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ABSTRACT

Objectives: To examine the temporal trends in mortality and heart failure (HF) hospitalization 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
1994-2013.

Primary and Secondary Outcome Measures: The primary outcome was all-cause mortality
within one year of diagnosis and the secondary outcome was HF hospitalization within one year.
Risks of mortality and hospitalization 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 standardized one-year mortality rates (AMR) in men (33%) than in
women (19%). Specifically, female AMR at one-year was 104.4 (95% CI, 90.5-119.8) per 1000
in 1994 and 84.8 (75.2-95.3) in 2013, and male AMR at one-year was 123.0 (110.6-136.5) in
1994 and 83.0 (75.3-91.2) in 2013. Conversely, age standardized HF hospitalization rates
declined in men (114.2 [101.0-128.5] per 1000 person-years in 1994 and 91.1 [82.3-100.7] in
2013) but remained unchanged in women (97.4 [83.3-113.3] in 1994 and 97.6 [86.0-110.3] in
2013).

Conclusion: Among patients with HF over a 20-year period, there was a greater improvement in
the prognosis of men compared to women. Further research should focus on the determinants of

this disparity and ways to reduce this gap in outcomes.
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Strengths and Limitations:
- 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.

Key Words: heart failure, mortality, hospitalization, women, epidemiology, prognosis
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Introduction

Heart failure (HF) is a significant cause of morbidity and mortality for both women and
men 2, Despite the current era of guideline directed medical therapy, HF continues to be a
leading cause of admission to hospital. It is associated with a poor prognosis and contributes to
35% of cardiovascular mortality in women 3. Despite this, HF remains poorly understood in
women, and women continue to be underrepresented 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 ischemic etiology > ¢. Important trends in the incidence and
outcomes of hospitalized HF patients have been recently published 7-8; 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 co-morbidities and outcomes in HF, it is not known
if these temporal changes are modified by sex. We therefore examined the sex differences in HF
co-morbidities, incidence, mortality and hospitalization in a population-based ambulatory cohort

from fiscal years 1994 to 2013.
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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. The Research Ethics Board of Sunnybrook Health Sciences, Toronto,
Canada approved this study and waived the need for informed consent.

Included were adult patients > 40 years of age, who were newly diagnosed with HF in an
ambulatory setting between April 1, 1994 and March 31, 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 post-admission
complication. Ontario is Canada’s most populous and ethnically diverse province with a public
funded healthcare system that reimbursed all medically necessary physician and hospital services.
Patient and Public Involvement

Patients will be invited to participate in the dissemination of our findings.

Data Sources

Databases were linked deterministically using unique encoded identifiers. Ambulatory
incident HF cases were identified using the ICES Congestive Heart Failure database, based on 2
outpatient billing claims for HF within one year. This algorithm was validated in primary care
patient records and shown to have 85% sensitivity and 97% specificity in identifying HF events °.
The Congestive Heart Failure 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 Heart
Failure 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 hospitalizations and co-morbidities, and Same Day Surgery database
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insurance number for two consecutive eligibility quarters (i.e., 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 incidence of HF hospitalizations using cumulative incidence
functions (CIF), which treated death as a competing risk. We constructed age standardized plots
of HF incidence, one-year mortality and HF hospitalization in men and women over the 20-year
period. These rates were directly standardized by age using the 1991 Canadian population aged >
40 years as the reference population.

To examine the temporal changes in co-morbidities, we divided the 20-year period into 4
temporal cohorts: those diagnosed with HF between April 1, 1994 — March 31, 1999 (the
historical cohort), between April 1, 1999 — March 31, 2004, between April 1, 2004 — March 31,
2009 and between April 1, 2009 — March 31, 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 interaction between sex and each of the mortality risk factors in these two
cohorts using multiplicative interaction terms. The measure of association was hazard ratios (HR)
with 95% CI. Analyses were performed using SAS 9.4 (SAS Institute, Cary, NC), with statistical

significance defined by a two-sided P-value of < 0.05.
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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). In the modern cohort,
women with HF were more likely to be older, more frail, of lower income status, have co-morbid
conditions such as hypertension, hypothyroidism, anemia, dementia and depression, but were less
likely to have myocardial infarction (MI), peripheral arterial disease, diabetes and alcohol abuse
compared to men (Table 1). Compared to the historical cohort, modern HF patients were less
likely to have peripheral and cerebral vascular disease, psychosis, paraplegia and venous
thromboembolic 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 identified in women and 47,961 (0.29%) in men. Although
the incidence of HF declined in both sexes over the 20-year period, it remained higher in men
than in women (Figure 1). Age standardized incidence for women decreased from 369.0 (95% CI,
361.7-376.3) 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 (eTable 1).
Trends in Mortality

One-year mortality occurred in 8,319 (17.5%) women and 8,238 (18.8%) men during the

historical period; it occurred in 7,156 (16.8%) women and 7,138 (14.9%) men during the modern
8
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period (eTable 2). These survival patterns are reinforced by the Kaplan-Meier survival curves in
Figure 3, as well as the stacked Kaplan-Meier curves in Figure 4 that demonstrate an
improvement in male survival but little change in female survival over time. Age-standardized
one-year mortality rates (AMR) also declined in both sexes but the magnitude of reduction was
greater in men than in women. Men had higher AMR than women at most time points prior to
2009 (Figure 2). Specifically, the female AMR per 1000 was 104.4 (95% CI, 90.5-119.8) in 1994
and 84.8 (75.2-95.3) in 2013, representing a 19% reduction. Conversely, male AMR per 1000
was 123.0 (110.6-136.5) in 1994 and 83.0 (75.3-91.2) in 2013, representing a 33% reduction
(eTable 3).

In the unadjusted analysis, female sex was protective against one-year mortality in the
historical cohort (unadjusted HR 0.93, 95% CI 0.90-0.95) but was associated with a higher risk of
mortality (unadjusted HR 1.14, 95% CI 1.10-1.18) in the modern cohort. Adjusted analysis
demonstrated that the protective effect conferred by female sex had diminished over time
(adjusted HR 0.85, 95% CI 0.82-0.88 in the historical and 0.97, 95% CI 0.93-1.00 in the modern
cohort).

Table 2 lists the multivariable predictors of one-year mortality in the modern cohort.
Compared to the historical cohort, the mortality risk associated with age > 75 years, liver disease,
dementia and venous thromboembolism 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. Table 3a and 3b illustrate the
sex-specific HRs in the historical and modern cohorts, respectively. In the modern cohort, low

income was associated with a higher risk of mortality in men but not in women. Conversely, MI

9
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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 co-morbidities.
Compared to the historical cohort, most sex-specific risk factors have evolved over time, with the
exception of COPD/asthma.
Trends in HF Hospitalization

HF hospitalizations occurred in 5,271 (13.4%) women and 5,169 (14.4%) men within
one-year of HF diagnosis in the historical cohort. During the modern period, there were 5,420
(15.6%) HF hospitalizations in women and 5,503 (13.8%) hospitalizations in men. Age-
standardized HF hospitalization rates declined in men but remained unchanged in women during
the 20-year period (eFigure 1 and eTable 4). Specifically, male age-standardized HF
hospitalization rates were 114.2 (95% CI, 101.0-128.5) per 1000 person-years in 1994 and 91.1
(82.3-100.7) in 2013. Female rates were 97.4 (83.3-113.3) in 1994 and 97.6 (86.0-110.3) in
2013.The temporal trends in the cumulative incidence of HF hospitalizations are illustrated in

eFigure 2.

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

BMJ Open

Discussion

This population-based study evaluated 352,329 individuals with a first-time diagnosis of
HF from 1994-2013 in the ambulatory care setting. There are four main findings 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 hospitalization decreased for men but remained unchanged for women. 4)
The incidence and significance of co-morbidities associated with HF have changed over time,
and suggest that women continue to experience a greater burden of co-morbid disease when
compared to 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
hospitalized 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 1950-1999 33. These authors reported that the
incidence of HF had declined in women but not men, with improving survival in both sexes 3.
This pivotal study was followed by findings from a community-based cohort of 4537 patients
from 1979-2000, 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 amongst ambulatory Ontario residents from 2009-2013, the incidence of
heart failure decreased more rapidly in men than women. At the same time, heart failure
associated deaths and hospitalizations remain higher in women than men within a year of HF
diagnosis '°. The present study extends these findings by demonstrating a continued
disproportionate decrease in HF mortality for men compared to women from 1994-2013. Our

findings corroborate with our previous study of HF incidence and one-year mortality in rural and
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urban Eastern Ontario from 1994-2013 24, They also corroborate the work of Tu and colleagues 7
who used similar administrative databases to report on the HF incidence and mortality of Ontario
patients > 20 years of age from 1997-2007. Tu evaluated both admitted and ambulatory HF
patients and reported declines in HF incidence 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 demonstrated 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 incidence
and mortality over time with men having a higher incidence overall 3.

The present study extends these observations by providing detailed sex-specific data on
mortality trends over time. Our findings suggest that in Ontario, one-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 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) ¥7. In
addition, female HF patients have a higher co-morbidity burden than their male counterparts.
Complex co-morbid 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 3. Further work is needed to determine whether the other sex-based differences in
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management, response to treatment or underlying pathophysiology remain to explain these sex-
based trends in HF mortality over time.
Trends in HF hospitalization

Rates of hospitalization for HF decreased only for men in this time period. This is
consistent with recent reports of sex and race differences in hospitalization trends over a similar
time period %3, It is possible that this sex-based difference may be due to death being a
competing risk for hospitalization 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 hospitalized.
Alternatively, it is possible that the rates of hospitalization 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 hospitalization) while women are more
likely to have HFpEF (for which there are no substantial evidence-based therapies). Nonetheless,
the observed sex differences may also be attributed to the greater co-morbidity burden in women,
differences in social determinants of health, or genetic or physiologic differences that cannot be
explained within the observational context of this study; all of these point to the need for further
exploration to determine the adverse trends for mortality and hospitalization in women with a
diagnosis of HF.
Trends in HF Co-morbidities

Sex-based differences in co-morbidities have been previously reported in hospitalized
patients; women with HF are older and more likely than men to have co-morbid hypertension,
renal failure, obesity, and depression. Men with HF are more often smokers, and tend to have
more ischemic heart disease, COPD, and HFrEF 4. Our study is the first to report on the
relationship between sex and co-morbidity in ambulatory HF patients over time. Compared to our

historical cohort, our most recent cohort of patients demonstrates an overall increase in important
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co-morbidities such as frailty, diabetes, renal disease, MI, atrial fibrillation, COPD and
hypertension. This has been observed in other population-based studies ® and speaks to the
increased complexity of the HF patient in the current era. The increased prevalence of these co-
morbidities over time was seen in both women and men. Certain co-morbidities 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. Interestingly, frailty, chronic
pulmonary disease, and metastatic cancer became more common in women than men in the
recent cohort. Collectively these findings suggest that the co-morbidity of the HF patient is
increasing over time, and that women continue to experience a greater co-morbidity burden than
men. This observation may also explain in part the sex difference in mortality trends.

Important trends in the risk associated with these co-morbidities 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 #!-42, In addition, the risk
associated with diabetes, renal disease and pulmonary circulatory disease has decreased over
time. In addition, MI was no longer a mortality risk factor in the recent cohort when compared to
the historical cohort. These changes over time may be due to significant advances in the medical
management of these co-morbidities, which have influenced overall survival.

Sex-based differences in the risks associated with certain co-morbidities 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 ischemic heart disease in women due to

atypical presentation 43, which leads to missed management and poorer outcomes.

Ischemic heart disease is a leading cause of HF in both sexes. When diagnosed with
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ischemic heart disease, women are less likely than men to undergo cardiac

catheterization and revascularization; 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 associated with HF, remains
to be determined. There remains a significant knowledge gap on sex specific differences in
epidemiology, pathophysiology, management and prognosis of co-morbidities related to HF 40.
Such knowledge could determine if HF management should be targeted to specific sex-based co-
morbidities to improve outcomes and narrow the gap in mortality improvement between women
and men.
Limitations and Strengths

Our study has several limitations. Firstly, cases of HF were identified in the ambulatory
care setting based on the requirement of 2 claims for HF within one 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-°. Secondly, information on ejection fraction was not
available in the databases used, which precluded analyses in subtypes of HF based on ventricular
function. Thirdly, 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 limitations,
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 co-morbidity
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differences within a large universal healthcare system, using the same entry criteria over a 20-
year time period. The nature of our publicly funded healthcare system allowed for complete
analysis of all Ontario HF patients, which minimized selection bias and greatly improved the

generalizability 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 hospitalization rates have decreased for men but remained unchanged in women.
Female HF patients continue to experience a greater burden of co-morbidities than male HF
patients 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 characterize incidence and

outcomes by HF type, and ways to reduce this gap in outcomes.
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FIGURE LEGENDS

Figure 1. Sex-specific temporal trends in the incidence of heart failure in Ontario from April 1,
1994 to March 31, 2014.
Legend: Incidence rates were directly standardized by age and expressed per 100,000. The solid

line represents incidence trends in women. The dotted line represents incidence trends in men.

Figure 2. Sex-specific temporal trends in mortality within one year of ambulatory heart failure
diagnosis.
Legend: Mortality rates were directly standardized by age and expressed per 1000. The solid line

represents mortality trends in women. The dotted line represents mortality trends in men.

Figure 3. Kaplan-Meier curves representing temporal trends in one-year survival after heart
failure diagnosis, in each of the 5-year cohorts.

Legend: The red line represents survival in men. The blue line represents survival in women.

Figure 4a. Stacked Kaplan-Meier curves representing temporal trends in one-year survival after
heart failure diagnosis in men.

Legend: 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 4b. Stacked Kaplan-Meier curves representing temporal trends in one-year survival after

heart failure diagnosis in women.
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1  Legend: The red line represents survival in the historical cohort (1994-1998). The blue line

2 represents survival in the 1999-2003 cohort. The orange line represents survival in the 2004-2008
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cohort. The green line represents survival in the modern cohort (2009-2013).
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1 Figure 1. Sex-specific temporal trends in the incidence of heart failure in Ontario from April 1, 1994 to March 31,
2 2014.
3 Legend: Incidence rates were directly standardized by age using the 1991 Canadian population aged > 40 years as
4 the reference population and expressed per 100,000. The solid line represents incidence trends in women. The dotted
5 line represents incidence trends in men.
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Figure 2. Sex-specific temporal trends in mortality within one year of ambulatory heart failure diagnosis.
Legend: Mortality rates were directly standardized by age using the 1991 Canadian population aged > 40 years as the

reference population and expressed per 1000. The solid line represents mortality trends in women. The dotted line
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represents mortality trends in men.
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Figure 3. Kaplan-Meier curves representing temporal trends in one-year survival after heart failure diagnosis, in each

of the temporal cohorts.

Legend: The red line represents survival in men. The blue line represents survival in women.
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Figure 4a. Stacked Kaplan-Meier curves representing temporal trends in one-year survival after heart failure
diagnosis in men.

Legend: 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).
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Figure 4b. Stacked Kaplan-Meier curves representing temporal trends in one-year survival after heart failure
diagnosis in women.

Legend: 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).
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1 Table 1. Temporal trends in characteristics of men and women with incident heart failure over time.
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Historic Cohort (1994-1998) 1999 — 2003 2004-2009 Modern Cohort (2009-2013)
Variable Women Men P- Women Men P- Women Men P- Women Men P-
N=47,676 N=43,907 Value N=43,190 N=42,108 Value N=41,0423 N=43,698 Value N=42,746 N=47,961 Value
Socio-Demographics
Age (Mean + SD) 763 +11.2 72.0+11.3 <.001 76.2 + 11.8 719+ 11.8 <.001 76.0+12.3 71.6+12.4 <.001 75.8+12.9 71.5+12.8 <.001
Rurality 8,256 (17.3) 8,518 (19.4) <.001 6,781 (15.7) 6,996 (16.6) <.001 5,602 (13.6) 6,667 (15.3) <.001 5,358 (12.5) 6,788 (14.2) <.001
Income Quintile
1 (Lowest) 11,651 (24.4) 9,297 (21.2) <.001 10.121 <.001 9,661 (23.5) 9,096 (20.8) <.001 9,613 (22.5) 9,541 (19.9) <.001
8,529 (20.3)
(23.4)
2 10,377 (21.8) 9,418 (21.4) 9,814 (22.7) 9,319 (22.1) 9,070 (22.1) 9,317 (21.3) 9,243 (21.6) 9,833 (20.5)
3 9,506 (19.9) 8,983 (20.5) 8,571 (19.8) 8,683 (20.6) 7,891 (19.2) 8,576 (19.6) 8,325 (19.5) 9,444 (19.7)
4 8,208 (17.2) 8,024 (18.3) 7,403 (17.1) 7,770 (18.5) 7,274 (17.7) 8,308 (19.0) 8,017 (18.8) 9,775 (20.4)
5 (Highest) 7,698 (16.1) 7,956 (18.1) 7,168 (16.6) 7,690 (18.3) 6,976 (17.0) 8,233 (18.8) 7,388 (17.3) 9,188 (19.2)
Comorbidities
Uncomplicated HTN 31,751 (66.6) 26,068 (59.4) <.001 31.381 27.909 <.001 31,336 (76.3) 30,730 (70.3)  <.001 32,809 (76.8) 34,103 <.001
(71.1)
(72.7) (66.3)
27
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Complicated HTN 2,507 (5.3) 2,006 (4.6) <001 2178 (5.0) 1,921 (4.6) <001 3,254 (7.9) 3,551 (8.1) 029  32,809(76.8) 6,516(13.6) 0.15
Atrial Fibrillation 4,660 (9.8) 4769 (10.9) <001  5034(11.7) 5313(126) <001 5180(12.6)  5956(13.6) <001 5669 (133) 6919 (14.4) 0.035
Myocardial Infarction 2,954 (6.2) 4697(10.7) <001 3629 (84) 5037 (14.1) <001 4323(10.5)  8030(184) <001 5957(13.9)  9.617(20.1) <.001
Valvular Disease 1,835 (3.8) 1,864 (4.2) 0.002 1981 (4.6) 2,087 (5.0) 0.002 1,759 (4.3) 2,163 (4.9) <001 5051(11.8)  2,841(5.9) <.001
PVD 3,136 (6.6) 3,994 (9.1) <001 2928 (6.8) 3684(87) <001 1.584(3.9) 2,405 (5.5) <001 2,099 (4.9) 2,257 (47) <001
CVD 4,429 (9.3) 4401 (100) <001 3841 (8.9) 3,834 (9.1) <001 2,808 (6.8) 3,003 (6.9) 0.86 1,272 (3.0) 2,713(5.7)  0.18
PCD 296 (0.6) 286 (0.7) 0.561 491 (1.1) 362 (0.9) 0.56 807 (2.0) 588 (1.3) <001 2,506 (5.9) 882 (1.8) <.001
COPD/Asthma 13,091 (27.5) 14352(32.7) <001 44 557 14,988 <001 15209 (37.1) 15996(36.6) 0.17  1,113(2.6) 17,164 <.001
(35.8)
(33.7) (35.6)
Alcohol Abuse 128 (0.3) 398 (0.9) <001 187 (0.4) 562 (1.3) <001  313(0.8) 965 (2.2) <001 16,261(38.0) 1,123(2.3)  <.001
Renal Disease 1,127 (2.4) 1,527 (3.5) <001 4410(33) 1,035(46) <001 1849 (4.5) 2,588 (5.9) <001  337(0.8) 2,865(6.0)  <.001
Diabetes 9,600 (20.1) 10,462 (23.8)  <.001 10,359 12,182 <.001 12,204 (29.7) 15,243 (34.9) <.001 1,954 (4.6) 18,721 <.001
(39.0)
(24.0) (28.9)
Hypothyroidism 2,155 (4.5) 541 (1.2) <001 2212 (5.1) 597 (1.4) <001 1,421 (3.5) 428 (1.0) <001 14,751 (34.5) 479 (1.0) <.001
28
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Liver Disease 559 (1.2) 772 (1.8) <001 541 (1.3) 800 (1.9) <001 540 (1.3) 775 (1.8) <001 1,300 (3.0) 895 (1.9) <.001
Dementia 1,935 (4.1) 1,188 (2.7) <001 2007 (46) 1,258 (3.0) <001 1816(44) 1,121 (2.6) <001 579 (1.4) 1,194 (2.5 <001
Depression 1,788 (3.8) 911 (2.1) <001 1617(37)  872(2.1) <001 1,364 (3.3) 859 (2.0) <001 1,791 (4.2) 756 (1.6)  <.001
Psychosis 1,932 (4.1) 1,134 (2.6) <001 4695 (3.9) 1106 (2.6) <001  486(12) 350 (0.8) <001 1,213 (2.8) 171 (0.4) <.001
Primary Tumor 3,055 (6.4) 4,363 (9.9) <001 3096(7.0) 4,045(9.6) <001 2.947(7.2) 4,060 (9.3) <001 223(0.5) 4419(92) <001
Metastatic Malignancy 869 (1.8) 804 (1.8) 0.924 g5 (2.1) 775 (1.8) 092  850(2.1) 723 (1.7) <001 3,376 (7.9) 840 (1.8) <.001
Paraplegia 840 (1.8) 899 (2.0) 0.002 54 (2.0) 903 (2.1) 0.002 521 (1.3) 572 (1.3) 0.61 1,000 (2.3) 475 (1.0) 0.71
VTE 1,161 (2.4) 1,017 (2.3) 0238 945 (2.2) 714 (1.7) 024 557(l4) 505 (1.2) 0.008 434 (1.0) 512 (1.1) 0.83
Frailty 4,302 (9.0) 2,700 (6.1) <001  5598(13.0) 4,364 (10.4) <001 10,163(24.8)  7,175(164) <001 450 (L.1) 8,409 (17.5) <.001

1 Values are expressed number (%) unless otherwise indicated. SD, standard deviation; HTN, hypertension; IHD, ischemic heart disease; PAD, peripheral arterial

2 disease; CVD, cerebrovascular disease; PCD, pulmonary circulatory disease; COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism
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magnitude between the historical (1994-1998) and modern (2009-2013) times are indicated in bold.

Table 2. Evolution of multivariable risk factors of one-year mortality over time. Risk factors that have changed in

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 (1.47-1.65)  1.64(1.53-1.74) 1.66 (1.56-1.77) 1.54 (1.44-1.64)
75-84 years 2.26 (2.14-2.39) 2.36 (2.23-2.5) 2.48 (2.34-2.63) 2.58 (2.43-2.73)
> 85 years 3.68 (3.48-3.90)  4.25 (4.00-4.51) 4.57 (4.31-4.85) 4.89 (4.62-5.18)
Female 0.85 (0.82-0.88)  0.89 (0.86-0.92) 0.91 (0.88-0.94) 0.97 (0.93-1.00)
Rural 0.94 (0.90-0.98)  1.00 (0.96-1.05) 0.99 (0.95-1.04) 1.01 (0.96-1.06)

Income Quintile

1 (Low)

2

3

4

5 (High)
Benign Hypertension
Complicated Hypertension
Atrial Fibrillation
Myocardial Infarction
Valvular Disease
Peripheral Arterial Disease

Cerebrovascular Disease

Pulmonary Circulatory Disease

COPD/Asthma

Alcohol Abuse

Renal Disease

For peer review only - http://bmjope:é.%mj.com/site/about/guidelines.xhtmI

1.06 (1.01-1.11)
1.03 (0.98-1.08)
1.06 (1.01-1.11)
1.02 (0.97-1.08)
Reference
0.76 (0.74-0.79)
0.93 (0.86-1.00)
0.89 (0.85-0.94)
1.12 (1.06-1.18)
1.00 (0.92-1.08)
1.22 (1.16-1.29)
1.29 (1.23-1.35)
1.67 (1.43-1.96)
1.15 (1.12-1.19)
1.16 (0.97-1.38)

2.04 (1.90-2.18)

1.08 (1.03-1.14)
1.04 (0.99-1.09)
1.03 (0.98-1.09)
0.99 (0.94-1.05)
Reference
0.74 (0.72-0.77)
0.95 (0.88-1.02)
0.92 (0.88-0.96)
0.99 (0.94-1.05)
0.98 (0.91-1.06)
1.2 (1.14-1.27)
1.25 (1.19-1.32)
1.73 (1.52-1.97)
1.18 (1.14-1.22)
1.34 (1.16-1.55)

1.86 (1.74-1.98)

1.12 (1.06-1.18)
1.04 (0.99-1.10)
1.04 (0.98-1.10)
1.08 (1.03-1.14)
Reference
0.73 (0.70-0.76)
0.87 (0.82-0.93)
0.96 (0.92-1.01)
1.02 (0.97-1.06)
0.97 (0.90-1.05)
1.28 (1.20-1.37)
1.23 (1.16-1.30)
1.54 (1.38-1.71)
1.21 (1.17-1.25)
1.51 (1.34-1.70)

1.73 (1.63-1.84)

1.08 (1.02-1.14)
1.04 (0.98-1.09)
0.99 (0.94-1.04)
1.01 (0.95-1.06)
Reference
0.78 (0.75-0.81)
0.77 (0.73-0.81)
0.99 (0.95-1.04)
0.98 (0.94-1.03)
0.93 (0.86-1.00)
1.34 (1.24-1.44)
1.20 (1.13-1.28)
1.24 (1.12-1.37)
1.17 (1.13-1.21)
1.62 (1.45-1.82)

1.67 (1.58-1.77)
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Diabetes
Hypothyroidism
Liver Disease
Dementia
Depression
Psychosis

Primary Tumor

Metastatic Malignancy

Paraplegia

Venous Thromboemoblism

BMJ Open

1.25 (1.21-1.30)
0.99 (0.91-1.07)
1.90 (1.72-2.10)
1.74 (1.63-1.85)
1.15 (1.07-1.25)
1.29 (1.20-1.38)
1.56 (1.49-1.64)
3.47 (3.22-3.74)
1.36 (1.24-1.50)

1.07 (0.98-1.17)

1.19 (1.15-1.24)
1.01 (0.93-1.09)
1.86 (1.68-2.06)
1.97 (1.86-2.09)
1.18 (1.09-1.28)
1.36 (1.26-1.46)
1.69 (1.60-1.77)
3.59 (3.33-3.87)
1.33 (1.21-1.46)

1.18 (1.07-1.30)

1.13 (1.09-1.17)
1.03 (0.93-1.13)
1.99 (1.79-2.21)
2.03 (1.91-2.16)
1.19 (1.09-1.30)
1.14 (0.99-1.31)
1.61 (1.53-1.70)
3.14(2.90-3.41)
1.52 (1.35-1.70)

1.16 (1.03-1.31)

Page 32 of 42

1.13 (1.10-1.17)
1.06 (0.96-1.17)
2.34 (2.12-2.59)
1.96 (1.84-2.09)
1.16 (1.06-1.28)
1.43 (1.17-1.76)
1.64 (1.56-1.73)
3.42 (3.17-3.70)
1.53 (1.35-1.75)

1.40 (1.24-1.58)

HR, hazard ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease

For peer review only - http://bmjope:r%.%mj.com/site/about/guidelines.xhtml



Page 33 of 42

oNOYTULT D WN =

1

O© 0 3 O U1 H»H w

O
N = O

BMJ Open

Table 3a. Sex-specific risk factors of one-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 (1.32-1.59) 1.63 (1.51-1.75)

75-84 years 2.06 (1.89-2.24) 2.42 (2.25-2.60)

> 85 years 3.53 (3.24-3.85) 3.70 (3.41-4.00)
Benign Hypertension 0.70 (0.67-0.73) 0.82 (0.79-0.86) <0.001
Myocardial Infarction 1.26 (1.16-1.36) 1.02 (0.95-1.10) <0.001
COPD/Asthma 1.10 (1.05-1.16) 1.20 (1.15-1.25) 0.01
Renal Disease 2.26 (2.04-2.50) 1.90 (1.74-2.07) 0.01
Diabetes 1.31 (1.25-1.38) 1.20 (1.14-1.26) 0.01

HR, hazard ratio; CI, confidence interval; COPD; chronic obstructive pulmonary disease

* Multiplicative interaction terms were formed by multiplying sex by each of the covariates in the multivariable Cox

proportional hazard model for one-year mortality. Only significant interaction terms (i.e., ones demonstrating sex-

specific risk factors) were reported in this table.
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Table 3b. Sex-specific risk factors of one-year mortality in the modern cohort (2009-2013).

Variable

Women

HR (95% CI)

Men

HR (95% CI)

Multiplicative Interaction

P-Value *

Income Quintile

1 (Low)

2

3

4

5 (High)
Myocardial Infarction
Peripheral Arterial Disease
COPD/Asthma
Dementia
Primary Tumor

Metastatic Malignancy

1.02 (0.94-1.09)
0.97 (0.90-1.05)
0.99 (0.92-1.07)
1.01 (0.93-1.09)
Reference
1.05 (0.98-1.12)
1.48 (1.32-1.66)
1.12 (1.07-1.17)
1.87 (1.72-2.02)
1.44 (1.34-1.56)

3.05 (2.75-3.38)

1.15 (1.06-1.23)
1.10 (1.02-1.18)
0.98 (0.91-1.06)
1.01 (0.93-1.08)
Reference
0.94 (0.89-1.00)
1.25(1.14-1.37)
1.23 (1.17-1.29)
2.10(1.92-2.30)
1.79 (1.68-1.91)

3.85 (3.49-4.26)

0.001

0.02

0.02

0.005

0.05

<0.001

<0.001

HR, hazard ratio; CI, confidence interval; COPD; chronic obstructive pulmonary disease

* Multiplicative interaction terms were formed by multiplying sex by each of the covariates in the multivariable Cox

proportional hazard model for one-year mortality. Only significant interaction terms (i.e., ones demonstrating sex-

specific risk factors) were reported in this table.

ed in this table.
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eFigure 1. Sex-specific temporal trends in heart failure hospitalizations within one year of ambulatory heart failure
diagnosis. Hospitalization rates were directly standardized by age using the 1991 Canadian population aged > 40 years as
the reference population and expressed per 1000 person-years.

Legend: The solid line represents trends in women. The dotted line represents trends in men.
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eFigure 2a. Stacked cumulative incidence curves representing temporal trends of heart failure hospitalization within one
year of diagnosis in men.

Legend: The red line represents cumulative incidence of hospitalization in the historical cohort (1994-1998). The blue line
represents hospitalizations in the 1999-2003 cohort. The orange line represents hospitalizations in the 2004-2008 cohort.
The green line (which is nearly superimposed on the blue line) represents hospitalizations in the modern cohort (2009-
2013).
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31 eFigure 2a. Stacked cumulative incidence curves representing temporal trends of heart failure hospitalization within one
32 year of diagnosis in women.

33 Legend: The red line represents cumulative incidence of hospitalization in the historical cohort (1994-1993). The blue line
34 represents hospitalizations in the 1999-2003 cohort. The orange line represents hospitalizations in the 2004-2008 cohort.
35 The green line represents hospitalizations in the modern cohort (2009-2013).
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eTable 1. Crude and age standardized incidence rates of ambulatory heart failure per 100,000 population.
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Incidence Rate 95% CI
Year Sex HF Cases Denominator Crude Standardized Lower Upper
1994  Female 10123 2544992 397.76 368.95 361.74 376.27
Male 8998 2290949 392.76 480.63 470.55 490.88
1995 Female 9502 2615417 363.31 335.99 329.21 342.88
Male 8622 2359605 365.40 445.26 435.73 454.95
1996 Female 9312 2686591 346.61 319.55 313.03 326.18
Male 8621 2430438 354.71 430.39 421.20 439.74
1997 Female 9518 2753376 345.68 319.39 312.93 325.94
Male 8939 2497920 357.86 433.52 424.43 442.76
1998  Female 9221 2815590 327.50 303.76 297.52 310.10
Male 8727 2560459 340.84 411.86 403.12 420.74
1999  Female 9158 2880244 317.96 29491 288.82 301.09
Male 8810 2624357 335.70 403.94 395.42 412.61
2000 Female 8921 2948815 302.53 279.98 274.11 285.94
Male 8548 2693918 317.31 382.41 374.22 390.74
2001  Female 8466 3018031 280.51 258.26 252.69 263.91
Male 8132 2763947 294.22 351.15 343.46 358.98
2002 Female 8403 3088112 272.11 249.62 24421 255.11
Male 8441 2835687 297.67 353.43 345.83 361.16
2003  Female 8242 3159200 260.89 237.25 232.05 242.53
Male 8177 2908486 281.14 333.06 325.78 340.45
2004 Female 8082 3226254 250.51 227.56 222.51 232.70
Male 8101 2976603 272.16 320.70 313.67 327.86
2005  Female 8283 3286052 252.07 229.05 224.02 234.17
Male 8588 3037995 282.69 328.77 321.77 335.87
2006  Female 8107 3340543 242.69 220.03 215.14 225.01
Male 8774 3091317 283.83 323.41 316.60 330.32
2007 Female 7993 3388916 235.86 211.27 206.53 216.09
Male 8929 3136755 284.66 318.62 311.98 325.36
2008 Female 8578 3437633 249.53 222.31 217.49 227.21
Male 9306 3182320 292.43 322.03 315.46 328.71
2009  Female 8433 3486229 241.89 213.46 208.78 218.22
Male 9312 3225967 288.66 313.38 306.98 319.87
2010  Female 8366 3534061 236.72 208.36 203.77 213.03
Male 9262 3269161 283.31 301.92 295.75 308.19
2011  Female 8424 3578607 235.40 201.79 197.35 206.31
Male 9292 3308050 280.89 294.17 288.17 300.26
2012  Female 8526 3618133 235.65 199.93 195.55 204.39
Male 9585 3341596 286.84 293.47 287.58 299.45
2013  Female 8997 3653530 246.25 205.83 201.43 210.30
Male 10510 3369203 311.94 312.82 306.82 318.90

HF, heart failure; CI, confidence interval
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eTable 2. Temporal trends of one-year mortality rates in men and women with incident heart failure.

Number Number of Crude Rate  Age-Standardized
Time Cohort Sex of Deaths Incident HF Cases (%) Rate (%, 95% CI)

April 1994-March 1999 8319 47676 17.5 10.1 (9.5-10.8)
8238 43907 18.8 11.4(10.8-11.9)

7572 43190 17.5 9.9 (9.3-10.6)
7365 42108 17.5 10.4 (9.9-10.8)
7148 41043 17.4 9.5 (9.0-10.1)
7322 43698 16.8 9.8 (9.4-10.2)
7156 42746 16.8 8.6 (8.1-9.0)
7138 47961 14.9 8.2 (7.9-8.6)
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17 HF, heart failure; CI, confidence interval
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eTable 3. Crude and age-standardized one-year mortality rates following ambulatory heart failure diagnosis. Rates are

expressed per 1000 population.

BMJ Open

Mortality Rate 95% CI
Year Sex Deaths Incident HF Cases Crude Standardized Lower Upper
1994 Female 1733 10123 171.19 104.40 90.54 119.78
Male 1710 8998 190.04 123.00 110.57 136.45
1995 Female 1629 9502 171.44 94.64 82.33 108.27
Male 1578 8622 183.02 109.23 97.89 121.53
1996 Female 1679 9312 180.30 111.88 95.19 130.64
Male 1643 8621 190.58 112.37 101.72 123.83
1997 Female 1674 9518 175.88 90.24 78.73 102.95
Male 1741 8939 194.76 116.99 105.34 129.56
1998 Female 1604 9221 173.95 105.45 92.82 119.32
Male 1566 8727 179.44 105.22 94.57 116.74
1999 Female 1527 9158 166.74 90.75 78.76 104.04
Male 1522 8810 172.76 103.32 93.50 113.88
2000 Female 1556 8921 174.42 106.23 92.32 121.65
Male 1489 8548 174.19 100.59 90.80 111.15
2001 Female 1473 8466 173.99 91.60 79.23 105.34
Male 1364 8132 167.73 103.48 92.72 115.15
2002 Female 1504 8403 178.98 105.15 91.98 119.68
Male 1511 8441 179.01 105.70 96.26 115.82
2003 Female 1512 8242 183.45 104.88 90.32 121.12
Male 1479 8177 180.87 105.10 94.47 116.60
2004 Female 1468 8082 181.64 94.64 82.57 107.97
Male 1486 8101 183.43 105.57 95.67 116.22
2005 Female 1445 8283 174.45 96.12 83.52 110.08
Male 1454 8588 169.31 98.53 88.69 109.16
2006 Female 1395 8107 172.07 98.75 86.46 112.30
Male 1459 8774 166.29 99.06 89.97 108.82
2007 Female 1384 7993 173.15 92.81 81.59 105.15
Male 1475 8929 165.19 93.86 85.68 102.61
2008 Female 1456 8578 169.74 92.93 82.04 104.86
Male 1448 9306 155.60 94.08 85.56 103.21
2009 Female 1464 8433 173.60 89.43 79.65 100.09
Male 1461 9312 156.89 88.17 80.01 96.95
2010 Female 1373 8366 164.12 86.81 76.58 98.03
Male 1396 9262 150.72 81.93 74.92 89.43
2011  Female 1418 8424 168.33 81.54 71.43 92.68
Male 1381 9292 148.62 82.13 7491 89.87
2012  Female 1404 8526 164.67 85.48 75.84 96.01
Male 1377 9585 143.66 76.53 69.60 83.97
2013  Female 1497 8997 166.39 84.84 75.24 95.32
Male 1523 10510 14491 82.99 75.34 91.22
CI, confidence interval
6
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1

2 eTable 4. Crude and age standardized one-year heart failure hospitalization rates in patients who were diagnosed with heart

3 failure in an ambulatory setting between 1994-2013. Rate is expressed per 1000 person years.

4

5 Heart Failure Hospitalization Rate 95% CI

6 Year Sex Hospitalizations Denominator Crude Standardized Lower Upper

; 1994 Female 1105 8417.52 131.27 97.43 83.29  113.28
Male 1108 7325.60 151.25 114.15 101.01  128.52

9 1995 Female 1067 7860.78 135.74 96.64 83.94  110.71

10 Male 1001 7065.84 141.67 116.14 100.74 13323

1 1996  Female 1065 7632.79 139.53 100.19 8597  116.09

12 Male 1015 7022.96 144.53 108.91 96.08  122.98

13 1997 Female 1028 7859.13 130.80 106.59 90.03 12530

14 Male 1082 7232.55 149.60 113.69 100.95  127.59

15 1998 Female 1006 7603.66 132.30 99.32 85.96 114.16

16 Male 963 7180.72 134.11 111.22 97.10  126.82

17 1999 Female 983 7607.15 129.22 96.32 82.75  111.47

18 Male 936 7305.04 128.13 107.48 95.17  120.95

19 2000 Female 917 7402.64 123.87 94.57 80.28  110.67

20 Male 994 7033.00 141.33 114.37 101.66 128.24

21 2001 Female 903 6997.61 129.04 99.40 84.75  115.86

22 Male 901 6711.51 134.25 111.64 97.95  126.71

23 2002 Female 937 6838.58 137.02 115.90 10022 133.33

24 Male 1007 6854.11 146.92 119.20 106.86  132.57

25 2003 Female 994 6645.28 149.58 100.66 86.86  116.02

2% Male 1016 6629.94 153.24 123.36 11031  137.54

27 2004 Female 1002 6508.80 153.95 117.67 101.49  135.69

78 Male 993 6504.80 152.66 114.02 102.01  127.06

29 2005 Female 962 6775.02 141.99 102.34 88.21  118.09

30 Male 1026 7052.13 145.49 113.98 101.59 127.48

37 2006 Female 982 6565.14 149.58 90.43 78.78  103.32
Male 989 7237.69 136.65 101.40 90.93  112.73

32 2007  Female 987 6493.03 152.01 92.95 81.45  105.61

33 Male 1069 7307.83 146.28 109.62 98.84  121.25

34 2008  Female 1046 6963.90 150.20 95.11 8330  108.13

35 Male 1097 7646.02 143.47 107.36 97.12  118.38

36 2009  Female 1021 6841.22 149.24 89.74 7939 101.06

37 Male 1085 7697.71 140.95 102.92 9238 11434

38 2010 Female 1042 6799.72 153.24 85.28 75.41 96.08

39 Male 1078 7694.92 140.09 96.05 86.94  105.86

40 2011 Female 1061 6842.81 155.05 86.86 76.87  97.78

41 Male 1038 7754.49 133.86 98.10 87.99  109.06

42 2012 Female 1137 6895.19 164.90 98.80 87.24  111.46

43 Male 1097 8017.47 136.83 93.00 8428  102.37

44 2013 Female 1159 7269.34 159.44 97.59 86.03 11027

45 Male 1205 8772.03 137.37 91.14 8226  100.71

46

47 CI, confidence interval

48

49

50

51

52

53

54

55

56

57
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imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, 11-15
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 15
Other information
22 16-17

Funding

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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ABSTRACT

Objectives: To examine the temporal trends in mortality and heart failure (HF) hospitalization 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
1994-2013.

Primary and Secondary Outcome Measures: The primary outcome was all-cause mortality
within one year of diagnosis and the secondary outcome was HF hospitalization within one year.
Risks of mortality and hospitalization 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 standardized one-year mortality rates (AMR) in men (33%) than in
women (19%). Specifically, female AMR at one-year was 10.4% (95% CI, 9.1-12.0) in 1994 and
8.5% (7.5-9.5) in 2013, and male AMR at one-year was 12.3% (11.1-13.7) in 1994 and 8.3%
(7.5-9.1) in 2013. Conversely, age standardized HF hospitalization rates declined in men (11.4%
[10.1-12.9] in 1994 and 9.1% [8.2-10.1] in 2013) but remained unchanged in women (9.7% [8.3-
11.3] in 1994 and 9.8% [8.6-11.0] in 2013).

Conclusion: Among patients with HF over a 20-year period, there was a greater improvement in
the prognosis of men compared to women. Further research should focus on the determinants of

this disparity and ways to reduce this gap in outcomes.
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Strengths and Limitations:
- 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.

Key Words: heart failure, mortality, hospitalization, women, epidemiology, prognosis

No Data Availability Statement: The dataset from this study is held securely in coded form at
ICES (formerly the Institute for Clinical Evaluative Sciences).
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Introduction

Heart failure (HF) is a significant cause of morbidity and mortality for both women and
men 2, Despite the current era of guideline directed medical therapy, HF continues to be a
leading cause of admission to hospital. It is associated with a poor prognosis and contributes to
35% of cardiovascular mortality in women 3. Despite this, HF remains poorly understood in
women, and women continue to be underrepresented 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 ischemic etiology > ¢. Important trends in the incidence and
outcomes of hospitalized HF patients have been recently published 7-8; 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 co-morbidities and outcomes in HF, it is not known
if these temporal changes are modified by sex. We therefore examined the sex differences in HF
co-morbidities, incidence, mortality and hospitalization in a population-based ambulatory cohort

from fiscal years 1994 to 2013.
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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. The Research Ethics Board of Sunnybrook Health Sciences, Toronto,
Canada approved this study and waived the need for informed consent.

Included were adult patients > 40 years of age, who were newly diagnosed with HF in an
ambulatory setting between April 1, 1994 and March 31, 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 post-admission

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 ICES Congestive Heart Failure database, based on
two outpatient billing claims for HF within one year. This algorithm was validated in primary
care patient records and shown to have 85% sensitivity and 97% specificity in identifying HF
events °. The Congestive Heart Failure 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 Heart Failure database with the Registered Persons Database, which contains

demographic and vital statistics information, the Canadian Institute for Health Information
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Discharge Abstract Database, which contains data on all hospitalizations and co-morbidities, and
Same Day Surgery database for co-morbidities. Physician fee-for-service claims data was
obtained from the Ontario Health Insurance Plan database. While lacking physiologic and
laboratory measures, these databases have been validated for many outcomes, exposures, and co-
morbidities 1013,
Outcome

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

Demographic variables were obtained from the Registered Persons Database. We
estimated socioeconomic status based on patients’ neighborhood median income in the Canadian
census, and determined rural versus urban residence using Statistics Canada definitions 4. We
identified hypertension !0, asthma '3, chronic obstructive pulmonary disease (COPD) ¢ and
diabetes mellitus '? using validated algorithms applied on patient encounters within five years of
HF diagnosis. Other co-morbidities were identified using Discharge Abstract Database, Same
Day Surgery and Ontario Health Insurance Plan databases based on International Classification
of Diseases 10! Revision codes within five years of HF diagnosis, using previously described
methods !7-°. 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 utilization using administrative data 2> 28, 30-34,

Statistical Analysis
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Analyses were stratified by sex. Continuous variables were expressed as mean (standard
deviation) and categorical variables as number (proportion). Mortality was assessed at one-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 (i.e., 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 incidence of HF hospitalizations using cumulative incidence
functions (CIF), which treated death as a competing risk. We constructed age standardized plots
of HF incidence, one-year mortality and HF hospitalization in men and women over the 20-year
period. These rates were directly standardized by age using the 1991 Canadian population aged >
40 years as the reference population.

We used linear regression with fiscal year as the independent variable to assess for
temporal changes in HF incidence and outcomes in women and men across the 20-year period.
To examine the temporal changes in co-morbidities, we divided the 20-year period into 4
temporal cohorts: those diagnosed with HF between April 1, 1994 — March 31, 1999 (the
historical cohort), between April 1, 1999 — March 31, 2004, between April 1, 2004 — March 31,
2009 and between April 1, 2009 — March 31, 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 interaction between sex and each of the mortality risk factors in these two
cohorts using multiplicative interaction terms. The measure of association was hazard ratios (HR)
with 95% CI. Analyses were performed using SAS 9.4 (SAS Institute, Cary, NC), with statistical

significance defined by a two-sided P-value of < 0.05.
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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 co-
morbid conditions such as hypertension, hypothyroidism, anemia, dementia and depression, but
were less likely to have myocardial infarction (MI), peripheral arterial disease, diabetes and
alcohol abuse compared to men (Table 1). Compared to the historical cohort, modern HF patients
were less likely to have peripheral and cerebral vascular disease, psychosis, paraplegia and
venous thromboembolic 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 identified 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 standardized incidence for women decreased from 369.0 (95% CI, 361.7-
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 (eTable
1).

Trends in Mortality
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One-year mortality occurred in 8,319 (17.5%) women and 8,238 (18.8%) men during the
historical period; it occurred in 7,156 (16.8%) women and 7,138 (14.9%) men during the modern
period (eTable 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 demonstrate 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-standardized
one-year mortality rates (AMR) also declined in both sexes but the magnitude of reduction 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, 9.1-12.0) in 1994 and 8.5%
(7.5-9.5) in 2013, representing a 19% reduction. Conversely, male AMR was 12.3% (11.1-13.7)
in 1994 and 8.3% (7.5-9.1) in 2013, representing a 33% reduction (eTable 3).

In the unadjusted analysis, female sex was protective against one-year mortality in the
historical cohort (unadjusted HR 0.93, 95% CI 0.90-0.95) but was associated with a higher risk of
mortality (unadjusted HR 1.14, 95% CI 1.10-1.18) in the modern cohort. Adjusted analysis
demonstrated that the protective effect conferred by female sex had diminished over time
(adjusted HR 0.85, 95% CI 0.82-0.88 in the historical and 0.97, 95% CI 0.93-1.00 in the modern
cohort).

Table 2 lists the multivariable predictors of one-year mortality in the modern cohort.
Compared to the historical cohort, the mortality risk associated with age > 75 years, liver disease,
dementia and venous thromboembolism 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.
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Sex-specific mortality risk factors have evolved over time. Table 3a and 3b illustrate the
sex-specific HRs in the historical and modern cohorts, respectively. In the modern cohort, low
income was associated with a higher 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 co-morbidities.
Compared to the historical cohort, most sex-specific risk factors have evolved over time, with the
exception of COPD/asthma.

Trends in HF Hospitalization

HF hospitalizations occurred in 5,271 (13.4%) women and 5,169 (14.4%) men within
one-year of HF diagnosis in the historical cohort. During the modern period, there were 5,420
(15.6%) HF hospitalizations in women and 5,503 (13.8%) hospitalizations in men. Age-
standardized HF hospitalization rates declined in men (linear regression slope, -0.010; p=0.0002)
but remained unchanged in women (linear regression slope, -0.005; p=0.11) during the 20-year
period (eFigure 1 and eTable 4). Specifically, male age-standardized HF hospitalization rates
were 11.4% (95% CI, 10.1-12.9) in 1994 and 9.1% (8.2-10.1) in 2013. Female rates were 9.7%
(8.3-11.3) in 1994 and 9.8% (8.6-11.0) in 2013.The temporal trends in the cumulative incidence

of HF hospitalizations are illustrated in eFigure 2.
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Discussion

This population-based study evaluated 352,329 individuals with a first-time diagnosis of
HF from 1994-2013 in the ambulatory care setting. There are four main findings 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 hospitalization decreased for men but remained unchanged for women. 4)
The incidence and significance of co-morbidities associated with HF have changed over time,
and suggest that women continue to experience a greater burden of co-morbid disease when
compared to 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
hospitalized 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 1950-1999 33. These authors reported that the
incidence of HF had declined in women but not men, with improving survival in both sexes 3.
This pivotal study was followed by findings from a community-based cohort of 4537 patients
from 1979-2000, 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 amongst ambulatory Ontario residents from 2009-2013, the incidence of
heart failure decreased more rapidly in men than women. At the same time, heart failure
associated deaths and hospitalizations remain higher in women than men within a year of HF
diagnosis '°. The present study extends these findings by demonstrating a continued
disproportionate decrease in HF mortality for men compared to women from 1994-2013. Our

findings corroborate with our previous study of HF incidence and one-year mortality in rural and
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urban Eastern Ontario from 1994-2013 24, They also corroborate the work of Tu and colleagues 7
who used similar administrative databases to report on the HF incidence and mortality of Ontario
patients > 20 years of age from 1997-2007. Tu evaluated both admitted and ambulatory HF
patients and reported declines in HF incidence 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 demonstrated 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 incidence
and mortality over time with men having a higher incidence overall 3.

The present study extends these observations by providing detailed sex-specific data on
mortality trends over time. Our findings suggest that in Ontario, one-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 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) ¥7. In
addition, female HF patients have a higher co-morbidity burden than their male counterparts.
Complex co-morbid 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 3. Further work is needed to determine whether the other sex-based differences in
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management, response to treatment or underlying pathophysiology remain to explain these sex-
based trends in HF mortality over time.
Trends in HF hospitalization

Rates of hospitalization for HF decreased only for men in this time period. This is
consistent with recent reports of sex and race differences in hospitalization trends over a similar
time period %3, It is possible that this sex-based difference may be due to death being a
competing risk for hospitalization 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 hospitalized.
Alternatively, it is possible that the rates of hospitalization 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 hospitalization) while women are more
likely to have HFpEF (for which there are no substantial evidence-based therapies). Nonetheless,
the observed sex differences may also be attributed to the greater co-morbidity burden in women,
differences in social determinants of health, or genetic or physiologic differences that cannot be
explained within the observational context of this study; all of these point to the need for further
exploration to determine the adverse trends for mortality and hospitalization in women with a
diagnosis of HF.
Trends in HF Co-morbidities

Sex-based differences in co-morbidities have been previously reported in hospitalized
patients; women with HF are older and more likely than men to have co-morbid hypertension,
renal failure, obesity, and depression. Men with HF are more often smokers, and tend to have
more ischemic heart disease, COPD, and HFrEF 4. Our study is the first to report on the
relationship between sex and co-morbidity in ambulatory HF patients over time. Compared to our

historical cohort, our most recent cohort of patients demonstrates an overall increase in important
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co-morbidities such as frailty, diabetes, renal disease, MI, atrial fibrillation, COPD and
hypertension. This has been observed in other population-based studies ® and speaks to the
increased complexity of the HF patient in the current era. The increased prevalence of these co-
morbidities over time was seen in both women and men. Certain co-morbidities 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. Interestingly, frailty, chronic
pulmonary disease, and metastatic cancer became more common in women than men in the
recent cohort. Collectively these findings suggest that the co-morbidity of the HF patient is
increasing over time, and that women continue to experience a greater co-morbidity burden than
men. This observation may also explain in part the sex difference in mortality trends.

Important trends in the risk associated with these co-morbidities 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 #!-42, In addition, the risk
associated with diabetes, renal disease and pulmonary circulatory disease has decreased over
time. In addition, MI was no longer a mortality risk factor in the recent cohort when compared to
the historical cohort. These changes over time may be due to significant advances in the medical
management of these co-morbidities, which have influenced overall survival.

Sex-based differences in the risks associated with certain co-morbidities 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 ischemic heart disease in women due to

atypical presentation 43, which leads to missed management and poorer outcomes.

Ischemic heart disease is a leading cause of HF in both sexes. When diagnosed with
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ischemic heart disease, women are less likely than men to undergo cardiac

catheterization and revascularization; 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 associated with HF, remains
to be determined. There remains a significant knowledge gap on sex specific differences in
epidemiology, pathophysiology, management and prognosis of co-morbidities related to HF 40.
Such knowledge could determine if HF management should be targeted to specific sex-based co-
morbidities to improve outcomes and narrow the gap in mortality improvement between women
and men.
Limitations and Strengths

Our study has several limitations. Firstly, cases of HF were identified in the ambulatory
care setting based on the requirement of 2 claims for HF within one 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-°. Secondly, our algorithm for ascertainment of HF is
validated in patients who are 40 years of age and older, thus limiting the generalizability of our
findings. Thirdly, information on ejection fraction was not available in the databases used, which
precluded analyses in subtypes of HF based on ventricular function. Fourthly, 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 limitations, our study is the first to address the
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epidemiology of HF in a validated cohort of ambulatory patients, and one of the first to report on
detailed sex-based outcome and co-morbidity differences within a large universal healthcare
system, using the same entry criteria over a 20-year time period. The nature of our publicly
funded healthcare system allowed for complete analysis of all Ontario HF patients, which

minimized selection bias and greatly improved the generalizability 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 hospitalization rates have decreased for men but remained unchanged in women.
Specifically, mortality and hospitalization 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 HF patients
continue to experience a greater burden of co-morbidities than male HF patients 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 characterize incidence and outcomes by HF type, and

ways to reduce this gap in outcomes.
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FIGURE LEGENDS

Figure 1. Sex-specific temporal trends in the incidence of heart failure in Ontario from April 1,
1994 to March 31, 2014.
Legend: Incidence rates were directly standardized by age and expressed per 100,000. The solid

line represents incidence trends in women. The dotted line represents incidence trends in men.

Figure 2a. Stacked Kaplan-Meier curves representing temporal trends in one-year survival after
heart failure diagnosis in men.

Legend: 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 2b. Stacked Kaplan-Meier curves representing temporal trends in one-year survival after
heart failure diagnosis in women.

Legend: 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 one year of ambulatory heart failure
diagnosis.
Legend: Mortality rates were directly standardized by age and expressed per 1000. The solid line

represents mortality trends in women. The dotted line represents mortality trends in men.

Figure 4. Kaplan-Meier curves representing temporal trends in one-year survival after heart
failure diagnosis, in each of the 5-year cohorts.

Legend: The red line represents survival in men. The blue line represents survival in women.
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Historic Cohort (1994-1998) 1999 — 2003 2004-2009 Modern Cohort (2009-2013)
Variable Women Men P- Women Men P- Women Men P- Women Men P-
N=47,676 N=43,907 Value N=43,190 N=42,108 Value N=41,043 N=43,698 Value N=42,746 N=47,961 Value
Socio-Demographics
Age (Mean + SD) 763 +11.2 72.0+11.3 <.001 76.2 + 11.8 719+ 11.8 <.001 76.0+12.3 71.6+12.4 <.001 75.8+12.9 71.5+12.8 <.001
Rurality 8,256 (17.3) 8,518 (19.4) <.001 6,781 (15.7) 6,996 (16.6) <.001 5,602 (13.6) 6,667 (15.3) <.001 5,358 (12.5) 6,788 (14.2) <.001
Income Quintile
1 (Lowest) 11,651 (24.4) 9,297 (21.2) <.001 10.121 <.001 9,661 (23.5) 9,096 (20.8) <.001 9,613 (22.5) 9,541 (19.9) <.001
8,529 (20.3)
(23.4)
2 10,377 (21.8) 9,418 (21.4) 9,814 (22.7) 9,319 (22.1) 9,070 (22.1) 9,317 (21.3) 9,243 (21.6) 9,833 (20.5)
3 9,506 (19.9) 8,983 (20.5) 8,571 (19.8) 8,683 (20.6) 7,891 (19.2) 8,576 (19.6) 8,325 (19.5) 9,444 (19.7)
4 8,208 (17.2) 8,024 (18.3) 7,403 (17.1) 7,770 (18.5) 7,274 (17.7) 8,308 (19.0) 8,017 (18.8) 9,775 (20.4)
5 (Highest) 7,698 (16.1) 7,956 (18.1) 7,168 (16.6) 7,690 (18.3) 6,976 (17.0) 8,233 (18.8) 7,388 (17.3) 9,188 (19.2)
Comorbidities
Uncomplicated HTN 31,751 (66.6) 26,068 (59.4) <.001 31.381 27.909 <.001 31,336 (76.3) 30,730 (70.3)  <.001 32,809 (76.8)  34,103(71.1) <.001
(72.7) (66.3)
23
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Complicated HTN 2,507 (5.3) 2,006 (4.6) <001 2178 (5.0) 1,921 (4.6) <001 3,254 (7.9) 3,551 (8.1) 029  5669(133)  6,516(13.6) 0.15
Atrial Fibrillation 4,660 (9.8) 4769 (10.9) <001  5034(117) 5313(126) <001 5180(12.6)  5956(13.6) <001 5957(13.9) 6919 (14.4) 0.035
Myocardial Infarction 2,954 (6.2) 4697(10.7) <001 3629 (84) 5037 (14.1) <001 4323(10.5)  8030(184) <00l 5051(11.8)  9.617(20.1) <.001
Valvular Disease 1,835 (3.8) 1,864 (4.2) 0.002 1981 (4.6) 2,087 (5.0) 0.002 1,759 (4.3) 2,163 (4.9) <001 2,099 (4.9) 2,841 (5.9)  <.001
PAD 3,136 (6.6) 3,994 (9.1) <001 2928 (6.8) 3684(87) <001 1.584(3.9) 2,405 (5.5) <001  1,272(3.0) 2,257 (47) <001
CVD 4,429 (9.3) 4401 (100) <001 3841 (8.9) 3,834 (9.1) <001 2,808 (6.8) 3,003 (6.9) 0.86 2,506 (5.9) 2,713(5.7)  0.18
PCD 296 (0.6) 286 (0.7) 0.561 491 (1.1) 362 (0.9) 0.56 807 (2.0) 588 (1.3) <001 1,113 (2.6) 882 (1.8) <.001
COPD/Asthma 13,091 (27.5) 14352(32.7) <001 44 557 14,988 <001 15209 (37.1) 15,996(36.6) 0.17 16,261 (38.0) 17.164(358) <001
(33.7) (35.6)
Alcohol Abuse 128 (0.3) 398 (0.9) <001 187 (0.4) 562 (1.3) <001  313(0.8) 965 (2.2) <001  337(0.8) 1,123 (23)  <.001
Renal Disease 1,127 (2.4) 1,527 (3.5) <001 4410(33) 1,035(46) <001 1849 (4.5) 2,588 (5.9) <001 1,954 (4.6) 2,865(6.0)  <.001
Diabetes 9,600 (20.1) 10,462 (23.8) <001 10 359 12,182 <001  12,204(29.7) 15243 (34.9) <001 14,751 (34.5) 18,721(39.0) <.001
(24.0) (28.9)
Hypothyroidism 2,155 (4.5) 541 (1.2) <001 2212 (5.1) 597 (1.4) <001 1,421 (3.5) 428 (1.0) <001 1,300 (3.0) 479 (1.0) <.001
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Liver Disease 559 (1.2) 772 (1.8) <001 541 (1.3) 800 (1.9) <001 540 (1.3) 775 (1.8) <001 579(1.4) 895 (1.9) <.001
Anemia 2,569 (5.4) 1,403 (3.2) <001 4734(11.0) 3204 (7.6) <001 4629(113)  3382(7.7) <001  5182(12.1)  3,929(82) <001
Dementia 1,935 (4.1) 1,188 (2.7) <001 2007 (4.6) 1258(3.0) <001 1816 (4.4) 1,121 (2.6) <001 1,791 (4.2) 1,194 (2.5) <001
Depression 1,788 (3.8) 911 (2.1) <001 1617(37)  872(2.1) <001 1,364 (3.3) 859 (2.0) <001 1213 (2.8) 756 (1.6) <.001
Psychosis 1,932 (4.1) 1,134 (2.6) <001  4695(39) 1,106(2.6) <001  486(1.2) 350 (0.8) <001  223(0.5) 171 (0.4) <001
Primary Tumor 3,055 (6.4) 4,363 (9.9) <001 3026 (7.0) 4,045 (9.6) <001 2,947 (7.2) 4,060 (9.3) <001 3,376 (7.9) 4,419(9.2)  <.001
Metastatic Malignancy 869 (1.8) 804 (1.8) 0.924 g5 (2.1) 775 (1.8) 0.92 850 (2.1) 723 (1.7) <001 1,000 (2.3) 840 (1.8) <.001
Paraplegia 840 (1.8) 899 (2.0) 0.002  g54 (2.0) 903 (2.1) 0.002 521 (1.3) 572 (1.3) 0.61  434(1.0) 475 (1.0) 0.71
VTE 1,161 (2.4) 1,017 (2.3) 0.238 945 (2.2) 714 (1.7) 024  557(1.4) 505 (1.2) 0.008 450 (1.1) 512 (1.1) 0.83
Frailty 4,302 (9.0) 2,700 (6.1) <001  5598(13.0) 4,364 (10.4) <001 ~ 10,163(24.8) 7.175(164) <001 8,409 (17.5)  <.001

11,223 (26.3)

1 Values are expressed number (%) unless otherwise indicated. SD, standard deviation; HTN, hypertension; IHD, ischemic heart disease; PAD, peripheral arterial

2 disease; CVD, cerebrovascular disease; PCD, pulmonary circulatory disease; COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism
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magnitude between the historical (1994-1998) and modern (2009-2013) times are indicated in bold.

Table 2. Evolution of multivariable risk factors of one-year mortality over time. Risk factors that have changed in

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 (1.47-1.65)  1.64(1.53-1.74) 1.66 (1.56-1.77) 1.54 (1.44-1.64)
75-84 years 2.26 (2.14-2.39) 2.36 (2.23-2.5) 2.48 (2.34-2.63) 2.58 (2.43-2.73)
> 85 years 3.68 (3.48-3.90)  4.25 (4.00-4.51) 4.57 (4.31-4.85) 4.89 (4.62-5.18)
Female 0.85 (0.82-0.88)  0.89 (0.86-0.92) 0.91 (0.88-0.94) 0.97 (0.93-1.00)
Rural 0.94 (0.90-0.98)  1.00 (0.96-1.05) 0.99 (0.95-1.04) 1.01 (0.96-1.06)

Income Quintile

1 (Low)

2

3

4

5 (High)
Benign Hypertension
Complicated Hypertension
Atrial Fibrillation
Myocardial Infarction
Valvular Disease
Peripheral Arterial Disease

Cerebrovascular Disease

Pulmonary Circulatory Disease

COPD/Asthma

Alcohol Abuse

Renal Disease

For peer review only - http://bmjope%.%mj.com/site/about/guidelines.xhtmI

1.06 (1.01-1.11)
1.03 (0.98-1.08)
1.06 (1.01-1.11)
1.02 (0.97-1.08)
Reference
0.76 (0.74-0.79)
0.93 (0.86-1.00)
0.89 (0.85-0.94)
1.12 (1.06-1.18)
1.00 (0.92-1.08)
1.22 (1.16-1.29)
1.29 (1.23-1.35)
1.67 (1.43-1.96)
1.15 (1.12-1.19)
1.16 (0.97-1.38)

2.04 (1.90-2.18)

1.08 (1.03-1.14)
1.04 (0.99-1.09)
1.03 (0.98-1.09)
0.99 (0.94-1.05)
Reference
0.74 (0.72-0.77)
0.95 (0.88-1.02)
0.92 (0.88-0.96)
0.99 (0.94-1.05)
0.98 (0.91-1.06)
1.2 (1.14-1.27)
1.25 (1.19-1.32)
1.73 (1.52-1.97)
1.18 (1.14-1.22)
1.34 (1.16-1.55)

1.86 (1.74-1.98)

1.12 (1.06-1.18)
1.04 (0.99-1.10)
1.04 (0.98-1.10)
1.08 (1.03-1.14)
Reference
0.73 (0.70-0.76)
0.87 (0.82-0.93)
0.96 (0.92-1.01)
1.02 (0.97-1.06)
0.97 (0.90-1.05)
1.28 (1.20-1.37)
1.23 (1.16-1.30)
1.54 (1.38-1.71)
1.21 (1.17-1.25)
1.51 (1.34-1.70)

1.73 (1.63-1.84)

1.08 (1.02-1.14)
1.04 (0.98-1.09)
0.99 (0.94-1.04)
1.01 (0.95-1.06)
Reference
0.78 (0.75-0.81)
0.77 (0.73-0.81)
0.99 (0.95-1.04)
0.98 (0.94-1.03)
0.93 (0.86-1.00)
1.34 (1.24-1.44)
1.20 (1.13-1.28)
1.24 (1.12-1.37)
1.17 (1.13-1.21)
1.62 (1.45-1.82)

1.67 (1.58-1.77)
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1
2

Diabetes
Hypothyroidism
Liver Disease
Dementia
Depression
Psychosis

Primary Tumor

Metastatic Malignancy

Paraplegia

Venous Thromboemoblism

BMJ Open

1.25 (1.21-1.30)
0.99 (0.91-1.07)
1.90 (1.72-2.10)
1.74 (1.63-1.85)
1.15 (1.07-1.25)
1.29 (1.20-1.38)
1.56 (1.49-1.64)
3.47 (3.22-3.74)
1.36 (1.24-1.50)

1.07 (0.98-1.17)

1.19 (1.15-1.24)
1.01 (0.93-1.09)
1.86 (1.68-2.06)
1.97 (1.86-2.09)
1.18 (1.09-1.28)
1.36 (1.26-1.46)
1.69 (1.60-1.77)
3.59 (3.33-3.87)
1.33 (1.21-1.46)

1.18 (1.07-1.30)

1.13 (1.09-1.17)
1.03 (0.93-1.13)
1.99 (1.79-2.21)
2.03 (1.91-2.16)
1.19 (1.09-1.30)
1.14 (0.99-1.31)
1.61 (1.53-1.70)
3.14(2.90-3.41)
1.52 (1.35-1.70)

1.16 (1.03-1.31)
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1.13 (1.10-1.17)
1.06 (0.96-1.17)
2.34 (2.12-2.59)
1.96 (1.84-2.09)
1.16 (1.06-1.28)
1.43 (1.17-1.76)
1.64 (1.56-1.73)
3.42 (3.17-3.70)
1.53 (1.35-1.75)

1.40 (1.24-1.58)

HR, hazard ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease
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Table 3a. Sex-specific risk factors of one-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 (1.32-1.59) 1.63 (1.51-1.75)

75-84 years 2.06 (1.89-2.24) 2.42 (2.25-2.60)

> 85 years 3.53 (3.24-3.85) 3.70 (3.41-4.00)
Benign Hypertension 0.70 (0.67-0.73) 0.82 (0.79-0.86) <0.001
Myocardial Infarction 1.26 (1.16-1.36) 1.02 (0.95-1.10) <0.001
COPD/Asthma 1.10 (1.05-1.16) 1.20 (1.15-1.25) 0.01
Renal Disease 2.26 (2.04-2.50) 1.90 (1.74-2.07) 0.01
Diabetes 1.31 (1.25-1.38) 1.20 (1.14-1.26) 0.01

HR, hazard ratio; CI, confidence interval; COPD; chronic obstructive pulmonary disease

* Multiplicative interaction terms were formed by multiplying sex by each of the covariates in the multivariable Cox

proportional hazard model for one-year mortality. Only significant interaction terms (i.e., ones demonstrating sex-

specific risk factors) were reported in this table.
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Table 3b. Sex-specific risk factors of one-year mortality in the modern cohort (2009-2013).

Variable

Women

HR (95% CI)

Men

HR (95% CI)

Multiplicative Interaction

P-Value *

Income Quintile

1 (Low)

2

3

4

5 (High)
Myocardial Infarction
Peripheral Arterial Disease
COPD/Asthma
Dementia
Primary Tumor

Metastatic Malignancy

1.02 (0.94-1.09)
0.97 (0.90-1.05)
0.99 (0.92-1.07)
1.01 (0.93-1.09)
Reference
1.05 (0.98-1.12)
1.48 (1.32-1.66)
1.12 (1.07-1.17)
1.87 (1.72-2.02)
1.44 (1.34-1.56)

3.05 (2.75-3.38)

1.15 (1.06-1.23)
1.10 (1.02-1.18)
0.98 (0.91-1.06)
1.01 (0.93-1.08)
Reference
0.94 (0.89-1.00)
1.25(1.14-1.37)
1.23 (1.17-1.29)
2.10(1.92-2.30)
1.79 (1.68-1.91)

3.85 (3.49-4.26)

0.001

0.02

0.02

0.005

0.05

<0.001

<0.001

HR, hazard ratio; CI, confidence interval; COPD; chronic obstructive pulmonary disease

* Multiplicative interaction terms were formed by multiplying sex by each of the covariates in the multivariable Cox

proportional hazard model for one-year mortality. Only significant interaction terms (i.e., ones demonstrating sex-

specific risk factors) were reported in this table.

ed in this table.
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25 Figure 1. Sex-specific temporal trends in the incidence of heart failure in Ontario from April 1, 1994 to March
26 31, 2014.

27 Legend: Incidence rates were directly standardized by age and expressed per 100,000. The solid line

28 represents incidence trends in women. The dotted line represents incidence trends in men.
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25 Figure 3. Sex-specific temporal trends in mortality within one year of ambulatory heart failure diagnosis.
26 Legend: Mortality rates were directly standardized by age and expressed per 1000. The solid line represents
27 mortality trends in women. The dotted line represents mortality trends in men.
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eFigure 1. Sex-specific temporal trends in heart failure hospitalizations within one year of ambulatory heart failure
diagnosis. Hospitalization rates were directly standardized by age using the 1991 Canadian population aged > 40 years as
the reference population and expressed per 1000 person-years.

Legend: The solid line represents trends in women. The dotted line represents trends in men.
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eFigure 2a. Stacked cumulative incidence curves representing temporal trends of heart failure hospitalization within one
year of diagnosis in men.

Legend: The red line represents cumulative incidence of hospitalization in the historical cohort (1994-1998). The blue line
represents hospitalizations in the 1999-2003 cohort. The orange line represents hospitalizations in the 2004-2008 cohort.
The green line (which is nearly superimposed on the blue line) represents hospitalizations in the modern cohort (2009-
2013).
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30 eFigure 2b. Stacked cumulative incidence curves representing temporal trends of heart failure hospitalization within one
31 year of diagnosis in women.

Legend: The red line represents cumulative incidence of hospitalization in the historical cohort (1994-1993). The blue line
represents hospitalizations in the 1999-2003 cohort. The orange line represents hospitalizations in the 2004-2008 cohort.
The green line represents hospitalizations in the modern cohort (2009-2013).
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eTable 1. Crude and age standardized incidence rates of ambulatory heart failure per 100,000 population.

BMJ Open

Incidence Rate 95% CI
Year Sex HF Cases Denominator Crude Standardized Lower Upper
1994  Female 10123 2544992 397.76 368.95 361.74 376.27
Male 8998 2290949 392.76 480.63 470.55 490.88
1995 Female 9502 2615417 363.31 335.99 329.21 342.88
Male 8622 2359605 365.40 445.26 43573 454.95
1996 Female 9312 2686591 346.61 319.55 313.03 326.18
Male 8621 2430438 354.71 430.39 421.20 439.74
1997 Female 9518 2753376 345.68 319.39 312.93 325.94
Male 8939 2497920 357.86 433.52 42443 442.76
1998  Female 9221 2815590 327.50 303.76 297.52 310.10
Male 8727 2560459 340.84 411.86 403.12 420.74
1999  Female 9158 2880244 317.96 29491 288.82 301.09
Male 8810 2624357 335.70 403.94 395.42 412.61
2000 Female 8921 2948815 302.53 279.98 274.11 285.94
Male 8548 2693918 317.31 382.41 374.22 390.74
2001  Female 8466 3018031 280.51 258.26 252.69 263.91
Male 8132 2763947 294.22 351.15 343.46 358.98
2002  Female 8403 3088112 272.11 249.62 24421 255.11
Male 8441 2835687 297.67 35343 345.83 361.16
2003  Female 8242 3159200 260.89 237.25 232.05 242.53
Male 8177 2908486 281.14 333.06 325.78 340.45
2004  Female 8082 3226254 250.51 227.56 222.51 232.70
Male 8101 2976603 272.16 320.70 313.67 327.86
2005  Female 8283 3286052 252.07 229.05 224.02 234.17
Male 8588 3037995 282.69 328.77 321.77 335.87
2006  Female 8107 3340543 242.69 220.03 215.14 225.01
Male 8774 3091317 283.83 323.41 316.60 330.32
2007 Female 7993 3388916 235.86 211.27 206.53 216.09
Male 8929 3136755 284.66 318.62 311.98 325.36
2008 Female 8578 3437633 249.53 222.31 217.49 227.21
Male 9306 3182320 29243 322.03 315.46 328.71
2009 Female 8433 3486229 241.89 213.46 208.78 218.22
Male 9312 3225967 288.66 313.38 306.98 319.87
2010  Female 8366 3534061 236.72 208.36 203.77 213.03
Male 9262 3269161 283.31 301.92 295.75 308.19
2011  Female 8424 3578607 235.40 201.79 197.35 206.31
Male 9292 3308050 280.89 294.17 288.17 300.26
2012  Female 8526 3618133 235.65 199.93 195.55 204.39
Male 9585 3341596 286.84 293.47 287.58 299.45
2013  Female 8997 3653530 246.25 205.83 201.43 210.30
Male 10510 3369203 311.94 312.82 306.82 318.90

HF, heart failure; CI, confidence interval
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eTable 2. Temporal trends of one-year mortality rates in men and women with incident heart failure.

Number Number of Crude Rate  Age-Standardized
Time Cohort Sex of Deaths Incident HF Cases (%) Rate (%, 95% CI)

April 1994-March 1999 8319 47676 17.5 10.1(9.5-10.8)
8238 43907 18.8 11.4(10.8-11.9)

7572 43190 17.5 9.9 (9.3-10.6)
7365 42108 17.5 10.4 (9.9-10.8)
7148 41043 17.4 9.5 (9.0-10.1)
7322 43698 16.8 9.8 (9.4-10.2)
7156 42746 16.8 8.6 (8.1-9.0)
7138 47961 14.9 8.2 (7.9-8.6)

oNOYTULT D WN =

9 April 1999-March 2004
11 April 2004-March 2009

14 April 2009-March 2014

IS
Em<m XL

17 HF, heart failure; CI, confidence interval
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eTable 3. Crude and age-standardized one-year mortality rates following ambulatory heart failure diagnosis. Rates are

expressed per 1000 population.

BMJ Open

Mortality Rate 95% CI
Year Sex Deaths  Incident HF Cases Crude Standardized Lower Upper
1994  Female 1733 10123 171.19 104.40 90.54 119.78
Male 1710 8998 190.04 123.00 110.57 136.45
1995 Female 1629 9502 171.44 94.64 82.33 108.27
Male 1578 8622 183.02 109.23 97.89 121.53
1996 Female 1679 9312 180.30 111.88 95.19 130.64
Male 1643 8621 190.58 112.37 101.72 123.83
1997 Female 1674 9518 175.88 90.24 78.73 102.95
Male 1741 8939 194.76 116.99 105.34 129.56
1998 Female 1604 9221 173.95 105.45 92.82 119.32
Male 1566 8727 179.44 105.22 94.57 116.74
1999  Female 1527 9158 166.74 90.75 78.76 104.04
Male 1522 8810 172.76 103.32 93.50 113.88
2000 Female 1556 8921 174.42 106.23 92.32 121.65
Male 1489 8548 174.19 100.59 90.80 111.15
2001 Female 1473 8466 173.99 91.60 79.23 105.34
Male 1364 8132 167.73 103.48 92.72 115.15
2002 Female 1504 8403 178.98 105.15 91.98 119.68
Male 1511 8441 179.01 105.70 96.26 115.82
2003 Female 1512 8242 183.45 104.88 90.32 121.12
Male 1479 8177 180.87 105.10 94.47 116.60
2004 Female 1468 8082 181.64 94.64 82.57 107.97
Male 1486 8101 183.43 105.57 95.67 116.22
2005 Female 1445 8283 174.45 96.12 83.52 110.08
Male 1454 8588 169.31 98.53 88.69 109.16
2006 Female 1395 8107 172.07 98.75 86.46 112.30
Male 1459 8774 166.29 99.06 89.97 108.82
2007 Female 1384 7993 173.15 92.81 81.59 105.15
Male 1475 8929 165.19 93.86 85.68 102.61
2008 Female 1456 8578 169.74 92.93 82.04 104.86
Male 1448 9306 155.60 94.08 85.56 103.21
2009 Female 1464 8433 173.60 89.43 79.65 100.09
Male 1461 9312 156.89 88.17 80.01 96.95
2010 Female 1373 8366 164.12 86.81 76.58 98.03
Male 1396 9262 150.72 81.93 74.92 89.43
2011  Female 1418 8424 168.33 81.54 71.43 92.68
Male 1381 9292 148.62 82.13 74.91 89.87
2012 Female 1404 8526 164.67 85.48 75.84 96.01
Male 1377 9585 143.66 76.53 69.60 83.97
2013  Female 1497 8997 166.39 84.84 75.24 95.32
Male 1523 10510 144.91 82.99 75.34 91.22
CI, confidence interval
6
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1
2 eTable 4. Crude and age standardized one-year heart failure hospitalization rates in patients who were diagnosed with heart
3 failure in an ambulatory setting between 1994-2013. Rate is expressed per 1000 person years.
4
5 Heart Failure Hospitalization Rate 95% CI
6 Year Sex Hospitalizations Denominator Crude Standardized Lower Upper
/ 1994 Female 1105 8417.52 13127 97.43 83.29  113.28
8 Male 1108 7325.60 151.25 114.15 101.01  128.52
9 1995 Female 1067 7860.78 135.74 96.64 83.94  110.71
10 Male 1001 7065.84 141.67 116.14 100.74  133.23
1 1996  Female 1065 7632.79 139.53 100.19 85.97  116.09
12 Male 1015 7022.96 144.53 108.91 96.08  122.98
13 1997 Female 1028 7859.13 130.80 106.59 90.03  125.30
14 Male 1082 7232.55 149.60 113.69 10095 127.59
15 1998 Female 1006 7603.66 132.30 99.32 85.96  114.16
16 Male 963 7180.72 134.11 111.22 97.10  126.82
17 1999 Female 983 7607.15 129.22 96.32 82.75  111.47
18 Male 936 7305.04 128.13 107.48 95.17  120.95
19 2000 Female 917 7402.64 123.87 94.57 80.28  110.67
20 Male 994 7033.00 141.33 114.37 101.66 128.24
21 2001 Female 903 6997.61 129.04 99.40 84.75  115.86
22 Male 901 6711.51 134.25 111.64 97.95  126.71
23 2002 Female 937 6838.58 137.02 115.90 10022 133.33
24 Male 1007 6854.11 146.92 119.20 106.86  132.57
25 2003 Female 994 6645.28 149.58 100.66 86.86  116.02
2% Male 1016 6629.94 153.24 123.36 11031 137.54
7 2004 Female 1002 6508.80 153.95 117.67 101.49  135.69
28 Male 993 6504.80 152.66 114.02 102.01  127.06
% 2005 Female 962 6775.02 141.99 102.34 88.21  118.09
30 Male 1026 7052.13 145.49 113.98 101.59 127.48
2006 Female 982 6565.14 149.58 90.43 78.78  103.32
31 Male 989 7237.69 136.65 101.40 90.93  112.73
32 2007  Female 987 6493.03 152.01 92.95 8145  105.61
33 Male 1069 7307.83 146.28 109.62 98.84  121.25
34 2008  Female 1046 6963.90 150.20 95.11 83.30  108.13
35 Male 1097 7646.02 143.47 107.36 97.12 11838
36 2009 Female 1021 6841.22 149.24 89.74 79.39  101.06
37 Male 1085 7697.71 140.95 102.92 9238 114.34
38 2010 Female 1042 6799.72 153.24 85.28 7541  96.08
39 Male 1078 7694.92 140.09 96.05 86.94  105.86
40 2011 Female 1061 6842.81 155.05 86.86 76.87  97.78
41 Male 1038 7754.49 133.86 98.10 87.99  109.06
42 2012 Female 1137 6895.19 164.90 98.80 87.24  111.46
43 Male 1097 8017.47 136.83 93.00 84.28  102.37
44 2013 Female 1159 7269.34 159.44 97.59 86.03  110.27
45 Male 1205 8772.03 137.37 91.14 8226  100.71
46
47 CI, confidence interval
48
49
50
51
52
53
54
55
56
57
58 7
59
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No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the Title
abstract page
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Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6-7
confounding
(b) Describe any methods used to examine subgroups and interactions
(¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(¢) Consider use of a flow diagram N/A
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 8
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of Table
interest !
(¢) Summarise follow-up time (eg, average and total amount) 8
Outcome data 15*  Report numbers of outcome events or summary measures over time 8-10
Main results 16 8-10

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
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precision (eg, 95% confidence interval). Make clear which confounders were adjusted for

and why they were included

(b) Report category boundaries when continuous variables were categorized "ll"able
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period N/A
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity N/A
analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 15
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, 11-15
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 15
Other information
22 16-17

Funding

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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