improvements in dia-
betes management and reductions in the prevalence of, and bet-
ter care for, co-existing cardiac risk factors have contributed to 
substantial declines in cardiovascular disease rates and associ-
ated morbidity and mortality among people with diabetes.9–11 

Despite these gains, people with diabetes remain at higher car-
diovascular risk than those without diabetes.

The cardiovascular health of First Nations people, one of 
3  major Indigenous populations in Canada, has been particu-
larly affected by high prevalence of diabetes, with onset at 
young ages, and the early development of related complica-
tions.6,12–15 Comorbidities, genetic factors and complex social, 
cultural and environmental factors also contribute to their 
increased cardiovascular risk.13,14,16–18 Across Canada, First 
Nations people are at more than 30% greater risk of dying from 
cardiovascular disease than other people.19 Communities with 
high proportions of First Nations people also have higher rates 
of myocardial infarction and first myocardial infarction at 
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ABSTRACT
BACKGROUND: Rates of cardiovascular 
disease among people with diabetes 
have declined over the last 20–30 years. 
To determine whether First Nations 
people have experienced similar 
declines, we compared time trends in 
rates of cardiac event and disease man-
agement among First Nations people 
with diabetes and other people with 
diabetes in Ontario, Canada.

METHODS: We conducted a retrospective 
cohort study of patients aged 20 to 
105  years with diabetes between 1996 
and 2015, using linked health administra-
tive databases. Outcomes compared 
were the annual incidence of each 
admission to hospital for myocardial 
infarction and heart failure, and death 

owing to ischemic heart disease. Man-
agement indicators were coronary revas-
cularization and prescription rates for 
cardioprotective medications. Overall 
rates and annual percent changes were 
compared using Poisson regression.

RESULTS: Incidence rates for all car-
diac outcomes decreased over the 
study period. The greatest relative 
annual decline among First Nations 
men and women were observed in 
ischemic heart disease death (4.4%, 
95% confidence interval [CI] 3.0 to 5.9) 
and heart failure (5.4%, 95% CI 4.5 to 
6.4), respectively. Among other men 
and women, the greatest annual 
declines were seen in ischemic heart 
disease death (6.3%, 95% CI 6.1 to 6.5 

and 7.3%, 95% CI 7.1 to 7.6, respec-
tively). However, all absolute cardiac 
event rates were higher among First 
Nations people (p < 0.001). Coronary 
artery revascularization procedures 
and prescriptions for cardioprotective 
medications increased among First 
Nations people, while only prescrip-
tions increased among other people.

INTERPRETATION: Over the last 20 years, 
the incidence of cardiac events has 
declined among First Nations people 
with diabetes, but remains higher than 
other people with diabetes in Ontario. 
For continued reductions in incidence, 
future efforts need to recognize First 
Nations people’s unique social and cul-
tural determinants of health.
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younger ages, and are more likely to have diabetes at the time 
of a myocardial infarction, than communities with low propor-
tions of First Nations residents.20

Whether initiatives to address high diabetes rates and related 
complications among First Nations people have affected rates of 
cardiovascular disease is unknown.21,22 Thus, the objectives of 
this study were to examine trends in cardiac event rates, particu-
larly myocardial infarction, heart failure and death owing to 
ischemic heart disease, and indicators of cardiac disease preven-
tion and management among First Nations people with diabetes, 
compared with other people with diabetes in Ontario, Canada. 
Findings here and in a related First Nations–specific report of dia-
betes in Ontario will provide insights into potential areas for 
improved health care among First Nations people.23

Methods

Study design and population
We conducted a population-based analysis of residents of 
Ontario, Canada, with diabetes, through linkage of Ontario’s Reg-
istered Persons Database to the Ontario Diabetes Database. This 
study is part of a series examining outcomes related to diabetes 
mellitus among First Nations people in Ontario; the methods for 
establishing the study cohort are presented in detail elsewhere.24 
The Registered Persons Database is a registry with basic demo-
graphic information about all individuals who have ever been eli-
gible for Ontario’s universal health insurance plan. The Ontario 
Diabetes Database is a registry of all Ontario residents who were 
identified as having diabetes, created using hospital admission 
records and physician claims with a reported 86% sensitivity, 
97% specificity and 80% positive predictive value against pri-
mary care health records.25 The Ontario Diabetes Database does 
not distinguish between type 1 and type 2 diabetes, but we esti-
mate that more than 90% of individuals have type 2, based on 
Public Health Agency of Canada reporting from 2011.26 

We created annual study cohorts from 1996 to 2015 of individ-
uals aged 20 to 105 years who had been given a diagnosis of dia-
betes before and were alive on April 1 of each year, and followed 
each cohort to Mar. 31 of the next year. First Nations people were 
identified using the Indian Register of all people registered with 
the Federal government as members of a First Nation recognized 
under the Indian Act (i.e., all “Status Indians” or “Registered Indi-
ans”), regardless of whether they live in a First Nation commu-
nity (“Indian reserve”).27 People not in the Indian Register, 
including Inuit and Métis, were classified as “other people.”

Outcomes and data sources
Our primary cardiac outcomes of interest were admissions to 
hospital for myocardial infarction and heart failure, and deaths 
owing to ischemic heart disease. Heart failure may have a differ-
ent pathophysiology than that of ischemic heart disease, but is 
increasingly recognized as a contributor to morbidity and mor-
tality among people with diabetes, and was thus included.28 Hos-
pital admissions were identified from the Canadian Institute for 
Health Information Discharge Abstract Database, which includes 
information from the discharge abstracts of all acute-care 

hospitals in Ontario. Using validated codes from the Interna-
tional Classification of Diseases (Appendix 1, Supplement 1, 
available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.​
190899/-/DC1), we included all admissions with a main diagnosis 
of myocardial infarction and heart failure, counting a maximum 
of 1 admission per individual per study year.29,30 We identified 
deaths owing to ischemic heart disease from the Office of the 
Registrar General Vital Statistics database.31

Secondary cardiac outcomes of interest were 30-day and 1-year 
all-cause mortality after admission to hospital for myocardial 
infarction, heart failure or unstable angina, and 30-day all-cause 
readmission rates after hospital discharge for a stay related to myo-
cardial infarction or heart failure. We identified hospital readmis-
sion rates from the Discharge Abstract Database and determined 
all-cause mortality from the Registered Persons Database.

We examined the following cardiac disease prevention and 
management indicators: rates of coronary artery revascularization 
procedures, specifically percutaneous coronary intervention or 
coronary artery bypass graft surgery; and prescription claims for 
cardioprotective medications, specifically statins, angiotensin-
converting enzyme inhibitors (ACEI) or angiotensin II receptor 
blockers (ARBs), antiplatelet agents (excluding acetylsalicylic acid) 
and β-blockers. We identified coronary artery revascularization 
procedures from the Discharge Abstract Database using validated 
procedure codes (Appendix 1, Supplement 1).32 We captured pre-
scription claims from the Ontario Drug Benefit database, which 
contains information about claims covered by and made to the 
Ontario Drug Benefit program for eligible individuals — primarily 
people in Ontario aged 65 years and older or living in long-term 
care facilities; hence, indicators for medication use were limited to 
those aged 65 years and older. Because statins and ACEI or ARBs 
are recommended for primary and secondary prevention of car-
diovascular disease in many individuals with diabetes,33,34 we 
defined these rates as having a prescription claim in the first 
100 days (i.e., maximum days’ supply per claim) of the fiscal year 
among all patients aged 65 years and older. Similarly, because 
antiplatelet agents and β-blockers are primarily recommended for 
secondary prevention, 34,35 we defined these rates as having a pre-
scription claim in the 90 days after discharge among patients 
admitted to hospital for a myocardial infarction, with the number 
of days chosen to be consistent with quality indicators of care for 
patients with myocardial infarction. We report results for claims 
from 2000 onward only, because many of the medications studied 
have seen more routine use in standard care only since this time.

All data sets were linked using unique, encoded identifiers 
and analyzed at ICES.

Statistical analysis
Baseline demographics of the study population were calculated as 
mean ± standard deviation for age, and proportions for categorical 
characteristics. To account for differences in age and sex between 
our study populations, overall rates were age- and sex-standardized 
to the 2001 Ontario census population, while sex-specific rates 
were age-standardized to the same population using the direct 
method. Hospital readmission rates were determined in 2-year 
intervals rather than annually because small absolute numbers of 
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readmissions in some age or sex strata by year would affect the 
accuracy and reliability of standardized rates.

We compared overall rates for First Nations people with other 
people using Poisson regression, modelling the expected number 
of events from the standardized rate as a linear function of year 
and population, and the natural logarithm of the population size 
as offset. Where appropriate, we ran separate models for each 
population to examine relative changes in rates over time, calcu-
lating the average annual percent change over the 20-year study 
period from the incident rate ratio. We determined differences in 
the average annual percent change between First Nations and 
other people using similar methods with an interaction term for 
population and year, and assessed significance by Wald’s χ2 test.

We conducted all analyses using SAS version 9.4 (SAS Insti-
tute, Cary, NC). All p values are 2-sided.

Ethics approval
This study underwent review and approval by the Chiefs of 
Ontario’s Data Governance Committee, and the Research Ethics 
Boards at Queen’s University and Laurentian University.

Results

Table 1 shows baseline demographic characteristics of our study 
population for 1996, 2006 and 2015. Between 1996 and 2015, the 
absolute number of people in Ontario aged 20 to 105 years with 

diabetes increased 183% among First Nations people and 243% 
for other people. Compared with other people, First Nations peo-
ple with diabetes were more likely to be female, younger and live 
in rural communities, and had a similar number of comorbidities.

Cardiac outcomes
Between Apr. 1, 1996, and Mar. 31, 2016, the incidence of hospital 
admission for myocardial infarction and heart failure, and deaths 
owing to ischemic heart disease were all higher among First 
Nations people than other people (Figure 1, p < 0.001 for all). Over 
time, a decreasing trend in the age-standardized incidence of 
myocardial infarction, heart failure and ischemic heart disease 
death is observed, with annual percent declines among First 
Nations people less than other people (p < 0.05 for all except heart 
failure among women [p = 0.3]). The greatest average annual 
decline among First Nations men and women is seen in deaths 
owing to ischemic heart disease (4.4%, 95% confidence interval 
[CI] 3.0 to 5.9) and heart failure (5.4%, 95% CI 4.5 to 6.4), respec-
tively. Among other people, the greatest average annual declines 
are seen in ischemic heart disease death for both men and women 
(6.3%, 95% CI 6.1 to 6.5 and 7.3%, 95% CI 7.1 to 7.6, respectively).

Of patients admitted to hospital for myocardial infarction, heart 
failure or unstable angina, First Nations people had similar 30-day 
and 1-year mortality rates as other people (overall relative rates 1.03, 
95% CI 0.93 to 1.16 and 0.98, 95% CI 0.91 to 1.05, respectively), with 
rates relatively stable in both populations during the study period 

Table 1: Demographic characteristics of First Nations people and other people with diabetes, 1996, 2006 and 2015

Characteristic

No. of First Nations People in Ontario (%)* No. of other people in Ontario (%)*

1996 2006 2015 1996 2006 2015

Population size, N 7758 15 580 21 989 381 202 817 866 1 309 359

Female 4407 (56.8) 8591 (55.1) 11 794 (53.6) 182 518 (47.9) 393 578 (48.1) 629 804 (48.1)

Age, yr, mean ± SD 52.38 ± 13.80 53.76 ± 13.74 56.55 ± 13.83 61.68 ± 14.61 61.95 ± 14.56 63.69 ± 14.31

Age group, yr

    20–49 3291 (42.4) 5951 (38.2) 6591 (30.0) 80 006 (21.0) 166 384 (20.3) 209 002 (16.0)

    50–64 2954 (38.1) 6143 (39.4) 9016 (41.0) 121 753 (31.9) 282 052 (34.5) 450 294 (34.4)

    65–79 1314 (16.9) 3009 (19.3) 5372 (24.4) 141 564 (37.1) 274 275 (33.5) 464 356 (35.5)

    ≥ 80 199 (2.6) 477 (3.1) 1010 (4.6) 37 879 (9.9) 95 155 (11.6) 185 707 (14.2)

Rurality†

    Urban 1876 (24.2) 4190 (26.9) 6372 (29.0) 265 405 (69.6) 587 583 (71.8) 952 659 (72.8)

    Semi-urban 1497 (19.3) 2837 (18.2) 4127 (18.8) 77 314 (20.3) 157 729 (19.3) 251 030 (19.2)

    Rural 1758 (22.7) 3318 (21.3) 4602 (20.9) 35 518 (9.3) 67 365 (8.2) 98 339 (7.5)

    Remote or missing 2627 (33.9) 5235 (33.6) 6888 (31.3) 2965 (0.8) 5189 (0.6) 7331 (0.6)

Comorbidities‡

    Low 1366 (17.6) 2931 (18.8) 4447 (20.2) 56 891 (14.9) 130 650 (16.0) 240 318 (18.4)

    Medium 3140 (40.5) 5981 (38.4) 8573 (39.0) 167 491 (43.9) 351 573 (43.0) 553 556 (42.3)

    High 3252 (41.9) 6668 (42.8) 8969 (40.8) 156 820 (41.1) 335 643 (41.0) 515 485 (39.4)

Note: SD = standard deviation.
*Unless stated otherwise.
†Based on the Rurality Index of Ontario, which considers travel time to basic and advanced referral centres.36

‡Using The Johns Hopkins Adjusted Clinical Groups system version 7 Aggregated Diagnosis Groups scoring system (low = 0–4, medium = 5–9, high = 10+).37
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A)   Myocardial infarction

B)   Heart failure   

C)   Death owing to ischemic heart disease failure
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Figure 1: Incidence of (A) hospital admission for myocardial infarction (MI), (B) hospital admission for heart failure (HF), and (C) death owing to isch-
emic heart disease (IHD), by sex, among people with diabetes in Ontario, Canada, 1996–2016. The overall incidence rate ratio (IRR, 95% confidence 
interval [CI]) with other people as the reference and average annual percent change (AAPC) (95% CI) are reported for each outcome. P values are for dif-
ferences in AAPC between First Nations people and other people. Note: blue shading represents 95% CI for the First Nations population.
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(Appendix 1, Supplement 2). The average annual 30-day mortality 
rate (± SD) for First Nations people was 4.5 ± 1.9 per 100 people com-
pared with 4.4 ± 0.6 for other people (p = 0.7); and the average annual 
1-year mortality rate was 11.8 ± 2.3 and 12.1 ± 0.7 per 100 people for 
First Nations and other people in Ontario, respectively (p = 0.7).

Of all patients discharged alive after a hospital admission for 
myocardial infarction during the study period, 38.5% (958/2489) 
of First Nations people compared with 33.0% (37 498/113 490) of 
other people were readmitted for any cause within 30 days 
(p  <  0.001) (Appendix 1, Supplement 3). Of patients discharged 
after an admission to hospital for heart failure, 33.9% (879/2596) 
of First Nations people compared with 28.0% (38 942/139 074) of 
other people were readmitted for any cause within 30 days 
(p  <  0.001). Although rates between 1996 and 2006 for First 
Nations and other people were not significantly different 
(myocardial infarction, p = 0.6; heart failure, p = 0.09), rates 
thereafter were higher among First Nations people, particularly 
increasing after heart failure (p < 0.001).

Prevention and management of cardiac disease
During the study period, coronary artery revascularization rates 
declined an average of 0.3% (95% CI 0.2 to 0.4) and 1.2% (95% CI 1.0 
to 1.4) annually among other men and women, respectively 
(Figure 2). In comparison, coronary artery revascularization rates for 
First Nations men almost tripled and for women almost doubled, 
with average annual percent changes of 2.6% (96% CI 1.5 to 3.7) and 
2.2% (95% CI 0.9 to 3.6), respectively (p < 0.001 for difference).

Among all people with diabetes aged 65 years and older, rates 
of prescription claims for statins or ACEIs or ARBs increased sub-
stantially between 2000 and 2016 (Figure 3, p < 0.001). Although 
overall rates among First Nations people were lower for statins 
and higher for ACEI or ARBs (p < 0.001) compared with other peo-
ple, statin rates were similar by 2016. In both populations, rates 
for both medication types also stabilized in more recent years — 
at about 65%–70% in 2007 for ACEI or ARBs and at slightly more 
than 60% in 2011 for statins. Similarly, between 2003 and 2009, 
prescription claims for antiplatelet agents within 90 days after 
hospital discharge for myocardial infarction increased consider-
ably, but stabilized thereafter at 65%–70%. Rates of use of 
β-blockers after hospital discharge for myocardial infarction 
were relatively unchanged among both First Nations and other 
people (average annual percent change –0.9%, 95% CI –3.0 to 1.2 
and 0.2%, 95% CI –0.1 to 0.4, respectively), but over the study 
period, First Nations people showed consistently lower rates of 
prescription claims (p < 0.001).

Interpretation

Among both First Nations people and other people with diabetes 
in Ontario, we found that, between 1996 and 2016, the incidence 
of admissions to hospital for myocardial infarction and heart fail-
ure and deaths owing to ischemic heart disease decreased, with 
incidence remaining higher among First Nations people. However, 
mortality rates among those admitted to hospital were similar and 
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Figure 2: Incidence of revascularization (percutaneous coronary intervention or coronary artery bypass graft), by sex, 1996–2016. Average annual per-
cent change (AAPC) (95% confidence interval [CI]) is reported for men and women. P value is for difference in AAPC between First Nations people and 
other people.
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relatively unchanged. In addition, during this period, coronary 
artery revascularization rates and the use of cardioprotective med-
ications among First Nations people increased substantially.

Although our finding of higher cardiac event rates among 
First Nations people is consistent with those of previous studies, 
the observed decreasing rates over time contrasts with earlier 
Canadian studies showing increasing rates of cardiovascular 
disease among First Nations people in general, suggesting that 
progress has been made in the management of diabetes and 
other cardiac risk factors in this population.17,19,20,38 In addition to 
increased use of coronary artery revascularization procedures 
and pharmacotherapies for prevention of cardiovascular 
disease, another study found First Nations people to have more 
intensive glucose-lowering medication regimens, albeit with 

poorer glycemic control (unpublished data, 2019). In another 
pan-Canadian study, residents of communities with a high 
proportion of First Nations people were less likely to undergo 
angiography or percutaneous coronary intervention during an 
admission to hospital for myocardial infarction than residents of 
other communities, although in-hospital mortality rates were 
similar.20 Our results may differ because we studied a population 
with diabetes and did not restrict to care provided during the 
hospital admission for myocardial infarction, providing broader 
insights into preventive care.

Despite these gains, our findings show that First Nations people 
have higher diabetes complication rates than other people, partic-
ularly hospital readmissions. This suggests that current approaches 
and services are insufficient to close the gap. Higher hospital 
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Figure 3: Prescription rates for (A) statins and (B) angiotensin-converting enzyme inhibitors (ACEI) or angiotensin II receptor blocker (ARBs) in the first 
100 days of the fiscal year, and (C) antiplatelet agents and (D) β-blockers after hospital discharge for myocardial infarction (MI) among people aged 
65 years and older, 2000–2016. Results for antiplatelet agents are shown for 2003 and later, and β-blockers for 2002 and later because these medica-
tions have seen more routine use in standard care only after this time. P values are for differences in the overall relative rates between First Nations 
people and other people. Note: blue shading represents 95% CI for the First Nations population; green shading represents 95% CI for other people. 
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readmission rates in recent years may be explained by more severe 
ischemic heart disease and higher rates of other micro- and macro-
vascular disease that potentially increase the risk of readmis-
sion.6,16,22,39 Gaps in postdischarge management resulting from poor 
access to primary care physicians in communities with high propor-
tions of First Nations people may also contribute to high readmis-
sion rates, as access to primary health care in the community (e.g., 
at nursing stations) has been associated with lower levels of avoid-
able hospital admissions for ambulatory care–sensitive condi-
tions.40,41 First Nations people face not only structural barriers to 
optimal care such as limited access to physicians and continuity of 
care to facilitate timely follow-up after discharge, but also the ongo-
ing effects of colonization, food insecurity, health care inequities, 
negative interactions with health care providers and genetic fac-
tors.18,22,42–44 Further investigations are required to better understand 
potential causal factors that could reduce readmission rates, as well 
as to examine interventions that are effective in preventing and man-
aging cardiac risk factors and cardiovascular disease.

The strengths of this study include the population-based 
study cohort of people in Ontario with diabetes, and the ability 
to link to 20 years of health administrative data to examine 
trends over time.

Limitations
We acknowledge the following limitations. Although our study 
population includes nearly all adults in Ontario, low absolute 
outcome counts among First Nations people contributed to 
unstable rates over time for many indicators and precluded the 
ability to study outcomes across subgroups. Because First 
Nations people living in versus outside of First Nations commun
ities, as well as those in rural versus urban communities, have a 
higher prevalence of diabetes and face different determinants of 
health, it is possible that trends in outcomes may be different in 
these subpopulations (unpublished data, 2019).22,23 Additionally, 
we report rates that are age- and sex-standardized to a census 
population that is younger and healthier. Thus, caution should 
be taken in interpreting the reported rates, which may underes-
timate the absolute impact of diabetes. Because this study 
focused on diabetes, we also did not examine the influence of 
other comorbidities on differences in outcomes between First 
Nations people and other people, although First Nations people 
have a higher prevalence of other cardiac risk factors, which 
likely contributes to their greater risk.16,45

Conclusion
This study provides new insights into patterns of cardiovascular 
health and related care of First Nations people with diabetes in 
Ontario. While progress is being made overall in diabetes man-
agement and reducing cardiac events and mortality, First 
Nations people with diabetes remain at greater risk of cardiovas-
cular disease and complications than other people in Ontario. 
Efforts to further close the gap in cardiovascular risk will require 
emphasis on early prevention strategies that not only include 
Western medical therapies, but must also account for the com-
plex context of the health of First Nations people in Canada and 
address their unique social and cultural determinants of health.
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