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ABSTRACT



RESUM
E

Background: We analyzed hospitalization rates for a broad set of
cardiovascular diseases, stroke, and vascular cognitive impairment
(VCI) between 2007 and 2016 in Canada to characterize populationlevel trends and demographic and provincial/territorial variation in
inpatient health care utilization.
Methods: Record-level administrative hospitalization data from April
1, 2007 to March 31, 2017 for individuals aged 0-105 years were
obtained from the Canadian Institute for Health Information Discharge
Abstract Database. Data were available for all provinces and territories, except Quebec. Using the International Classiﬁcation of Diseases (10th Revision, Canada) diagnostic coding standards, we
identiﬁed disease categories related to cardiovascular disease, stroke,
or VCI. Hospitalizations, crude and standardized, for age and sex (direct
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Cardiovascular and cerebrovascular diseases are leading causes
of death in Canada.1 Co-occurrence of disease and common
risk factors link many types of cardiovascular disease, stroke,
and cognitive impairment.2,3 The heart and brain are vitally
connected by the vascular system: cardiovascular disease and
cardiac dysfunction are associated with increased risk of
stroke,4 vascular cognitive impairment (VCI), and dementia.5,6 Likewise, stroke,4,7 and vascular dementia8 are

associated with increased risk of cardiovascular disease. With
the growing body of literature establishing the heart-brain
connection,9-11 population-level analyses of health indicators
should strive to include comprehensive sets of diagnoses that
span the heart-brain axis to better appreciate disease interconnectedness, common etiology, and multimorbidity.
Temporal trends in hospitalizations provide important
insight into changing patterns of inpatient health care utilization and can inform health care policy, prevention strategy,
and system planning. Hospitalization rates are a key indicator
of inpatient health care utilization12 and complement the
Canadian Cardiovascular Society-led development of quality
indicators for assessing cardiovascular care in Canada.13,14
Analyses of recent trends in hospitalizations have been conducted for stroke at the national and provincial/territorial
levels,15 for congenital heart disease at the national level,16 for
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method) were calculated using the 2011 Census as the standard
population.
Results: Between 2007 and 2016, percent decreases in standardized
hospitalization rates were relatively small for heart failure and stroke
(2.4% and 4.7%, respectively), whereas those for coronary artery
and vascular disease and heart rhythm disorders were moderate
(27.4% and 16.8%, respectively). Percent increases were relatively
small for congenital heart disease (þ7.2%) and moderate for acquired
valvular heart disease (þ31.1%) and VCI (þ23.4%). There were
notable age- and sex-speciﬁc differences along with provincial/territorial variation.
Conclusions: Between 2007 and 2016, there was an overall decrease
in standardized hospitalization rates for coronary artery and vascular
disease, heart failure, heart rhythm disorders, and stroke, and an increase in hospitalization rates for structural heart disease (congenital
heart disease and acquired valvular heart disease) and VCI in Canada.
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atherosclerotic cardiovascular diseases17 and sudden cardiac
death18 in Ontario and for heart failure in Alberta.19 In a
2003 study, temporal trends in national and regional hospitalizations for a small set of cardiovascular diseases (myocardial
infarction, heart failure, angina, and chest pain) were examined in Canada from 1994 and 1999,20 but there has been no
recent comprehensive analysis encompassing cardiovascular
disease, stroke, and VCI.
Thus, we sought to examine hospitalization rates in Canada over the past decade for a large set of cardiovascular diseases, stroke, and VCI to characterize population-based health
care utilization trends and sex-speciﬁc and provincial/territorial variation.

data obtained from CIHI were analyzed by the Heart and Stroke
Foundation of Canada (HSFC). Parts of this report are on the
basis of data and information provided by CIHI. However, the
analyses, conclusions, opinions, and statements expressed herein
are those of the authors and not those of CIHI.
The type of hospitalization was identiﬁed using the International Classiﬁcation of Diseases (10th revision, Canada) diagnostic coding standards21 for the “most responsible diagnosis,”
(MRDx) which refers to the condition with the highest resource
use during the hospitalization. Each hospitalization included was
identiﬁed as having an MRDx from 1 of the diagnostic codes for
cardiovascular disease, stroke, or VCI as listed in Supplemental
Table S1. MRDx were categorized within 6 disease cohorts for
ease of data visualization and analysis and to align with the 6
Mission Critical Areas identiﬁed and prioritized by the HSFC:
(1) coronary artery and vascular disease; (2) heart failure; (3) heart
rhythm disorders; (4) structural heart disease (includes congenital heart disease and acquired valvular heart disease); (5) stroke;
and (6) VCI. The structural heart disease cohort was split into its
2 components for all analyses in this study. The diagnostic codes
used to identify hospitalizations for VCI included a range of
codes which included vascular dementia, mild cognitive
impairment, and Alzheimer disease-related diagnostic codes to
capture dementia of possible or probable vascular contribution.22,23 This is in line with recent coding standards23 and with
research supporting cognitive impairment and dementia as
frequently a combination of Alzheimer pathology and microvascular damage.24

Methods
Data sources and study population
Record-level hospitalization data from April 1, 2007 to
March 31, 2017 were obtained from the Canadian Institute for
Health Information (CIHI) Discharge Abstract Database
(DAD). The DAD contains demographic, administrative, and
clinical data on all hospital discharges from acute inpatient care
facilities for all provinces and territories, except Quebec. Data
from the Northwest Territories, Yukon, and Nunavut were
aggregated. Hospitalizations for all individuals 0-105 years of age
were included in this retrospective population-level cohort study.
There were 10 ﬁscal periods during this time period, each
beginning April 1 and ending March 31. Analyses were conducted at the level of hospital encounterd1 patient could have
more than 1 encounter throughout the decade examined. Multiple hospitalizations for the same individual within a given ﬁscal
year were counted as separate hospitalizations to assess total
burden of hospitalizations. Provincial/territorial hospitalizations
were determined using the submitting province, regardless of
where the patient resides. This allowed us to assess the burden of
hospitalizations speciﬁc to a province or territory. Administrative

Statistical analyses
Analyses were conducted using SAS version 9.4 (SAS
Institute Inc, Cary, NC).
Crude number of hospitalizations
The crude number of hospitalizations for each of the disease cohorts was quantiﬁed over the 10-year period to assess
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changes in total burden of hospitalizations. Percent change in
crude number of hospitalizations from ﬁscal year 2007-2008
to 2016-2017 was calculated for each disease cohort to
characterize relative change over time.
Age- and sex-speciﬁc hospitalization rates
Five age groups were deﬁned (0-19 years, 20-39 years, 4059 years, 60-79 years, and 80 years and older) to assess ageand sex-speciﬁc trends in hospitalization rates per hundred
thousand for each of the disease cohorts over the 10-year
period. The number of hospitalizations in the age-sex group
in the ﬁscal year of interest was calculated and divided by the
population in the corresponding age-sex group. Percent
change in hospitalization rates between ﬁscal year 2007-2008
and 2016-2017 was calculated for each age-sex group across
all disease cohorts to characterize relative change in hospitalizations rates. Negative binomial regression analysis was used
to test the signiﬁcance (P < 0.05) of age- and sex-speciﬁc
relative changes in hospitalization rates between ﬁscal year
2007 and ﬁscal year 2016.
Standardized hospitalization rates
Age- and sex-standardized hospitalization rates per hundred
thousand were calculated to remove the effect of possible differences in the age and sex structure of the population. The direct
standardization method was used, with the 2011 Canadian
Census as the standard population.25 Percent change in standardized hospitalization rates between ﬁscal year 2007-2008 and
2016-2017 was calculated for each disease cohort to characterize
relative change in standardized hospitalizations rates. The
Mantel-Haenszel rate ratio Z test (SAS procedure stdrate) was
used to test the signiﬁcance (P < 0.05) of the relative changes in
standardized hospitalization rates between ﬁscal year 2007 and
ﬁscal year 2016.
Results
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congenital heart disease, and stroke (2.4%, þ7.2%,
and 4.7%, respectively), and moderate for coronary artery
and vascular disease (27.4%), heart rhythm disorders
(16.8%), acquired valvular heart disease (þ31.1%), and
VCI (þ23.4%). These trends in age- and sex-standardized
hospitalization rates over the 10-year period for each disease
cohort are illustrated in Figure 2.
Temporal trends in age- and sex-speciﬁc hospitalization
rates
Trends in age- and sex-speciﬁc hospitalization rates over
the 10-year period for each of the disease cohorts is illustrated
in Figure 3. A summary of the percent change in age- and sexspeciﬁc hospitalization rates between ﬁscal year 2007-2008
and 2016-2017 is provided in Supplemental Table S2. Some
diseases were determined to affect the population at earlier life
stages than they were 10 years ago. The percent increase in
heart failure hospitalization rates within the 20- to 39-yearold age group was þ55.5% for men and þ25.1% for women,
and among the 40- to 59-year-old age group was þ17.2% for
men and þ11.1% for women between 2007 and 2016. The
percent increase in hospitalization rates for acquired valvular
heart disease was much more pronounced for women
(þ65.7%) than for men (þ15.9%) aged 20-39 years.
Notably, women aged 20-39 years were the only adult
(20 years of age and older) age group that did not yield a
statistically signiﬁcant percent decrease in hospitalization rate
for coronary artery and vascular disease between 2007 and
2016, with a statistically nonsigniﬁcant 1.6% marginal
decrease in hospitalization rate. There was a 25% relative
increase in the stroke hospitalization rate for women aged
20-39 years between 2007 and 2016. This was not true for
men of the same age group, who showed a statistically
nonsigniﬁcant relative decrease in stroke hospitalization rate.
Overall, there were relative increases in hospitalization rates
for stroke in men and women aged 40-59 years (9.3% and
19.7%, respectively) between 2007 and 2016, and relative
decreases for those aged 60 and older.

Temporal trends in crude number and standardized rates
of hospitalizations

Provincial/territorial variation

We identiﬁed 2,609,279 hospitalizations (1,559,535 were
for males; 1,049,744 were for females) with an MRDx of a
cardiovascular disease, stroke, or VCI within the 10-year
period. The percent change in crude number of hospitalizations and age- and sex-standardized hospitalization rates for
each of the disease cohorts between ﬁscal year 2007-2008 and
2016-2017 (refer to Table 1 for absolute values) are illustrated
in Figure 1. There were relative increases in the crude number
of hospitalizations for heart failure (þ24.8%), heart rhythm
disorders (þ4.9%), congenital heart disease (þ12.1%), acquired valvular heart disease (þ68.0%), stroke (þ20.4%), and
VCI (þ57.5%), and a relative decrease for coronary artery and
vascular disease (9.0%) between 2007 and 2016. A different
pattern emerged for standardized hospitalizations: there were
relative decreases for all disease cohorts except for structural
heart disease (congenital heart disease and acquired valvular
heart disease) and VCI, which yielded relative increases in
standardized hospitalizations between 2007 and 2016. The
percent change in standardized hospitalization rates between
2007 and 2016 was relatively small for heart failure,

Provincial/territorial variation in age- and sex-standardized
hospitalization rates for the 2016-2017 ﬁscal year are illustrated in Figure 4, with diagnoses grouped into 3 broader disease cohorts for ease of visualization: cardiovascular disease (all
diagnostic codes for coronary artery and vascular disease, heart
failure, heart rhythm disorders, and structural heart disease
listed in Supplemental Table S1), stroke, and VCI. In ﬁscal year
2015-2016, Newfoundland and Labrador, New Brunswick,
Manitoba, and Saskatchewan had the highest rates of hospitalization for cardiovascular disease. The Northwest Territories,
Yukon, Nunavut, and Prince Edward Island (PEI) had the
lowest. PEI, Newfoundland and Labrador, New Brunswick,
and Saskatchewan had the highest hospitalization rates for
stroke. British Columbia, Manitoba, Alberta, and New
Brunswick had the highest hospitalization rates for VCI. A
summary of the percent change in provincial/territorial standardized hospitalization rates between ﬁscal year 2007-2008
and 2016-2017 for each of the disease cohorts is provided in
Supplemental Table S3. There was notable provincial/territorial variation: standardized hospitalization rates for heart failure
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Table 1. Percent change in hospitalizations between 2007 and 2016 in Canada

Crude number
of hospitalizations
Standardized
hospitalization rate

Coronary artery
and vascular disease

Heart failure

Heart rhythm
disorders

Congenital
heart disease*

Valvular heart
disease (acquired)*

Stroke

Vascular cognitive
impairment

2007: 131,370
2016: 119,612
%D: 9.0
2007: 553.8
2016: 401.8
%D: 27.4
P < 0.0001

2007: 40,703
2016: 50,784
%D: þ24.8
2007: 173.5
2016: 169.3
%D: 2.4
P < 0.001

2007: 38,318
2016: 40,139
%D: þ4.9
2007: 161.8
2016: 134.6
%D: 16.8
P < 0.0001

2007: 3273
2016: 3669
%D: þ12.1
2007: 12.6
2016: 13.6
%D: þ7.2
P < 0.01

2007: 6902
2016: 11,595
%D: þ68.0
2007: 29.2
2016: 38.5
%D: þ31.1
P < 0.0001

2007: 35,869
2016: 43,132
%D: þ20.4
2007: 151.8
2016: 144.7
%D: 4.7
P < 0.0001

2007: 1359
2016: 2141
%D: þ57.5
2007: 5.8
2016: 7.2
%D: þ23.4
P < 0.0001

2007 corresponds to ﬁscal year 2007-2008; 2016 corresponds to ﬁscal year 2016-2017. Age- and sex-standardized hospitalization rates are per 100,000. Quebec
data were not accessible for this study. Data rounded to 1 decimal point.
* Congenital heart disease and valvular heart disease (acquired) are components of the structural heart disease cohort.

signiﬁcantly decreased for all regions except Alberta, British
Columbia, the Northwest Territories, Yukon, and Nunavut,
where relative increases were observed. For stroke, a statistically
signiﬁcant relative increase in hospitalization rate was found for
British Columbia.
Discussion
In this retrospective population-level cohort study we
examined temporal trends in inpatient hospitalizations in
Canada across a large set of cardiovascular diseases, stroke, and
VCI. Between 2007 and 2016, there were relative increases in
the crude number of hospitalizations in Canada for heart

failure, heart rhythm disorders, structural heart disease
(congenital heart disease and acquired valvular heart disease),
stroke, and VCI, and a relative decrease for coronary artery
and vascular disease. This assessment of crude hospitalization
burden illustrates an overall net increase in the volume of
inpatient care utilization over the past decade for this broad set
of diseases with the exception of coronary artery and vascular
disease. Analyses of trends in age- and sex-standardized hospitalization rates indicate that the relative increases in crude
hospitalizations observed over time are associated with a
growing and aging population. We determined that there was
an overall relative decline in standardized hospitalization rates
for coronary artery and vascular disease, heart failure, heart

Figure 1. Percent change in hospitalizations between 2007 and 2016 in Canada. Percent change in crude number of hospitalizations and age- and
sex-standardized hospitalization rates between 2007 and 2016 for each of the disease cohorts. Refer to Supplemental Table S1 for International
Classiﬁcation of Diseases, 10th revision diagnostic codes included in analyses. Refer to Table 1 for absolute values. Quebec data were not
accessible for this study. 2007 corresponds to ﬁscal year 2007-2008; 2016 corresponds to ﬁscal year 2016-2017. CHD and VHD are components
of the structural heart disease cohort. CAVD, coronary artery and vascular disease; CHD, congenital heart disease; HF, heart failure; HRD, heart
rhythm disorders; VCI, vascular cognitive impairment; VHD, valvular heart disease (acquired).
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Figure 2. Temporal trends in standardized hospitalization rates in Canada. (A) Trends in age- and sex-standardized hospitalization rates for all
disease cohorts over the 10-year period. Closer examination shows a decrease in standardized hospitalization rates over time for (B) coronary artery
and vascular disease (CAVD), (C) heart failure (HF), heart rhythm disorders (HRD), and stroke, and an increase in hospitalization rates over time for
(D) structural heart disease [congenital heart disease (CHD), acquired valvular heart disease (VHD)], and (E) vascular cognitive impairment (VCI).
Refer to Supplemental Table S1 for International Classiﬁcation of Diseases, 10th revision diagnostic codes included in analyses. Quebec data were
not accessible for this study. Each year corresponds to a ﬁscal period beginning April 1 and ending March 31 (for example, the year 2007 includes
data from April 1, 2007 to March 31, 2008).
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Figure 3. Temporal trends in age- and sex-speciﬁc hospitalization rates in Canada. Trends in age- and sex-speciﬁc hospitalization rates for each of
the disease cohorts over the 10-year period: (A) coronary artery and vascular disease (CAVD), (B) heart failure (HF), (C) heart rhythm disorders
(HRD), structural heart disease [(D) congenital heart disease (CHD), (E) acquired valvular heart disease (VHD)], (F) stroke, and (G) vascular cognitive
impairment (VCI). Refer to Supplemental Table S2 for corresponding summary of the percent change in age- and sex-speciﬁc hospitalization rates
between 2007 and 2016. Refer to Supplemental Table S1 for International Classiﬁcation of Diseases, 10th revision diagnostic codes included in
analyses. Quebec data were not accessible for this study. Each year corresponds to a ﬁscal period beginning April 1 and ending March 31 (for
example, the year 2007 includes data from April 1, 2007 to March 31, 2008). yrs, years.

rhythm disorders, and stroke, and an increase for structural
heart disease (congenital heart disease and acquired valvular
heart disease), and VCI.
The relative decrease in standardized hospitalization rates
observed for coronary artery and vascular disease, heart failure,
heart rhythm disorders, and stroke is consistent with the
global trend of declining cardiovascular26,27 and cerebrovascular28 mortality in high-income countries. Contributing
factors to this include improvements in treatment and reductions in some medical (eg, hypertension and cholesterol
levels) and lifestyle risk factors (eg, smoking, poor diet, and
physical inactivity) in Canada.29-32 The rates of other significant risk factors such as type 2 diabetes mellitus and overweight/obesity continue to increase in Canada.30 Increased
adoption of outpatient percutaneous coronary intervention is
another probable contributing factor to the relative decrease in
the standardized hospitalization rate for coronary artery and
vascular disease.33 Such instances where percutaneous coronary intervention is performed and managed in the ambulatory setting would not be captured by the DAD data set used
in this study. Similarly, increased adoption of multidisciplinary outpatient management of heart rhythm disorders34,35
and heart failure,36 along with specialized stroke prevention
clinics37 might contribute to declining associated hospitalization rates.
Canada’s population is aging38 and life expectancy in
Canada increased from 78 to 80 and 83 to 84 years of age
between 2006 and 2016 for men and women, respectively.39

In 2018, the proportion of the population 65 years of age and
older was greater than the proportion 14 years of age and
younger.38 The effect of an aging population is reﬂected in the
sizeable percent increase (þ57.5%) in the crude number of
hospitalizations we observed for VCI between the years 2007
and 2016. This is consistent with models predicting a signiﬁcant increase in the prevalence of dementia in the next 10
years in Canada.40 Moreover, the percent increase in hospitalization rate for VCI in individuals 80 years of age and older
was 38.1% and 33.0% for men and women, respectively,
between 2007 and 2016. There was a 19.5% decrease in the
standardized hospitalization rate for atrial ﬁbrillation between
2007 and 2016 (Supplemental Table S4 and Supplemental
Fig. S1). The hospitalization rate for atrial ﬁbrillation
decreased over time for all adult (20 years of age and older) age
groups, regardless of sex. Coupled with recent populationbased studies, which indicate increasing prevalence and relatively stable incidence of atrial ﬁbrillation because of an aging
general population,41 our ﬁndings suggest that this arrhythmia
is being managed primarily in an outpatient setting, such as in
specialized clinics.35
The relative increase in hospitalization rate for congenital
heart disease was greatest for the oldest age groups (60-79 and
80 years of age and older) which is consistent with recent
trends in hospitalizations reported in Canada16 as well as with
Canadian prevalence and mortality data showing signiﬁcant
increases in the survival of congenital heart disease patients to
adulthood because of treatment advances.42,43 The prevalence
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of acquired valvular heart disease is known to increase with age
because of the degenerative etiology of most cases in industrialized countries.44,45 Moreover, the increasing uptake of
recently developed catheter-based replacement/intervention
procedures for valvular heart disease commonly found in aging
patients (eg, aortic stenosis, mitral regurgitation) currently
necessitate hospitalization.46,47 Consistent with this epidemiological trend and the effect of an aging population, the
percent increase in the rate of hospitalization for acquired
valvular heart disease in individuals 80 years of age and older
was 104.6% and 85.9% for men and women, respectively,
between 2007 and 2016.
We found that some diseases are affecting the population
at earlier life stages than they were 10 years ago. For instance,
although the overall percent decrease in hospitalization rate for
heart failure was 2.4% over the decade, younger age groups
showed marked relative increases in heart failure hospitalization, consistent with trends reported in a recent study on
health care utilization in Alberta.19 In our cohort, the percent
increase in heart failure hospitalization rates within the 20- to
39-year-old age group was þ55.5% for men and þ25.1% for
women, and among the 40- to 59-year-old age group
was þ17.2% for men and þ11.1% for women between 2007
and 2016. The percent increase in hospitalization rates for
acquired valvular heart disease was more pronounced for
women (þ65.7%) than men (þ15.9%) aged 20-39 years.
Notably, women aged 20-39 years were the only adult age
group that did not yield a statistically signiﬁcant percent
decrease in hospitalization rate for coronary artery and
vascular disease between 2007 and 2016. Further analyses are
needed to determine which speciﬁc diagnoses are contributing
most to hospitalizations of women in this age group.
Certainly, an increasing awareness of acute coronary syndromes more commonly seen in younger women such as
spontaneous coronary artery disease and myocardial infarction
with no obstructive coronary arteries, as well as an alarming
increase in obesity and metabolic-related cardiovascular risk
factors might be contributing factors.48 There was a 25%
relative increase in the stroke hospitalization rate for women
aged 20-39 years between 2007 and 2016. This was not true
for men of the same age group, who showed a statistically
nonsigniﬁcant relative decrease in stroke hospitalization rate.
This likely reﬂects the increase in stroke risk during pregnancy, which is approximately 3 times higher than the risk of
stroke in young adults.49 Overall, there were relative increases
in hospitalization rates for stroke in men and women aged 4059 years (9.3% and 19.7%, respectively) between 2007 and
2016, and relative decreases for those aged 60 years and older.
This is consistent with recent Canadian trends reported by
Kamal et al.15
There was notable provincial/territorial variation in standardized hospitalization rates. Examination of percent changes
in standardized hospitalization rates between 2007 and 2016
revealed that hospitalization rates for heart failure signiﬁcantly
decreased for all regions except Alberta, British Columbia, and
the Northwest Territories, Yukon, and Nunavut, where relative increases were observed. For stroke, a statistically signiﬁcant relative increase in hospitalization rate was shown for
British Columbia, consistent with trends in provincial hospitalizations reported by Kamal et al.15 In 2016, PEI as well as
the Northwest Territories, Yukon, and Nunavut combined
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had the 2 lowest rates of hospitalization for cardiovascular
disease (all diagnostic codes for coronary artery and vascular
disease, heart failure, heart rhythm disorders, and structural
heart disease listed in Supplemental Table S1). This could
potentially be explained by out-of-province hospitalizationsdPEI and the territories have the highest percentages
of patients hospitalized in neighbouring provinces, resulting in
lower rates of hospitalizations per capita.50 Resource limitations of smaller provinces or territories necessitate the transfer
of patients to neighbouring provinces to access services (eg,
cardiac catheterization laboratory) for acute in-patient procedural performance and care.
Limitations
This study has several limitations. First, hospital administrative data are subject to variation in the consistency and
accuracy of coding of the MRDx25,51 and they are contingent
on the accuracy of patient records and diagnoses made by the
responsible physicians. Second, data from Quebec were not
accessible, and as a result the hospitalization data are incomplete and do not reﬂect the inﬂuence of the second largest
province in Canada, which had a population of more than 8
million people in 2016 and accounted for 23% of the total
population of Canada.52 Third, changes in patients’ interactions with primary care, ambulatory care, rehabilitation,
and community-based care were not accounted for because
they were not within the scope of the current study. Some of
the decreases in standardized rates of hospitalizations are
reﬂective of better prevention and changes in how the health
of patients living with the effects of cardiovascular disease,
stroke, and VCI are managed in the community. For example,
a large proportion of patients with transient ischemic attack
(unpublished data analyzed by HSFC) or minor ischemic
stroke53 are provided care in an ambulatory setting and were
not captured by the DAD data set used in this study. Last, it is
important to recognize the potential effect of the evolving
diagnostic understanding of disease on diagnostic code usage
over time. For example, with the expanded use of brain imaging, diagnostic clarity has improved for VCI, likely resulting
in an observed increase in hospitalization rates.
Conclusions
Between 2007 and 2016, there was an overall decrease in
standardized hospitalization rates for coronary artery and
vascular disease, heart failure, heart rhythm disorders, and
stroke, and an increase in hospitalization rates for structural
heart disease (congenital heart disease and acquired valvular
heart disease) and VCI in Canada. Our ﬁndings provide
important insight into changing patterns of inpatient health
care utilization, including sex, age, and provincial/territorialspeciﬁc observations, and are a ﬁrst step in developing data
to inform health care policy, prevention strategy, and system
planning. Notably, heart failure, acquired valvular heart disease, and stroke are affecting the population at earlier life
stages than they were 10 years ago, especially for women.
Future analyses will focus on elucidating the interconnections
among these diseases that span the heart-brain vascular axis
and the effect on hospitalizationsdpatients admitted to hospital with cardiovascular disease and then readmitted for
stroke or VCI and vice versa.
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Figure 4. Provincial/territorial variation in 2016 standardized hospitalization rates. Heat map illustrating provincial/territorial variation in age- and
sex-standardized hospitalization rates for the 2016-2017 ﬁscal year with diagnoses grouped into 3 broader disease cohorts for ease of visualization: (A) cardiovascular disease, (B) stroke, and (C) vascular cognitive impairment (VCI). Darker shades of red correspond to higher rates of
hospitalization. Grey refers to no accessible data (ie, Quebec). Data from the Northwest Territories, Nunavut, and Yukon were aggregated, and the
rates presented correspond to the 3 areas as a whole. Data rounded to the nearest integer. The 2016-2017 ﬁscal year includes data from April 1,
2016 to March 31, 2017. Refer to Supplemental Table S1 for International Classiﬁcation of Diseases, 10th revision diagnostic codes included in
analyses. The cardiovascular disease cohort included all diagnostic codes for coronary artery and vascular disease, heart failure, heart rhythm
disorders, and structural heart disease (congenital heart disease and acquired valvular heart disease) listed in Supplemental Table S1.
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