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SUMMARY

Little is known about cause-specific long-term mortality beyond 30 days in pneumonia. We
aimed to compare the mortality of patients with hospitalized pneumonia compared to age- and
sex-matched controls beyond 30 days. Participants were drawn from the European Prospective
Investigation into Cancer (EPIC)-Norfolk prospective population study. Hospitalized pneumonia
cases were identified from record linkage (ICD-10: J12-J18). For this study we excluded people
with hospitalized pneumonia who died within 30 days. Each case identified was matched to four
controls and followed up until the end June 2012 (total 15 074 person-years, mean 6·1 years,
range 0·08–15·2 years). Cox regression models were constructed to examine the all-cause,
respiratory and cardiovascular mortality using date of pneumonia onset as baseline with binary
pneumonia status as exposure. A total of 2465 men and women (503 cases, 1962 controls) [mean
age (s.d.) 64·5 (8·3) years] were included in the study. Between a 30-day to 1-year period, hazard
ratios (HRs) of all-cause and cardiovascular mortality were 7·3 [95% confidence interval (CI)
5·4–9·9] and 5·9 (95% CI 3·5–9·7), respectively (with very few respiratory deaths within the same
period) in cases compared to controls after adjusting for age, sex, asthma, smoking status, pack
years, systolic and diastolic blood pressure, diabetes, physical activity, waist-to-hip ratio,
prevalent cardiovascular and respiratory diseases. All outcomes assessed also showed increased
risk of death in cases compared to controls after 1 year; respiratory cause of death being the
most significant during that period (HR 16·4, 95% CI 8·9–30·1). Hospitalized pneumonia was
associated with increased all-cause and specific-cause mortality beyond 30 days.

Key words: All-cause mortality, cardiovascular mortality, long-term mortality, pneumonia,
respiratory mortality.

INTRODUCTION

Pneumonia is common and in combination with
influenza is the fifth leading cause of death in the
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UK [1]. It is the third leading cause of death globally
accounting for 7·1% of all deaths along with other
lower respiratory tract infections [2]. Pneumonia is
also one of the main causes of hospital admissions
[3] and according to US statistics up to 10–20% of
all hospitalizations with pneumonia require treatment
in the intensive care unit [4]. The short-term mortality
from pneumonia is well documented and is consistent-
ly between 10% and 11% [5, 6]. Mortality from pneu-
monia is typically assessed at 30 days or at discharge
from hospital [7, 8] and patients who have clinical
resolution of their symptoms at this time are classified
as having survived the episode [9].

It is also suggested that pneumonia produces a
chronic inflammatory response which may accelerate
the process of cardiovascular disease in the intermedi-
ate term [10]. Indeed, it has been shown in a study of
1799 patients hospitalized with pneumonia, that those
with raised pro-inflammatory cytokines at discharge
had an increased risk of cardiovascular death at 1
year, which was independent of the severity of the
pneumonia [10]. More recent studies suggest that
pneumonia may influence the patient’s longer term
survival [11–14]. Mortality was 10% higher at 1 year
for elderly patients with pneumonia compared to
other hospitalized survivors [15] and although few
studies have analysed specific cause of death post-
pneumonia diagnosis, cardiovascular disease caused
a third of all deaths from 300 patients at 1-year follow-
up in a hospital-based study [10].

It is not known whether pneumonia has impact on
longer term mortality in an unselected general popula-
tion and whether it is linked to cardiovascular cause of
death post-1 year follow-up. While there appears to be
a greater incidence of cardiovascular disease at 1 year
following pneumonia, the risk of cardiovascular dis-
ease at different time points post-pneumonia diagnosis
has not been assessed. The goals of this study were to
examine the association of hospitalized pneumonia on
both short (530 days up to 1 year) and long-term all-
cause and cause-specific mortality focusing on respira-
tory and cardiovascular causes of death in a general
population of middle and older age participants
after taking into account potential confounders.

MATERIALS AND METHODS

Study population

All study participants were selected from the partici-
pants of European Prospective Investigation into

Cancer (EPIC)-Norfolk prospective population-based
cohort study. This cohort forms part of a Europe-wide
multicentre prospective population study, primarily
designed to investigate the relationship between diet
and cancer. The study was approved by the Norwich
Research Ethics Committee (R&D reference no.
98CN01).

The methods of the EPIC-Norfolk study have been
described in depth elsewhere [16]. The Norfolk popu-
lation is a mix of urban and rural populations and has
high coverage of primary-care physicians (General
Practitioners). It is for the most part representative
of the UK population; however, there is lower ethnic
diversity in this area than the general UK population
and the EPIC-Norfolk cohort is 99·6% white. Briefly,
participants were men and women aged 40–79 years
recruited between 1993 and 1998. Participants under-
went a detailed baseline health examination in which
demographic, physiological and behavioural factors
were ascertained. This included prevalent illness,
smoking status, body mass index (BMI) measured
using standard protocols [16]. They were followed
up for health events using record linkage.

Hospitalized cases of pneumonia were identified
through linkage with hospital records using ICD-10
J12-J18. A total of 1064 cases and 4120 controls
(1:4) matched for age, sex and year of recruitment in
the EPIC-Norfolk were included. All participants
who reported cancer, myocardial infarction and stroke
at the EPIC-Norfolk study baseline were excluded. To
reduce the bias of excess mortality within 30 days
from respiratory cause of death of cases which are
identified through death certification from the Office
of National Statistics (ONS), we excluded any cases
who died within 30 days of hospitalization and their
matched controls leaving 503 cases and 1962 controls
for the analyses. The start date for analysis for the cur-
rent study was the date of diagnosis of pneumonia for
cases and the same date for case-matched controls.
The study follow-up period was from the start date
to date of death or end of follow-up (end of June
2012). Prevalent cardiovascular disease (CVD) for
the current report was defined as a new diagnosis of
CVD after EPIC-Norfolk enrolment but made before
the pneumonia date for cases and respective corre-
sponding date for controls.

Outcome measurements

The primary outcome of interest was all-cause mortal-
ity. Secondary outcomes were respiratory mortality and
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cardiovascular mortality. Mortality data were obtained
from linkage with ONS in UK. Mortality was assessed
between 30 days and <1 year for short term and 51
year for long term [11, 14, 17]. Specific causes of
death were coded by a nosologist with ICD-10 codes
J00-J99 (ICD-9: 460–496) for respiratory causes, and
ICD-10 codes L10–179 (ICD-9: 401–448) for cardio-
vascular causes, respectively.

Statistical analysis

Statistical analyses were conducted using Stata v. 11·2/
SE (StatCorp, USA). The baseline characteristics were
given as means and standard deviations for normally
distributed continuous data and by number and per-
centages for categorical data. Comparisons between
groups at baseline were based on univariable condi-
tional logistic regression models in order to take into
account the non-independence due to the matching
of cases and controls. Respiratory and cardiovascular
mortality in pneumonia cases compared to controls
were analysed at different time-frames. The cut-off be-
tween short-term and long-term mortality were 1 year
and until the end of follow-up, respectively.

The difference in mortality in pneumonia cases
compared to controls was examined using Cox regres-
sion [18] with a frailty term to account for the
non-independence due to the matching of cases and
controls. Covariates in the multiple variable models
were chosen for the characteristics that differ signifi-
cantly between group means for at least one cause of
mortality using Cox regression on all of the available
risk factors (Table 1) by univariate analysis.
Multivariate analysis was thus adjusted for history
of asthma, smoking status, pack years, forced expira-
tory volume 1 (FEV1), forced vital capacity (FVC),
and physical activity levels (as outlined previously
[16]), waist-to-hip ratio, diabetes mellitus, pre-existing
CVD and pre-existing respiratory disease. A final
model was constructed after additionally adjusting
for aspirin use (statin use was not included as there
were too few participants who were on statins to
provide any meaningful results). No adjustment for
age and sex was required due to the matching criteria.

RESULTS

A total of 503 participants were identified as hospital-
ized pneumonia cases and these cases were matched
by age, gender and year of entry into the
EPIC-Norfolk study with 1962 controls (1:3·9) after

exclusion of cases who died within 30 days of pneumo-
nia and their respective controls. Participants were fol-
lowed from the date of diagnosis of pneumonia in
cases or the same date for matched controls for a
total of 15 074 person-years (mean 6·1 years, range
0·08–15·2 years). The mean time from entry into
EPIC-Norfolk (which began in 1993) and the diagno-
sis of pneumonia was 9·0 years.

As controls were age- and sex-matched, these base-
line characteristics were comparable between cases
and controls (Table 1). However, the cases had a sig-
nificantly higher proportion of current smokers and a
higher mean number of pack years than the control
group. The prevalence of diabetes mellitus, CVD
and respiratory disease, including asthma were signifi-
cantly higher for cases. Mean FEV1 and FVC were
lower within the case group compared to controls.
Although the difference in BMI between the two
groups was non-significant, the case group had a sig-
nificantly higher waist-to-hip ratio than controls.

There was a higher incidence of mortality in the
case group which was maintained throughout both
time-frames and this difference was greatest in
terms of respiratory mortality (Table 2). There was
an increased risk of mortality for the case group com-
pared to the control group after adjusting for signifi-
cant risk factors identified (Table 3). There was an
increased risk of all-cause mortality and specific-
cause mortality between 30 days and 1 year, and
longer than 1 year. The all-cause mortality rate was
highest initially following pneumonia then reduced
over time whereas the initial higher respiratory and
cardiovascular mortality rates for cases compared
to controls was maintained throughout the study
period.

The risk of cardiovascular mortality was increased
in cases for both time periods, and the highest risk per-
iod was between 30 days and 1 year. Interestingly risk
of death due to respiratory cause was excessively high
1 year post-pneumonia and the overall risk was driven
mainly by this.

Additionally adjusting for aspirin use did not alter
the results (data not shown).

DISCUSSION

Our findings indicate that hospitalized pneumonia is
associated with increased risk of mortality not only
in the short term (530 days to <1 year), but also in
the longer term (>1 year) compared to age- and sex-
matched controls within the general population of
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Table 1. Comparison of characteristics of pneumonia cases and controls without pneumonia

Characteristics Cases Controls P value*

Total 503 1962
Males 269 (53·5%) 1030 (52·5%) n.a.
Age, years, (S.D.) 64·7 (8·4) 64·4 (8·3) n.a.
range 41–77 41–77

<50 35 (7·0%) 132 (6·7%)
50–65 189 (37·6%) 752 (38·3%)
>65 279 (55·5%) 1078 (54·9%)

Smoking status <0·001
Current 93 (18·7%) 162 (8·4%) <0·001
Previous 225 (45·3%) 944 (48·7%)
Never 179 (36·0%) 834 (43·0)

Pack years, mean (S.D.) 14·8 (17·9) 10·4 (15·2)
BMI, mean (S.D.) 26·7 (3·7) 26·64 (3·7) 0·58
range 16·9–46·4 16·0–43·5 0·12

<18·5 5 (1·0) 9(0·5)
518·5–25 174 (34·6) 681 (34·7)
>25–30 226 (44·9) 949 (48·4)
>30 98 (19·5) 321 (16·4)

Asthma 73 (14·5) 151 (7·7) <0·001
Diabetes mellitus 26 (5·2) 52 (2·7) 0·005
FEV1, mean (S.D.) 210·51 (75·0) 235·66 (70·93) <0·001

(N = 5037)
FVC, mean (S.D.) 268·4 (93·93) 291·2 (90·6) <0·001

(N = 5037)
Systolic, mean (S.D.) 141·1 (19·5) 140·5 (18·9) 0·60

(N = 5170)
Alcohol intake, mean (S.D.) 0·30

(N = 5017) 8·5 (13·0) 7·9 (11·7)
Inactive 351 (69·8) 1243 (63·4) 0·004
Active 152 (30·2) 719 (36·7)
Social class 0·162

I 26 (5·3) 132 (7·0)
II–IV 440 (90·2) 1703 (89·9)
V 22 (4·5) 59 (3·1)

Cholesterol, mean (S.D.) 6·2 (1·2) 6·3 (1·2) 0·19
Waist:hip ratio, mean (S.D.) 0·88 (0·09) 0·87 (0·09) 0·001
Statin use 6 (1·2) 15 (0·8) 0·076
Aspirin use 43 (8·6) 124 (6·3) 0·319
Respiratory disease prior to censored
pneumonia

73 (14·5) 300 (15·3)

Respiratory disease within 1 year prior to
pneumonia date

46 (9·2) 36 (1·8)

Cardiovascular disease prior to
pneumonia date†

168 (33·4) 449 (22·9)

Cardiovascular disease within 1 year
prior to censored pneumonia date

57 (11·3) 72 (3·7)

n.a., Not applicable.
Data presented are mean (S.D.) for continuous data and number (%) for categorical data.
* Indicates that overall P values are provided for categorical comparisons where there are more than two categories
† Prevalent myocardial infarction and stroke at the time of baseline of the EPIC-Norfolk study were excluded from the outset
and these numbers indicate the number (%) of participants with incident cardiovascular disease diagnosed between
EPIC-Norfolk study enrolment and pneumonia date (baseline of the current report).
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middle and older age. This increase in mortality per-
sisted throughout the entire length of follow-up for all-
cause respiratory, and cardiovascular mortality. Risk
of death due to cardiovascular cause appeared to be
particularly high within 1 year of pneumonia and
increased risk of mortality from respiratory causes
appeared to be very high after 1 year in cases (who
did not die within 1 month) compared to the control
population who did not have hospitalized pneumonia
during the study period.

Our findings support previous studies. Recently, it
was reported that hospitalization for pneumonia was
associated with increased short-term and long-term
risk of CVD, suggesting that pneumonia may be a
risk factor for CVD [19]. Furthermore, Kaplan et al.,
found that mortality in elderly patients hospitalized

with community-acquired pneumonia (CAP) was 10%
higher at 1 year than those hospitalized for other rea-
sons [15]. Bordon et al., based on their study on a hos-
pitalized population, also found an increased 7-year
all-cause mortality in patients hospitalized with CAP
compared to hospitalized controls [20].

A cohort study, also using the general population as
controls, found that the patients with pneumonia were
almost 46 times as likely to die in the first 30 days as
participants without pneumonia [17]. They found that
for pneumonia cases the adjusted risk of all-cause
mortality over total follow-up period was 4·6, which
is in line with our findings.

This study further supports the evidence that the in-
crease in cardiovascular risk persists past 1 year. In
light of this finding, patients admitted to hospital

Table 2. Short, intermediate and long-term crude mortality rates for both pneumonia cases and controls by cause of
death

Cases Controls

Deaths Deaths

Time and cause of mortality N at risk N (%) N at risk N (%) P value

All-cause mortality
Total 503 304 (60·4) 1962 488 (24·9) <0·001
530 days to <1 year 503 122 (24·3) 1962 72 (3·7) <0·001
51 year 381 182 (47·8) 1890 416 (22·0) <0·001

Respiratory mortality
Total 503 63 (12·5) 1962 21 (1·1) <0·001
530 days to <1 year 503 19 (3·8) 1962 4 (0·2) <0·001
51 year 381 44 (11·5) 1890 17 (0·9) <0·001

Cardiovascular mortality
Total 503 83 (16·5) 1962 177 (9·0) <0·001
530 days to <1 year 503 39 (7·8) 1962 28 (1·4) <0·001
51 year 381 44 (11·5) 1890 149 (7·9) 0·013

Table 3. Hazard ratios and corresponding 95% confidence intervals of incident mortality for cases using the control
group as a reference category

All-cause mortality Respiratory mortality Cardiovascular mortality

Time HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Total 4·0 (3·4–4·7) <0·001 20·4 (11·7–35·8) <0·001 2·6 (2·0–3·5) <0·001
530 days to <1 year 7·3 (5·4–9·9) <0·001 5·9 (3·5–9·7) <0·001
51 year 2·8 (2·3–3·4) <0·001 16·4 (8·9–30·1) <0·001 1·6 (1·1–2·3) 0·02

HR, Hazard ratio; CI, confidence interval.
Covariates adjusted are smoking status, pack years, physical activity levels, waist to hip ratio, diabetes mellitus, prevalent
cardiovascular disease and prevalent respiratory disease for all modes of mortality and all time frames. Matching is account
for by a shared frailty term of each matched set.
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with pneumonia should have a cardiac risk assessment
including medication review, to consider interventions
for CVD prevention if appropriate. The reason why
people with pneumonia had increased cardiovascular
mortality risk is unclear. However, there are plausible
mechanisms which could lead to this observed link be-
tween pneumonia and subsequent cardiovascular
mortality. Pneumonia increases the levels of inflam-
matory cytokines promoting thrombogenesis [21]
and reduces ventricular function [22, 23], both of
which could lead to an increase in cardiac events in
the short term. It is also thought that pneumonia pro-
duces a chronic inflammatory response which would
accelerate the process of CVD in the intermediate
term [10]. It was shown that patients hospitalized
with pneumonia who experience persistently raised
pro-inflammatory cytokines at discharge had an
increased risk of cardiovascular death at 1 year, inde-
pendent of the severity of illness [10].

This study has some limitations. First, neither the
clinical severity of pneumonia nor the virulence of
the disease-causing organisms was accounted for.
Neither were the different levels of inflammatory
markers which indicate an extent of host immune
response, both of which have had a demonstrated
effect on mortality [10, 14]. A possible weakness is
the misclassification of pneumonia diagnosis due to
variable coding practices and lack of confirmatory
radiological evidence as a requirement for inclusion.
Evidence is unclear as to how accurate the pneumonia
diagnosis is in hospital [24]. However, the main mis-
classified diagnosis is likely to be other causes of
lower respiratory tract infection (LRTI) and this inclu-
sion bias would result in a lower mortality within the
case group as lobar pneumonia is the LRTI with the
highest mortality rate [25], thus the observed associa-
tions if any would be attenuation of the actual impact
of pneumonia. We identified only individuals with
hospitalized pneumonia so those with episodes of
pneumonia treated only in the community were not
included. Hospitalized pneumonia cases are likely to
be more severe so the generalizability of findings to
all pneumonias occurring in the community is limited.
To reduce such bias associated with high mortality
due to pneumonia-related death (i.e. respiratory
cause) we deliberately excluded cases within
EPIC-Norfolk who died within 30 days of pneumonia
diagnosis. We were also unable to examine the specific
cause of CVD mortality.

People who are admitted to hospital for pneumonia
are also more likely to have comorbidities which may

predispose to increased mortality risk. Although we
adjusted for many covariates including lung function
as well as history of asthma and chronic respiratory
illnesses, there may be unknown confounders or
there may be residual confounding effect of known
confounders. While any hospitalization may increase
the risk of mortality, a more relevant issue perhaps
is whether people who had pneumonia were associated
with increased cardiovascular risk in the longer term.
We acknowledge that we were not able to examine this
issue in people with pneumonia who were not hospita-
lized. Indeed, it is possible that a proportion of con-
trols might have had pneumonia which did not
result in hospitalization during follow-up of the
study. This misclassification as well as any hospitaliza-
tion with increased risk of death, however, would only
attenuate the results. Finally, in clinical practice espe-
cially in older people conditions such as pneumonia
and heart failure co-exist and there may be possibility
of mis-diagnosis. Nevertheless, such error is likely to
contribute mostly to 430-day mortality and is unlike-
ly to influence the >30-day relationships between
pneumonia and mortality outcome.

The EPIC-Norfolk cohort comprised community-
dwelling middle- and older-aged participants who agreed
to participate at baseline recruitment, therefore theremay
be healthy responder bias.However, truncation of sample
distribution would be likely to attenuate the findings.

The participants’ baseline characteristics (e.g. FEV1/
FEV) were taken from entry into the EPIC-Norfolk co-
hort which predated the current study entry date by a
mean of 9·0 years. There could be significant differences
between characteristics at entry into the EPIC-Norfolk
study and at the point of pneumonia diagnosis, result-
ing in measurement error in the covariables. However
we were able to control for wide-ranging demographic,
lifestyle andmedical factors including prevalent cardio-
vascular and chronic lower respiratory tract illnesses.

In summary, hospitalized pneumonia is associated
with subsequent increased risk of mortality and this
persists beyond 1 year after diagnosis in middle and
older ages. Clinicians should be aware of the increased
mortality from not only respiratory causes but also
cardiovascular causes.
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