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In-hospital mortality, post-discharge mortality and hospital readmission rates after ECOPD-related
hospitalisation remain poor in patients with COPD across the world, with high heterogeneity and
noticeable variability between countries. https://bit.ly/3vo05pC
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Abstract
Background Exacerbations of COPD (ECOPD) have a major impact on patients and healthcare systems
across the world. Precise estimates of the global burden of ECOPD on mortality and hospital readmission
are needed to inform policy makers and aid preventive strategies to mitigate this burden. The aims of the
present study were to explore global in-hospital mortality, post-discharge mortality and hospital
readmission rates after ECOPD-related hospitalisation using an individual patient data meta-analysis
(IPDMA) design.
Methods A systematic review was performed identifying studies that reported in-hospital mortality, post-
discharge mortality and hospital readmission rates following ECOPD-related hospitalisation. Data analyses
were conducted using a one-stage random-effects meta-analysis model. This study was conducted and
reported in accordance with the PRISMA-IPD statement.
Results Data of 65 945 individual patients with COPD were analysed. The pooled in-hospital mortality
rate was 6.2%, pooled 30-, 90- and 365-day post-discharge mortality rates were 2.0%, 6.4% and 12.2%,
respectively, and pooled 30-, 90- and 365-day hospital readmission rates were 11.8%, 26.5% and 38.2%,
respectively, with noticeable variability between studies and countries. Strongest predictors of mortality
and hospital readmission included noninvasive mechanical ventilation and a history of two or more
ECOPD-related hospitalisations <12 months prior to the index event.
Conclusions This IPDMA stresses the poor outcomes and high heterogeneity of ECOPD-related
hospitalisation across the world. Whilst global standardisation of the management and follow-up of
ECOPD-related hospitalisation should be at the heart of future implementation research, policy makers
should focus on reimbursing evidence-based therapies that decrease (recurrent) ECOPD.

Introduction
Exacerbations of chronic obstructive pulmonary disease (ECOPD) exert deleterious effects on patients and
healthcare systems [1], and significantly increase resource utilisation and healthcare costs around the
world [2]. Each ECOPD may contribute to an accelerated decline in lung function, lower-limb muscle
function, physical activity and health-related quality of life [3–5]. Specifically, severe ECOPD, i.e.
exacerbations necessitating hospitalisation [6], are important drivers of disease deterioration and are
associated with a poor prognosis and an increased risk of successive events [7–10]. ECOPD are common.
Recent results from the IMPACT trial revealed an annual ECOPD rate of 0.91, 1.07 and 1.21 in patients
with a history of ECOPD on triple therapy (inhaled glucocorticoids, long-acting β2-agonists (LABA) and
long-acting muscarinic antagonists (LAMA)), and dual therapy with inhaled glucocorticoids and LABA, or
LAMA and LABA, respectively [11].

During the past 20 years numerous studies have addressed the rates and determinants of in-hospital
mortality, post-discharge mortality and hospital readmission for subsequent ECOPD [8, 9, 10, 12–21].
However, great heterogeneity exists between studies, hindering our understanding of the true, global
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burden of ECOPD on healthcare systems. In-hospital mortality rates ranging between 2.5% [13] and
11.5% [22], 1-year post-discharge mortality rates ranging between 9.8% [23] and 23% [10], and hospital
readmission rates ranging between 6.7% [24] and 35.1% [25] have been reported, with noticeable
variability between countries. Mortality and hospital readmission are important outcomes of ECOPD that
drive healthcare utilisation and, in some countries, allocation of COPD-related healthcare budgets. Older
age, male sex and worse Global Initiative for Chronic Obstructive Lung Disease (GOLD) grade have
frequently been identified as predictors of mortality [26]. Likewise, previous ECOPD and hospitalisations,
higher symptom burden at hospital discharge, reduced lung function and increased length of hospital stay
are known risk factors for hospital readmission [27]. Such determinants have not been studied on a global
level however.

Providing precise estimates of the outcomes of severe ECOPD and their determinants is important to value
the true burden of such events, and to strengthen preventive measures. Moreover, predictors of in-hospital
and post-discharge mortality and hospital readmission have not been addressed in an individual patient
data meta-analysis (IPDMA). Therefore, the current IPDMA aimed to: 1) provide more precise estimates
on in-hospital and post-discharge mortality and readmission rates after a severe ECOPD; and 2) to evaluate
determinants of in-hospital and post-discharge mortality, as well as hospital readmission.

Methods
This study was conducted and reported in accordance with the PRISMA-IPD statement for reporting
systematic reviews and meta-analyses of individual patient data [28]. The protocol of the current IPDMA is
not registered on a recognised database such as PROSPERO. As of October 2019, submission of protocols
of systematic reviews require that data extraction had not yet been commenced. Since data extraction had
already commenced at the time of registration, the current protocol could not be included in PROSPERO.

Search strategy
Online databases PubMed, Embase (OVID) and Web Of Science were searched for studies reporting
mortality during and/or after hospitalisation for ECOPD, and/or subsequent ECOPD hospital readmission
(online supplementary material). The search was conducted from database inception until 31 March 2021.
The search strategy was limited to full text and English articles, and articles based on studies involving
human subjects only. Furthermore, given the global efforts to standardise COPD guidelines in the late
1990s, and the subsequent establishment of the first GOLD report in 2001 [29], studies had to be
conducted after the year 2000. Titles, abstracts and full texts of the search results were evaluated by three
independent reviewers (M. Crutsen, S. Keene and K. Waeijen-Smit). Agreements upon inclusion were
made in consensus with a fourth independent person (M.A. Spruit).

Study selection
Eligible studies needed to: 1) be conducted in patients with COPD aged ⩾18 years; 2) be conducted in
patients hospitalised for ECOPD; and 3) report death, survival and/or hospital readmission rates.
Corresponding authors of eligible studies were contacted and asked about their willingness to participate.

Outcomes
The initial hospital admission for an ECOPD was defined as the index event. Main outcomes of interest
were: in-hospital mortality (yes/no), post-discharge mortality (yes/no) and hospital readmission (yes/no)
after the index event. Secondary outcomes included length of hospital stay (days) during the index event
and follow-up time (days) after hospital discharge from the index event (either as exact number of days, or
the set study follow-up time) to study time till event (post-discharge mortality and hospital readmission).

Data extraction and harmonisation
Original individual patient data were extracted in an anonymised and secure manner. To be able to
participate, datasets needed to include at least the following variables: age (years), sex (male/female),
in-hospital mortality (yes/no), and/or death during follow-up after the index event (yes/no) and/or hospital
readmission for a subsequent ECOPD during follow-up after the index event (yes/no).

Additionally, variables such as total number of ECOPD and hospitalisations <12 months prior to the index
event (0, 1, ⩾2), noninvasive mechanical ventilation (NIMV) during the index event (yes/no), invasive
mechanical ventilation (IMV) during the index event, stay at an intensive care unit (ICU) during the index
event (yes/no), total in-hospital stay (days) during the index event, ethnicity (European, African, Asian),
modified Medical Research Council (mMRC) dyspnoea grades (i.e. 0–4) during the index event and forced
expiratory volume in 1 s (FEV1) % predicted were included based on availability. If available, FEV1

needed to be assessed in the year prior to the index event at a clinically stable state. GOLD classification
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for airflow limitation grades (I–IV) was extracted from FEV1. Data were checked for incorrect and missing
values, and screened for duplicates. Data queries were resolved by consulting the corresponding author.

Statistical analyses
Data analyses were conducted using a one-stage meta-analysis model [30]; all individual patient records
were combined to compose three data subsets based on the availability of the three distinct outcomes of
interest: in-hospital mortality, post-discharge mortality and hospital readmission. Stratified (per study and
country) and pooled analyses were conducted incorporating random-effects to enable borrowing of
information across studies [31]. The Shapiro–Wilk test was used to test for normality. Baseline
characteristics were presented as frequencies and percentages for categorical variables, and as
mean±standard deviation (SD) or median±interquartile range (IQR) as appropriate for continuous variables.
The independent samples t-test and Mann–Whitney U-test were used to compare continuous data. The
relationship between categorical variables was assessed using the Chi-squared test. Median survival was
presented as median±IQR and in-hospital mortality as % of patients dying during index hospitalisation.

To determine predictors of mortality and readmission a Cox proportional hazard regression for univariate
and multivariate age- and sex-adjusted analyses was performed for the different baseline characteristics (i.e.
FEV1, ethnicity, GOLD grade, ECOPD and hospitalisation history, mMRC, use of NIMV or IMV and ICU
stay). Effect estimates were presented as hazard rates with their associated 95% confidence interval (CI).
Kaplan–Meier survival analyses were conducted to assess median time to post-discharge mortality and
hospital readmission defined by the number of days between discharge from the index event and death or
hospital readmission, respectively. Patient data were censored if the event did not occur until the end of
follow-up, or if the patient was lost to follow-up. Cox proportional hazard regressions and Kaplan–Meier
survival analyses were performed taking follow-up time into account: only cases with an exact follow-up
time till the event (i.e. exact number of days) were included in the analyses. Statistical analyses were
conducted using IBM SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA). A priori, p-values ⩽0.05
were considered statistically significant. Graphs were created in GraphPad Prism 9.3.1. (GraphPad
Software, La Jolla, CA, USA).

Role of the funding source
The current study was cofunded by the PPP Allowance made available by Health∼Holland, Top Sector
Life Sciences & Health (LSHI19003) and ZonMWAQ10 (ERACoSysMed grant #90030355). The funding
source had no involvement in the study design, the collection, analysis and interpretation of data, the
writing of the report, nor in the decision to submit the paper for publication.

Results
The manual electronic database search identified 1400 potentially relevant records. After screening, 321
studies were eligible for inclusion and the authors were contacted for sharing of individual patient data. In
total, 47 authors shared data of 65 945 individual patients (supplementary figure S1) from 30 different
countries (figure 1). Further details of the participating studies and the (stratified) sample sizes of the three
data subsets are presented in supplementary tables S1 and S2.

In-hospital mortality
Results for in-hospital mortality were available for 62 022 patients from 35 studies [18, 32–62]. Baseline
characteristics of the pooled data subset are displayed in supplementary table S3. Briefly, the median age
was 74 years, and 59% of the patients were male. Most patients had moderate to severe airflow limitation
and experienced two or more ECOPD in the year before the index event. In total, 3868 (6.2%, 95% CI
6.0–6.4) patients died during the index event. Non-survivors were less often male, were older, had a lower
FEV1, experienced more hospitalisations in the year before index admission, spent more days in hospital,
experienced more dyspnoea during hospitalisation and were more likely to receive (N)IMV or to be
admitted to the ICU. Length of hospital stay was available in 1364 of the 3868 non-surviving patients.
Median length of stay was 7 days (IQR 3–16). Most patients (15.0%) died on the first day of admission,
half of the deaths (50.2%) occurred within 1 week of hospitalisation and 5.1% died after ⩾40 days of
hospitalisation (figure 2).

In-hospital mortality rates and median length of hospital stay stratified by study are provided in
supplementary figure S2. In-hospital mortality rates stratified by country are shown in figure 3. The lowest
stratified in-hospital mortality rates were observed in China (1.0%, n=191), whereas the highest stratified
in-hospital mortality rates were observed in Turkey (11.8%, n=1421).
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Multivariate analyses showed that older age, use of (N)IMV and ICU admission were significantly
associated with a higher hazard of in-hospital mortality, whereas male sex and European ethnicity were
significantly associated with a lower hazard of in-hospital mortality (figure 4 and supplementary table S4).

Post-discharge mortality
Of the patients surviving the index event, results for post-discharge mortality were available in 30 597 patients
from 41 studies [18, 32, 33, 36, 37, 39–44, 47–58, 60–75]. Baseline characteristics of the pooled data subset
are displayed in supplementary table S5. Median follow-up time after hospital discharge in these studies was
365 days. In total, 4662 (15.2%, 95% CI 14.8–15.6) patients died during follow-up. Compared to patients
surviving follow-up, non-survivors were less often male, were older, had a lower FEV1, have had more
ECOPD and hospitalisations in the year prior to the index event, spent more days in hospital during the index
event, experienced more dyspnoea during the index event, and were more likely to receive (N)IMV or to be
admitted to the ICU during the index event. >70% of the post-discharge deaths occurred in the first year of

Countries included

FIGURE 1 Countries included in the current individual patient data meta-analysis (IPDMA). Note: countries included in the IPDMA with IPD of n<90
(i.e. Mexico, Colombia, USA and Slovakia) are not coloured blue.
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follow-up (71.4%, 3330 out of 4662). Percentages of non-survivors per time interval during follow-up after
hospital discharge from the index event, for participants with a known time of death, are depicted in figure S3.

Pooled and stratified 30-day, 90-day and 365-day post-discharge mortality rates per country are shown in
figure 5. The pooled 30-day mortality rate was 2.0% (95% CI 1.9–2.2), the pooled 90-day mortality rate was
6.4% (95% CI 6.1–6.7) and the pooled 365-day mortality rate was 12.2% (95% CI 11.8–12.6). The lowest
overall stratified post-discharge mortality rates were observed in Norway (1.0%, n=99), whereas the highest
overall stratified post-discharge mortality rates were observed in Iceland (43.2%, n=81). Post-discharge
mortality rates and median follow-up time stratified by study are provided in supplementary figure S4.

The exact time till death after hospital discharge was available in 27 out of the 41 studies included in the
post-discharge mortality dataset (n=25 909) [32, 33, 37, 39–42, 47, 49, 50, 52, 55, 56, 58, 61–65, 67, 68,
70, 72–75]. Median survival time after discharge from the index event was 5.1 years (95% CI 4.8–5.3)
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FIGURE 3 Pooled and stratified median length of hospital stay (left) and in-hospital mortality rates (right)
during the index event per country. Relative percentages are displayed. Total number of patients included per
country (percentage of the pooled population): China n=191 (0.3%), Romania n=718 (1.2%), Australia n=90
(0.1%), Belgium n=814 (1.3%), Hong Kong n=401 (0.6%), Ireland n=237 (0.4%), New Zealand n=1126 (1.8%),
Poland n=734 (1.2%), Iran n=507 (0.8%), Spain n=8859 (14.3%), Greece n=1133 (1.8%), Austria n=822 (1.3%),
Israel n=67 (0.1%), Denmark n=405 (0.7%), Switzerland n=295 (0.5%), Malta n=112 (0.2%), UK n=35 707 (57.6%),
The Netherlands n=662 (1.1%), Italy n=7234 (11.7%), Croatia n=445 (0.7%), Turkey n=1421 (2.3%).
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(supplementary figure S5). Survival probability was significantly reduced in patients receiving (N)IMV
during index hospitalisation: median survival time after discharge from the index event was 4.9 years (95%
CI 4.5–5.2) in patients without use of NIMV during the index event versus 3.1 years (95% CI 2.8–3.4) in
patients on NIMV during the index event (log rank Chi-squared (1)=194.08, p<0.001) (supplementary
figure S6A). Median survival time after discharge from the index event was 3.8 years (95% CI 3.4–4.1) in
patients without use of IMV during the index event versus 2.9 years (95% CI 2.5–3.3) in patients on IMV
during the index event (log rank Chi-squared (1)=59.23, p<0.001) (supplementary figure S6B).

Age, FEV1, ethnicity, hospitalisation history, mMRC score, use of (N)IMV and ICU stay during the index
event were significantly associated with post-discharge mortality in the subcohort with an exact time till
event (n=25 909), both in the univariate- and age- and sex-adjusted model (figure 6 and supplementary
table S6). The hazard of post-discharge mortality was higher with older age, European ethnicity, higher
number of previous hospitalisations, higher mMRC scores, use of (N)IMV and ICU admission during the
index event, and lower FEV1.

Hospital readmission
Results for hospital readmission were available in 46 297 patients from 30 studies [18, 32, 35, 36, 39–44,
49, 51, 52, 54–56, 58, 60, 61, 66–75]. Baseline characteristics of the pooled data subset are displayed in
supplementary table S7. Median follow-up time after hospital discharge in these studies was 90 days. In
total, 16 646 (36.0%, 95% CI 35.5–36.4) patients were readmitted to the hospital for a subsequent ECOPD
after discharge from the index event. Compared to the not-readmitted patients, readmitted patients were
older, had more severe lung function impairment, had a higher symptom burden, experienced more
ECOPD and hospitalisations prior to the index event, and more often needed noninvasive ventilator
support or ICU admission during the index event. Virtually all readmissions occurred in the first year of
follow-up (97.9%, 16 297 out 16 646). Percentages of readmitted patients per time interval during follow-
up after hospital discharge from the index event, for participants with a known time of readmission, are
depicted in figure S7.
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FIGURE 4 Forest plot displaying Cox proportional hazard ratios for in-hospital mortality in the pooled data
subset. *p<0.05. Details are provided in supplementary table S4. FEV1: forced expiratory volume in 1 s; GOLD:
Global Initiative for Chronic Obstructive Lung Disease; ECOPD: exacerbations of COPD; NIMV: noninvasive
mechanical ventilation; IMV: invasive mechanical ventilation; ICU: intensive care unit.

https://doi.org/10.1183/23120541.00838-2023 7

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | K. WAEIJEN-SMIT ET AL.

 on July 24, 2025 by guest. Please see licensing information on first page for reuse rights. https://publications.ersnet.orgDownloaded from 

http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials
http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00838-2023.figures-only#fig-data-supplementary-materials


Norway 1.0

30-day mortality (%)

90-day mortality (%)

365-day mortality (%)

1.7

2.6

2.9
2.5

0.6

1.9
1.6

0.3

7.1
3.8

1.2

4.8
4.7

5.4
5.2

1.2

10.9

6.0

1.1

4.3
1.1

5.7

7.6
7.6

5.7

8.3

6.6

7.4

0.7
0.7

12.9

9.1
3.3

27.6

16.9

19.9

26.8
7.3

2.6

11.3
1.5

8.3
3.5

21.2

15.4

30.4

7.1

11.7

11.1

12.2
6.4

2.0

0 10 20

Mortality rate (%)

30 40

4.2

5.7

3.7

21.8

19.8

4.2

21.2

28.9

0.4

1.7

5.7

1.3

Finland

China

Greece

Romania

Belgium

Poland

Croatia

Israel

Austria

Spain

Malta

Ireland

Bulgaria

Hong Kong

UK

Iran

Italy

The Netherlands

Turkey

New Zealand

Switzerland

Denmark

Sweden

Iceland

Pooled

https://doi.org/10.1183/23120541.00838-2023 8

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | K. WAEIJEN-SMIT ET AL.

 on July 24, 2025 by guest. Please see licensing information on first page for reuse rights. https://publications.ersnet.orgDownloaded from 



Pooled and stratified 30-day, 90-day and 365-day readmission rates per country are shown in figure 7. The
pooled 30-day readmission rate was 11.8% (95% CI 11.4–12.2), the pooled 90-day readmission rate was
26.5% (95% CI 26.1–26.9) and the pooled 365-day readmission rate was 38.2% (95% CI 37.6–38.8). The
lowest overall stratified readmission rates were observed in China (10.1%, n=189), whereas the highest
overall stratified readmission rates were observed in Iceland (67.9%, n=81). Hospital readmission rates and
median follow-up time stratified by study are provided in supplementary figure S8.

The exact time till hospital readmission for a subsequent ECOPD was available in 23 out of the 30 studies
included in the hospital readmission data subset (n=27 401) [17, 32, 35, 41–44, 49, 52, 54, 55, 58, 60,
66–74]. Median time to hospital readmission after the index event was 2.0 years (95% CI 1.8–2.2)
(supplementary figure S9). Median time to hospital readmission was significantly reduced in patients
receiving NIMV during index hospitalisation: median time to hospital readmission was 1.1 years (95% CI
1.0–1.3) in patients without use of NIMV during the index event versus 0.6 years (95% CI 0.5–0.8) in
patients on NIMV during the index event (log rank Chi-squared (1)=29.32, p<0.001) (supplementary
figure S10A). Median time to hospital readmission was 1.0 years (95% CI 0.8–1.1) in patients without use

FIGURE 5 Pooled and stratified 30-day, 90-day and 365-day post-discharge mortality rates per country. Relative percentages are displayed. Total
number of patients included per country (percentage of the pooled population): Norway n=99 (0.3%), Finland n=60 (0.2%), China n=189 (0.6%),
Greece n=1088 (3.6%), Romania n=683 (2.2%): 30- and 90-days n=626, 365-days n=632, Belgium n=773 (2.5%): 30-days n=767, 90-days n=754, 365-
days n=507, Poland n=708 (2.3%), Croatia n=405 (1.3%), Israel n=603 (2.0%): 365-days n=64, Austria n=788 (2.6%), Spain n=8934 (29.2%): 30-days
n=8512, 90-days n=8560, 365-days n=8180, Malta n=105 (0.3%), Ireland n=230 (0.8%), Bulgaria n=151 (0.5%), Hong Kong n=819 (2.7%): 30-days
n=569, 90-days n=201, 365-days n=333, UK n=8731 (28.5%): 30-days n=6466, 90-days n=6456, 365-days n=8248, Iran n=488 (1.6%), Italy n= 38 (0.1%),
The Netherlands n=1357 (4.4%): 30-days n=1313, 90-days n=1336, 365-days n=724, Turkey n=1206 (3.9%): 30-days n=1206, 90-days n=1205, 365-days
n=1196, New Zealand n=1,086 (3.5%): 30-days n=1019, 90-days n=780, 365-days n=639, Switzerland n=1,290 (4.2%): 30-days n=1288, 90-days n=1287,
365-days n=1271, Denmark n=471 (1.5%), Sweden n=87 (0.3%), Iceland n=81 (0.3%).
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FIGURE 6 Forest plot displaying Cox proportional hazard ratios for post-discharge mortality in the pooled data
subset. *p<0.05. Details are provided in supplementary table S6. FEV1: forced expiratory volume in 1 s; GOLD:
Global Initiative for Chronic Obstructive Lung Disease; ECOPD: exacerbations of COPD; mMRC: modified Medical
Research Council; NIMV: noninvasive mechanical ventilation; IMV: invasive mechanical ventilation; ICU: intensive
care unit.
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of IMV during the index event versus 2.0 years (95% CI 1.5–2.8) in patients on IMV during the index
event (log rank Chi-squared (1)=0.50, p=0.478) (supplementary figure S10B). It should however be noted
that the number of patients with IMV data in the readmission data subset was rather low.

Sex, FEV1, GOLD grade, ECOPD and hospitalisation history, mMRC score, use of NIMV and ICU
admission during the index event were significantly associated with hospital readmission in the subset of
patients with an exact time till readmission (n=27 401), both in the univariate- and age- and sex-adjusted
model (figure 8 and supplementary table S8). The hazard of hospital readmission was higher for male
patients, higher GOLD grades, higher number of previous ECOPD and hospitalisations, higher mMRC
scores, use of NIMV, and ICU admission during the index event, and lower FEV1. It should be noted that
multicollinearity does not play a role for FEV1 and GOLD grade as these variables were independently
included in the respective models.

Discussion
The current IPDMA summarises in-hospital mortality, post-discharge mortality and hospital readmission
rates following ECOPD-related hospitalisation in over 65 000 patients with COPD from across the globe.

FIGURE 7 Pooled and stratified 30-day, 90-day and 365-day post-discharge hospital readmission rates per country. Relative percentages are
displayed. Total number of patients included per country (percentage of the pooled population): China n=189 (0.4%), Israel n=539 (1.2%): 30-days
n=538, Spain n=8770 (18.9%): 30-days n=1279, 90-days n=6169, 365-days n=902, Switzerland n=279 (0.6%), Malta n=105 (0.2%), Greece n=1088
(2.4%), Austria n=788 (1.7%), Croatia n=405 (0.9%), Turkey n=592 (1.3%), Ireland n=230 (0.5%), UK n=27 839 (60.1%): 30-days n=22 512, 90-days
n=27 327, 365-days n=22 508, Poland n=708 (1.5%), Italy n=38 (0.1%): 30- and 90-days n=38, 365-days n=22, Belgium n=773 (1.7%): 30-days n=267,
90-days n=756, Hong Kong n=819 (1.8%): 30-days n=819, 90-days n=506, 365-days n=503, Sweden n=87 (0.2%), The Netherlands n=1127 (2.4%): 30-
days n=754, 90-days n=1088, 365-days n=644, Australia n=88 (0.2%), Finland n=60 (0.1%), Romania n=683 (1.5%): 90-days n=626, Denmark n=88
(0.2%), New Zealand n=782 (1.7%), Norway n=99 (0.2%), Iceland n=81 (0.2%).
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FIGURE 8 Forest plot displaying Cox proportional hazard ratios for hospital readmission in the pooled data
subset. *p<0.05. Details are provided in supplementary table S8. FEV1: forced expiratory volume in 1 s; GOLD:
Global Initiative for Chronic Obstructive Lung Disease; ECOPD: exacerbations of COPD; mMRC: modified Medical
Research Council; NIMV: noninvasive mechanical ventilation; IMV: invasive mechanical ventilation; ICU: intensive
care unit.
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Pooled in-hospital mortality rates of 6.2%, 30-day, 90-day and 365-day post-discharge mortality rates of
2.0%, 6.4% and 12.2%, and 30-day, 90-day and 365-day hospital readmission rates of 11.8%, 26.5% and
38.2%, respectively, were observed. Most deaths (50.2%) occurred within the first week of hospitalisation.
Furthermore, over 70% of the post-discharge deaths, and almost every readmission (97.9%) occurred in the
first year following hospital discharge from the index event, laying bare the target time window. Predictive
determinants of mortality and hospital readmission were identified. Some of which can be prevented, such
as previous ECOPD-related hospitalisations, and some of which cannot be prevented, including markers of
disease severity such as use of (N)IMV. To our knowledge this is the first IPDMA providing a worldwide
representation of mortality and readmission rates after ECOPD-related hospitalisation. The current findings
highlight the poor outcomes and high heterogeneity of ECOPD-related hospitalisation, and underline the
need to develop effective ECOPD prevention strategies.

Global heterogeneity
Globally, COPD remains the most prevalent chronic respiratory disease accounting for 55.1% and 54.8%
of chronic respiratory disease prevalence in males and females, respectively [76]. Between 1990 and 2017
the prevalence of COPD increased by 5.9%, and it is expected to continue to increase, especially in
developing countries [77]. Over time, the epidemiology of COPD has shifted from a disease mainly
affecting white male smokers [78], to a disease affecting both males and females across the globe even in
the absence of a smoking history [77, 79, 80]. Indeed, there is an increasing understanding that other risk
factors besides tobacco exposure, e.g. genetics and early-life events, may drive the development of COPD.
This knowledge has recently led to the proposal of a new definition and classification of COPD [81]. The
current IPDMA including patients with COPD from 30 different countries across the globe confirms the
high heterogeneity of COPD-related outcomes and provides precise estimates of mortality and readmission
rates following ECOPD-related hospitalisation.

In-hospital mortality rates ranging between 1.0% in China to 11.8% in Turkey, post-discharge mortality
rates ranging between 1.0% in Norway to 43.2% in Iceland, and hospital readmission rates ranging
between 10.1% in China to 67.9% in Iceland were observed. This heterogeneity might be the result of
differences in characteristics, i.e. disease severity, within and across study populations such as ICU
admission. Indeed, the highest in-hospital mortality [37] and hospital readmission rates [51] in the current
study were observed in ICU-admitted patients. Other potential drivers of this heterogeneity may be related
to differences in healthcare access and treatment options (both regional differences and differences over
time, e.g. introduction of LAMA therapy since the early 2000s, and LABA/LAMA and triple therapy
treatment combinations since 2013) [81], regional differences in guidelines related to the management of
ECOPD-related hospitalisation and/or post-discharge follow-up/monitoring of patients [82–84] and the
subsequent clinical utilisation/implementation of such guidelines, or patient-specific traits such as ethnicity
[85, 86] or socioeconomic status [87].

The vast majority of patients included in this IPDMA originated from Europe (>93%). Hence, the current
study highlights the paucity of outcome data from non-European countries, especially from the African and
Asian continents, and low- and middle-income countries with low socioeconomic status where there might
be a different (i.e. non-smoking) epidemiology of COPD [79, 80]. This lack of outcome data (on a global
level) furthermore is of particular importance given the high, or even higher, prevalence and impact (i.e.
morbidity and mortality) of COPD in non-European countries [76]. Indeed, challenges with delivering
adequate prevention, diagnosis and management of COPD are particularly observed in low- and
middle-income countries [88, 89], a potential explanation for their current underrepresentation. Whilst no
differences were observed in in-hospital mortality rates between European and non-European countries
(6.2% versus 6.4%, p=0.738), significant differences were found for post-discharge mortality and hospital
readmission (14.1% versus 22.0%, p<0.001, and 35.7% versus 39.1%, p<0.001, respectively).

Globally, several indications for hospitalisation of ECOPD exist [6]. These include presentation of severe
symptoms, acute respiratory failure, onset of new physical signs, failure of initial pharmacological therapy,
presence of serious comorbidities and/or insufficient home support. Since the cause, severity, impact,
treatment and time course of ECOPD varies from patient to patient, among healthcare facilities and
systems, and from country to country, no global standards can be applied to hospital discharge. Whilst this
heterogeneity should be acknowledged, the current findings underpin the need for global standardised and
guided post-discharge follow-up/monitoring of patients after ECOPD-related hospitalisation, especially in
the first year post-discharge. Whilst the first attempts at the standardisation of the management and
follow-up of ECOPD-related hospitalisations have been made [90], this should continue to be the focus of
future implementation research.
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Predictive determinants of (in)hospital mortality
Older age, use of (N)IMV and ICU admission were significantly associated with a higher hazard of
(in-hospital) mortality, whereas male sex was significantly associated with a lower hazard of in-hospital
mortality, but not post-discharge mortality. Older age, use of (N)IMV and ICU admission are known
predictors of mortality during and after severe ECOPD [10, 16, 22, 51, 91–93]. Female sex however is not
often reported as a risk factor of in-hospital mortality. Indeed, a study conducted in the USA in 1996
including over 71 000 patients admitted to the hospital for ECOPD identified male sex as an independent
risk factor for in-hospital mortality. More recent studies, although predominantly including male patients,
have also shown an increased risk of in-hospital mortality in males. The current study showed, in contrast,
that male sex is associated with a lower hazard of in-hospital mortality. A potential explanation for this
could be the better reflection of the changing COPD epidemiology, i.e. increased prevalence and mortality
amongst females [77, 79], in this IPDMA. Indeed, close to 40% of patients included in this study were
female. Furthermore, sex-specific differences in COPD phenotypes exist. Indeed, female sex is
significantly associated with the early-onset COPD phenotype [94] and cardiovascular comorbidities such
as chronic heart failure [95], which are associated with a higher mortality risk [96, 97]. Another
explanation could be the sex-related differences in care-seeking behaviour. As such, although the risk of
ECOPD may be greater in females [98], female patients are more likely to delay presentation to the
hospital during an ECOPD [99]. Unfortunately, sex-related differences in time between onset of disease or
more acutely the deterioration of symptoms and presentation to the hospital for an ECOPD could not be
assessed in the current study. Future studies assessing these factors, as well as their interplay in relation to
mortality, are indicated.

Sex was not associated with post-discharge mortality. In this view, several differences between predictors
of in-hospital mortality and post-discharge mortality were observed. Indeed, FEV1 and a history of severe
ECOPD were significantly associated with a higher hazard of post-discharge mortality, but not in-hospital
mortality. Whilst no significant differences in moderate ECOPD history were observed between the
in-hospital survivors and non-survivors, the post-discharge non-survivors less often had a history of
moderate ECOPD compared to the post-discharge survivors. It should however be noted that there were
more missing data on ECOPD history in the in-hospital mortality dataset compared to the post-discharge
mortality dataset. Nonetheless, previous moderate ECOPD did not predict either in-hospital or
post-discharge mortality. As such, in line with previous studies [100–102], these findings suggest that
particularly a history of severe ECOPD, defined by hospital admission, presents an independent risk factor
of mortality. Noteworthy, use of (N)IMV during the index event, a marker of disease severity, served as a
predictor of mortality both during and after hospitalisation: survival probability was reduced by 2 years in
patients receiving NIMV, and by 1 year in patients receiving IMV.

Predictive determinants of hospital readmission
In contrast to the lower hazard of in-hospital mortality, male sex was associated with a higher hazard of
hospital readmission. The absence of a statistical difference in the number of males between the readmitted
and non-readmitted patients but that male sex increased the hazard of hospital readmissions initially seems
contradictory. However, it can be appreciated that still more than half of the readmitted patients was male
and thus responsible for the majority of readmissions. Likewise, the observation that the readmitted patients
were marginally older compared to the not-readmitted patients, but that age does not significantly affect the
hazard of hospital readmission, sparks discussion. Previous research has shown that older patients have less
knowledge of their disease, undertake less self-care and are less likely to recognise an ECOPD than
younger patients with COPD [103]. Suboptimal self-management and healthcare-seeking behaviour,
important pillars to improve the post-discharge prognosis of patients with COPD, might thus be a potential
explanation for the marginally older age of the readmitted group. Whilst age may not serve as a predictor of
hospital readmission, but rather of mortality, predictors of hospital readmission besides male sex included
lower FEV1, a history of (severe) ECOPD and use of NIMV during the index event. With respect to the
latter, use of NIMV during the index event reduced median time to hospital readmission by 6 months.

Strengths and limitations
Several strengths and limitations should be noted. The current study is the first IPDMA providing a
worldwide representation of in-hospital mortality, post-discharge mortality and hospital readmission rates
following ECOPD-related hospitalisation in over 65 000 patients with COPD from 47 individual studies.
IPDMAs are recognised as the gold standard approach for evidence synthesis and therefore present a major
methodological strength over using aggregate data from publications [29]. The observation periods of the
studies included in this IPDMA ranged from January 2000 to February 2018. The current study therefore
provided estimates of the outcomes and determinants of severe ECOPD over an extensive time period.
Furthermore, clear and easily obtainable independent predictors of mortality and hospital readmission were
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identified, some of which can be prevented, i.e. a history of frequent previous ECOPD-related
hospitalisations, and some of which cannot be prevented, including markers of disease severity such as use
of (N)IMV and ICU admission. These outcomes can be used in clinical decision-making, with the overall
aim of improving the prognosis of patients with COPD.

A substantial limitation of the current study is the large number of missing data on certain clinical
outcomes, demonstrating the challenges associated with study heterogeneity and the need to collect more
standardised data around ECOPD. Of interest, data such as FEV1, length of hospital stay and mMRC
scores were noticeably less available in the in-hospital non-survivors compared to the in-hospital survivors.
Although the number of non-survivors was smaller, it could be questioned whether these observations
were coincidental. Indeed, in order for FEV1 data to be included in this IPDMA, lung function tests had to
be conducted in the year prior to the index event. As such, missing spirometry data might be an indication
of poor disease management/control, or of very advanced disease and subsequent inability to perform lung
function testing thereby increasing the risk of in-hospital mortality. In addition, data on maintenance and
ECOPD treatment were missing. Confounding factors such as treatment failure, adherence or compliance,
and/or suboptimal (baseline) treatment could not be explored. Nevertheless, the primary aim of the current
study was not to describe patient/ECOPD characteristics, but rather to provide more precise estimates on
the prognostic rates during and after ECOPD-related hospitalisation. Furthermore, the studies included in
this IPDMA were heterogeneous, at least to some extent, in terms of eligibility criteria (e.g. requiring
ventilation or ICU admission), disease severity, data availability, follow-up time and sample size, which
should be taken into consideration. The one-stage meta-analysis approach is, however, the most optimal
statistical approach to handle between-study heterogeneity [30]. Finally, the risk of selection bias inevitably
exists with systematic reviews and meta-analyses. Selection bias was however minimised by searching
multiple databases, and by using broad search strategy terms. As such, the studies included were widely
comparable with respect to admission criteria and baseline characteristics (supplementary table S1).

In conclusion, the current IPDMA provides precise estimates of the outcomes and determinants of ECOPD-
related hospitalisation in over 65 000 patients with COPD from across the world. With an overall in-hospital
mortality rate of 6.2%, 1-year post-discharge mortality rate of 12.2% and 1-year hospital readmission rate of
38.2%, the impact of ECOPD-related hospitalisation remains tremendous around the globe. Whilst
strengthened and improved ECOPD prevention strategies are urgently needed, healthcare providers must be
aware of these poor prognostic rates, and should cautiously monitor and follow up patients after
ECOPD-related hospitalisation. More (funding of) research focusing on the standardisation of guidelines for
post-discharge follow-up/monitoring of patients after ECOPD-related hospitalisation is needed. Moreover,
policy makers should prioritise the subsequent guidance of these guidelines and should reimburse
evidence-based therapies that decrease (recurrent) ECOPD to improve these poor prognostic rates.
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In the originally published version of this article there was an error in the follow-up time and total number
of readmissions in two datasets of the hospital readmission data subset. This concerned the datasets of
QUINTANA et al. [1] and LOPEZ-CAMPOS et al. [2]. Instead of a follow-up time of 365 days, the correct
follow-up times were 60 and 90 days, respectively. In addition, instead of total readmission rates of 19.5%
and 26.6%, the correct readmission rates were 26.0% and 35.1%, respectively. As a result, the median
follow-up time in the hospital readmission data subset changed from 365 days to 90 days, whereas the
overall readmission rate changed from 15 195 (32.8%, 95% CI 32.4–33.3%) to 16 646 (36.0%, 95% CI
35.5–36.4%). Corrections have been made accordingly to the Results, including table S7 and figure S8,
and to the Discussion.

In addition, there was an error in the coding for the 30-, 90- and 365-day categories related to
post-discharge mortality and hospital readmission. The initial coding failed to capture all possible
conditional statements needed to accurately capture outcome statuses based on follow-up times. This was
particularly relevant in studies where the exact time until the event was not known, and was instead
represented by the predetermined, or set, study follow-up period.

These corrections altered the pooled 30-, 90- and 365-day post-discharge mortality and hospital
readmission rates from 1.8% to 2.0%, from 5.5% to 6.4%, from 10.9% to 12.2%, and from 7.1% to 11.8%,
from 12.6% to 26.5% and from 32.1% to 38.2%, respectively. Corrections have been made accordingly to
the Abstract, Results (including figures 5 and 7), and to the Discussion. Figures S3 and S7 have been
aligned to display only the percentages of patients with a known time of event, categorised by time
intervals during follow-up after hospital discharge from the index event.

Importantly, the corrections do not change the scientific conclusions drawn in the article.
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