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ABSTRACT
Background  Hospitalised pneumonia may have long-
term clinical and financial impact in adult patients with 
underlying comorbidities.
Methods  We conducted a retrospective cohort study 
using the Hospital Episode Statistics (HES) database to 
determine the clinical and financial burden over 3 years 
of hospitalised community-acquired pneumonia (CAP) to 
England’s National Health Service (NHS). Subjects were 
adults with six underlying comorbidities (chronic heart 
disease (CHD); chronic kidney disease (CKD); chronic liver 
disease (CLD); chronic respiratory disease (CRD); diabetes 
mellitus (DM) and post bone marrow transplant (post-
BMT)) with an inpatient admission in 2012/2013. Patients 
with CAP in 2013/2014 were followed for 3 years and 
compared with similarly aged, propensity score-matched 
adults with the same comorbidity without CAP.
Findings  The RR of hospital admissions increased after 
CAP, ranging from 1.08 (95% CI 1.04 to 1.12) for CKD 
to 1.38 (95% CI 1.35 to 1.40) for CRD. This increase 
was maintained for at least 2 years. Mean difference in 
hospital healthcare costs (£) was higher for CAP patients 
in 2013/2014; ranging from £1115 for DM to £8444 for 
BMT, and remained higher for 4/6 groups for 2 more years, 
ranging from £1907 (95% CI £1573 to £2240) for DM to 
£11 167 (95% CI £10 847 to £11 486) for CRD.) The OR for 
mortality was significantly higher for at least 3 years after 
CAP, ranging from 4.76 (95% CI 4.12 to 5.51, p<0.0001) 
for CLD to 7.50 (95%CI 4.71 to 11.92, p<0.0001) for BMT.
Interpretation  For patients with selected underlying 
comorbidities, healthcare utilisation, costs and mortality 
increase for at least 3 years after being hospitalised CAP.

INTRODUCTION
Community acquired pneumonia (CAP) is 
a major cause of morbidity and mortality.1 
Pneumonia has a considerable impact on 
the healthcare systems of the UK, being 
responsible for more hospital admissions and 
bed days than any other lung disease in the 
UK.1 Across Europe, annual inpatient care 
for pneumonia accounts for €5.7 billion of 
healthcare expenditure.1 Streptococcus pneumo-
niae remains the most commonly identified 

cause of CAP; however, the microbiological 
aetiology is not identified in approximately 
50% of cases.2 3 Hospitalised CAP carries a 
mortality rate of 5% to 15%, rising to more 
than 30% for those admitted to intensive 
care,2 3 and results in 29 000 deaths per 
annum in the UK.1 Traditionally, the clinical 
and economic costs of an episode of hospi-
talised CAP have been assumed to be short-
lived, with patients subsequently returning to 
their previous health state.4 However, recent 
data challenge this assumption, with studies 
suggesting a long-term reduction in quality 
of life5 6 and decreased long-term survival 
in those with an underlying comorbidity 
who experience an episode of hospitalised 
pneumonia. Recognition of the long-term 
health consequences of CAP is important to 
inform secondary prevention strategies. It 
is well established that a myocardial infarc-
tion, while being a serious acute event, also 
carries a significant long-term morbidity in 

Key messages

What is the key question?
►► What is the clinical and financial burden to National 
Health Service (NHS) England for an episode of hos-
pitalised community-acquired pneumonia (CAP) in 
patients with certain comorbidities?

What is the bottom line?
►► In patients with certain comorbidities, an episode of 
hospitalised CAP results in an increase in the clinical 
and financial burden to NHS England for at least 3 
years.

►► Furthermore, the risk of death is significantly in-
creased for at least 3 years.

Why read on?
►► This study demonstrates the long-term impact of 
hospitalised CAP, both for individual patients with 
certain comorbidities and for the health service.

http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjresp-2020-000703&domain=pdf&date_stamp=2020-010-13


2 Campling J, et al. BMJ Open Resp Res 2020;7:e000703. doi:10.1136/bmjresp-2020-000703

Open access

terms of direct and indirect health consequences, and 
increased mortality.7 Patients with myocardial infarction 
are therefore offered secondary prevention and rehabili-
tation, interventions that are proven to reduce long-term 
morbidity and mortality. Such interventions are not avail-
able for CAP, in part because the long-term health conse-
quences of CAP, particularly in multimorbid patients, are 
less well described. We hypothesised that a diagnosis of 
hospitalised CAP in an individual with a specific comor-
bidity would have clinical and economic implications 
beyond the initial diagnosis.

Aims of the study
Between 2013/2014 and 2015/2016, this study investi-
gated the extent of any additional healthcare resource 
utilisation, patient costs and in-hospital mortality for 
patients with comorbidities who had CAP as a compli-
cating condition in 2013/2014.

METHODS
Study design
This was a retrospective cohort study using data from 
the Hospital Episode Statistics (HES) database (online 
supplemental box 1) between the financial years 
2012/2013 and 2015/2016. Eligible patients were 
identified in 2012/2013 and those who met the study 
criteria were then followed for three subsequent years 
(2013/2014, 2014/2015 and 2015/2016) (figure 1).

Participants were aged 18+ years in 2012/2013 and 
consisted exclusively of patients with one or more of six 
comorbidities as denoted by the relevant International 
Statistical Classification of Diseases and Related Health 
Problems, Tenth revision (ICD-10) codes (online supple-
mental table 1) in either the primary or secondary posi-
tion.8 9 The six comorbidities selected were: bone marrow 
transplant (BMT), chronic respiratory disease (CRD), 
diabetes, chronic kidney disease (CKD), chronic heart 
disease (CHD) and chronic liver disease (CLD). These 
were chosen because adults with these comorbidities are 
considered to be at an increased risk of pneumococcal 
disease.10

None of the participants selected had evidence of a 
diagnosis of pneumonia (online supplemental table 1) 
in 2012/2013 and none had died during 2012/2013. 
The study group were those participants who were subse-
quently hospitalised with a diagnosis of CAP (based on 

the relevant ICD-10 codes) in 2013/2014. The compar-
ison group were those participants with no diagnosis of 
hospitalised CAP in 2013/2014 and who were not hospi-
talised with CAP at any subsequent point during the study 
period.

It was possible for patients to have more than one of 
the selected comorbidities. The risk of developing CAP 
increases when patients have an increasing number of 
risk factors, a phenomenon known as ‘risk stacking’.11 In 
order to correct for this confounder, we used the propen-
sity scoring method12 to match each participant in the 
study group with a participant in the comparator group 
(1:1 ratio). It was also not possible to account for severity 
of the underlying comorbidity, due to limitations of the 
HES database. To counterbalance this, we incorporated 
healthcare utilisation within the base year (2012/2013) 
in the propensity score matching (PSM). PSM is a statis-
tical technique in which the group of interest is matched 
for similarity with one or more controls. For each indi-
vidual comorbidity, the propensity score was estimated 
utilising: age, sex, ethnicity, index of multiple depriva-
tion, other comorbidities from the six comorbidities 
selected and healthcare utilisation within the baseline 
year (2012/2013). A study participant with a diagnosis of 
hospitalised CAP was matched with a comparator partic-
ipant with the same comorbidity but with no diagnosis 
of hospitalised CAP in 2013/2014 (and was not hospital-
ised with CAP at any subsequent point during the study 
period).

Once matched, the study group and comparison group 
were followed over a 3-year period from 2013/2014 to 
2015/2016 and assessed for differences in healthcare 
resource utilisation (overall hospital admissions, outpa-
tient attendance and accident and emergency depart-
ment (A&E) visits), the associated hospital healthcare 
costs and mortality during each of the three study years. 
The objective was to investigate if, and to what extent, 
these outcome measurements differed in participants 
with comorbidities who were hospitalised with CAP in 
2013/2014 compared with those with the same comor-
bidities who were not hospitalised with CAP (either in 
2013/2014 or the subsequent two study years).

Inclusion/exclusion criteria
Participants had to be aged 18+ years in 2012/2013 and 
for inclusion needed to have at least one of the defined 
comorbidities. Patients with a diagnosis of CAP (online 
supplemental table 1, ICD-10) or evidence of inpatient 
death during 2012/2013 were excluded. Those patients 
with a secondary pneumonia diagnosis after 48 hours 
of the primary admission were also excluded as this 
as was considered to reflect hospital-acquired pneu-
monia (HAP) rather than CAP. Patients with missing 
data (approximately 0.5% of all data in HES), where 
the admission/visit/attendance did not have a corre-
sponding Healthcare Resource Groups (HRG) code 
were excluded because it was not possible to cost the 

Figure 1  Study design. CAP, community-acquired 
pneumonia.

https://dx.doi.org/10.1136/bmjresp-2020-000703
https://dx.doi.org/10.1136/bmjresp-2020-000703
https://dx.doi.org/10.1136/bmjresp-2020-000703
https://dx.doi.org/10.1136/bmjresp-2020-000703
https://dx.doi.org/10.1136/bmjresp-2020-000703
https://dx.doi.org/10.1136/bmjresp-2020-000703
https://dx.doi.org/10.1136/bmjresp-2020-000703


Campling J, et al. BMJ Open Resp Res 2020;7:e000703. doi:10.1136/bmjresp-2020-000703 3

Open access

associated admission/visit/attendance in the absence of 
an HRG code. HRGs are standard groupings of clinically 
similar treatments which use comparable levels of health-
care resource, including groups of ICD-10 diagnoses that 
have similar resource implications. Outpatient follow-up 
visits included regular and programmatic visits among all 
groups.

Categorisation of CAP and non-CAP
Within each individual risk population, subjects were 
categorised into two groups based on the presence or 
absence of a primary or secondary diagnosis code for CAP 
(online supplemental table 1, ICD-10) in 2013/2014. 
However, if any secondary pneumonia diagnosis occurred 
after 48 hours of the primary admission, this subject was 
excluded as it was considered to be a HAP.13 Subjects 
were included in the non-CAP comparison group if there 
was no diagnosis of pneumonia (online supplemental 
table 1: ICD-10) during the three study years (2013/14 
to 2015/16).

Outcome
The three key outcomes examined during the period 
2013/2014 to 2015/2016 were healthcare resource 
utilisation (total number of hospital admissions, total 
number of outpatient attendances and total number of 
A&E visits), the costs associated with these activities and 
in-hospital mortality.

For each patient, the number of hospital admissions, 
outpatient attendances and A&E visits were retrieved 
from the database according to the corresponding 
HRG.14 Hospitalised mortality was defined when hospital 
discharge status was ‘death’.

The associated costs for each activity were then deter-
mined using the appropriate National Health Service 
(NHS) tariffs and reported in 2016 UK pounds ster-
ling (£). Costs from earlier years were adjusted using 
the Hospital and Community Health Services (HCHS) 
index from the Personal Social Services Research Unit 
(PSSRU).15

Statistical analysis
Demographic characteristics were measured and summa-
rised using means, medians, SD, and p values where 
appropriate.

Healthcare resource utilisation reported as activity 
was analysed using a negative binomial model. Negative 
binomial modelling corrects for overdispersion of the 
data, which is useful for studies utilising large data sets, 
such as this one. The model was run for patients from 
each comorbidity category and the rate ratio (RR) for 
each category was compared with their propensity score-
matched pairs, in each of the three study years, using 
CAP diagnosis as the dependent variable and each type of 
healthcare resource use (admissions, outpatient appoint-
ments or A&E visits) as the outcome variable. The model 

was adjusted based on the recruitment of propensity-
score matched patients for potential explanatory vari-
ables (age, gender, ethnicity, elective and non-elective 
admissions, conditions in the Charlson Comorbidity 
Index16 and the presence of diagnoses used to identify 
the other comorbidities at the point of participant selec-
tion in 2012/2013). These variables were selected based 
on likelihood ratios calculated from univariate logistic 
regression performed on each of them.

To determine the costs for each type of healthcare 
resource use as calculated through HRG tariffs, a gener-
alised linear model was used. In this model, CAP diag-
nosis was the dependent variable, while costs were the 
outcome variable. Adjustments were made with the same 
factors based on likelihood ratios from univariate logistic 
regression performed on each of them. Mean differences 
for costs were then calculated (with 95% CIs generated 
using the least squares method) between the study group 
and comparison group for each comorbidity, for each of 
the three study years individually and for all three study 
years collectively.

In both models statistical significance was considered 
achieved if the 95% CIs around the point estimate did 
not include 1 (p<0.05).

To investigate the effect of hospitalised CAP on subse-
quent in-hospital mortality, a conditional logistic regres-
sion model was used to reduce bias given that matched 
data were being used. In-hospital mortality was the depen-
dent variable, while other variables (hospitalised CAP, 
age, gender, ethnicity, elective and non-elective admis-
sions in at the point of selection in 2012/2013, condi-
tions in the Charlson comorbidity index and presence of 
diagnoses used to identify the other comorbidities) were 
explanatory variables. ORs for mortality comparing the 
study group with the comparison group within each of 
the selected comorbidities were estimated with 95% CIs.

As the HES database includes all the data entered from 
the NHS in England, it is possible for implausible extreme 
values to be recorded in the database. For example, one 
individual was admitted to hospital, on average, every 
1.5 days. To ensure this data did not skew the results to 
favour our hypothesis, the top 1 percentile of results were 
excluded from the analysis.

For quality control purposes, each query was validated 
by re-running the queries.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
A total of 2 205 850 candidate patients with one or 
more of the six comorbidities were identified in HES in 
2012/2013. The total number of patients in each of the 
six comorbidities were as follows CHD n=9 81 397; CKD 
n=2 32 488; CLD n=71 261; CRD n=2 94 283; diabetes 
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n=6 21 887; and post-BMT n=4534. After selecting 
only those who had a diagnosis of hospitalised CAP in 
2013/2014 and a 1:1 propensity score-matched control, 
the number of patients in each group was: CHD n=36 386; 
CKD n=12 190; CLD n=2222; CRD n=20 764; diabetes 
n=16 382; and post-BMT n=271. (table 1)

These formed the cohort that was investigated for 
healthcare resource utilisation, hospital admission costs 
and in-hospital mortality over the period 2013/2014 to 
2015/2016.

Healthcare resource utilisation
For each of the three study years (2013/2014, 2014/2015 
and 2015/2016), subsequent healthcare resource utilisa-
tion (overall hospital admissions, outpatient attendance 
and A&E visits) for patients with each category of comor-
bidity who were hospitalised with CAP in 2013/2014 were 
compared with those for patients with the same cate-
gory of comorbidity but who were not hospitalised with 
CAP in 2013/2014 (or any of the subsequent two study 
years). Results are presented as RRs for each category of 
comorbidity and each category of healthcare resource 
utilisation during each of the three individual study years 
(table 2) (figure 2).

A statistically significant increase in the rate of health-
care resource utilisation was observed for patients with 
CHD, CKD, CLD, CRD and diabetes who were hospital-
ised with an episode of CAP in 2013/2014 compared with 
those with CHD, CKD, CLD, CRD and diabetes who did 
not develop hospitalised CAP. This was observed for each 
of the three categories of healthcare resource utilisation 
during each of the three study years with RRs ranging from 
1.08 (95% CI 1.04 to 1.12) for overall hospital admissions 
for CKD patients during 2013/2014 to 1.42 (95% CI 1.37 
to 1.46) for overall hospital admissions for CRD patients 
during 2015/2016. For BMT patients who had an episode 
of CAP in 2013/2014, there was evidence of an increase 
in healthcare resource utilisation for outpatient atten-
dance only during 2013/2014 (RR 1.16; 95% CI 1.02 to 
1.32). There was no evidence of a difference in any of the 
three categories of healthcare resource utilisation when 
comparing other BMT patients with a diagnosis of CAP 
in 2013/2014 to those without during any of the three 
study years (RRs ranged from 0.93 (95%CI 0.71 to 1.13) 
for A&E visits during 2013/2014 to 1.28 (95%CI 0.96 to 
1.71) for overall hospital admissions during 2015/2016).

Hospital admission costs
Table  3 shows the mean difference in hospital health-
care costs (£) during the 3-year study period for patients 
with each comorbidity who developed hospitalised CAP 
in 2013/2014 compared with those who did not. Results 
are presented for each category of comorbidity, for each 
individual study year and overall for the combined 3-year 
duration of the study. During 2013/2014 and overall 
for the three study years collectively, the mean hospital 
healthcare costs were higher for patients with each of 

the six comorbidities who were hospitalised with CAP 
than for those with the same comorbidities who did not 
develop hospitalised CAP. During 2013/2014 the mean 
difference in cost ranged from an increase of £1115 for 
patients with diabetes to £8444 for patients with BMT 
who developed CAP in 2013/2014, while overall for the 
full 3-year study period, the mean difference in hospital 
healthcare costs ranged from an increase of £1907 for 
patients with diabetes who developed CAP in 2013/2014 
to £11 167 for those with CRD who developed CAP in 
2013/2014. During 2014/2015 and 2015/2016, mean 
higher costs were also incurred for four of the six comor-
bidity categories who developed CAP in 2013/2014. 
Exceptions were CKD and diabetic patients where a 
hospitalisation with CAP in 2013/2014 resulted in lower 
mean hospital healthcare costs during 2014/2015 and 
2015/2016, respectively.

In-hospital mortality
Patients with comorbidities who developed hospitalised 
CAP in 2013/2014 had substantially higher ORs for 
in-hospital mortality when compared with those with 
comorbidities who did not develop CAP. This extended 
to each category of comorbidity for each of the three 
study years. Results are presented in figure  3. The OR 
was particularly high for BMT patients (OR 7.50, 95% CI 
4.71 to 11.92, p<0.0001). For the remaining categories of 
comorbidity, ORs ranged from 4.76 (95%CI 4.12 to 5.51, 
p<0.0001) for CLD patients to 5.94 (95%CI 5.65 to 6.24, 
p<0.0001) for CRD patients.

DISCUSSION
This is a large study using a national data set reflecting 
the adult hospital population (~75 000 participants) in 
England with six comorbidities. This provided sufficient 
data to closely match participants in the study group with 
those in the comparator group. While there are short-
comings using HES epidemiologic studies, using HES 
can be informative.17–19

Principal findings
We previously reported the variation in the likelihood of 
hospitalisation for CAP among adults with six comorbidi-
ties in England.20 The current analysis used the same data 
set to quantify the clinical and financial burden of hospi-
talised CAP in these patients over the same time period.

This study illustrates for the first time the increase in the 
rate of hospital admissions in patients with the six clinical 
comorbidities included following an episode of hospi-
talised CAP. This increase was statistically significant in 
all comorbidity categories apart from post-BMT and was 
maintained across all three study years. However, there is 
a lack of precision around point estimates for healthcare 
resource utilisation for post-BMT patients specifically 
due to the small number of these participants (n=271). 
As expected, there was variation between the different 



Campling J, et al. BMJ Open Resp Res 2020;7:e000703. doi:10.1136/bmjresp-2020-000703 5

Open access

Table 1  Demographics of matched participants in CAP/non-CAP groups for each of the six comorbidities

Demographics

CHD CKD CLD CRD Diabetes Post-BMT

CAP
non-
CAP CAP

non-
CAP CAP non-CAP CAP non-CAP CAP non-CAP CAP non-CAP

Participant

All candidate 
participants

44 215 937 182 14 428 218 060 2604 68 657 25 500 268 783 21 222 600 665 369 4165

1:1 Matched 36 386 36 386 12 190 12 190 2222 2222 20 764 20 764 16 382 16 382 271 271

Age

Mean 79.1 79.5 78.8 79.2 62.1 61.8 75.0 75.3 74.9 75.3 53.9 54.6

Median 81.0 81.0 81.0 82.0 63.0 62.0 77.0 77.0 77.0 77.0 56.0 56.0

Gender

Male 17 432 
(47.9%)

17 524 
(48.2%)

5791 
(47.5%)

5892 
(48.3%)

909 
(40.9%)

975 
(43.9%)

9944 
(47.9%)

10 040 
(48.4%)

7600 
(46.4%)

7930 
(48.4%)

102 
(37.6%)

117 
(43.2%)

Ethnicity

White 33 128 
(91.0%)

33 210 
(91.3%)

10 773 
(88.4%)

10 795 
(88.6%)

1936 
(87.1%)

1933 
(87.0%)

19 327 
(93.1%)

19 479 
(93.8%)

14 007 
(85.5%)

13 960 
(85.2%)

231 
(85.2%)

239 
(88.2%)

Mixed 68 
(0.2%)

79 
(0.2%)

29 
(0.2%)

28 
(0.2%)

11 
(0.5%)

5 (0.2%) 34 (0.2%) 33 (0.2%) 54 (0.3%) 65 (0.4%)

Asian/Indian 1167 
(3.2%)

969 
(2.7%)

558 
(4.6%)

502 
(4.1%)

108 
(4.9%)

96 (4.3%) 462 (2.2%) 377 (1.8%) 1095 
(6.7%)

1011 
(6.2%)

13 
(4.8%)

6 (2.2%)

Black/African 
origin

444 
(1.2%)

456 
(1.3%)

293 
(2.4%)

260 
(2.1%)

42 
(1.9%)

45 (2.0%) 147 (0.7%) 153 (0.7%) 435 (2.7%) 454 (2.8%) 5 (1.8%) 7 (2.6%)

Chinese 31 
(0.1%)

22 
(0.1%)

11 
(0.1%)

19 
(0.2%)

3 (0.1%) 7 (0.3%) 12 (0.1%) 12 (0.1%) 23 (0.1%) 24 (0.1%) 0 1 (0.4%)

Other/not 
collected

1548 
(4.2%)

1650 
(4.5%)

526 
(4.3%)

586 
(4.8%)

122 
(5.5%)

136 
(6.1%)

782 (3.7%) 710 (3.5%) 768 (4.7%) 868 (5.3%) 22 
(8.1%)

18 (6.6%)

Index of 
multiple 
deprivation 
(least to most)

0 to 20 5693 
(15.6%)

6238 
(17.2%)

1864 
(15.3%)

1970 
(16.1%)

256 
(11.6%)

289 
(13%)

2472 
(11.9%)

2768 
(13.4%)

2147 
(13.1%)

2283 
(14.0%)

60 
(22.1%)

67 
(24.7%)

20 to 40 6579 
(18.0%)

7039 
(19.3%)

2156 
(17.7%)

2288 
(17.9%)

347 
(15.7%)

331 
(14.9%)

3290 
(15.9%

3613 
(17.4%)

2662 
(16.3%)

2961 
(18.1%)

63 
(23.2%)

58 
(21.4%)

40 to 60 8354 
(22.9%)

7715 
(21.2%)

2848 
(23.4%)

2708 
(22.3%)

611 
(27.5%)

575 
(25.9%)

5486 
(26.4%)

4913 
(23.7%)

4097 
(25.0%)

3857 
(23.6%)

45 
(16.6%)

65 
(24.0%)

60 to 80 8065 
(22.2%)

7491 
(20.5%)

2784 
(22.8%)

2577 
(21.2%)

584 
(26.3%)

562 
(25.3%)

5137 
(24.7%)

4973 
(23.9%)

3963 
(24.2%)

3829 
(23.4%)

47 
(17.4%)

29 
(10.7%)

80 to 100 7533 
(20.7%)

7589 
(20.8%)

2483 
(20.3%)

2559 
(21.0%)

411 
(18.5%)

440 
(19.8%)

4281 
(20.7%)

4345 
(20.9%)

3433 
(21.0%)

3342 
(20.4%)

56 
(20.7%)

31 
(18.8%)

Not collected 162 
(0.4%)

314 
(0.9%)

55 (0.5% 88 
(0.7%)

13 
(0.6%)

25 (1.1%) 98 (0.5%) 152 (0.7%) 80 (0.5%) 110 (0.7%) 0 (0.0%) 1 (0.4%)

CHD

Yes N/A N/A 10 473 
(85.9%)

10 509 
(86.2%)

1322 
(59.5%)

1326 
(59.7%)

16 053 
(77.3%)

16 114 
(77.6%)

13 213 
(80.7%)

13 293 
(81.1%)

113 
(41.7%)

112 
(41.3%)

CKD

Yes 14 978 
(41.2%)

14 929 
(41.0%)

N/A N/A 661 
(29.7%)

658 
(29.6%)

6429 
(31.0%)

6357 
(30.6%)

7771 
(47.4%)

7824 
(47.8%)

90 
(33.2%)

86 
(31.7%)

CLD

Yes 2348 
(6.5%)

2207 
(6.1%)

853 
(7.0%)

795 
(6.5%)

N/A N/A 1487 
(7.2%)

1351 
(6.5%)

1538 
(9.4%)

1442 
(8.8%)

25 
(9.2%)

20 (7.4%)

CRD

Yes 18 363 
(50.5%)

18 351 
(50.4%)

5762 
(47.3%)

5761 
(47.3%)

1042 
(46.9%)

1049 
(47.2%)

N/A N/A 7833 
(47.8%)

7788 
(47.5%)

97 
(35.8%)

101 
(37.3%)

Diabetes

Yes 11 849 
(32.6%)

11 779 
(32.4%)

5094 
(41.8%)

5159 
(42.3%)

813 
(36.6%)

817 
(36.8%)

5791 
(27.9%)

5528 
(26.6%)

N/A N/A 62 
(22.9%)

81 
(29.9%)

Continued
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comorbidities included, which is consistent with previous 
findings on the impact of underlying comorbidities and 
the risk of invasive pneumococcal disease (IPD).19

Our study also shows that patients with these comor-
bidities who are diagnosed with hospitalised CAP subse-
quently cost more money to treat over the 3-year period 
following the initial episode of CAP compared with 
matched controls who did not have an episode of pneu-
monia. The costs varied substantially by comorbidity, with 
the mean difference ranging between £6000 over 3 years 
for CHD patients to over £11 000 for CRD patients. 
However, for CKD patients, this trend was inconsistent 
in 2014/2015, when those with hospitalised CAP cost 
less than their matched controls. A similar but not signif-
icant observation was also made for diabetic patients 
in 2015/2016. One possible explanation is that hospi-
talisation with CAP provides an opportunity to review 
the treatment for an individual’s underlying condition. 
This review subsequently leads to an improvement in 
treatment of the underlying condition, thereby averting 
future related hospital costs and admissions related to 
their underlying condition. This might be specific to CKD 
and diabetes and the way in which they are managed. 
We chose to calculate the difference in cost using HRGs 
which provides insight to the cost that hospitals would 
have received for treating these patients, but it does not 
reflect the full picture of costs and notably is not able to 
capture costs in the community following discharge. A 
separate specific cost analysis of hospitalised pneumonia 
would be needed to more accurately determine a more 
accurate cost.

Our study found that patients with certain underlying 
comorbidities have a significantly higher likelihood 
of in-hospital mortality following an episode of hospi-
talised CAP. The ORs were  >4 for all six comorbidities 
which underlines the importance of measures to prevent 
episodes of hospitalised pneumonia in patients with 
comorbidities.

The key findings of this study suggest that following 
an episode of CAP, adults with underlying comorbidities 

are subsequently associated with increased healthcare 
resource utilisation and are at increased risk of mortality 
for an extended period. An episode of hospitalised CAP 
is therefore likely to have a prolonged adverse effect on 
the subsequent health of adults with underlying comor-
bidities, which supports considering pneumonia as a 
chronic rather than an acute condition.21 An episode 
of CAP in adults with underlying comorbidities appears 
likely to leave them particularly prone to long-term 
adverse health consequences.22 While this is the first 
time insights in this context have been obtained using a 
population of UK adults with underlying comorbidities 
specifically, similar research undertaken outside the UK 
has previously highlighted that adults may be left with a 
compromised health status following an episode of hospi-
talised CAP. A recent systematic review and meta-analysis 
reported an increased risk of myocardial infarction, 
heart failure, dysrhythmias and stroke after CAP, which 
is maximal in the acute phase but persists long-term after 
resolution of the pneumonia .23 The finding that there is 
an increased likelihood of mortality following an episode 
of hospitalised CAP is reflected by a study in Dutch adults 
which suggested long-term mortality was higher in those 
with an underlying comorbidity following an episode 
of IPD or pneumonia.24 A possible explanation for this 
is that an episode of hospitalised CAP can compromise 
the long-term health status of patients with underlying 
comorbidities.

This study suggests it is not appropriate to continue 
to consider an episode of hospitalised CAP as a discreet 
event for patients with comorbidities. Rather, the impact 
of hospitalised CAP should be considered over a longer 
period accounting for the impact on both the patient 
and the healthcare system. Furthermore, it is important 
to consider the personal impact on quality of life for 
these patients and their families along with some of the 
often unreported consequences of CAP, including wider 
societal implications such as time off work.25

The increasing numbers of patients with comorbidities 
and elderly patients hospitalised with CAP will consume a 

Demographics

CHD CKD CLD CRD Diabetes Post-BMT

CAP
non-
CAP CAP

non-
CAP CAP non-CAP CAP non-CAP CAP non-CAP CAP non-CAP

post-BMT

Yes 86 
(0.2%)

51 
(0.1%)

85 
(0.7%)

76 
(0.6%)

15 
(0.7%)

7 (0.3%) 61 (0.3%) 35 (0.2%) 88 (0.5%) 64 (0.4%) N/A N/A

Mean 
admissions 
2012/2013

Elective (mean) 4.2 3.6 9.3 7.6 4.5 3.9 2.9 2.5 5 3.6 18.3 16.3

Non-elective 
(mean)

2.2 2.1 2.5 2.4 3.1 3.1 2.3 2.2 2.2 2.2 3.2 3.0

Total (mean) 3.7 3.4 6.3 5.5 5.3 5 3.3 3.1 4.2 3.5 20.0 17.3

BMT, bone marrow transplant ; CAP, community-acquired pneumonia ; CHD, chronic heart disease ; CKD, chronic kidney disease ; CLD, chronic liver disease ; 
CRD, chronic respiratory disease ; N/A, Not Applicable.

Table 1  Continued
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large percentage of health resources in the future.26 Our 
data suggest that those with underlying conditions continue 
to be at an increased risk of hospitalised CAP and its asso-
ciated consequences. Since the risk varies by comorbidity, it 
should be possible to target these comorbidity groups with 
appropriate preventative measures including influenza and 
pneumococcal immunisations.

This study reflects the UK healthcare system, the NHS, 
and its findings are therefore mainly of relevance for the 
UK, but may nevertheless be of interest for other health-
care systems.

CAP is a significant contributor to winter pressures 
that the NHS faces each year. Strategies to prevent pneu-
monia, including smoking cessation, pneumococcal 
vaccination and seasonal influenza vaccination, are 
important. Clinicians are advised to provide patients with 
written advice on pneumonia recovery when they are 
discharged from hospital. It is therefore disappointing 
that the most recent British Thoracic Society audit of 
adult CAP found that only 5.8% of participating hospitals 
routinely provided written advice to pneumonia patients 
when discharged from hospital.27

Strengths and weaknesses of the study
This study used HES data which has acknowledged limi-
tations, particularly regarding quality and consistency of Ta
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Figure 2  Comparison of rate of hospital admissions, 
outpatient attendances and A&E visits for patients with 
a diagnosis of hospitalised CAP and those without a 
diagnosis of hospitalised CAP, stratified by underlying 
co-morbidity and year. A&E, accident and emergency 
department; BMT, bone marrow transplant; CAP, 
community-acquired pneumonia; CHD, chronic heart 
disease; CKD, chronic kidney disease; CLD, chronic liver 
disease; CRD, chronic respiratory disease.



8 Campling J, et al. BMJ Open Resp Res 2020;7:e000703. doi:10.1136/bmjresp-2020-000703

Open access

coding for pneumonia28 29 and potential errors of omis-
sion and commission of underlying comorbidities. The 
most recent national audit of hospitalised cases of CAP, 
conducted on behalf of the British Thoracic Society,27 
compared prospectively identified pneumonia cases 
with HES data. The accuracy of a diagnosis of CAP at the 
national level varied widely between 124 participating 
hospitals. The median accuracy across all participating 
institutions was 65.6% (IQR 52.8% to 79.3%.27 The most 
common reason for exclusion of the diagnosis of CAP 
was the absence of new radiographic changes on chest 
X-ray. It is therefore possible that some admissions for 
‘pneumonia’ may in fact have been as a result of other 
conditions, including heart failure or decompensated 
underlying comorbidity. However, coding accuracy in 
HES has improved ever since the roll-out of financial 
incentives that are based on diagnosis and procedure 
codes.30 Additionally, because of further reporting 

requirements in the NHS, coding completeness has 
increased substantially.17 20 HES continues to be used 
in multiple studies for studying disease epidemiology 
and healthcare resource use in the NHS.17 20 We chose 
to interrogate HES from financial year 2012/2013 when 
data reliability improved, following the introduction of 
payment by results.30

Due to the nature of coding in HES, it was not possible 
to fully differentiate between hospitalised CAP and HAP, 
although we did exclude all cases of pneumonia with 
onset occurring over 48 hours after admission. Patients 
admitted with a comorbidity diagnosis might be at an 
increased risk of developing HAP compared with those 
who have not been admitted with an underlying illness. 
Therefore, it is possible that presence of HAP within the 
data set may have resulted in overascertainment for all 
the outcomes measured.

Since we included patients whose comorbidity was 
coded in either the primary or secondary position, 
it is probable that a large proportion of patients will 
have multiple comorbidities.26 The risk of developing 
CAP increases when patients have several risk factors, a 
phenomenon known as ‘risk stacking’.11 31 In order to 
correct for these confounders, we used PSM to compare 
the outcome variables between the two categories.32 The 
propensity scoring method has been used in other HES 
and CAP studies.8 33 We have not assessed the effect of 
multiple comorbidities in this study, but it is likely that 
the healthcare costs incurred, and in-hospital mortality 
would be elevated in patients with multiple risk factors. 
In a study of the impact of risk stacking on mortality from 
pneumococcal infections in adults, each additional risk 
factor increased the risk of mortality by 55%.34 HES data 
does not include data on other known risk factors for CAP, 
for example, smoking, alcohol abuse and use of proton 
pump inhibitors. It is therefore unclear whether these 
additional risk factors or a worsening clinical condition 
rather than an episode of hospitalised CAP are predictors 
of a worse outcome. A prospective study would be needed 
to establish the relative importance of these factors.

Table 3  Mean difference in hospital healthcare costs for patients in each comorbidity who developed hospitalised CAP 
versus those who did not throughout the 3-year study

Hospital healthcare resource costs (£): mean difference (95% CI)

  CHD CKD CLD CRD Diabetes Post-BMT

Total admissions 
2013/2014

4666 (4542; 
4790)

4958 (4725; 
5192)

5693 (5082; 
6305)

5264 (5098; 5431) 1115 (869; 
1361)

8444 (6026; 10 
862)

Total admissions 
2014/2015

2679 (2533; 
2824)

−1,916 (−2295; 
−1537)

10 774 (9633; 
11 915)

10 947 (10 611; 11 
283)

2675 (2451; 
2899)

8030 (3961; 12 
099)

Total admissions 
2015/2016

2056 (1907; 
2206)

2181 (1894; 
2468)

1664 (992; 
2337)

2815 (2616; 3015) −1,692 (−2020; 
1364)

2010 (−319; 
4341)

Total admissions 
2013/2014 to 
2015/2016

6103 (5930; 
6275)

3800 (3436; 
4164)

10 858 (9712; 
12 004)

11 167 (10 847; 11 
486)

1907 (1573; 
2240)

9274 (4968; 13 
580)

BMT, bone marrow transplant; CAP, community-acquired pneumonia ; CHD, chronic heart disease ; CKD, chronic kidney disease; CLD, 
chronic liver disease; CRD, chronic respiratory disease.

Figure 3  Adjusted ORs for mortality in each clinical 
risk group for those who developed hospitalised CAP 
compared with those who did not (online supplemental 
table 2). BMT, bone marrow transplant; CAP, community-
acquired pneumonia; CHD, chronic heart disease; CKD, 
chronic kidney disease; CLD, chronic liver disease; CRD, 
chronic respiratory disease.

https://dx.doi.org/10.1136/bmjresp-2020-000703
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Frailty increases the likelihood of hospitalisation 
with CAP.35 For example, in one study using the FRAIL 
index36 (FRAIL is a five-item scale of fatigue, resistance, 
ambulation, illnesses and weight loss) a score >3 was asso-
ciated with an increase in duration of stay in hospital and 
an increase in in-hospital mortality.37 Since prevalidated 
frailty scores such as the FRAIL index are not recorded 
in the HES database, we were unable to adjust for 
frailty. Another potential confounder is chronic disease 
severity. Based on the data extracted as part of this study, 
it was not possible to determine the contribution of the 
chronic disease severity or the degree of frailty to the 
clinical and financial burden consequent on an episode 
of hospitalised CAP.38 It is unclear whether an episode 
of CAP requiring hospitalisation per se alters the course 
of a chronic disease, or is in fact a marker of worsening 
disease severity or increasing frailty resulting in a worse 
outcome. Millett et al18 investigated the factors associated 
with hospitalisation for CAP among adults aged ≥65 years 
in England, using linked primary and secondary care 
data sets; the Clinical Practice Research Datalink39 and 
HES. After adjusting for age, sex and year, they found 
frailty factors (inability to self-care, mobility problems, 
tiredness and a history of falling) did not increase the 
risk of hospitalisation for CAP. The authors did note that 
frailty factors and smoking were suboptimally recorded 
by general practitioners, preventing a full assessment of 
the role of these factors and highlighting the need for 
better data on these parameters.

Finally, it was not possible to account for loss of patients 
from the study due to mortality outside of the hospital 
setting. The HES data warehouse only includes records 
of patients’ contacts with hospitals in England. The avail-
able data would therefore only reflect death in hospital 
during an admission, rather than longer-term mortality. 
The increased likelihood of dying for patients who have 
had an episode of hospitalised CAP presented in this 
analysis may therefore be an underestimate. By linking 
the HES database to Office for National Statistics central 
mortality data, it would be possible to estimate mortality 
without restricting the analysis to those patients who died 
in hospital.

Meaning of the study: implications for clinicians and 
policymakers
This study suggests the adverse effect of an episode of 
hospitalised CAP for those with underlying comorbid-
ities, both for the individual patient and for the NHS. 
Quantification of these effects in patients with under-
lying comorbidities could be useful for policy makers 
when deciding about preventative measures.

Unanswered questions and future research
This study examined the impact of an episode of hospi-
talised CAP on patients with at least one of six selected 
underlying comorbidities over a period of 3 years. The 
longer-term duration of the impact of an episode of 

hospitalised CAP on healthcare utilisation and mortality 
for patients with the six comorbidities studied has not 
been determined. The study did not include patients 
with other comorbidities, including immunosuppression 
and functional asplenia. Future research could address 
these unanswered questions.

CONCLUSION
Following an admission to hospital for CAP, the impact 
on the patient and the healthcare system is significant 
and can continue for at least 3 years following the initial 
diagnosis. While there is variation by comorbidity, the risk 
of admission to hospital is significantly increased for at 
least 3 years after the episode of CAP, with increased pres-
sure on hospital beds and also increased hospital costs. 
Furthermore, the likelihood of mortality was consider-
ably raised in all comorbidities studied. This highlights 
the importance of prevention of CAP in these patient 
populations.
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