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Abstract
Background: Patients with chronic obstructive pulmonary 
disease (COPD) are at a heightened risk of pneumonia. 
Whether coexisting community-acquired pneumonia (CAP) 
can predict increased mortality in hospitalized COPD pa-
tients is still controversial. Objective: This systematic review 
and meta-analysis aims to assess the association between 
CAP and mortality and morbidity in COPD patients hospital-
ized for acute worsening of respiratory symptoms. Methods: 
In this review, cohort studies and case-control studies inves-
tigating the impact of CAP in hospitalized COPD patients 
were retrieved from 4 electronic databases from inception 
until December 2019. Methodological quality of included 
studies was assessed using Newcastle-Ottawa Quality As-
sessment Scale. The primary outcome was mortality. The 
secondary outcomes included length of hospital stay, need 
for mechanical ventilation, intensive care unit (ICU) admis-
sion, length of ICU stay, and readmission rate. The Mantel-
Haenszel method and inverse variance method were used to 

calculate pooled relative risk (RR) and mean difference (MD), 
respectively. Results: A total of 18 studies were included. The 
presence of CAP was associated with higher mortality (RR = 
1.85; 95% CI: 1.50–2.30; p < 0.00001), longer length of hospi-
tal stay (MD = 1.89; 95% CI: 1.19–2.59; p < 0.00001), more 
need for mechanical ventilation (RR = 1.48; 95% CI: 1.32–
1.67; p < 0.00001), and more ICU admissions (RR = 1.58; 95% 
CI: 1.24–2.03; p = 0.0002) in hospitalized COPD patients. CAP 
was not associated with longer ICU stay (MD = 5.2; 95% CI: 
−2.35 to 12.74; p = 0.18) or higher readmission rate (RR = 
1.02; 95% CI: 0.96–1.09; p = 0.47). Conclusion: Coexisting 
CAP may be associated with increased mortality and mor-
bidity in hospitalized COPD patients, so radiological confir-
mation of CAP should be required and more attention should 
be paid to these patients. © 2021 S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) is a 
common respiratory disease ranked as the fourth leading 
cause of death and has been estimated to become the third 
leading cause of death by 2030 [1]. Acute exacerbation of 
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COPD is defined as an acute worsening of respiratory 
symptoms that results in additional therapy. It is associ-
ated with poorer health status, accelerated lung function 
decline, faster disease progression, and worse prognosis 
with increased hospitalizations, readmissions, and mor-
tality [2–5]. Community-acquired pneumonia (CAP) is 
also a major cause of hospital admission and death glob-
ally, and it is particularly problematic among COPD pa-
tients [6–8]. Use of inhaled corticosteroids (ICS), ad-
vanced age, prior severe exacerbations, comorbidities, 
and poor nutritional status may increase the risk of CAP 
in COPD patients [8–10]. Approximately, 8–36% of 
COPD patients requiring hospitalization for acute wors-
ening of respiratory symptoms have radiographic confir-
mation of CAP [8, 11–13].

Although presence of CAP is associated with more in-
tense inflammatory responses and different pathogen pro-
files in COPD patients [14, 15], whether CAP leads to poor 
clinical outcomes in hospitalized COPD patients remains 
controversial. Some studies found that mortality during 
hospitalization was similar between the patients with pneu-
monia and those without [15–17]. Nevertheless, other stud-
ies demonstrated that CAP was associated with higher in-
hospital mortality (IHM), longer hospital stay, intensive use 
of mechanical ventilation (MV), and more ICU admissions 
in hospitalized COPD patients [11, 12, 18]. Therefore, we 
performed a systematic review and meta-analysis to assess 
whether CAP was associated with increased mortality and 
morbidity in hospitalized COPD patients.

Methods

Protocol and Registration
This systematic review has been registered in the PROSPERO 

(International Prospective Register of Systematic Reviews) (www.
crd.york.ac.uk/prospero; Record No. CRD42019144549) and con-
ducted in accordance with the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) statement [19] 
and the MOOSE (Meta-analysis of Observational Studies in Epi-
demiology) statement [20].

Eligibility Criteria
Study Design
Only cohort studies (either prospective or retrospective) and 

case-control studies were considered. Reviews, editorials, letters, 
commentaries, unpublished papers, and conference reports with 
insufficient information regarding participant ascertainment, 
study design, and outcome data were excluded.

Participants
COPD patients hospitalized for acute worsening of respiratory 

symptoms with or without CAP were included, regardless of gen-
der, age, ethnicity, disease duration, severity, and treatment. 

COPD was confirmed by spirometry or identified by medical re-
cords including previous diagnosis by respiratory specialists or In-
ternational Classification of Diseases (ICD) code recordings. CAP 
was identified according to the radiological confirmation or ICD 
code. COPD patients who hospitalized for other identified causes 
such as cardiovascular disease, pulmonary embolism, and pleural 
effusion were excluded. In addition, patients with hospital-ac-
quired pneumonia or ventilator-associated pneumonia were ex-
cluded.

Comparison
Comparison was made between hospitalized COPD patients 

with CAP (PCOPD) and those with acute exacerbation (ECOPD).

Outcomes
The primary outcome was mortality: (1) IHM: defined as the 

proportion of deaths during admission; (2) short-term mortality 
(STM): defined as the proportion of deaths in a ≤3-month follow-
up after discharge; and (3) long-term mortality (LTM): defined as 
the proportion of deaths in a >3-month follow-up after discharge.

The secondary outcomes were as follows: (1) length of hospital 
stay (LOS): calculated as the number of days in hospital; (2) need 
for MV: calculated as the proportion of patients who used nonin-
vasive mechanical ventilation or invasive mechanical ventilation; 
(3) ICU admission: calculated as the proportion of patients admit-
ted to ICU; (4) length of ICU stay: calculated as the number of days 
hospitalized in ICU; and (5) readmission rate: calculated as the 
proportion of patients readmitted to the hospital for a COPD ex-
acerbation within the follow-up period.

Search Strategy
Study searches were carried out in MEDLINE and EMBASE 

from inception until December 31, 2019. Separate searches were 
also conducted in the Web of Science and the Cochrane Library. 
Ongoing studies were searched on the clinicaltrials.gov website 
(http://www.clinicaltrials.gov/). Additional eligible studies were 
hand searched from the bibliographies of included studies, as well 
as previous systematic reviews. The search strategy was performed 
using a combination of Medical Subject Headings and text words 
for aforementioned databases, including “pulmonary disease, 
chronic obstructive” or “COPD” or “chronic obstructive pulmo-
nary disease” and “pneumonia” or “community-acquired pneu-
monia” or “CAP” (online suppl. Table 1; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000510615). The search 
terms were appropriately modified to suit the instructions for in-
dividual databases. No language or date restrictions were im-
posed.

Study Selection
Two reviewers (Y.Y. and W.L.) worked independently to per-

form the study selection. Firstly, we carried out the initial search 
and removed duplicated studies by using the citation manager 
EndNote X9. Secondly, we checked the included titles and ab-
stracts for eligibility and identified potential articles for further 
full-text screening. Lastly, we went through the full articles to de-
termine the final inclusions according to the prespecified inclusion 
criteria. Disagreement was resolved by consensus or settled by the 
third reviewer (H.L.J.).
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Data Extraction
Two investigators (Y.Y. and W.L.) independently extracted 

data from included studies on the name of the first author, year of 
publication, country of study, study duration, study design, par-
ticipants’ demographic characteristics (including sample size, age, 
and male ratio), diagnostic or screening criteria for COPD and 
CAP, severity of COPD, treatment (use of corticosteroids before 
or during hospitalization), and outcomes, according to a standard-
ized data collection form. Where available, we recorded multivar-
iate adjusted data regarding the outcomes together with adjusting 
confounders. When several adjusting models were adopted, we ex-
tracted data from the model where age and sex were adjusted as 
confounders as they were the most common confounding factors. 
The original investigators would be contacted for further informa-
tion regarding study design, participant inclusion, and outcome 
definition. If required, study protocols would be requested. The 
reviewers cross‐checked all extracted data, and any discrepancy 
was resolved by discussion until consensus was reached.

Quality Assessment
Newcastle-Ottawa Quality Assessment Scale (NOS) was used 

to assess the risk of bias by 2 authors (Y.Y. and W.L.). NOS con-
sisted of 8 items in 3 domains: selection (4 items, maximum 4 
scores), comparability (1 item, maximum 2 scores), and outcome/
exposure (3 items, maximum 3 scores) for cohort studies and case-
control studies [21]. Similarly, disagreements were addressed 
through consensus. Quality of included studies was rated accord-
ing to the following criteria by converting the NOS scores to Agen-
cy for Healthcare Research and Quality (AHRQ) standards [22–
24]:
• Good quality: 3 or 4 scores in the selection domain AND 1 or 2 

scores in the comparability domain AND 2 or 3 scores in the 
outcome/exposure domain.

• Moderate quality: 2 scores in the selection domain AND 1 or 2 
scores in the comparability domain AND 2 or 3 scores in the 
outcome/exposure domain.

• Poor quality: 0 or 1 score in the selection domain OR 0 score in 
the comparability domain OR 0 or 1 score in the outcome/ex-
posure domain.

Data Analysis
Data analysis was conducted by 2 reviewers (Y.Y. and W.L.) 

using RevMan 5.3 (Cochrane Collaboration) and Stata 15.1. For 
crude data, relative risk (RR) with 95% confidence interval (CI) 
was calculated using the Mantel-Haenszel method for dichoto-
mous data (e.g., mortality, need for MV, ICU admission, and re-
admission rate), and mean difference (MD) with 95% CI was sum-
marized using the inverse variance method for continuous data 
(e.g., LOS and length of ICU stay). For adjusted data, the pooled 
RR with 95% CI was estimated using the inverse variance method. 
Odds ratio (OR) was considered similar to RR when the outcome 
was uncommon [25]. Heterogeneity was quantified by I2 statistic 
and the χ2 test, with an I2 value of 25–50% indicating low hetero-
geneity, 50–75% indicating moderate heterogeneity, and >75% in-
dicating high heterogeneity, respectively [26]. Random-effects 
model was used for all analyses. p < 0.05 was considered statisti-
cally significant.

To further evaluate the robustness of meta-analysis, we per-
formed sensitivity analyses by removing each individual study one 
by one or the studies with poor quality. Subgroup analyses were 

performed to explore sources of heterogeneity. All included stud-
ies were stratified into subgroups according to study design (ret-
rospective or prospective), COPD diagnostic method (spirometry 
or ICD codes/others), baseline comparability of age, baseline com-
parability of sex, baseline comparability of age and sex, sample size 
(≥500 or <500), and quality of study (good or moderate/poor). 
Sensitivity analyses and subgroup analyses were conducted only 
for the outcome of IHM.

Publication bias was visually inspected by funnel plots, and Eg-
ger’s and Begg’s tests were conducted to determine the degree of 
funnel plot asymmetry with p < 0.05 representing significant pub-
lication bias [27]. When publication bias was found, trim and fill 
analysis was performed to find out the influence of missing studies 
on overall effects.

Results

Study Selection
The comprehensive search strategy identified 20,342 

potentially relevant citations from database searches. No 
additional records were retrieved using the hand search 
strategy. After duplicates removal, 11,034 articles were 
screened for initial elimination. From these, 10,989 re-
sults were excluded for the following reasons: irrelevant 
articles (n = 10,963), conference papers (n = 18), reviews 
(n = 6), and letters (n = 2). From the remaining 45 records 
for full-text evaluation, 27 studies were excluded due to 
the following reasons: meeting abstracts (n = 6), insuffi-
cient data for analysis (n = 2), undesirable comparison  
(n = 14), and no COPD and/or CAP diagnostic criteria 
reported (n = 5). We tried to communicate with the au-
thors through emails to access data for studies without 
enough details for assessment [28–32], but no response 
was received. Finally, 18 studies met the eligibility and 
were included for the final analysis. The process of study 
search and selection is shown in Figure 1.

Study Characteristics
A total of 18 studies including 17 cohort studies [11–

18, 33–41] and 1 case-control study [42] were included 
with sample sizes ranging from 54 to 52,520. The final 
analysis included 91,209 participants in total, with 
28,480 in the PCOPD group and 62,729 in the ECOPD 
group, respectively. Among cohort studies, 10 were ret-
rospective in nature [11–14, 17, 35, 37–39, 41] and 7 
were prospective in nature [15, 16, 18, 33, 34, 36, 40]. All 
studies were published in English except one [35]. Ma-
jority studies were conducted in Europe (10/18) [11–13, 
15–18, 33, 34, 38], followed by Asia (7/18) [14, 35–37, 
40–42] and North America (1/18) [39]. Study duration 
ranged from 3 months to 12 years. Males were predom-
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inant in both groups, with a slightly but significantly 
higher proportion in the PCOPD group (59.1 vs. 56.6%, 
p < 0.0001). An older age was found in PCOPD patients 
(74.0 ± 2.5 vs. 71.9 ± 2.0, p < 0.05). Less use of ICS ther-
apy was reported in PCOPD patients (18.9 vs. 24.8%,  
p < 0.0001). Besides, the ratio of patients with GOLD 
stage III–IV was 36.1% in the PCOPD group (1,469/4,071) 
and 39.8% in the ECOPD group (5,217/13,115), respec-
tively (p < 0.0001). In most studies, the diagnosis of 
COPD was reached according to the spirometric criteria 
based on the GOLD guideline (12/18) [14–16, 18, 33, 
35–38, 40–42]. ICD-10 and ICD-9 codes were used for 
COPD ascertainment in 3 studies [11, 17, 39]. All studies 
confirmed the presence of pneumonia with chest radio-
logical evidence except one, in which pneumonia was 
ascertained by ICD-10 codes [11]. Five studies [11–13, 
17, 34] provided adjusted data for mortality analysis. In 
addition to age and sex, confounders such as COPD 
stage [17], use of antibiotics [34], comorbidities, and re-
spiratory medications [11] were also adjusted. The char-
acteristics of included studies are summarized in Table 1 
and online suppl. Table 2.

Quality Assessment
Based on the NOS, 14 studies were considered good 

quality [11–17, 34–38, 40, 41] and 4 were poor quality (on-
line suppl. Table 3) [18, 33, 39, 42]. The NOS scores ranged 
from 6 to 9, and the average score was 7.7. All studies ful-
filled the outcome domain as they showed reliable assess-
ment for outcomes, and the duration of follow-up was 
long enough to evaluate mortality with a loss to follow-up 
<20% in all studies. Retrospective studies got 0 score for 
the item of demonstration of outcome in the selection do-
main as outcomes of interest had already occurred at the 
time the study was initiated in these studies. Four studies 
failed to control the confounders such as age, sex, disease 
severity, or comorbidities that might impact the baseline 
comparability and were considered to be of poor quality.

Outcomes
Mortality
Sixteen [11, 13–18, 33, 35–42] studies reported pa-

tients’ mortality. Among them, 11 [13–18, 35–37, 39, 41] 
studies reported in-hospital death and 6 [11, 13–15, 38, 
39] and 5 [15, 33, 39, 40, 42] studies reported short-term 
and long-term death, respectively. In hospitalized COPD 
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Fig. 1. Flow diagram of study search and 
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patients, pneumonia was associated with increased mor-
tality (RR = 1.85; 95% CI: 1.50–2.30; p < 0.00001; I2 = 
96%). The pooled RR for IHM, STM, and LTM was 2.43 
(95% CI: 1.73–3.41; p < 0.00001), 1.71 (95% CI: 1.30–2.24; 
p = 0.0001), and 1.28 (95% CI: 0.98–1.68; p = 0.07), re-
spectively (Fig. 2). The pooled results for adjusted data 
showed a similar association between 2 groups (RR = 
1.23; 95% CI: 1.15–1.31; p < 0.00001; I2 = 32%) (Fig. 3).

Subgroup Analysis of IHM
As presented in Table 2, all subgroup analyses yielded 

significant results that were consistent with the original 
analysis. We found a decreased value of I2 in the sub-
group of studies with prospective design, COPD diagno-
sis according to spriometric criteria, baseline compara-
bility of age and sex, sample size <500, and poor study 
quality.

PCOPD ECOPD Risk ratio
M-H, random, 95% Cl

Risk ratio
M-H, random, 95% ClStudy or subgroup Events Total Events Total Weight

1.1.1 In-hospital mortality
Andreassen 2014 9 237 17 472 3.8% 1.05 [0.48, 2.33]
Boixeda 2014 2 20 4 104 1.4% 2.60 [0.51, 13.25]
Huerta 2013 4 116 4 133 1.9% 1.15 [0.29, 4.48]
Jeong 2010 7 80 5 111 2.5% 1.94 [0.64, 5.90]
Kim 2016 15 236 2 241 1.7% 7.66 [1.77, 33.13]
Lieberrnan 2002 3 23 2 217 1.3% 14.15 [2.49, 80.37]
Lu 2016 16 38 8 42 4.2% 2.21 [1.07, 4.57]
Myint 2011 160 1,505 542 7,833 7.6% 1.54 [1.30, 1.82]
Sharafkhaneh 2017 460 3,478 341 7,154 7.8% 2.77 [2.43, 3.17]
Shin 2016 15 194 3 180 2.2% 4.64 [1.37, 15.76]
Steer 2012 60 299 36 621 6.3% 3.46 [2.34, 5.11]
Subtotal (95% Cl) 6,226 17,108 40.6% 2.43 [1.73, 3.41]
Total events 751 964
Heterogeneity: τ2 = 0.15; χ2 = 46.97, df = 10 (p < 0.00001); I2 = 79%
Test for overall effect: Z = 5.12 (p < 0.00001)

1.1.2 Short-term mortality
Huerta 2013 4 116 7 133 2.3% 0.66 [0.20, 2.18]
Kirn 2016 29 236 3 241 2.3% 9.87 [3.05, 31.97]
Myint 2011 247 1,441 951 7,504 7.8% 1.35 [1.19, 1.54]
Pizzini 2017 1 20 0 34 0.4% 5.00 [0.21, 117.21]
Sharafkhaneh 2017 507 3,478 476 7,154 7.8% 2.19 [1.95, 2.47]
Søgaard 2016 2,295 18,968 2,818 33,552 8.0% 1.44 [1.37, 1.52]
Subtotal (95% Cl) 24,259 48,618 28.6% 1.71 [1.30, 2.24]
Total events 3,083 4,255
Heterogeneity: τ2 = 0.06; χ2 = 56.11, df = 5 (p < 0.00001); I2 = 91%
Test for overall effect: Z = 3.82 (p = 0.0001)

1.1.3 Long-term mortality
Grolirnund 2014 138 252 118 217 7.6% 1.01 [0.85, 1.19]
Huerta 2013 14 116 20 133 4.7% 0.80 [0.42, 1.52]
Sharafkhaneh 2017 2,303 3,478 4,611 7,154 8.0% 1.03 [1.00, 1.06]
Shin 2019 33 134 23 174 5.7% 1.86 [1.15, 3.02]
Yu 2018 40 83 10 81 4.8% 3.90 [2.10, 7.27]
Subtotal (95% Cl) 4,063 7,759 30.8% 1.28 [0.98, 1.68]
Total events 2,528 4,782
Heterogeneity: τ2 = 0.06; χ2 = 24.42, df = 4 (p < 0.0001); I2 = 84%
Test for overall effect: Z = 1.78 (p = 0.07)

Total (95% Cl) 34,548 73,485 100.0% 1.85 [1.50, 2.30]
Total events 6,362 10,001
Heterogeneity: τ2 = 0.15; χ2 = 583.33, df = 21 (p < 0.00001); I2 = 96%
Test for overall effect: Z = 5.67 (p < 0.00001)
Test for subgroup differences: χ2 = 8.39, df = 2 (p = 0.02), I2 = 76.1% Lower PCOPD Higher PCOPD

0.01 0.1 1 10 100

Fig. 2. Forest plot of mortality in PCOPD and ECOPD patients. PCOPD, COPD with community-acquired pneu-
monia; ECOPD, COPD with acute exacerbation; CI, confidence interval; df, degrees of freedom; M-H, Mantel-
Haenszel method; IHM, in-hospital mortality; STM, short-term mortality; LTM, long-term mortality.
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Sensitivity Analysis
As presented in online suppl. Table 4, the results had 

not been substantially changed by removing individual 
studies one by one. Similarly, the pooled recalculated re-
sults were steady after eliminating poor quality studies  
(RR = 2.18; 95% CI: 1.41–3.35; p = 0.0004; I2 = 50%) [18, 39].

Need for MV
Thirteen studies [11–18, 35, 36, 39, 41, 42] reported the 

use of MV. More need for MV was shown in the PCOPD 
group with a statistical heterogeneity across studies  
(RR = 1.48; 95% CI: 1.32–1.67; p < 0.00001; I2 = 67%) (on-
line suppl. Fig. 1).

Andreassen 2014 –0.34 0.47 0.5% 0.71 [0.28, 1.79]
Husebø 2018 0.17 0.17 3.7% 1.19 [0.85, 1.65]
Myint 2011 0.2 0.07 16.8% 1.22 [1.06, 1.40]
Saleh 2015 0.31 0.06 20.9% 1.36 [1.21, 1.53]
Søgaard 2016 0.18 0.01 58.1% 1.20 [1.17, 1.22]

Total (95% Cl) 100.0% 1.23 [1.15, 1.31]
Heterogeneity: τ2 = 0.00; χ2 = 5.87, df =4 (p = 0.21); I2 = 32% 
Test for overall effect: Z = 6.15 (p < 0.00001) 

Risk ratio
IV, random, 95% Cl

Risk ratio
IV, random, 95% ClStudy or subgroup log[risk ratio] SE Weight

Lower in PCOPD Higher in PCOPD
0.2 0.5 1 2 5

Fig. 3. Forest plot of mortality from adjusted data in PCOPD and ECOPD patients. PCOPD, COPD with com-
munity-acquired pneumonia; ECOPD, COPD with acute exacerbation; CI, confidence interval; df, degrees of 
freedom; SE, standard error; IV, inverse variance method.

Table 2. Subgroup analyses for IHM in included studies

Stratification Studies Patients, n RR (95% CI) p value I2, %

Study design
Retrospective 7 21,801 2.18 (1.47–3.25) 0.0001 84
Prospective 4 1,533 3.24 (1.53–6.87) 0.002 42

COPD diagnostic method
Spriometry 8 2,655 3.13 (2.13–4.60) <0.00001 20
ICD codes or others 3 20,679 1.80 (1.07–3.02) <0.00001 94

Baseline comparability of age
No 4 21,599 2.12 (1.36–3.29) 0.0008 92
Yes 7 1,735 2.43 (1.75–5.26) <0.0001 28

Baseline comparability of sex
No 4 10,318 1.55 (1.32–1.81) <0.00001 0
Yes 7 13,016 3.18 (2.36–4.27) <0.00001 29

Baseline comparability of age and sex
No 6 21,870 2.12 (1.46–3.08) <0.0001 87
Yes 5 1,464 4.08 (1.79–9.13) 0.0008 37

Sample size
≥500 4 21,599 2.12 (1.36–3.29) 0.0008 92
<500 7 1,735 3.03 (1.75–5.26) <0.0001 28

Quality of study
Good 9 11,782 2.18 (1.41–3.35) 0.0004 50
Moderate or poor 2 11,552 2.86 (2.46–3.34) <0.00001 10

IHM, in-hospital mortality; COPD, chronic obstructive pulmonary disease; ICD, International Classification 
of Diseases; RR, relative risk; CI, confidence interval.
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ICU Admission
A total of 7 studies [11, 14–16, 35, 36, 41] reported ICU 

admissions. PCOPD patients had a higher risk of ICU 
admission compared with ECOPD patients (RR = 1.58; 
95% CI: 1.24–2.03; p = 0.0002; I2 = 30%) (online suppl. 
Fig. 2).

Length of Hospital Stay
Thirteen studies [11, 12, 14–17, 33, 35–38, 41, 42] pre-

sented data on LOS. The pooled analysis showed a sig-
nificant difference between 2 groups with a longer hospi-
talization in PCOPD patients (MD = 1.89; 95% CI: 1.19–
2.59; p < 0.00001; I2 = 88%) (online suppl. Fig. 3).

Length of ICU Stay
Length of ICU stay was reported in 2 studies [14, 16]. 

No significant difference was observed between groups 
(MD = 5.20; 95% CI: −2.35 to 12.74; p = 0.18; I2 = 98%) 
(online suppl. Fig. 4).

Readmission
There were 8 studies [11, 13, 15, 18, 35, 36, 38, 40] 

which provided data on readmissions. No significant dif-
ference in readmission rate was found between PCOPD 
and ECOPD patients (RR = 1.02; 95% CI: 0.96–1.09; p = 
0.47; I2 = 22%) (online suppl. Fig. 5).

Publication Bias
Funnel plot was constructed to detect publication bias. 

An asymmetry was observed in visual conditions (online 
suppl. Fig. 6). Significant bias was found in Egger’s test  
(p = 0.018) but not in Begg’s test (p = 0.367). Therefore, a 
publication bias could not be ruled out in these studies. A 
total of 4 missing studies were identified in the trim and 
fill analysis. According to the aggregated analysis where 
the estimated missing effects were included, the trim and 
fill method still indicated similar effect (RR = 1.68; 95% 
CI: 1.38–2.04; p < 0.0001).

Discussion

In this systemic review and meta-analysis, we found 
that CAP was associated with higher mortality, longer 
hospital stay, more need of MV, and more ICU admis-
sions in hospitalized COPD patients. The results were 
consistent and robust in subgroup analyses and sensitiv-
ity analyses.

COPD patients have increased risk of developing 
pneumonia. Exacerbations and pneumonia are two of the 

most common reasons for acute hospital admissions in 
these patients. They present with similar symptoms, rep-
resenting a diagnostic challenge with a significant impact 
on patient outcomes. The pneumonic events have height-
ened inflammatory profiles, more intense inflammatory 
responses, and differing pathogen profiles. Pneumonic 
hospitalization presents a pattern that is more apparently 
associated with bacterial isolation, with Streptococcus 
pneumoniae, Staphylococcus aureus, and Haemophilus 
influenzae being the most frequently detected [43–45]. 
Moreover, bacterial pathogens such as Staphylococcus au-
reus, Pseudomonas aeruginosa, and Acinetobacter bau-
mannii that associated with poor clinical outcomes were 
more commonly detected in PCOPD patients [14, 46]. 
Besides, viral-bacterial coinfections are significantly 
more common in the PCOPD group compared to the 
ECOPD group [14]. As a consequence, the poorer out-
comes in the PCOPD group might be partially explained 
by possible aetiological difference.

In the current review, we found that less ICS therapy 
was reported in PCOPD patients (18.9 vs. 24.8%, p < 
0.0001). A retrospective cohort study with 15,768 COPD 
patients hospitalized for pneumonia showed that ICS 
therapy was significantly associated with decreased STM 
(30-day mortality: OR = 0.80, 95% CI: 0.72–0.89; 90-day 
mortality: OR = 0.83, 95% CI: 0.72–0.85) in multilevel re-
gression analyses [47]. Therefore, less use of ICS in the 
PCOPD group could be one of the causes for increased 
mortality risk.

The proportion of patients with GOLD stage III–IV 
was 36.1% in the PCOPD group (1,469/4,071) and 39.8% 
in the ECOPD group (5,217/13,115) (p < 0.0001), respec-
tively, which indicated that PCOPD patients might have 
less advanced airflow obstruction. Exacerbations among 
patients with COPD GOLD stage I–II were generally 
managed at home, and hospitalization was required pri-
marily when symptoms of pneumonia were present [17].

High heterogeneity was detected in most outcomes in 
our review. Any inconsistency across individual studies 
might result in heterogeneity, which was inevitable. Based 
on the subgroup analyses, first, heterogeneity was low in 
prospective cohort studies (I2: 42 vs. 84%), indicating that 
study design may be one source of heterogeneity. Second, 
the value of I2 decreased to 20% in subgroup analysis 
where spirometric criteria were used to ascertain the 
presence of COPD, suggesting that spirometry might be 
a more reliable criterion for COPD diagnosis compared 
with ICD codes or physician-reported diagnosis. Third, 
we found a lower heterogeneity in studies with a baseline 
comparability between groups. Therefore, population 
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differences in age and sex contributed to potential source 
of heterogeneity. In addition, studies with a sample size 
<500 and poor quality showed lower I2 values, implying 
that sample size and quality of studies might have an im-
pact on heterogeneity. Li et al. [48] found that when the 
sample size of trials enrolled in the meta-analysis was sub-
stantially increased, the Q and I2 values also increased 
steadily, which indicated that I2 statistic and Q test might 
be more suitable for testing heterogeneity amongst small 
sample size trials. Within-study biases could lead to over-
estimation or underestimation of the true intervention 
effect in a study and were expected to contribute to be-
tween-study variation in meta-analyses [49]. For this rea-
son, the studies judged to be of poorer quality were as-
sumed to be at least as heterogeneous as those of higher 
quality. It might not be the case as the accuracy of the re-
ported design characteristics might not well represent 
how a study was actually conducted, and studies that were 
conducted well could be poorly reported [50, 51]. Vari-
ability in ICS use, COPD severity, and comorbidities 
could also result in heterogeneity. However, due to the 
limited provided data, we could not make more detailed 
explanations.

A previous meta-analysis published in 2013 addressed 
similar issues [52], but some differences highlighted the 
necessity for this current review. Firstly, the previous me-
ta-analysis included only 4 studies. More studies investi-
gating related clinical outcomes that published after 2013 
were supplemented in our up-to-date review to strength-
en the results. Secondly, as the quality assessment was im-
portant for systemic review and was always recommend-
ed by the MOOSE guideline [20], we performed a com-
prehensive methodological quality assessment for 
included studies, which was absent in the previous one. 
Thirdly, we additionally reported important clinical out-
comes including LOS, ICU admission, length of ICU stay, 
need for MV, and readmission to make a comprehensive 
assessment of the effect of CAP in hospitalized COPD 
patients. Fourthly, although the previous review showed 
a higher mortality in COPD patients with concomitant 
CAP, statistical difference was not detected between 
groups. Our review strengthened the result and con-
firmed the difference, which might be attributed to the 
increased sample size.

Our meta-analysis has several limitations which should 
be noted. Most pooled effects were based on raw data with 
adjusted data presented in only 5 studies. Confounders 
including age, sex, comorbidities, or severity of disease 
might have some potential influence on primary out-
comes. However, the pooled analyses of mortality based 

on the adjusted or crude data were consistent. Further-
more, most studies were implemented in Europe and 
Asia, weakening the patients’ representativeness.

In conclusion, coexisting CAP may be a predictor of 
higher mortality, longer hospital stay, more need for MV, 
and more ICU admissions in hospitalized COPD pa-
tients. Our result highlights the necessity of radiological 
confirmation of CAP in hospitalized COPD patients, and 
more attention should be paid to these patients.
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