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Abstract
Abstract

Objective — To determine the attributable risk of community acquired
pneumonia on incidence of heart failure throughout the age range of
affected patients and severity of the infection.

Design — Cohort study.

Setting — Six hospitals and seven emergency departments in Edmonton,
Alberta, Canada, 2000-02.

Participants — 4988 adults with community acquired pneumonia and
no history of heart failure were prospectively recruited and matched on
age, sex, and setting of treatment (inpatient or outpatient) with up to five
adults without pneumonia (controls) or prevalent heart failure (n=23
060).

Main outcome measures — Risk of hospital admission for incident
heart failure or a combined endpoint of heart failure or death up to 2012,
evaluated using multivariable Cox proportional hazards analyses.

Results — The average age of participants was 55 years, 2649 (53.1%)
were men, and 63.4% were managed as outpatients. Over a median of
9.9 years (interquartile range 5.9-10.6), 11.9% (n=592) of patients with
pneumonia had incident heart failure compared with 7.4% (n=1712) of
controls (adjusted hazard ratio 1.61, 95% confidence interval 1.44 to
1.81). Patients with pneumonia aged 65 or less had the lowest absolute
increase (but greatest relative risk) of heart failure compared with controls
(4.8% v 2.2%; adjusted hazard ratio 1.98, 95% confidence interval 1.5
to 2.53), whereas patients with pneumonia aged more than 65 years
had the highest absolute increase (but lowest relative risk) of heart failure
(24.8% v 18.9%; adjusted hazard ratio 1.55, 1.36 to 1.77). Results were
consistent in the short term (90 days) and intermediate term (one year)
and whether patients were treated in hospital or as outpatients.

Conclusion — Our results show that community acquired pneumonia
substantially increases the risk of heart failure across the age and
severity range of cases. This should be considered when formulating
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post-discharge care plans and preventive strategies, and assessing
downstream episodes of dyspnoea.

Introduction

Community acquired pneumonia is a common condition
associated with substantial morbidity and mortality, irrespective
of age.'! Community acquired pneumonia remains the seventh
leading cause of death in the United States and accounts for an
estimated $9bn (£7bn; €8bn) in direct healthcare costs and 600
000 admissions to hospital each year.”* Although community
acquired pneumonia is often considered an acute event, the long
term associated risks are substantial (>50% mortality over five
years and a nearly twofold higher risk of subsequent pneumonia
than in controls without pneumonia).! Moreover, despite major
advances in risk stratification and management, downstream
sequelae in survivors of pneumonia have not substantively
improved over the past decade.’

Attention is increasingly focused on the link between pneumonia
and subsequent cardiovascular diseases. Several studies have
reported a clinically significant short term risk of major
cardiovascular disease after acute respiratory tract infections,
although the longer term impact of pneumonia on cardiovascular
disease is less certain.’” Heart failure is one cardiovascular
complication that seems to be highly prevalent in patients with
community acquired pneumonia.*”® The mechanism by which
pneumonia may influence heart failure is multidimensional.
Acute infections can result in reduced myocardial function (eg,
septic shock), increased oxygen consumption, tachycardia, and
circulatory problems, which may all lead to increased cardiac
workload and risk of heart failure.””'

Overall, studies have reported incident or worsening heart failure
rates of 1.4% in outpatient populations with community acquired
pneumonia to as high as 24% among inpatients with
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pneumonia.” Key study limitations have been the inability to
distinguish between new onset heart failure and worsening heart
failure,** highly selected samples (cohorts derived from trial
participants, patients admitted to hospital from a single medical
centre, or elderly patients only),”*® potential misclassification
of patients with community acquired pneumonia (diagnosis
based solely on administrative discharge coding),”"** small
sample sizes (<500 participants),** short follow-up periods (eg,
30 day, or in-hospital events only),**® and relatively small
number of events.** Moreover, most studies have only focused
on patients admitted to hospital*** and only one study has been
able to distinguish the true attributable risk associated with
pneumonia on heart failure events compared with a control
population without pneumonia or prevalent heart failure;
however, this study is limited as controls were not required to
be selected from the same site of care (ie, risk estimates for
patients with pneumonia admitted to hospital were calculated
relative to patients without pneumonia who might not have been
admitted) and this study was unable to account for any heart
failure events occurring within 30 days of admission for
pneumonia.”

Thus it remains unclear if community acquired pneumonia truly
increases the risk of incident heart failure in patients relative to
those without pneumonia in the short term or longer term and
whether the risk extends throughout the range of age and severity
of community acquired pneumonia. We therefore assembled a
representative population based cohort of patients with
pneumonia and age-sex matched population controls without
pneumonia, to better understand the clinical course of an episode
of pneumonia and its comparative impact on short term and
long term incidence of heart failure.

Methods
Patients with pneumonia

This prospective population based clinical registry has been
extensively described in previous publications.' All patients
aged more than 17 years with community acquired pneumonia
admitted during 2000-02 to any of the six hospitals or seven
emergency departments in Edmonton, Alberta, Canada, which
serves a population of approximately one million people, were
enrolled in a clinical registry. We excluded patients who had
tuberculosis or cystic fibrosis, were immunocompromised (eg,
required >10 mg/day prednisone equivalents), or were pregnant.
All patients with pneumonia had to have radiographic
confirmation by treating clinicians and have at least two signs
or symptoms (cough, pleuritic chest pain, shortness of breath,
temperature >38°C, and crackles or bronchial breath sounds).
All patients were treated according to a validated clinical
pathway for community acquired pneumonia, which outlined
preferred processes of care.”” Trained research nurses collected
data prospectively from presentation to discharge using
standardised abstract forms. These data included demographic
information, doctor confirmed clinical and laboratory data, and
use of prescription drugs within the week before admission.

Matched controls

We frequency matched each patient with pneumonia with up

to five controls for age (five year age bands) and sex. Controls
were required to be alive at the time of the pneumonia event
(cases), presenting at the same site of care (same hospital for
inpatients or same emergency department for outpatients) as
the patient with pneumonia within the same month and year for
a non-pneumonia related diagnosis, and have no history of
community acquired pneumonia in the previous year based on

ICD-9-CM (international classification of diseases, nine revision,
clinical modification) codes 480-487 or ICD-10 (international
classification of diseases, 10th revision) codes J10-J18.

Outcomes

The primary outcome of interest was incident heart failure,
which we defined as any heart failure related admission to
hospital after the initial pneumonia event (or matched control
index event) through to 31 March 2012. Hospital admissions
with any diagnostic code for heart failure (ie, primary or any
secondary diagnostic codes) were identified using the ICD-9-CM
428.x and ICD-10-CM 150 codes and ascertained by linking
patients to comprehensive provincial healthcare administrative
databases and vital statistics file.”* The quality and validity of
the databases are routinely checked both provincially and
federally with processes to resolve data issues where identified.
Secondly, we evaluated the risk of incident heart failure in the
short term (within 90 days of discharge after the index event)
and intermediate term (within one year of discharge after the
index event). We also evaluated a composite endpoint of incident
heart failure or all cause mortality over the follow-up period.

Statistical analysis

As we were most interested in new onset heart failure after
discharge, we excluded all patients with prevalent heart failure
defined as any ICD-9-DM or ICD-10-CM codes for heart failure
occurring before or during their initial pneumonia or matched
control visit (minimum of three years before). Furthermore, we
restricted our cohort to only those patients and controls who
survived their initial index hospital admission or emergency
department visit. We used Kaplan-Meier curves to describe the
time to heart failure related hospital admission from the index
pneumonia event (or matched control event).

To evaluate the outcomes for patients with pneumonia compared
with controls we used multivariable Cox proportional hazard
regression to account for the matched nature of these data. These
data are presented as hazard ratios and 95% confidence intervals.
No violations of proportional hazards assumptions were found
through log-log plots and Schoenfeld residuals. Censoring
occurred at departure from Alberta Health or 31 March 2012,
providing a maximum follow-up of about 11 years. We did not
consider repeat events; only time to first event was evaluated.

To ensure differences in outcomes were not driven by
differences in comorbidity, we adjusted all analyses using the

31 coexisting conditions as defined by the Elixhauser
comorbidity index. We calculated the Elixhauser index
conditions based on diagnostic codes within the three years
before the index event for patients with pneumonia and matched
controls. Adjustments were also made for socioeconomic status
(based on government level of support provided) and Aboriginal
status (ie, First Nations and Inuit peoples), as well as the number
of physician visits in the one year before the index event as an
additional marker of disease burden. We also included age in
the models to control for any residual confounding not accounted
for in the matching process. In addition, to ensure results were
consistent among inpatients and outpatients we stratified all
analyses by site of care (inpatient and outpatient) for initial visit.
Finally, as there are currently no estimates of heart failure risk
in younger adults with community acquired pneumonia, we
undertook additional analyses whereby we stratified our analyses
into those aged less than 65 years and those aged more than 65
years to better understand the risk of heart failure associated
with pneumonia throughout the age range. All analyses were
conducted using SAS V9.4 (SAS Institute).
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Sensitivity analysis

Firstly, as the primary analysis excluded patients with new onset
heart failure during their initial visit for the index event, we
expanded the endpoint to include heart failure events that
occurred within the initial visit for patients with pneumonia or
matched control. Thus, the endpoint considered any patient with
a diagnosis of incident heart failure during the index pneumonia
event or any subsequent heart failure related hospital admission
as having incident heart failure. Secondly, to better evaluate the
risk of heart failure over the intermediate to long term, we
excluded all patients admitted to hospital for heart failure within
the first year after discharge, and repeated our analyses. Thirdly,
we expanded our outcome definition to include not only heart
failure related hospital admissions after discharge but also heart
failure related emergency department visits. For this analysis,
we only considered time to first emergency department visit or
hospital admission for heart failure. Fourthly, to ensure incident
heart failure is specific to pneumonia and not a marker of
advanced illness or frailty, we repeated our analyses evaluating
the risk of pneumonia on hospital admissions for stroke or
fractures. We chose these conditions as they represent other
major cardiovascular disease and difficult-to-measure frailty,
respectively. Fifthly, as advanced diagnostic tests for heart
failure were not routinely available at the time the cohort was
established (eg, B type natriuretic peptide), we further excluded
all users of diuretics as a prototypical marker of established
heart failure to ensure prevalent heart failure could not be
affecting our results.” Sixthly, given the relatively high rates

of mortality in this older population, we re-ran our primary
analyses using a competing risk framework.*® Finally, we
specifically evaluated the risk of new onset heart failure in
patients with and without Streptococcus pneumoniae
bacteraemia.'®

Patient involvement

No patients were involved in setting the research question or
the outcome measures, nor were they involved in developing
plans for recruitment, design, or implementation of the study.
No patients were asked to advise on interpretation or writing
up of results. There are no plans to disseminate the results of
the research to study participants or the relevant patient
community.

Results

Of the 6874 patients with community acquired pneumonia in
the cohort, 314 (4.6%) died in hospital, 857 (12.7%) had
prevalent heart failure, and 309 (4.5%) had a heart failure code
occurring within their initial pneumonia related visit and were
excluded from our primary analyses. Of the remaining 5394
patients, 4988 were successfully matched with at least one
control (n=23 060; 3676 (73.7%) with five controls). Of the 406
unmatched patients with pneumonia, 22 (0.4%) could not be
linked to administrative databases and 384 (7.1%) did not have
suitable controls (see supplementary figure). Overall, these
patients were similar on age (P=0.17), were slightly more likely
to be men (59.1% v 53.1%, P=0.02), and had similar severity
of pneumonia (P>0.05). The median follow-up was 9.9 years
(interquartile range 5.9-10.6), with a maximum follow-up of
11.4 years. Patients with pneumonia were aged 55 (SD 20)
years, with 1762 (35.3%) aged more than 65 years, and most
were treated on an outpatient basis (63.4%). Although patients
with pneumonia and controls were evenly distributed by sex
(P=0.60), controls were slightly younger (53 v 55 years,
P<0.001) and had fewer comorbidities (|}).

The primary endpoint of incident heart failure occurred in 592
(11.9%) patients with pneumonia compared with 1712 (7.4%)
controls (P<0.001), translating into heart failure rates of 1.7 per
100 person years compared with 0.9 per 100 person years,
respectively (P<0.001) (l}). After adjustment, patients with
pneumonia had a higher rate of incident heart failure compared
with the controls (adjusted hazard ratio 1.61, 95% confidence
interval 1.44 to 1.81, P<0.001, |}). Moreover, compared with
controls, patients with pneumonia were also more likely to have
an incident heart failure related admission to hospital within 90
days of discharge after the index event (1.4% v 0.6%; adjusted
hazard ratio 1.52, 1.08 to 2.13, P=0.015) and also a higher risk
at one year (3.3% v 1.4%; 1.86, 1.50 to 2.32, P<0.001). Results
were also consistent when stratified by site of care (inpatient
versus outpatient) (l)).

Stratification by age (<65 years and >65 years) showed that the
risk of heart failure extended throughout the age range. Over
follow-up, patients with pneumonia aged 65 or less had the
lowest absolute difference for incident heart failure compared
with controls (4.8% v 2.2%) but the highest relative risk
compared with controls (1.98, 1.55 to 2.53); whereas patients
with pneumonia aged more than 65 had the highest absolute
difference compared with controls (24.8% v 18.9%) but the
lowest relative risk (1.55, 1.36 to 1.77) (see supplementary table
1). These trends were also observed among inpatients and
outpatients. Regardless of age, however, inpatients with
pneumonia were at substantially higher risk for heart failure,
particularly younger patients (see supplementary table 1).

Over the entire follow-up period, 1917 (38.4%) patients with
pneumonia and 5509 (23.9%) controls died from any cause
(P<0.001); this translates into mortality of 5.2 per 100 person
years versus 2.9 per 100 person years, respectively (P<0.001).
A substantial number of both patients with pneumonia and
controls experienced the composite endpoint of incident heart
failure or all cause mortality, with 2035 (40.8%) patients with
pneumonia and 6041 (26.2%) controls having the composite
endpoint. After adjustment, patients with pneumonia were also
more likely to experience the combined endpoint of incident
heart failure or all cause mortality than the controls (adjusted
hazard ratio 1.53, 95% confidence interval 1.44 to 1.63,
P<0.001) (|}). Again, the increased risk of the composite
endpoint was observed for both inpatients and outpatients
compared with controls ([]).

Sensitivity analyses

Sensitivity analyses were robust and showed similar results to
the primary analyses (). After expanding the endpoint to
include incident heart failure occurring within the initial index
visit, patients with pneumonia were still at an increased risk of
incident heart failure related events compared with their matched
controls (15.0% v 8.9%; adjusted hazard ratio 1.82, 95%
confidence interval 1.65 to 2.01, P<0.001). Secondly, analyses
excluding patients with incident heart failure within the first
year (n=485) also showed the increased risk of heart failure in
patients with pneumonia over the intermediate to long term
(8.9% v 5.9%; adjusted hazard ratio 1.44, 1.28 to 1.61). Thirdly,
after including incident heart failure related visits to an
emergency department into the outcome, patients with
pneumonia were still more likely to have heart failure related
events (14.0% v 8.8%; 1.62, 1.45 to 1.80, P<0.001). Fourthly,
analyses evaluating the risk of stroke (1.5% v 1.3%; 1.02, 0.77
to 1.35) or fractures (4.8% v 4.0%; 1.14, 0.96 to 1.35) after
pneumonia did not show any association, suggesting our results
are more specific to heart failure in itself as opposed to overall
patient illness or frailty. Fifthly, after excluding 424 patients
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with pneumonia with any use of diuretics as a potential marker
of prevalent heart failure, our results remained robust (10.2%

v 6.8%; 1.39, 1.25 to 1.55). Sixthly, our results were similar
when re-evaluated using a competing risk framework (adjusted
hazard ratio 1.37, 1.25 to 1.51, P<0.001). Finally, compared
with their matched controls (n=460), patients with pneumococcal
bacteraemia (n=98) were at statistically significant risk of
incident heart failure (13.3% v 7.4%; 2.4, 1.08 to 5.3). However,
among patients with non-pneumococcal bacteraemia community
acquired pneumonia (n=64) no increased risk compared with
controls was observed (n=286; 12.5% v 10.8%; 0.89, 0.32 to
2.4).

Discussion

In this large, population based cohort study of patients with
community acquired pneumonia, we have highlighted the
substantial increased risk of incident heart failure after an
episode of community acquired pneumonia. Our data suggest
that the 10 year risk of developing incident heart failure after a
pneumonia event is approximately 12%. Furthermore, compared
with age-sex matched controls, there was a more than 50%
relative increase in the risk of incident heart failure. This
increased risk of heart failure after a pneumonia related event
is conferred relatively early after discharge (within 90 days) but
persists over the long term as well.

Although the risk of heart failure in elderly patients with
community acquired pneumonia has been previously assessed,
in our study we examined the potential risk of heart failure
associated with pneumonia in a younger population. Heart
failure in elderly people is well recognised, and also confirmed
in our data, but this risk was also observed in young adults with
pneumonia is also important. Indeed, among young adults with
pneumonia managed on an inpatient basis, the risk of heart
failure was substantially higher than in patients without
pneumonia (the controls), with more than a threefold increase
in absolute and relative risk compared with controls (5.8%
absolute risk increase, adjusted hazard ratio 3.6). Furthermore,
although the absolute risk increase was lower, younger adults
with pneumonia managed on an outpatient basis were also at
considerable risk, and from a relative perspective the risk was
similar to that observed among elderly inpatients with
pneumonia compared with controls. Thus, although our data
suggest that the highest absolute rates of heart failure are
observed in elderly people, it is noteworthy that the highest
relative rates of pneumonia associated heart failure are observed
in younger adults managed in both inpatient and outpatient
settings.

Comparison with other studies

To our knowledge, this is the longest outcomes study of patients
with community acquired pneumonia and heart failure reported
to date. Three previous studies evaluated the longer term risk
of heart failure after an episode of pneumonia.'** Although the
study by Adamuz et al reported one year outcomes, only deaths
related to heart failure were reported and only included nine
such deaths, making comparisons difficult. In a highly select
study evaluating the effect of clarithromycin on cardiovascular
events, Schembri et al observed that 3% of patients with
community acquired pneumonia developed new or worsening
heart failure within one year. This is consistent with our results
at one year where we also observed 3% of patients with
pneumonia having a hospital admission for heart failure,
although among inpatients our results were slightly higher, with
6% admitted to hospital for heart failure within one year. Our

results are also consistent with those in the study by
Corrales-Medina et al, whereby 3.4%, 5.5%, and 31% of elderly
patients admitted to hospital for pneumonia developed heart
failure within 90 days, one year, and beyond five years.” Among
our elderly patients admitted to hospital, 26.3% developed heart
failure over the longer term (more than one year), and our
relative rate to controls is nearly identical to that in the study

by Corrales-Medina et al (adjusted hazard ratio 1.77 v 2.0).
Furthermore, in our combined inpatient and outpatient group
3.3% and 7.4% developed heart failure within 90 days and one
year, largely driven by inpatients with community acquired
pneumonia, which is also consistent with previous reports.”

Our results are less consistent with a previous meta-analysis,
which suggested an overall short term risk (ie, inhospital and
within 30 days of admission) of 14.1% among inpatients with
pneumonia.”” Indeed, by 90 days of discharge only 1.4% of our
cohort developed heart failure (2.3% among inpatients and 3.3%
among elderly inpatients) and only approximately 5% had heart
failure when inhospital heart failure events were included. The
discrepancy in results is likely fully explained by the fact that
many studies included in the meta-analysis were conducted in
highly select populations, often with small sample sizes and
events, often included patients with prevalent heart failure where
incident or “worsening” heart failure was considered as opposed
to just incident heart failure events as we have reported, and
adjudication of heart failure was often based on clinical criteria
as opposed to administrative coding in our study.” Importantly,
the meta-analysis was not able to distinguish the true attributable
risk associated with pneumonia on heart failure events compared
with a control population over the long term and was composed
mainly of patients admitted to hospital. Indeed, although controls
also have substantial long term risk of heart failure, both our
study and the study by Corrales-Medina et al, highlight the
considerable relative increase in risk of heart failure conferred
by community acquired pneumonia.”® Moreover, we have
extended these findings to show that the risk of heart failure
after pneumonia is not merely in elderly people; pneumonia
also confers a substantial risk of heart failure in young patients
as well as outpatients.

Our study also builds on the evidence for patients with
pneumonia managed as outpatients. Only one previous study
has evaluated the impact of pneumonia on heart failure in
patients managed on an outpatient basis. In 907 outpatients, the
Pneumonia Patient Outcomes Research Team (PORT) observed
an incident rate of heart failure of 1.4% within 30 days."
Conversely, within 90 days only 0.9% of outpatients had
incident heart failure in our study (with 8.2% developing heart
failure over the entire follow-up). Again, the PORT study was
fairly restrictive in the spectrum of patients included in their
study and, unlike our study, was not population based.

Strengths and limitations of study

The putative role of community acquired pneumonia on heart
failure, and cardiac disease in general, is still evolving.
Pneumonia increases systematic oxidative stress and
inflammatory markers (eg, circulatory cytokines), in both the
short term and the long term, leading to an increased risk of
thrombogenesis, destabilisation of atherosclerotic plaques, and
endothelial dysfunction, potentially leading to increased rates

of ischaemic heart disease, atrial fibrillation, and reduced
ventricular function.*”’ Furthermore, this increased host response
to infection has been shown to occur even in those with less
severe infections and to persistent long after a patient clinically
recovers from the acute infection.”’ Whether community
acquired pneumonia truly causes heart failure in itself or whether
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heart failure is simply the endgame in the cardiac cascade
triggered by acute pneumonia event is not fully elucidated. Other
factors, which are common to both pneumonia and heart failure,
are also likely at play, including advanced age, reduced renal
function, and the presence of other major comorbidities (eg,
atherosclerosis, diabetes, hypertension), and collectively are
likely to contribute to the increased risk of heart failure in
patients with pneumonia.® A major limitation of our study is
that we could not examine these potential mechanisms and
causes of heart failure related to pneumonia.

Additional limitations are that our study did not include certain
high risk patient groups, most notably those who are
immunocompromised. Although this would not be expected to
lead directly to heart failure, immunocompromise is associated
with frailty and potentially sicker patients who may be at
increased risk of complications and chronic diseases, including
heart failure. Secondly, our diagnosis of incident heart failure
was based on administrative data as opposed to clinical data.
However, heart failure codes in administrative data have been
shown to be highly valid, with high positive and negative
predictive values compared with medical records.**
Importantly, in both our patients with pneumonia and our
controls we used the same method to identify incident heart
failure, and no differential bias would be expected. Thirdly, as
our cohort comprised only patients with community acquired
pneumonia, we are unable to explore the reverse relationship
of whether or not heart failure predisposes patients to the
development of pneumonia. Lastly, owing to the administrative
coding, we were unable to assess the degree of severity of heart
failure in either of our cohorts. Given our outcome of hospital
admission for heart failure, it is possible that milder cases of
heart failure (eg, New York Heart Association classes I and II)
might not have been easily detected, which may underrepresent
the true incidence of heart failure in our study; however, we did
include emergency department visits for heart failure as a
sensitivity analysis, which would capture milder events, and
this did not change our results. Furthermore, the relative effects
we report are unlikely to be affected as no differential detection
bias of milder heart failure is expected. Moreover, we were
unable to account for some clinical differences (eg, blood
pressure) that might have influenced heart failure events between
the groups. We did, however, adjust our models for a well
known and validated comorbidity index that would have
captured doctor diagnosed hypertension. Despite these
limitations, our study has several major strengths, including the
large population based sample, use of controls to fully evaluate
the potential incremental risk of pneumonia on heart failure,
long term follow-up data, and extension of the literature across
the range of ages and severity of pneumonia.

Conclusion

Our results show that patients with community acquired
pneumonia are at increased risk for the future development of
heart failure. Although elderly patients are often considered at
high risk for heart failure, our results extend this risk to younger
adults who survive an episode of pneumonia who may not be
typically seen as higher risk for heart failure. Whether
pneumonia is simply a marker of a high risk population or
contributes to the underlying mechanism for the development
of cardiovascular diseases and heart failure is strongly
debated.®” Regardless, our results suggest that post-discharge
care plans by front line clinicians, in partnership with patients,
aimed at preventive measures might be warranted, including
active screening and primary prevention strategies targeted at
modifiable risk factors for cardiovascular disease. Moreover,

increased attention to prevention of pneumonia, as the first
consideration, through the use of pneumococcal (and seasonal
influenza) vaccinations is also justified, particularly for those
patients at higher risk of both pneumonia and cardiovascular
disease (eg, elderly people, smokers). Furthermore, it highlights
the possibility for both patients and their doctors that a
subsequent episode of shortness of breath or wheezing might
not be related to another respiratory tract infection but instead
to new onset heart failure.

What is already known on this topic

Community acquired pneumonia has been
associated with new onset heart failure in elderly
patients

The attributable risk of pneumonia on incidence
of heart failure throughout the age range and
severity of pneumonia in patients is, however,
not known, particularly over the long term

What this study adds

Community acquired pneumonia substantially
increases the risk of heart failure, especially in
young adults, who had the highest relative rates
of pneumonia associated heart failure regardless
of pneumonia severity

This finding should be considered when
formulating post-discharge care plans and
preventive strategies, and assessing
downstream episodes of dyspnoea
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Tables

| Baseline characteristics of patients with community acquired pneumonia and sex and age matched controls. Values are nhumbers
(percentages) unless stated otherwise

Characteristics Controls (n=23 060) Patients with pneumonia (n=4988) P value
Mean (SD) age (years) 53 (20) 55 (20) <0.001
Age categories:
<25 1919 (8.3) 373 (7.5) <0.001
26-45 7403 (32.1) 1482 (29.7)
46-65 6684 (29.0) 1371 (27.5)
66-80 4901 (21.3) 1118 (22.4)
>80 2153 (9.3) 644 (12.9)
Men 12 152 (52.7) 2649 (53.1)
Welfare 1524 (6.6) 542 (10.9) <0.001
Aboriginal people 807 (3.5) 320 (6.4) <0.001
Treatment setting:
Outpatient 15 092 (65.5) 3163 (63.4) 1.00
Inpatient 7968 (34.5) 1825 (36.6)
Mean (SD) physician visits in 1 year before index pneumonia event 11 (12) 12 (14) <0.001
Mean (SD) length of follow-up (years) 8.3 (4.0) 7.4 (4.0 <0.001
Median (IQR) length of follow-up (years) 10.0 (5.9-10.6) 9.6 (6.7)
Mean (SD) Charlson index score 0.46 (1) 0.73 (2) <0.001
Elixhauser index:
Cardiac arrhythmia 921 (4.0) 309 (6.2) <0.001
Valvular disease 289 (1.3) 82 (1.6) 0.03
Pulmonary circulation disorders 108 (0.5) 73 (1.5) <0.001
Peripheral vascular disorders 428 (1.9) 131 (2.6) <0.001
Uncomplicated hypertension 2303 (10.0) 601 (12.0) <0.001
Other neurological disorders 556 (2.4) 263 (5.3) <0.001
Chronic obstructive pulmonary disease 1186 (5.1) 796 (16.0) <0.001
Uncomplicated diabetes 892 (3.9) 275 (5.5) <0.001
Complicated diabetes 269 (1.2) 80 (1.6) 0.01
Hypothyroidism 559 (2.4) 194 (3.9) <0.001
Renal failure 222 (1.0) 83 (1.7) <0.001
Liver disease 347 (1.5) 150 (3.0) <0.001
Solid tumour without metastasis 908 (3.9) 193 (3.9) 0.82
Rheumatoid arthritis 234 (1.0) 96 (1.9) <0.001
Obesity 495 (2.1) 156 (3.1) <0.001
Fluid and electrolyte disorders 2096 (9.1) 629 (12.6) <0.001
Alcohol misuse 816 (3.5) 324 (6.5) <0.001
Drug misuse 551 (2.4) 225 (4.5) <0.001
Psychoses 393 (1.7) 98 (2.0) 0.20
Depression 1179 (5.1) 365 (7.3) <0.001
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| Risk of heart failure or heart failure and death among patients with community acquired pneumonia and controls. Values are
numbers (percentages) unless stated otherwise

Analyses Controls (n=23 060) Patients with pneumonia (n=4988) Adjusted hazard ratio (95% Cl) P value

Primary analysis

Incident heart failure:

Combined endpoint 1712 (7.4) 592 (11.9) 1.61 (1.44 10 1.81) <0.001
Inpatients 875 (11.0) 334 (18.3) 1.94 (1.64 to 2.29) <0.001
Outpatients 837 (5.6) 258 (8.2) 1.33 (1.12t0 1.57) <0.001

Secondary analyses

Incident heart failure within 90 days:

Combined endpoint 145 (0.6) 68 (1.4) 1.52 (1.08 t0 2.13) <0.001

Inpatients 80 (1.0) 41 (2.3) 1.45 (0.90 to 2.34) 0.1

Outpatients 65 (0.4) 27 (0.9) 1.38 (0.79 to 2.39) 0.3
Incident heart failure within 1 year:

Combined endpoint 321 (1.4) 164 (3.3) 1.86 (1.50 to 2.32) <0.001

Inpatients 181 (2.3) 106 (5.8) 1.96 (1.46 to 2.64) <0.001

Outpatients 140 (0.9) 58 (1.8) 1.54 (1.08 to 2.20) 0.019
Incident heart failure or all cause mortality:

Combined endpoint 6041 (26.2) 2035 (40.8) 1.53 (1.44 to 1.63) <0.001

Inpatients 3172 (39.8) 1178 (64.5) 1.77 (1.62 to 1.93) <0.001

Outpatients 2869 (19.0) 857 (27.1) 1.34 (1.23 10 1.47) <0.001
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Figures

Log (failure probability)

CAP case
Control

Cumulative incidence of heart failure. CAP=community acquired pneumonia

Main analyses
Incident heart failure (HF)

Sensitivity analyses
Inclusion of HF during index pneumonia event
Exclusion of HF during first year
Inclusion of emergency department HF related events
Risk of stroke after pneumonia
Risk of fractures after pneumonia
Exclusion of patients using diuretics
Competing risk analysis with death
Pneumococcal bacteraemia

Non-pneumococcal bacteraemia

Reduced Increased
risk risk

Adjusted hazard ratios for incident heart failure in patients with community acquired pneumonia compared with controls
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