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Background: Reducing the need for hospitalisation in patients with chronic obstructive
pulmonary disease (COPD) is an important goal in COPD management. The aim of this
study was to evaluate re-hospitalisation, treatment, comorbidities and mortality in patients
with COPD who were hospitalised for the first time due to a COPD exacerbation.
Methods: This was a retrospective, population-based observational cohort study of Swedish
patients using linked data from three mandatory national health registries to assess re-
hospitalisation rates, medication use and mortality. Rate of hospitalisation was calculated
using the number of events divided by the number of person-years at risk; risk of all-cause
and COPD-related mortality were assessed using Cox proportional hazard models.
Results: In total, 51,247 patients were identified over 10 years; 35% of patients were not
using inhaled corticosteroid, long-acting muscarinic antagonist or long-acting [3,-agonist
treatment prior to hospitalisation, 38% of whom continued without treatment after being
discharged. Re-hospitalisation due to a second severe exacerbation occurred in 11.5%, 17.8%
and 24% of the patients within 30, 90 and 365 days, respectively. Furthermore, 24% died
during the first year following hospitalisation and risk of all-cause and COPD-related
mortality increased with every subsequent re-hospitalisation. Comorbidities, including
ischaemic heart disease, heart failure and pneumonia, were more common amongst patients
who were re-hospitalised than those who were not.

Conclusion: Following hospitalisation for first severe COPD exacerbation, many patients
did not collect the treatment recommended by current guidelines. Risk of mortality increased
with every subsequent re-hospitalisation. Patients with concurrent comorbidities had an
increased risk of being re-hospitalised.

Keywords: COPD, re-hospitalisation, management, mortality

Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous and progressive
disease characterised by chronic airflow limitation.'” Patients typically endure
intermittent exacerbations of varying frequency that are characterised by acute
deterioration in symptoms of chronic breathlessness, cough and sputum
production.>* Severe exacerbations that result in hospitalisation are resource
demanding® and re-hospitalisation is common following discharge.* In addition,
hospitalisation is associated with a high risk of mortality following discharge.’
Therefore, reducing the risk of hospitalisations is an important goal in COPD

management.2
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The GOLD 2020 guidelines recommended treating
COPD with either monotherapy or combination therapy
comprising bronchodilators (long-acting muscarinic antago-
nists [LAMAs] or long-acting ,-agonists [LABAs]) and
inhaled corticosteroids (ICS).” The exact treatment is based
on the nature and severity of an individual’s disease and may
be escalated in the event of a deterioration in disease status.’
For patients with exacerbations, ICS/LABA or LAMA/
LABA combinations form a vital part of the treatment regi-
men, with a more aggressive approach required for severe
exacerbations, particularly in the event of acute respiratory
failure.>® Suboptimal treatment may contribute to worse
outcomes and increased healthcare burden for the society
and the individual patient.

The
hospitalisation, treatment, comorbidities and mortality in

aim of this study was to evaluate re-
patients with COPD who were hospitalised for the first
time due to a COPD exacerbation and to identify risk

factors for re-hospitalisation and mortality.

Methods
Study Design and Data Sources

This was a population-based observational study in Sweden
using data from three mandatory national health registries:
The National Patient Register (NPR), covering all hospital
admissions since 1987 and outpatient specialist visits since
2001;’ the Prescribed Drug Registry, covering all collected
outpatient drug prescriptions since July 2005 using
Anatomical Therapeutic Chemical (ATC) codes;® and the
Cause of Death Register, covering data on cause of death
from all people registered in Sweden.” Individual patient
data were linked by the Swedish National Board of Health
and Welfare using each individual’s unique personal identi-
fication number. Exacerbations were defined as -either

4-month survival

Baseline period

pharmacy collection of oral corticosteroids (OCS) or respira-
tory antibiotics (tetracyclines or penicillin with extended
spectrum), or emergency visits and/or hospitalisations due
to COPD. The study protocol was approved by the
Stockholm Regional Ethics Committee (registration number
2017/4:2).

Study Population and Follow-Up

The study population included all patients aged >40 years
hospitalised with a first severe COPD exacerbation as
a main diagnosis (International Classification of
Diseases-10 diagnosis [ICD-10]'" code J44: [COPD''])
in inpatient secondary care during the observation period
between 1 January 2006 and 31 December 2015. The
index date was the date of the first hospitalisation with
COPD as a primary diagnosis; baseline was the 12-month
period pre-index. Patients were followed prospectively
from index until date of death, emigration or end of
follow-up (up to 11 years), whichever occurred first
(Figure 1). Medications were assessed during the 4 months
prior to index and for 4 months after. Exclusion criteria
included inpatient hospital visits with a diagnosis of
COPD between 1 January 1997 and 1 January 2006 and
immigration to Sweden <5 years prior to index.

Assessments and Characterisations

Data were collected as follows: demographics (age, sex),
mortality (all-cause mortality and COPD-related mortal-
ity), healthcare resource utilisation, hospital admissions,
hospital outpatient visits and drugs dispensed from phar-
macies, comorbidity (respiratory-related conditions [eg,
chronic lower respiratory diseases and pneumonia] and
other relevant conditions [eg, cancer, diabetes, cardiovas-
cular diseases, rheumatoid arthritis and osteoporosis/frac-
tures] according to ICD-10 codes) and treatment patterns

Follow-up

12 months

Index date

0-11 years

Figure | Study timeline. The index date was date of the first hospitalisation with COPD as a primary diagnosis; baseline was the 12-month period pre-index. Patients had to
have survived for 24 months post-index and were followed prospectively from index until date of death, emigration or end of follow-up (up to |1 years).
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(prescription of drugs for obstructive airway diseases [eg,
ICS, LAMA, LABA and short-acting [,-agonists] and
relevant concomitant medication [eg, antibiotics, antivirus,
anti-allergy, antihistamines and antidepressants] according
to ATC codes).

Statistical Analyses

Baseline characteristics were described as mean (standard
deviation [SD]) for continuous variables and absolute and
relative frequencies for categorical variables. Rate of hos-
pitalisation was calculated using the number of events
divided
Confidence intervals (95% CI) for rates were derived by

the by number of person-years at risk.
approximating the Poisson distribution by a normal
distribution.

Risk factors for re-hospitalisation within 30, 90 and
365 days were explored by odds ratios (OR) with 95% CI
using logistic regression models. Among patients followed
for >12 months, risk of all-cause and COPD-related mor-
tality by post-index re-hospitalisations was assessed by
hazard ratios (HR) with 95% CI using Cox proportional
hazard models. Estimates adjusted for sex, index age,
baseline comorbidities and baseline COPD treatment
were calculated. Change in medication before and after
the first hospitalisation was calculated for patients who
were not re-hospitalised during up to 4 months of follow-

up.

Results

In total, 51,247 patients were included in this study; 54.8%
were female, mean age was 74.6 years and 39.3% had
experienced moderate exacerbations during the 12 months
preceding hospitalisation (the baseline period; Table 1). Of
these, 18,167 (35.4%) patients had no previous mainte-
nance treatment with ICS or long-acting bronchodilators,
whereas 27.7% were collecting ICS, LAMA and LABA
combined as triple therapy. Hypertension (20.7%), heart
failure (15.4%) and ischaemic heart disease (14.2%) were
the most common comorbidities (Table 1). Concomitant
treatment for any cardiovascular-related comorbidities was
also common (77.4%) and 42.1% of patients were collect-
ing beta-blockers (online supplementary Table 1). More

than a quarter of patients (27.2%) were collecting conco-
mitant antidepressants.

Treatment Patterns
Of the total patient population, 39,181 patients had >12
months of follow-up. Of these, there was an increase in the

Table | Baseline Patient Demographics and Characteristics

Patient
Population
(n=51,247)
Females, n (%) 28,087 (54.8)
Age, mean years (SD) 74.6 (10.1)
Moderate COPD exacerbation, n (%) >® | 20,157 (39.3)
Respiratory treatment, n (%)
Neither LAMA, LABA or ICS 18,167 (35.4)
ICS monotherapy 2093 (4.1)
LAMA or LABA monotherapy 6910 (13.5)
LAMA/LABA 1015 (2.0)
ICS/LAMA or ICS/LABA 8857 (17.3)
ICS/LAMA/LABA 14,205 (27.7)
SABA monotherapy 16,367 (31.9)
N-acetylcysteine 14,707 (28.7)
PD4 antagonists 301 (0.6)
Comorbidities, n (%)°
Hypertensive diseases 10,620 (20.7)
Heart failure 7876 (15.4)
Ischaemic heart disease 7253 (14.2)
Pneumonia 6384 (12.5)
Diabetes 5094 (9.9)
Malignant neoplasm 4913 (9.6)
Metabolic disorders 3340 (6.5)
Asthma 3193 (6.2)
Other respiratory system diseases 2901 (5.7)
Cerebrovascular diseases 2632 (5.1)

Notes: *Required additional medication in addition to maintenance treatment, eg
systemic corticosteroids or antibiotics. "Exacerbation and comorbidity data were
collected during a 12-month period pre-index date. “COPD treatments were
collected during a 4-month period pre-index date.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corti-
costeroid; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic antagonist;
PD4, phosphodiesterase-4; SABA, short-acting B,-agonist; SD, standard deviation.

use of ICS or long-acting bronchodilator maintenance
treatments during follow-up versus baseline (Table 2)
and the proportion of patients collecting triple therapy
increased from 28.1% during baseline to 42.9% during
follow-up. However, 16.6% of patients still did not collect
maintenance treatment with LAMA, LABA or ICS during
follow-up.

Of the full population, 18,167 (35.4%) patients who
did not collect ICS or long-acting bronchodilator treatment
during baseline, 37.9% continued without treatment during
follow-up, 22.1% collected triple therapy, 21.3% LAMA
and/or LABA and 15.3% ICS with LAMA or LABA
(Figure 2; online supplementary Table 2). When consider-

ing patients collecting LABA and/or LAMA during base-
line (n=7925), 40.4% continued with LAMA and/or
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Table 2 Exacerbations, COPD-Related Medication and Hospital-
Based Outpatient Visits at Baseline and During Follow-Up
(n=39,181)

Baseline 12-Month Follow-
Up
Patients with >1
exacerbations, n (%)
Any 15,368 (39.2) 20,544 (52.4)
Moderate 15,368 (39.2) 16,978 (43.3)
Severe N/A 9376 (23.9)
Respiratory treatment,
n (%)
Neither LAMA, LABA 13,970 (35.7) 6513 (16.6)
or ICS
ICS monotherapy 1602 (4.1) 1267 (3.2)
LAMA or LABA 5051 (12.9) 6109 (15.6)
monotherapy
LAMA/LABA 767 (2.0) 1098 (2.8)
ICS/LAMA or ICS/LABA | 6799 (17.4) 7397 (18.9)
ICS/LAMA/LABA 10,992 (28.1) 16,797 (42.9)
SABA monotherapy 12,859 (32.8) 15,429 (39.4)
N-acetylcysteine 10,984 (28.0) 15,073 (38.5)
PD4 antagonists 243 (0.6) 359 (0.9)
Hospital-based
outpatient visits
Any reason, n (%) 19,097 (48.7) 23,354 (59.6)
Rate (95% CI) per I00PY | 136.1 (134.9-137.2) | 196.4 (194.9-197.8)
COPD-related, n (%) 6585 (16.8) 11,422 (29.2)
Rate (95% CI) per 100 PY | 25.2 (24.7-25.7) 53.4 (52.6-54.1)

Notes: Patients with 212 months of follow-up were included (n=39,181). COPD
treatments were collected during a 4-month period pre-index and post-index for
the baseline and follow-up period, respectively.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary
disease; ICS, inhaled corticosteroid; LABA, long-acting f3,-agonist; LAMA, long-
acting muscarinic antagonist; N/A, not applicable; PD4, phosphodiesterase-4; PY,
patient-years; SABA, short-acting [3,-agonist.

LABA during follow-up, but less than half (42.5%)
switched to an ICS-containing treatment regimen (online
supplementary Table 2).

Among patients without maintenance treatment during
the baseline period and without any hospitalisation during
the first 4 months of follow-up (n=10,008), those that
continued without treatment following hospitalisation
(n=3239) were older and had more comorbidities
(Table 3).

Outpatient Visits

Among the 39,181 patients with >12 months of follow-up,
there was an increase in the number of COPD-related
outpatient visits during follow-up compared with baseline
from 25.2 to 53.4 visits per 100 patient-years (PY) (Table

2); however, 70.8% did not have an outpatient hospital
visit due to COPD within the first year post-discharge.

Re-Hospitalisations
Of the 39,181 patients followed for >12 months, re-
hospitalisation due to a second severe exacerbation
occurred in 23.9% of patients (Table 2). Among these
patients, there was a higher incidence of >1 moderate
exacerbation during baseline versus patients who were
not re-hospitalised (49.4% versus 36.0%). Comorbidities,
including ischaemic heart disease (12.0% versus 14.6%),
heart failure (11.3% versus 14.4%) and pneumonia (9.7%
versus 14.5%), were more common among patients who
were re-hospitalised than those who were not. Anxiety and
depression disorder, along with osteoporosis/fractures also
occurred more frequently among re-hospitalised patients.
Differences in sex and age were minimal (Table 4).
Re-hospitalisation due to a second severe exacerbation
within 30 (n=48,461) and 90 (n=45,608) days was seen in
11.5% (n=5563) and 17.8% (n=8120) of the patients,
respectively (Table 5). Female gender, higher age, comor-
bidities and previous exacerbations were independently
associated with re-hospitalisation at both 30 days, 90
days and 12 months (Table 5).

Mortality

Overall, patients were followed on average for 3.2 years
(range, 0 to 11 years). The 1-, 5- and 8-year mortality rate
23.5%, 61.1%, 75.9%,
Corresponding mortality rates for the 39,181 patients

was and respectively.
alive and still under observation after 12 months of follow-
up were 15.7% at 1 year and 56.7% at 5 years. The risk of
both all-cause mortality and COPD-related mortality
increased  with

(Figure 3).

each subsequent re-hospitalisation

Discussion

In this nationwide observational study of patients in
Sweden experiencing their first hospitalisation due to
a severe COPD exacerbation, more than one-third of
patients did not collect any inhaled ICS or long-acting
bronchodilator  treatment prior to hospitalisation.
Moreover, despite an increase in the proportion of patients
collecting maintenance LAMA, LABA or ICS treatment
and an increase in the number of outpatient visits, more
than one-third of these patients still did not collect the
recommended maintenance treatment after 12 months of

follow-up. This group of patients were older and had more
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No maintenance treatment*

ICS monotherapy

LAMA or LABA monotherapy

LAMA/LABA

ICS/LAMA or ICS/LABA

ICS/LAMA/LABA

15 20 25 30 35 40

Patients (%)

Figure 2 ICS, LAMA and LABA treatment after hospitalisation for severe COPD exacerbation in patients without COPD treatment during baseline period. *Neither LAMA,
LABA or ICS. COPD treatments were collected during a 4-month period pre-index and post-index. All patients (n=18,167) were included irrespective of follow-up time.
COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic antagonist.

comorbidities than the patients who started using treatment
after their first hospitalisation. Each subsequent re-
hospitalisation was associated with an increased risk of
both all-cause and COPD-related mortality.

In the present study, we found that patients who con-
tinued without appropriate respiratory treatment after their
first COPD-related hospitalisation were older and had
more comorbidities than patients collecting medications
following hospitalization. We can only speculate that this
is related to fewer prescriptions from the physicians or
non-collection of prescribed medications by the patients,
as only data on the collection of drugs are available in our
study. It cannot be ruled out that age and comorbidities
may affect the behaviour identified.

Guidelines recommend a follow-up appointment takes
place within 1 month after discharge following hospitali-
sation due to COPD? but, in the present study, only 29% of
patients received this care from a hospital-based specialist.
Importantly, we found that almost one-quarter of patients
had a readmission due to a severe COPD exacerbation
within 1 year and almost one-quarter of patients died
within 1 year. In common with previous studies,”'* "
we found that, for patients hospitalised as a result of
a severe COPD exacerbation, the risk of mortality
increased with every new re-hospitalisation, for both all-
cause death and COPD-related death. In addition, in
a prospective study in France, 1824 patients hospitalised
with a severe exacerbation, the mortality rate during the
4-year follow-up was similar to the rate found in our study
(45%)."

In a European dataset of prospectively collected data
for patients with severe COPD exacerbations resulting in

hospitalisation (European COPD Audit), readmitted
patients were found to have a higher mortality than non-
readmitted patients and a logistic regression analysis iden-
tified patient-related variables such as age, comorbidities
and previous admissions as factors that increased the risk
of readmission.'® Furthermore, Wang et al described an
association between hospitalisation due to a severe COPD
exacerbation and an increased risk of cardiovascular
events in patients from a Taiwanese healthcare insurance
database, providing further confirmation of the urgent need
to ensure appropriate treatment of severe COPD
exacerbations.'’

In the present study, 12% were re-hospitalised within
30 days, 18% within 90 days and 24% of patients were re-
hospitalised within one year. Although this was lower than
findings from the European COPD Audit, where approxi-
mately one-third of patients were re-hospitalised within 90

days’14,16,18

clearly there is room for further improvement.
In the US, a policy was created with the aim of improving
outcomes by imposing penalties in the event of higher than
expected all-cause 30-day readmission rates following
hospitalisation for COPD. However, evidence to support
specific interventions was found to be inadequate, suggest-
ing that re-hospitalisation may not be preventable in all
patients.'>?* Indeed, patients recovering from any form of
exacerbation require an array of specific interventions to
promote self-management, address existing comorbidities,
and coordinate ongoing community care.'?

In line with other studies, comorbidities were common
among patients who were hospitalised for severe COPD
exacerbations.*'*?!* Patients with concurrent asthma

had a higher risk of re-hospitalisation, a finding that is in
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Table 3 Basic Characteristics of Baseline Untreated Study Population by Post-Index COPD Treatment (n=10,008)

Post-Index COPD Treatment
All (n=10,008) COPD Treated COPD Non-Treated
(n=6769) (n=3239)

Females, n (%) 5518 (55.1) 3828 (56.6) 1690 (52.2)
Age, years

Mean (SD) 729 (10.8) 723 (10.5) 743 (11.4)

Median (IQR) 74.0 (65.0-81.0) 73.0 (65.0-80.0) 76.0 (66.0-83.0)

Range 40-99 40-99 40-99
Age categories, n (%)

40-64 2262 (22.6) 1582 (23.4) 680 (21.0)

65-79 4650 (46.5) 3318 (49.0) 1332 (41.1)

280 3096 (30.9) 1869 (27.6) 1227 (37.9)
Charlson Comorbidity Index, n (%)

0 3939 (39.4) 2886 (42.6) 1053 (32.5)

| 2257 (22.6) 1523 (22.5) 734 (22.7)

2 1604 (16.0) 1032 (15.2) 572 (17.7)

23 2208 (22.1) 1328 (19.6) 880 (27.2)
Comorbidities, n (%)

Heart failure 1079 (10.8) 658 (9.7) 421 (13.0)

Ischaemic heart disease 1059 (10.6) 684 (10.1) 375 (11.6)

Diabetes 889 (8.9) 538 (7.9) 351 (10.8)

Pneumonia 827 (8.3) 486 (7.2) 341 (10.5)

Malignant neoplasm 674 (6.7) 428 (6.3) 246 (7.6)

Anxiety and depression disorder 312 (3.1) 195 (2.9) 117 (3.6)

Osteoporosis/fractures 183 (1.8) 103 (1.5) 80 (2.5)
Hospital-based outpatient visits, rate (95% CI) per
100 PY

Any reason 100.6 (98.7-102.6) | 89.2 (87.0-91.5) 124.5 (120.6-128.3)

COPD-related 7.7 (7.2-8.3) 7.9 (7.3-8.6) 7.3 (6.3-8.2)
Hospitalisations, rate (95% CI) per 100 PY

Any reason 63.1 (61.5-64.6) 55.5 (53.7-57.2) 78.9(75.9-82.0)
Any exacerbation, n (%) 2018 (20.2) 1350 (19.9) 668 (20.6)

Exacerbation rate (95% Cl) per 100 PY 53.2 (51.8-54.7) 48.0 (46.3-49.6) 64.2 (61.4-66.9)

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; IQR, inter-quartile range; PY, patient-years;

accordance with many other studies showing that patients
with concomitant asthma and COPD have a higher mor-
bidity than those with COPD alone.*> %" Of note, anxiety
and depression disorder was also associated with re-
hospitalisation, further supporting the findings from pre-
vious studies.'®**2° It has been suggested that physicians
may underestimate the psychological impact of exacerba-
tions on patients® and only a small proportion of patients
with anxiety or depression are offered effective treatment
for their comorbidity, which is likely to have a negative
impact on their COPD.>* Apart from comorbidities, the

SD, standard deviation.

risk of re-hospitalisation was also increased for women
and older patients compared with men and younger
patients, respectively.

The main strengths of this study were the nationwide
setting, with high-quality study registers covering all
patients with COPD-related inpatient visits in Sweden dur-
ing the study period. Furthermore, the large sample size with
long follow-up strengthened the statistical power of the
analysis. In terms of study weaknesses, a lack of information
about primary care visits will have led to an underestimate

of the observed healthcare utilisation, particularly as some of
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Table 4 Baseline Patient Demographics and Characteristics Among Patients Re-Hospitalised Due to COPD During |-Year Follow-Up

(n=39,181)

Number of Re-Hospitalisations During |-Year Post-Index

Any COPD exacerbation, n (%)

10,734 (36.0%)

2501 (46.8%)

0 (n=29,805) I (n=5342) 2 (n=2084) 23 (n=1950)
Females, n (%) 16,802 (56.4%) 3019 (56.5%) 1174 (56.3%) 1131 (58.0%)
Age, mean years (SD) 73.1 (10.2) 74.0 (9.7) 74.0 (9.7) 73.5 (9.5)

1031 (49.5%)

1102 (56.5%)

Respiratory treatment during follow-up, n (%)
Neither LAMA, LABA or ICS
ICS monotherapy
LAMA or LABA monotherapy
LAMA/LABA
ICS/LAMA or ICS/LABA
ICS/LAMA/LABA

11,667 (39.1%)
1283 (4.3%)
3853 (12.9%)
572 (1.9%)
5093 (17.1%)
7337 (24.6%)

1443 (27.0%)
176 (3.3%)
705 (13.2%)
114 (2.1%)
951 (17.8%)
1953 (36.6%)

511 (24.5%)
69 (3.3%)
255 (12.2%)
49 (2.4%)
382 (18.3%)
818 (39.3%)

349 (17.9%)
74 (3.8%)
238 (12.2%)
32 (1.6%)
373 (19.1%)
884 (45.3%)

Comorbidities, n (%)
Ischaemic heart disease
Heart failure
Pneumonia
Diabetes
Malignant neoplasm
Asthma
Anxiety and depression disorder
Osteoporosis/fractures

3582 (12.0)
3381 (11.3)
2893 (9.7)
2685 (9.0)
2196 (7.4)
1754 (5.9)
1002 (3.4%)
720 (2.4%)

780 (14.6)
768 (14.4)
775 (14.5)
513 (9.6)
449 (8.4)
397 (7.4)
208 (3.9%)
176 (3.3%)

317 (15.2)
342 (16.4)
290 (13.9)
211 (10.1)
191 (9.2)
159 (7.6)
106 (5.1%)
93 (4.5%)

289
280
341
164

14.8)
14.4)
17.5)
8.4)
138 (7.1)
177 (9.1)
112 (5.7%)
96 (4.9%)

Py

Notes: Only patients under observation 212 months after index date were included (n=39,181). Re-hospitalisation was defined as an inpatient hospital visit with COPD as
the primary diagnosis; only re-hospitalisations occurring 22 weeks after the index date were included.
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting ,-agonist; LAMA, long-acting muscarinic antagonist; SD, standard

deviation.

Table 5 Risk Factors for Re-Hospitalizations During Follow-Up

30 Days OR (95% CI)* 90 Days OR (95% CI)* 365 Days OR (95% CI)*

Population, n 48,461 45,608 39,181

Re-hospitalised, n (%) 5563 (11.5%) 8120 (17.8%) 9376 (23.9%)
Gender

Male 1.00 1.00 1.00

Females .11 (1.05-1.17) 111 (1.06-1.17) 1.08 (1.03-1.13)
Age

40-65 1.00 1.00 1.00

65-80 1.22 (1.13-1.33) 1.29 (1.20-1.38) 1.30 (1.22-1.38)

80+ 1.42 (1.30-1.55) 1.43 (1.32-1.54) 1.32 (1.23-1.41)
Charlson index

CCl o 1.00 1.00 1.00

CCl | 1.36 (1.25-1.48) 1.48 (1.38-1.59) 1.59 (1.50-1.70)

CCl 2 1.23 (1.12-1.35) 1.34 (1.24-1.45) 1.48 (1.38-1.59)

CCl 3+ 1.31 (1.21-1.43) 1.45 (1.35-1.56) 1.66 (1.56—1.78)
Exacerbations

0 1.00 1.00 1.00

| 1.20 (1.11-1.29) 1.28 (1.20-1.37) 1.33 (1.26-1.41)

2 1.21 (1.09-1.35) 1.41 (1.29-1.54) 1.53 (1.41-1.66)

3+ 1.25 (1.16-1.36) 1.48 (1.39-1.59) 1.71 (1.60-1.82)

Note: °If not otherwise specified.

Abbreviations: OR, odds ratio; Cl, confidence interval.
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re-hospitalisations No. of patients/No. of deaths HR (95% CI)
0 29 805/14 057 [ | 1.00
1 5342/3183 ] 1.42 (1.36-1.47)
2 2084/1366 HH 1.79 (1.69-1.89)
>3 1950/1438 . 2.35 (2.22-2.48)
I T T T T 1
0.50 1.0 15 2.0 3.0 40 5.0
Hazard ratio
B
re-hospitalisations No. of patients/No. of deaths HR (95% C)
0 29 805/4133 [ ] 1.00
1 5342/1356 H 1.98 (1.87-2.11)
2 2084/639 HH 2.73 (2.51-2.97)
>3 1950/761 HaH 3.94 (3.64-4.26)
I T T T T 1
0.50 1.0 15 2.0 3.0 4.0 5.0

Hazard ratio

Figure 3 Risk of (A) all-cause death and (B) COPD-related death by history of severe exacerbations during |-year follow-up. Adjusted for gender, index age, Charlson
comorbidity index and COPD treatment. Cl, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio.

the patients not seen in hospital-based outpatient care will
likely have been followed-up in primary care. In addition,
clinical measurements, such as lung function, smoking and
cough, are not captured in the registries used in this study.
Treatments reported in this study are based on claims from
pharmacy, medications provided during hospital admissions
could not be captured due to limitations in the registry
infrastructure. Finally, patients who died during follow-up
may not have survived long enough to have a second
COPD-related hospitalisation, which may have reduced the
calculated re-hospitalisation rate.

In conclusion, we found that following a first hospitali-
sation due to severe COPD exacerbation, many patients did
not collect the treatment recommended by current
guidelines.” Patients with concurrent ischaemic heart dis-
ease, heart failure and pneumonia had an increased risk of
being re-hospitalised and risk of mortality increased with
every subsequent re-hospitalisation. Hospital admission
should provide an opportunity for clinicians to identify at-
risk patients and provide them with closer follow-up and the
best available preventive treatment to improve outcomes.
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