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ABSTRACT
Objectives  To examine the temporal trends in mortality 
and heart failure (HF) hospitalisation in ambulatory patients 
following a new diagnosis of HF.
Design  Retrospective cohort study
Setting  Outpatient
Participants  Ontario residents who were diagnosed with 
HF in an outpatient setting between 1994 and 2013.
Primary and secondary outcome measures  The 
primary outcome was all-cause mortality within 1 
year of diagnosis and the secondary outcome was HF 
hospitalisation within 1 year. Risks of mortality and 
hospitalisation were calculated using the Kaplan-Meier 
method and the relative hazard of death was assessed 
using multivariable Cox proportional hazard models.
Results  A total of 352 329 patients were studied (50% 
female). During the study period, there was a greater 
decline in age standardised 1-year mortality rates (AMR) in 
men (33%) than in women (19%). Specifically, female AMR 
at 1 year was 10.4% (95% CI 9.1% to 12.0%) in 1994 
and 8.5% (95% CI 7.5% to 9.5%) in 2013, and male AMR 
at 1 year was 12.3% (95% CI 11.1% to 13.7%) in 1994 
and 8.3% (95% CI 7.5% to 9.1%) in 2013. Conversely, 
age standardised HF hospitalisation rates declined in men 
(11.4% (95% CI 10.1% to 12.9%) in 1994 and 9.1% (95% 
CI 8.2% to 10.1%) in 2013) but remained unchanged in 
women (9.7% (95% CI 8.3% to 11.3%) in 1994 and 9.8% 
(95% CI 8.6% to 11.0%) in 2013).
Conclusion  Among patients with HF over a 20-year 
period, there was a greater improvement in the prognosis 
of men compared with women. Further research should 
focus on the determinants of this disparity and ways to 
reduce this gap in outcomes.

INTRODUCTION
Heart failure (HF) is a significant cause of 
morbidity and mortality for both women 
and men.1 2 Despite the current era of 
guideline directed medical therapy, HF 
continues to be a leading cause of admis-
sion to hospital. It is associated with a poor 

prognosis and contributes to 35% of cardio-
vascular mortality in women.3 Despite this, 
HF remains poorly understood in women, 
and women continue to be underrepre-
sented in HF clinical trials.4 The underlying 
mechanism of HF is often different in women 
and men, with women suffering more often 
from HF of a hypertensive rather than isch-
aemic aetiology.5 6 Important trends in the 
incidence and outcomes of hospitalised HF 
patients have been recently published7 8; these 
studies suggest that the incidence of HF has 
declined in many inpatient cohorts, however, 
the prognosis of this disease remains poor. 
An in-depth understanding of the temporal 
trends in HF incidence and outcomes is also 
needed in the ambulatory setting, where 
the majority of HF cases are diagnosed and 
managed. Also, given the sex differences in 
comorbidities and outcomes in HF, it is not 
known if these temporal changes are modi-
fied by sex. We, therefore, examined the sex 
differences in HF comorbidities, incidence, 
mortality and hospitalisation in a population-
based ambulatory cohort from fiscal years 
1994 to 2013.

Strengths and limitations of this study

►► First and largest population-based study to examine 
temporal, sex-specific trends in heart failure (HF) 
outcomes in an ambulatory setting.

►► The nature of our publicly funded healthcare system 
allowed for analysis of all patients diagnosed with 
HF in Ontario without selection bias.

►► Information on ejection fraction was not available in 
the databases used.
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METHODS
Design and study population
We conducted a population-based, retrospective cohort 
study of Ontario residents who were diagnosed with HF in 
an outpatient setting over a 20-year period, using linked 
administrative databases.

Included were adult patients ≥40 years of age, who 
were newly diagnosed with HF in an ambulatory setting 
between 1 April 1994 and 31 March 2014. We excluded 
non-Ontario residents, those who were ≥105 years of age 
on the date of HF diagnosis, those who were diagnosed 
with HF in an inpatient setting and in whom HF had 
developed as a postadmission complication. Ontario is 
Canada’s most populous and ethnically diverse province 
with a public funded healthcare system that reimburses 
all medically necessary physician and hospital services.

Patient and public involvement
Patients and the public were not involved in the design 
and conception of this study. However, the results will be 
publicly disseminated.

Data sources
Databases were linked deterministically using unique 
encoded identifiers. Ambulatory incident HF cases were 
identified using the Institute for Clinical Evaluative 
Sciences Congestive HF database, based on two outpa-
tient billing claims for HF within 1 year. This algorithm 
was validated in primary care patient records and shown 
to have 85% sensitivity and 97% specificity in identifying 
HF events.9 The congestive HF database allowed us to 
study a validated cohort of HF patients with consistent 
entry criteria over time. Our analyses were conducted by 
linking the Congestive HF database with the Registered 
Persons Database, which contains demographic and vital 
statistics information, the Canadian Institute for Health 
Information Discharge Abstract Database, which contains 

data on all hospitalisations and comorbidities, and Same 
Day Surgery database for comorbidities. Physician fee-for-
service claims data were obtained from the Ontario Health 
Insurance Plan database. While lacking physiologic and 
laboratory measures, these databases have been validated 
for many outcomes, exposures and comorbidities.10–13

Outcome
The primary outcome was all-cause mortality within 1 
year of HF diagnosis. Mortality was ascertained by using 
the Registered Persons Database. Secondary outcome was 
HF hospitalisation within 1 year of HF diagnosis, which 
was ascertained using the Discharge Abstract Database.

Covariates
Demographic variables were obtained from the Regis-
tered Persons Database. We estimated socioeconomic 
status based on patients’ neighbourhood median income 
in the Canadian census, and determined rural versus 
urban residence using Statistics Canada definitions.14 We 
identified hypertension,10 asthma,15 chronic obstructive 
pulmonary disease (COPD)16 and diabetes mellitus12 
using validated algorithms applied on patient encoun-
ters within 5 years of HF diagnosis. Other comorbidities 
were identified using Discharge Abstract Database, Same 
Day Surgery and Ontario Health Insurance Plan data-
bases based on International Classification of Diseases 
10th Revision codes within 5 years of HF diagnosis, using 
previously described methods.17–29 Frailty was identified 
using the Johns Hopkins Adjusted Clinical Groups frailty-
defining diagnoses indicator, which is an instrument 
designed and validated for research of frailty-related 
outcomes and resource utilisation using administrative 
data.25 28 30–34

Statistical analysis
Analyses were stratified by sex. Continuous variables 
were expressed as mean (SD) and categorical variables 
as number (proportion). Mortality was assessed at 1-year 
post-HF diagnosis. Survival time was defined as the date 
of HF diagnosis until date of death or last follow-up. 
Patients were censored when they lost possession of a valid 
Ontario health insurance number for two consecutive 
eligibility quarters (ie, have left the province of Ontario). 
Probability of death within given durations of follow-up 
were calculated using the Kaplan-Meier method, with 
the significance of the difference between sexes assessed 
using the log-rank test. We estimated the cumulative inci-
dence of HF hospitalisations using cumulative incidence 
functions, which treated death as a competing risk. We 
constructed age standardised plots of HF incidence, 
1-year mortality and HF hospitalisation in men and 
women over the 20-year period. These rates were directly 
standardised by age using the 1991 Canadian population 
aged ≥40 years as the reference population.

We used linear regression with fiscal year as the inde-
pendent variable to assess for temporal changes in HF 
incidence and outcomes in women and men across the 

Figure 1  Sex-specific temporal trends in the incidence of 
heart failure in Ontario from 1 April 1994 to 31 March 2014. 
Incidence rates were directly standardised by age and 
expressed per 100 000. The solid line represents incidence 
trends in women. The dotted line represents incidence trends 
in men.
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20-year period. To examine the temporal changes in 
comorbidities, we divided the 20-year period into four 
temporal cohorts: those diagnosed with HF between 1 
April 1994 and 31 March 1999 (the historical cohort), 
between 1 April 1999 and 31 March 2004, between 1 April 
2004 and 31 March 2009 and between 1 April 2009 and 31 
March 2014 (the modern cohort). The hazard of death 
in the historical cohort and the modern cohort were 
assessed using Cox proportional hazard models with and 
without multivariable adjustment. To justify sex-specific 
analyses, we also tested for the presence of any interac-
tion between sex and each of the mortality risk factors in 

these two cohorts using multiplicative interaction terms. 
The measure of association was HRs with 95% CI. Anal-
yses were performed using SAS V.9.4 (SAS Institute), with 
statistical significance defined by a two-sided p<0.05.

RESULTS
Over a 20-year period in Ontario, a total of 352 329 
patients were diagnosed with HF in an ambulatory setting 
(50% women). There were 91 583 incident HF cases in 
the historical cohort (52% women) and 90 707 in the 
modern cohort (47% women). Throughout the study 
period, women with HF were more likely to be older, 
more frail, of lower income status, have comorbid condi-
tions such as hypertension, hypothyroidism, anaemia, 
dementia and depression, but were less likely to have 
myocardial infarction (MI), peripheral arterial disease, 
diabetes and alcohol abuse compared with men (table 1). 
Compared with the historical cohort, modern HF patients 
were less likely to have peripheral and cerebral vascular 
disease, psychosis, paraplegia and venous thromboem-
bolic disease; but more likely to be urban dwellers, have 
hypertension, atrial fibrillation, MI, valvular heart disease, 
pulmonary circulatory disorder, COPD/asthma, alcohol 
abuse, renal disease and are increasingly frail.

Trends in HF incidence
During the historical period (1994–1998), a total of 47 
676 (0.36%) incident HF cases were identified in women 
and 43 907 (0.36%) in men. During the modern era 
(2009–2013), 42 746 (0.24%) incident cases were identi-
fied in women and 47 961 (0.29%) in men. Although the 
incidence of HF declined in both sexes over the 20-year 
period (linear regression slope, −0.031; p<0.0001 in 
women and −0.025; p<0.0001 in men), it remained higher 
in men than in women (figure 1). Age-standardised inci-
dence for women decreased from 369.0 (95% CI 361.7 to 

Figure 2  (A) Stacked Kaplan-Meier curves representing 
temporal trends in 1-year survival after heart failure diagnosis 
in men. The red line represents survival in the historical 
cohort (1994–1998). The blue line represents survival in the 
1999–2003 cohort. The orange line represents survival in 
the 2004–2008 cohort. The green line represents survival in 
the modern cohort (2009–2013). (B) Stacked Kaplan-Meier 
curves representing temporal trends in 1-year survival after 
heart failure diagnosis in women. The red line represents 
survival in the historical cohort (1994–1998). The blue line 
represents survival in the 1999–2003 cohort. The orange line 
represents survival in the 2004–2008 cohort. The green line 
represents survival in the modern cohort (2009–2013).

Figure 3  Sex-specific temporal trends in mortality within 
1-year of ambulatory heart failure diagnosis. Mortality rates 
were directly standardised by age and expressed per 1000. 
The solid line represents mortality trends in women. The 
dotted line represents mortality trends in men.



5Sun LY, et al. BMJ Open 2020;10:e044126. doi:10.1136/bmjopen-2020-044126

Open access

376.3) per 100 000 population in 1994 to 205.8 (201.4–
210.3) in 2013. For men, HF incidence decreased from 
480.6 (470.6–490.9) per 100 000 in 1994 to 312.8 (306.8–
318.9) in 2013 (online supplemental table 1).

Trends in mortality
One-year mortality occurred in 8319 (17.5%) women 
and 8238 (18.8%) men during the historical period; 
it occurred in 7156 (16.8%) women and 7138 (14.9%) 
men during the modern period (online supplemental 
table 2). These survival patterns are reinforced by the 
Kaplan-Meier survival curves in figure  2, as well as the 
stacked Kaplan-Meier curves in figure  3 that demon-
strate an improvement in male survival (linear regression 
slope, −0.020; p<0.0001) but relatively little change in 
female survival over time (linear regression slope, −0.010; 

p=0.001). Age-standardised 1-year mortality rates (AMR) 
also declined in both sexes but the magnitude of reduc-
tion was greater in men than in women. Men had higher 
AMR than women at most time points prior to 2009 
(figure 4). Specifically, the female AMR was 10.4% (95% 
CI 9.1% to 12.0%) in 1994 and 8.5% (95% CI 7.5% to 
9.5%) in 2013, representing a 19% reduction. Conversely, 
male AMR was 12.3% (95% CI 11.1% to 13.7%) in 1994 
and 8.3% (95% CI 7.5% to 9.1%) in 2013, representing a 
33% reduction (online supplemental table 3).

In the unadjusted analysis, female sex was protective 
against 1-year mortality in the historical cohort (unad-
justed HR 0.93, 95% CI 0.90 to 0.95) but was associated 
with a higher risk of mortality (unadjusted HR 1.14, 95% 
CI 1.10 to 1.18) in the modern cohort. Adjusted analysis 

Figure 4  Kaplan-Meier curves representing temporal trends in 1-year survival after heart failure diagnosis, in each of the 5- 
year cohorts. The red line represents survival in men. The blue line represents survival in women.

https://dx.doi.org/10.1136/bmjopen-2020-044126
https://dx.doi.org/10.1136/bmjopen-2020-044126
https://dx.doi.org/10.1136/bmjopen-2020-044126
https://dx.doi.org/10.1136/bmjopen-2020-044126
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demonstrated that the protective effect conferred by 
female sex had diminished over time (adjusted HR 0.85, 
95% CI 0.82 to 0.88 in the historical and 0.97, 95% CI 
0.93 to 1.00 in the modern cohort).

Table  2 lists the multivariable predictors of 1-year 
mortality in the modern cohort. Compared with the 
historical cohort, the mortality risk associated with age >75 
years, liver disease, dementia and venous thromboembo-
lism had increased while the risk associated with male sex, 

complicated hypertension, diabetes, renal disease and 
pulmonary circulatory disease had diminished. Of note, 
alcohol abuse and venous thromboembolism emerged as 
new mortality risk factors while urban residence and MI 
were no longer risk factors.

Sex-specific mortality risk factors have evolved over 
time. Tables  3 and 4 illustrate the sex-specific HRs in 
the historical and modern cohorts, respectively. In the 
modern cohort, low income was associated with a higher 

Table 2  Evolution of multivariable risk factors of 1-year mortality over time

Adjusted HR (95% CI)

Variable 1994–1998 1999–2003 2004–2008 2009–2013

Age category

 � 40–64 years Reference Reference Reference Reference

 � 65–74 years 1.56 (1.47 to 1.65) 1.64 (1.53 to 1.74) 1.66 (1.56 to 1.77) 1.54 (1.44 to 1.64)

 � 75–84 years 2.26 (2.14 to 2.39) 2.36 (2.23 to 2.5) 2.48 (2.34 to 2.63) 2.58 (2.43 to 2.73)

 � >85 years 3.68 (3.48 to 3.90) 4.25 (4.00 to 4.51) 4.57 (4.31 to 4.85) 4.89 (4.62 to 5.18)

Female 0.85 (0.82 to 0.88) 0.89 (0.86 to 0.92) 0.91 (0.88 to 0.94) 0.97 (0.93 to 1.00)

Rural 0.94 (0.90 to 0.98) 1.00 (0.96 to 1.05) 0.99 (0.95 to 1.04) 1.01 (0.96 to 1.06)

Income quintile

 � 1 (low) 1.06 (1.01 to 1.11) 1.08 (1.03 to 1.14) 1.12 (1.06 to 1.18) 1.08 (1.02 to 1.14)

 � 2 1.03 (0.98 to 1.08) 1.04 (0.99 to 1.09) 1.04 (0.99 to 1.10) 1.04 (0.98 to 1.09)

 � 3 1.06 (1.01 to 1.11) 1.03 (0.98 to 1.09) 1.04 (0.98 to 1.10) 0.99 (0.94 to 1.04)

 � 4 1.02 (0.97 to 1.08) 0.99 (0.94 to 1.05) 1.08 (1.03 to 1.14) 1.01 (0.95 to 1.06)

 � 5 (high) Reference Reference Reference Reference

Benign hypertension 0.76 (0.74 to 0.79) 0.74 (0.72 to 0.77) 0.73 (0.70 to 0.76) 0.78 (0.75 to 0.81)

Complicated hypertension 0.93 (0.86 to 1.00) 0.95 (0.88 to 1.02) 0.87 (0.82 to 0.93) 0.77 (0.73 to 0.81)

Atrial fibrillation 0.89 (0.85 to 0.94) 0.92 (0.88 to 0.96) 0.96 (0.92 to 1.01) 0.99 (0.95 to 1.04)

Myocardial infarction 1.12 (1.06 to 1.18) 0.99 (0.94 to 1.05) 1.02 (0.97 to 1.06) 0.98 (0.94 to 1.03)

Valvular disease 1.00 (0.92 to 1.08) 0.98 (0.91 to 1.06) 0.97 (0.90 to 1.05) 0.93 (0.86 to 1.00)

Peripheral arterial disease 1.22 (1.16 to 1.29) 1.2 (1.14 to 1.27) 1.28 (1.20 to 1.37) 1.34 (1.24 to 1.44)

Cerebrovascular disease 1.29 (1.23 to 1.35) 1.25 (1.19 to 1.32) 1.23 (1.16 to 1.30) 1.20 (1.13 to 1.28)

Pulmonary circulatory disease 1.67 (1.43 to 1.96) 1.73 (1.52 to 1.97) 1.54 (1.38 to 1.71) 1.24 (1.12 to 1.37)

COPD/asthma 1.15 (1.12 to 1.19) 1.18 (1.14 to 1.22) 1.21 (1.17 to 1.25) 1.17 (1.13 to 1.21)

Alcohol abuse 1.16 (0.97 to 1.38) 1.34 (1.16 to 1.55) 1.51 (1.34 to 1.70) 1.62 (1.45 to 1.82)

Renal disease 2.04 (1.90 to 2.18) 1.86 (1.74 to 1.98) 1.73 (1.63 to 1.84) 1.67 (1.58 to 1.77)

Diabetes 1.25 (1.21 to 1.30) 1.19 (1.15 to 1.24) 1.13 (1.09 to 1.17) 1.13 (1.10 to 1.17)

Hypothyroidism 0.99 (0.91 to 1.07) 1.01 (0.93 to 1.09) 1.03 (0.93 to 1.13) 1.06 (0.96 to 1.17)

Liver disease 1.90 (1.72 to 2.10) 1.86 (1.68 to 2.06) 1.99 (1.79 to 2.21) 2.34 (2.12 to 2.59)

Dementia 1.74 (1.63 to 1.85) 1.97 (1.86 to 2.09) 2.03 (1.91 to 2.16) 1.96 (1.84 to 2.09)

Depression 1.15 (1.07 to 1.25) 1.18 (1.09 to 1.28) 1.19 (1.09 to 1.30) 1.16 (1.06 to 1.28)

Psychosis 1.29 (1.20 to 1.38) 1.36 (1.26 to 1.46) 1.14 (0.99 to 1.31) 1.43 (1.17 to 1.76)

Primary tumour 1.56 (1.49 to 1.64) 1.69 (1.60 to 1.77) 1.61 (1.53 to 1.70) 1.64 (1.56 to 1.73)

Metastatic malignancy 3.47 (3.22 to 3.74) 3.59 (3.33 to 3.87) 3.14 (2.90 to 3.41) 3.42 (3.17 to 3.70)

Paraplegia 1.36 (1.24 to 1.50) 1.33 (1.21 to 1.46) 1.52 (1.35 to 1.70) 1.53 (1.35 to 1.75)

Venous thromboemoblism 1.07 (0.98 to 1.17) 1.18 (1.07 to 1.30) 1.16 (1.03 to 1.31) 1.40 (1.24 to 1.58)

Risk factors that have changed in magnitude between the historical (1994–1998) and modern (2009–2013) times are indicated in bold.
COPD, chronic obstructive pulmonary disease.
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risk of mortality in men but not in women. Conversely, MI 
had a mild protective effect on men but not in women. 
In addition, women with peripheral arterial disease had 
a higher risk of death while men with COPD/asthma, 
dementia, primary and metastatic malignancies had a 
higher risk of mortality than women with similar comor-
bidities. Compared with the historical cohort, most sex-
specific risk factors have evolved over time, with the 
exception of COPD/asthma.

Trends in HF hospitalisation
HF hospitalisations occurred in 5271 (13.4%) women 
and 5169 (14.4%) men within 1 year of HF diagnosis in 
the historical cohort. During the modern period, there 

were 5420 (15.6%) HF hospitalisations in women and 
5503 (13.8%) hospitalisations in men. Age-standardised 
HF hospitalisation rates declined in men (linear regres-
sion slope, −0.010; p=0.0002) but remained unchanged in 
women (linear regression slope, −0.005; p=0.11) during 
the 20-year period (online supplemental figure 1 and 
table 4). Specifically, male age-standardised HF hospital-
isation rates were 11.4% (95% CI 10.1% to 12.9%) in 1994 
and 9.1% (95% CI 8.2% to 10.1%) in 2013. Female rates 
were 9.7% (95% CI 8.3% to 11.3%) in 1994 and 9.8% 
(95% CI 8.6% to 11.0%) in 2013.The temporal trends in 
the cumulative incidence of HF hospitalisations are illus-
trated in (online supplemental figure 2).

Table 3  Sex-specific risk factors of 1-year mortality in the historical cohort (1994–1998)

Variable Women Men Multiplicative interaction

  HR (95% CI) HR (95% CI) P value*

Age category

 � 40–64 years Reference Reference 0.004

 � 65–74 years 1.45 (1.32 to 1.59) 1.63 (1.51 to 1.75)

 � 75–84 years 2.06 (1.89 to 2.24) 2.42 (2.25 to 2.60)

 � >85 years 3.53 (3.24 to 3.85) 3.70 (3.41 to 4.00)

Benign hypertension 0.70 (0.67 to 0.73) 0.82 (0.79 to 0.86) <0.001

Myocardial infarction 1.26 (1.16 to 1.36) 1.02 (0.95 to 1.10) <0.001

COPD/asthma 1.10 (1.05 to 1.16) 1.20 (1.15 to 1.25) 0.01

Renal disease 2.26 (2.04 to 2.50) 1.90 (1.74 to 2.07) 0.01

Diabetes 1.31 (1.25 to 1.38) 1.20 (1.14 to 1.26) 0.01

*Multiplicative interaction terms were formed by multiplying sex by each of the covariates in the multivariable Cox proportional hazard model 
for 1-year mortality. Only significant interaction terms (ie, ones demonstrating sex-specific risk factors) were reported in this table.
COPD, chronic obstructive pulmonary disease.

Table 4  Sex-specific risk factors of 1-year mortality in the modern cohort (2009–2013)

Variable Women Men Multiplicative interaction

  HR (95% CI) HR (95% CI) P value*

Income quintile

 � 1 (low) 1.02 (0.94 to 1.09) 1.15 (1.06 to 1.23) 0.001

 � 2 0.97 (0.90 to 1.05) 1.10 (1.02 to 1.18)

 � 3 0.99 (0.92 to 1.07) 0.98 (0.91 to 1.06)

 � 4 1.01 (0.93 to 1.09) 1.01 (0.93 to 1.08)

 � 5 (high) Reference Reference

Myocardial infarction 1.05 (0.98 to 1.12) 0.94 (0.89 to 1.00) 0.02

Peripheral arterial disease 1.48 (1.32 to 1.66) 1.25 (1.14 to 1.37) 0.02

COPD/asthma 1.12 (1.07 to 1.17) 1.23 (1.17 to 1.29) 0.005

Dementia 1.87 (1.72 to 2.02) 2.10 (1.92 to 2.30) 0.05

Primary tumour 1.44 (1.34 to 1.56) 1.79 (1.68 to 1.91) <0.001

Metastatic malignancy 3.05 (2.75 to 3.38) 3.85 (3.49 to 4.26) <0.001

ed in this table.
*Multiplicative interaction terms were formed by multiplying sex by each of the covariates in the multivariable Cox proportional hazard model 
for 1-year mortality. Only significant interaction terms (ie, ones demonstrating sex-specific risk factors) were reported in this table.
COPD, chronic obstructive pulmonary disease.

https://dx.doi.org/10.1136/bmjopen-2020-044126
https://dx.doi.org/10.1136/bmjopen-2020-044126
https://dx.doi.org/10.1136/bmjopen-2020-044126
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DISCUSSION
This population-based study evaluated 352 329 individ-
uals with a first-time diagnosis of HF from 1994 to 2013 
in the ambulatory care setting. There are four main find-
ings reported in this study: (1) HF mortality declined over 
time, (2) The reduction in mortality is greater in men 
than in women, (3) Rates of hospitalisation decreased for 
men but remained unchanged for women and (4) The 
incidence and significance of comorbidities associated 
with HF have changed over time, and suggest that women 
continue to experience a greater burden of comorbid 
disease when compared with men.

Trends in HF incidence and mortality
Population-based temporal trends in HF incidence and 
mortality have been previously reported across many 
cohorts, however, many of these studies have been limited 
to patients hospitalised with a diagnosis of HF or have not 
provided detailed, sex-stratified analyses. Temporal trends in 
the incidence and survival of HF patients were first reported 
by the Framingham group over a 50 year period from 1950 
to 1999.35 These authors reported that the incidence of HF 
had declined in women but not men, with improving survival 
in both sexes.35 This pivotal study was followed by findings 
from a community-based cohort of 4537 patients from 
1979 to 2000, which reported that although HF incidence 
remained unchanged for both sexes, mortality declined—
with greater survival gains in men than women.36 A recent 
study by our group demonstrated that among ambulatory 
Ontario residents from 2009 to 2013, the incidence of HF 
decreased more rapidly in men than women. At the same 
time, HF associated deaths and hospitalisations remain 
higher in women than men within a year of HF diagnosis.19 
The present study extends these findings by demonstrating 
a continued disproportionate decrease in HF mortality for 
men compared with women from 1994 to 2013. Our find-
ings corroborate with our previous study of HF incidence 
and 1-year mortality in rural and urban Eastern Ontario from 
1994 to 2013.24 They also corroborate the work of Tu et al7 
who used similar administrative databases to report on the 
HF incidence and mortality of Ontario patients≥20 years of 
age from 1997 to 2007. Tu et al evaluated both admitted and 
ambulatory HF patients and reported declines in HF inci-
dence over this time period, a finding that was most evident 
in the older cohorts.7 Sex stratified mortality rates were not 
reported in this study. A recent study from Denmark demon-
strated a decrease in HF incidence over time only in cohorts 
>50 years of age, but an increase in HF incidence in younger 
patients. Although detailed sex-specific outcomes were not 
provided, sex-stratified models showed similar trends in inci-
dence and mortality over time with men having a higher 
incidence overall.8

The present study extends these observations by 
providing detailed sex-specific data on mortality trends 
over time. Our findings suggest that in Ontario, 1-year 
mortality rates have decreased over the past 20 years. 
However, this mortality reduction was greatest for men, 
and observed to a lesser extent for women. This translates 

to the observation that women had better AMR than men 
in the first three temporal cohorts of this study (1994–
2008); however, in the most recent cohort (2009–2013) 
we observed mortality to be higher in women than men 
for the first time. The basis for this sex-based difference is 
unclear but may be explained in part by the observation 
that women are more likely than men to have a diagnosis 
of HF with preserved ejection fraction (HFpEF), a disease 
for which there remains no evidence-based therapies 
which can improve survival, in contrast to the significant 
advances in medical therapy for HF with reduced ejection 
fraction (HFrEF).37 In addition, female patients with HF 
have a higher comorbidity burden than their male coun-
terparts. Complex comorbid conditions, coupled with 
atypical presentation of cardiac disease in women, may 
also have lead to delays in diagnosis and differences in 
management or response to medical therapy.38 Further 
work is needed to determine whether the other sex-based 
differences in management, response to treatment or 
underlying pathophysiology remain to explain these sex-
based trends in HF mortality over time.

Trends in HF hospitalisation
Rates of hospitalisation for HF decreased only for men 
in this time period. This is consistent with recent reports 
of sex and race differences in hospitalisation trends over 
a similar time period.19 39 It is possible that this sex-based 
difference may be due to death being a competing risk 
for hospitalisation in men, such that men with HF may 
suffer earlier deaths whereas women with HF survive to 
an older age and are more likely to become hospitalised. 
Alternatively, it is possible that the rates of hospitalisa-
tion in men and women reflect the underlying HF type, 
since men are more likely to have HFrEF (for which there 
are several treatments known to improve outcomes and 
decrease hospitalisation) while women are more likely to 
have HFpEF (for which there are no substantial evidence-
based therapies). Nonetheless, the observed sex differ-
ences may also be attributed to the greater comorbidity 
burden in women, differences in social determinants of 
health or genetic or physiological differences that cannot 
be explained within the observational context of this 
study; all of these point to the need for further explora-
tion to determine the adverse trends for mortality and 
hospitalisation in women with a diagnosis of HF.

Trends in HF comorbidities
Sex-based differences in comorbidities have been previ-
ously reported in hospitalised patients; women with HF 
are older and more likely than men to have comorbid 
hypertension, renal failure, obesity and depression. Men 
with HF are more often smokers, and tend to have more 
ischaemic heart disease, COPD and HFrEF.40 Our study 
is the first to report on the relationship between sex 
and comorbidity in ambulatory HF patients over time. 
Compared with our historical cohort, our most recent 
cohort of patients demonstrates an overall increase in 
important comorbidities such as frailty, diabetes, renal 
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disease, MI, atrial fibrillation, COPD and hyperten-
sion. This has been observed in other population-based 
studies8 and speaks to the increased complexity of the 
patient with HF in the current era. The increased prev-
alence of these comorbidities over time was seen in both 
women and men. Certain comorbidities remained more 
common in women than in men in both the historical 
and recent cohorts; including depression, hypertension, 
advanced age, frailty, dementia and thyroid disease. Inter-
estingly, frailty, chronic pulmonary disease, and meta-
static cancer became more common in women than men 
in the recent cohort. Collectively these findings suggest 
that the comorbidity of the HF patient is increasing over 
time, and that women continue to experience a greater 
comorbidity burden than men. This observation may also 
explain in part the sex difference in mortality trends.

Important trends in the risk associated with these 
comorbidities were also observed. Hypertension 
conferred a greater protective effect in the modern era. 
This may actually reflect the known adverse prognosis 
associated with low blood pressure in HF.41 42 In addition, 
the risk associated with diabetes, renal disease and pulmo-
nary circulatory disease has decreased over time. In addi-
tion, MI was no longer a mortality risk factor in the recent 
cohort when compared with the historical cohort. These 
changes over time may be due to significant advances in 
the medical management of these comorbidities, which 
have influenced overall survival.

Sex-based differences in the risks associated with certain 
comorbidities were also observed. In the most recent 
cohort, MI had a mild protective effect in men but not 
in women. This may be due to a lower detection rate of 
ischaemic heart disease in women due to atypical presen-
tation,43 which leads to missed management and poorer 
outcomes. Ischaemic heart disease is a leading cause of 
HF in both sexes. When diagnosed with ischaemic heart 
disease, women are less likely than men to undergo 
cardiac catheterisation and revascularisation; whether 
this is wholly attributed to the increased microvascular 
disease in women is not well understood.44 In the most 
recent cohort, peripheral arterial disease was associated 
with a higher risk of mortality in women, while COPD, 
dementia and malignancy posed a greater risk of mortality 
in men. Whether these differences are clinically relevant, 
or help to explain the variability in mortality risk associ-
ated with HF, remains to be determined. There remains 
a significant knowledge gap on sex specific differences in 
epidemiology, pathophysiology, management and prog-
nosis of comorbidities related to HF.40 Such knowledge 
could determine if HF management should be targeted 
to specific sex-based comorbidities to improve outcomes 
and narrow the gap in mortality improvement between 
women and men.

Limitations and strengths
Our study has several limitations. First, cases of HF were 
identified in the ambulatory care setting based on the 
requirement of two claims for HF within 1 year. Although 

this method may have led to an underestimate of HF, it 
has been validated previously and shown to improve the 
specificity of our case selection.7 9 Second, our algorithm 
for ascertainment of HF is validated in patients who are 
40 years of age and older, thus limiting the generalis-
ability of our findings. Third, information on ejection 
fraction was not available in the databases used, which 
precluded analyses in subtypes of HF based on ventric-
ular function. Fourth, the diagnostic criteria for HFpEF 
have become more specific over time; whether this may 
influence incidence and prognosis cannot be determined 
from this study. Finally, cohort studies are by nature 
subjected to residual confounding. Despite these limita-
tions, our study is the first to address the epidemiology of 
HF in a validated cohort of ambulatory patients, and one 
of the first to report on detailed sex-based outcome and 
comorbidity differences within a large universal health-
care system, using the same entry criteria over a 20-year 
time period. The nature of our publicly funded health-
care system allowed for complete analysis of all Ontario 
HF patients, which minimised selection bias and greatly 
improved the generalisability of our findings.

CONCLUSIONS
Over a 20-year window, we found an overall reduction 
in all-cause mortality in the year following HF diagnosis. 
However, there was a much larger reduction of mortality 
in men than in women, and HF hospitalisation rates have 
decreased for men but remained unchanged in women. 
Specifically, mortality and hospitalisation rates were 
higher in men than women at the start of the study period 
and were similar between sexes towards the end of this 
period. Female patients with HF continue to experience 
a greater burden of comorbidities than male patients with 
HF in the modern era. Further research should focus on 
the determinants of this disparity such as sex differences 
in medical and device management, to better charac-
terise incidence and outcomes by HF type, and ways to 
reduce this gap in outcomes.
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