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Background: Patients with chronic obstructive pulmonary disease (COPD) are often readmitted to
hospital for treatment due to an acute exacerbation of the disease. However, there are few up-to-date studies
investigating the lengths of stay and risk factors for readmission after an acute exacerbation of COPD.
This study evaluated the length of stay in patients with an acute exacerbation of COPD and the factors that
influenced their readmission.

Methods: A search of the PubMed, Cochrane Central Register of Controlled Trials, Embase, Web of
Science, China National Knowledge Infrastructure (CNKI), Wanfang, and Weipu databases, carried out
using the following search terms: airflow limitation, airway disease, airway obstruction, chronic obstructive
pulmonary disease, COPD, length of stay and influencing factors, long-term oxygen therapy, lung disease,
readmission, and respiratory system disease. The Cochrane risk of bias tool was used to evaluate the quality
of the retrieved studies, and a network meta-analysis was performed using RevMan 5.20.

Results: Collectively, they included information on the length of stay for 630 patients who had been
readmitted to hospital after an acute exacerbation of COPD (the readmitted group) and information on 688
patients who had not been readmitted (the non-readmitted group). Meta-analysis results showed that there
was no difference in patient anxiety [risk ratio (RR) 1.22, 95% confidence interval (CI): 0.70-2.14] or long-
term oxygen therapy (RR 1.91, 95% CI: 0.98-3.73) between the readmitted group and the non-readmitted
group. However, there was a significant difference between the forced expiratory volume in one second
(FEV1) predicted value [mean difference (MD) -5.85, 95% CI: -11.14 to -0.57] and the global initiative for
chronic obstructive lung disease (GOLD) classification (C or D) (RR 1.61, 95% CI: 1.05-2.47).
Discussion: In summary, no significant relationship was found between patient state of anxiety, long-term
oxygen therapy, length of hospital stay, and readmission rate after an acute exacerbation of COPD. However,
FEV1 predicted values and GOLD classifications (C or D) had an impact on the length of hospital stay and
readmission rate after acute exacerbation of COPD. Larger samples, multiple centers, and further research

are needed to confirm the findings of this research.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a lung
disease characterized by progressive airflow limitation and
decreased lung function. The clinical manifestations are
a chronic cough, sputum expectoration, and dyspnea. In
some patients, especially those with an acute exacerbation
of COPD, wheezing may occur. The prevalence and fatality
rate of COPD are on the rise, and it has become the third
leading cause of death worldwide (1). The disease’s slow,
lengthy progress and chronic nature also create a significant
economic and social burden (2). An acute exacerbation of
COPD is defined as a sustained worsening in the patient’s
respiratory symptoms and usually requires adjustments
to the patient’s treatment plan (3). Acute exacerbations of
COPD are associated with increased mortality, with in-
hospital mortality ranging from 3% to 9% (4). In addition,
an acute exacerbation of COPD will increase the number of
doctor’s visits required, the rate of hospital readmission, and
the length of hospital stay, creating a significant burden on
medical resources (5).

Furthermore, acute exacerbations of COPD, such
as asthma, can reduce a patient’s quality of life and
significantly impact their work, leading to increased
financial pressure and emotional anxiety (6). More seriously,
an acute exacerbation of COPD may lead to loss of lung
function, impaired health, comorbidity, and mortality (7-9).
The causes of death of COPD include respiratory failure
and cardiovascular disease caused by it, and influencing
factors of survival time include ischemic heart disease,
severe pulmonary hypertension, advanced age, body mass
index, blood sugar and lung infections. The number of
acute exacerbations per patient per year ranges from 1.2 to
2.4. Such a high frequency of acute exacerbations may have
corresponding influencing factors, and as the severity of the
disease increases, the frequency of acute exacerbations will
also increase (10,11). The prevention or improvement of acute
exacerbations has become the main goal of COPD treatment.

As hospitals implement measures to shorten the length
of stay and reduce readmissions for patients with COPD, it
is essential (especially from a socioeconomic standpoint) to
quantify the length of stay after an acute exacerbation and
identify the factors that lead to readmission. To date, few
studies have evaluated the factors related to the duration
of hospitalization and patient readmission after an acute
exacerbation of COPD. Therefore, this study aimed to
determine the duration of hospitalization and identify the
factors that influence patient readmission after an acute
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exacerbation of COPD to provide relevant data that may
contribute to the clinical prevention or improvement of
acute exacerbations of COPD. We present the following
article in accordance with the MOOSE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-150/rc).

Methods
Search strategy

A search of the PubMed, Cochrane Central Register of
Controlled Trials, Embase, Web of Science, China National
Knowledge Infrastructure (CNKI), Wanfang, and Weipu
databases from establishment to September 2021 was
carried out using different combinations of the following
search terms: airflow limitation, airway disease, airway
obstruction, chronic obstructive pulmonary disease, COPD,
length of stay and influencing factors, long-term oxygen
therapy, lung disease, readmission, and respiratory system
disease.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) patients in
the study cohort met the global initiative for chronic
obstructive lung disease (GOLD) 2015 COPD diagnostic
criteria; (II) patients in the study cohort were over 18 years
old; (III) patients in the study cohort were divided into two
groups (hospitalized and non-hospitalized) after an acute
exacerbation of COPD; (IV) the study involved one or more
research indicators of patient anxiety, long-term oxygen
therapy, forced expiratory volume in one second (FEV1)
predicted value, and GOLD classification (C or D); (V) the
study compared the related factors of length of hospital
stay and readmission rates for both readmitted and non-
readmitted patients.

The exclusion criteria were as follows: (I) patients in the
study cohort presented with stable COPD; (II) the study did
not include research indicators in its inclusion criteria; (III)
Reviews and case reports.

For multiple articles published by the same author, only
the latest published data was selected.

Paper screening and risk of bias

Two qualified reviewers independently evaluated the title
and abstract of the retrieved articles to determine whether
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they met the inclusion criteria. If either reviewer found
that the article met the criteria, the full text was reviewed.
Disputes about the eligibility of an article were resolved by
discussion with a third reviewer called in if consensus could
not be reached. The Cochrane risk of bias tool was used to
evaluate the quality of the selected articles and any risk of
bias. The following characteristics were assessed: random
sequence generation, allocation concealment, blinding of
researchers and participants, blinding of outcome assessment,
completeness of outcome data, selective outcome reports,
and other biases. According to the evaluation, the biases were
classified into high-risk, low-risk, and unclear.

Data extraction

The patients from the selected studies were divided into two
groups: (I) those who had been readmitted to hospital after
an acute exacerbation of COPD and for whom length of
stay data was available (the readmitted group); and (II) those
who had not been readmitted to hospital, for whom there
was no length of stay data (the non-readmitted group). The
two reviewers independently extracted the following data,
as required for the present study: study author(s), country,
publication date, journal name, and patient demographic.
Outcome indicators for patient anxiety, long-term oxygen
therapy, FEV1 predicted values, and GOLD classifications
(C or D) were also recorded.

Statistical analysis

An T’ test was used to test for heterogeneity. If the
heterogeneity between studies was not significant (P>0.1,
I’'<50%), the fixed-effects model was used to merge the
effect sizes. If the heterogeneity between studies was
significant (P<0.1, I’>50%), the random-effects model w
used to merge the effect size. Percentages and relative risk
(RR) or mean difference (MD) with a 95% confidence
interval (CI) were used to describe the data. Statistical
analyses were performed using the RevMan 5.20 software
provided by the Cochrane Collaboration (UK). A P value
of less than 0.05 was considered statistically significant. A
funnel plot was used to check the risk of publication bias.

Results
Search results and study characteristics

A total of 570 records were retrieved from the databases.
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Of these, 68 were eliminated after the initial screening,
and 63 were excluded due to their low quality. Of the 439
remaining articles, 148 were cannot be retrieved. A total
of 291 articles were retrieved, all articles were read in
full. After applying the inclusion and exclusion criteria,
eliminating reviews, case reports, and articles without study
indicators. Seven articles were selected for inclusion. The
selection process is shown in Figure 1.

Of the 7 selected articles, 4 reported on patients’ state of
anxiety, 4 reported on bleeding events, 3 reported on long-
term oxygen therapy, 3 reported on the FEV1 predicted
values, and 3 reported on the GOLD classifications (C or D).
All selected articles included clear diagnoses and inclusion
and exclusion criteria. Collectively, the studies included
1,318 patients, of whom 630 were categorized into the
readmitted group and 688 into the non-readmitted group.
The basic characteristics of the articles are shown in Table 1.

None of the selected articles described the risk of bias
assessment for random sequence generation, allocation
hiding, blinding (of participants and researchers), or
blinding of outcome assessment. All articles described the
risk for complete outcome data bias, selective reporting
bias, and other risks of bias. The assessment results are
shown in Figure 2.

Meta-analysis results

State of anxiety

A total of 4 articles analyzed the difference in anxiety levels
between readmitted and non-readmitted patients after an
acute exacerbation of COPD. Collectively, these articles
included 441 patients with COPD who were readmitted
to hospital and 497 who were not. Analysis of these results
showed (P=0.03, I’=67%), indicating heterogeneity in
anxiety levels between readmitted and non-readmitted
patients after an acute exacerbation of COPD. Therefore, a
random-effects model was used for the combined analysis.
The combined effect size RR was 1.22, 95% CI: (0.70-2.14)
(Figure 3). The result of the combined effect size test was
7=0.70, P=0.49, which showed that differences in the state
of anxiety between the readmitted and non-readmitted
patients after an acute exacerbation of COPD were not
statistically significant.

Long-term oxygen therapy

A total of 3 articles analyzed the differences in long-term
oxygen therapy between patients who were readmitted to
hospital after an acute exacerbation of COPD and those
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Figure 1 Flow diagram of the search, screening, and inclusion processes.

Table 1 Basic characteristics of the selected articles

Author Country Year Journal Readmitted (n) Non-readmitted (n)
Tsuietal. (12) China 2016 Int J Tuberc Lung Dis 44 165
Zhang et al. (13) Singapore 2014 Int J Respir 66 71
Gudmundsson et al. (14) Iceland 2005 Eur Respir J 246 160
Caoetal. (15) China 2006 Respirology 85 101
Anbesse et al. (16) Ethiopia 2020 PLoS One 71 71
Almagro et al. (17) Spain 2006 Respiration 75 54
Wong et al. (18) British Columbia 2008 Can Respir J 43 66
who were not. The total number of cases included 361 between readmitted and non-readmitted patients after an
readmitted patients and 396 non-readmitted patients. acute exacerbation of COPD. Therefore, the random-

The analysis results (P=0.02, I’=74%) indicated that effects model was used for the combined analysis. The
heterogeneity in the long-term oxygen therapy existed combined effect size RR was 1.91, 95% CI: (0.98-3.73)

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2022;10(4):175 | https://dx.doi.org/10.21037/atm-22-150



Annals of Translational Medicine, Vol 10, No 4 February 2022

(Figure 4). The result of the combined effect size test was
Z=1.90, P=0.06, indicating that there was no statistical
significance in the long-term oxygen therapy differences
between readmitted and non-readmitted patients after an
acute exacerbation of COPD.

FEV1 predicted value
A total of 3 articles analyzed the difference in FEV1
predicted values for patients who were readmitted to

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

X)
)
X)

g )

. . . . . . . Incomplete outcome data (attrition bias)

Random sequence generation (selection bias)
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D
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D
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Zhang 2014

Figure 2 Article quality evaluation details.
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hospital after the acute exacerbation of COPD and those
who were not. The total number of cases included 365
readmitted patients and 379 non-readmitted patients. The
analysis results (P=0.010, I’'=78%) indicated heterogeneity
in the FEV1 predicted values for readmitted and non-
readmitted patients after an acute exacerbation of COPD.
Therefore, the random-effects model was used for
combined analysis. The combined effect size MD was
-5.85,95% CI: (-11.14 to -0.57) (Figure 5). The combined
effect size test result was Z=2.17, P=0.03, indicating that the
differences between FEV1 predicted values for readmitted
and non-readmitted patients after an acute exacerbation of
COPD were statistically significant.

GOLD classification (C or D)

A total of 3 articles analyzed the difference in GOLD
classifications (C or D) between patients who were
readmitted to hospital after an acute exacerbation of
COPD and those who were not. The total number of cases
included 172 readmitted patients and 332 non-readmitted
patients. The analysis results (P=0.005, I’=81%), indicated
heterogeneity in GOLD classifications (C or D) between
readmitted and non-readmitted patients after an acute
exacerbation of COPD. Therefore, the random-effects
model was used for combined analysis. The combined
effect size RR was 1.61, 95% CI: (1.05-2.47) (Figure 6).
The combined effect size test result was Z=2.20, P=0.03,
indicating that the differences in GOLD classification
(C or D) between readmitted and non-readmitted patients
after an acute exacerbation of COPD were statistically
significant.

Publication bias

Although the total number of articles included in the
analysis was 7, the number of articles included for

Readmitted Non-readmitted Risk Ratio Risk Ratio
Study or Subgrou Events Total FEvents Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Can 2006 g a5 7 101 17.9% 1.36 [0.51, 3.59] I e
Gudmundsson 2005 42 246 39 160 32.7% 0.70[0.48,1.03] —
Tsui 2016 10 44 17 165 24.0% 2.211[1.09, 4.47] —
Zhang 2014 16 66 13 71 255% 1.32 [0.69, 2.54] "
Total (95% CI) 441 497 100.0% 1.22[0.70, 2.14] ’
Total events 76 76
Heterogeneity: Tau®= 0.21; Chi*=9.14, df= 3 (P = 0.03); F= 67% oo 01 0 100

Testfor overall effect: Z=0.70 (P = 0.48)

Figure 3 Forest plot of patient state of anxiety. Comparison of state of anxiety between the readmitted group and the non-readmitted group.
Statistical method: Mantel-Haenszel random-effects model (RR and 95% CI). RR, relative risk; CI, confidence interval.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2022;10(4):175 | https://dx.doi.org/10.21037/atm-22-150



Page 6 of 9 Wang et al. Factors relate to hospitalization of COPD acute exacerbation

Readmitted  Non-readmitted Risk Ratio

Risk Ratio
M-H, Random, 95% CI

Anbesse 2020 42 71 12 71 344% 3.50[2.02, 6.07] ——
Gudmundsson 2005 28 246 16 160 33.5% 1.14[0.64, 2.04]

Tsui 2016 11 44 24 165 321% 1.72[0.91,3.23]

Total (95% CI) 361 396 100.0% 1.91[0.98, 3.73]

Total events a1 52

Heterogeneity: Tau*=0.26; Chi*=7.78, df=2 {(F=0.02); F=74% ICI.[I1 l]!1 1' 1'0 1EIIJI

Test for overall effect: Z=1.90 {F = 0.06)

Figure 4 Forest plot of long-term oxygen therapy. Comparison of long-term oxygen therapy between the readmitted group and the non-
readmitted group. Statistical method: Mantel-Haenszel random-effects model (RR and 95% CI). RR, relative risk; CI, confidence interval.

Readmitted Non-readmitted Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Almagro 2006 363 122 75397 114 54 340% -3.40[7.51,071)]
Gudmundsson 2005 341 158 246 448 194 160 357% -10.70[14.30,-7.10] =
Tsui 2016 418 158 44 447 154 165 30.3% -2.90 [-8.07,2.27]
Total (95% CI) 365 379 100.0% -5.85[-11.14,-0.57] L 4

Heterogeneity: Tau®*=17.01; Chi*=9.27, df= 2 (P=0.010), F=78%
Test for overall effect Z= 217 (P=0.03)

00 -50 0 50 100

Figure 5 Forest plot of FEV1 predicted values. Comparison of FEV1 predicted values between the readmitted group and the non-

readmitted group. Statistical method: inverse variance random-effects model (MD and 95% CI). FEV1, forced expiratory volume in one

second; MD, mean difference; CI, confidence interval.

Readmitted Non-readmitted
Study or Subarou Events Total Events
Can 2006 58 a5 55 101 37.9%
Tsui 2016 27 44 77 165 35.8%
VWong 2008 28 43 14 66 26.3%
Total (95% CI) 172 332 100.0%
Total events 113 146

Heterogeneity: Tau®=0.11; Chi®*=10.50, df= 2 {P=0.005); F=81%

Testfor overall effect. £=2.20 (P =0.03)

Risk Ratio Risk Ratio

M-H, Random, 95% CI
1.25[1.00,1.58]
1.31[0.99,1.75]

307 [1.84,5.17]

1.61[1.05, 2.47]

0.0 0.1

Figure 6 Forest plot of GOLD classifications (C or D). Comparison of GOLD classifications (C or D) between the readmitted group and
the non-readmitted group. Statistical method: Mantel-Haenszel random-effects model (RR and 95% CI). GOLD, global initiative for
chronic obstructive lung disease; RR, relative risk; CI, confidence interval.

each index was lower than 5, which did not reach the
number required for publication bias analysis. Therefore,
publication bias analysis was not performed.

Risk of bias

None of the selected articles described the risk of bias for
random sequence generation, allocation concealment,
blinding of participants and researchers, or blinding
of outcome assessment, so the above biases were all
considered low-risk. Two articles had a high risk of bias
from incomplete result data (14,17), and 5 articles had a low
risk of bias from incomplete result data (12,13,15,16,18).
Selective reporting domains and other biases for all articles
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were low-risk (Figure 7).

Discussion

In the past few years, patients with COPD have received
better treatment with more effective long-acting
bronchodilators, but since the progress of drug therapy,
there have been few up-to-date studies reviewing the risk
factors for hospital readmission and length of stay after
acute exacerbations of COPD. The GOLD guidelines
were revised in 2011 and recommended a comprehensive
assessment of COPD based on symptoms, vital capacity
classification, and history of acute exacerbations. One or
more hospitalizations for acute exacerbations of COPD
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Figure 7 Intensity and distribution of risk of bias for the articles included in the study.

are considered high-risk, and the recommended treatment
is inhaled corticosteroid (ICS) and a long-acting beta-
agonist (LABA) and/or long-acting muscarinic antagonists
(LAMASs) (19). All patients in this study were classified as
high-risk patients (20). Studies have shown that although
the treatment of COPD has improved in recent years,
readmission rates after an acute exacerbation of COPD
are still high, with 73.2% of patients being readmitted to
hospital at least once within 1 year after discharge (12).
In addition, a large proportion of patients with COPD
are readmitted to hospital very frequently, with 21.1% of
patients having been readmitted more than 4 times within a
year for varying lengths of hospital stay (12).

Anxiety is a common comorbidity in patients with
COPD, but it often remains undetected and untreated.
A systematic review found that the prevalence of clinical
anxiety is high, with the proportion of inpatients who
present with the anxiety condition ranging from 10%
to 55%, and the proportion of outpatients with anxiety
ranging from 13% to 46% (21). Anxiety has a negative
impact on the quality of life of patients with COPD and is
related to more severe disability and impaired functional
status (22). In an earlier study, anxiety was shown to be an
important risk factor for the readmission of patients with
COPD (14,23). However, our analysis found that anxiety
was not significantly associated with readmission and length
of stay for patients with COPD. In this study, long-term
oxygen therapy was also found to have no strong correlation
with hospital readmission and length of stay after an acute
exacerbation of COPD. A possible reason for the lack of
association between these factors and rehospitalization in
the current study may be the study’s small sample size.

Pulmonary function status (measured by FEV1)

© Annals of Translational Medicine. All rights reserved.

and GOLD classifications have also been shown to be
significantly related to the risk of readmission to hospital
after an acute exacerbation of COPD, and the length
of stay in hospital during admission has been shown to
be significantly longer than that of other patients with
COPD (18). Our analysis found an association between
FEV1 predicted values and readmission and length of
stay for patients with COPD. It also found that the FEV1
predictive value can represent a risk factor for readmission
and a longer hospital stay after an acute exacerbation of
COPD. At the same time, other studies (15,23,24) have
found that a FEV1 <50% can be a predictor of the risk of
readmission after an acute exacerbation of COPD, which
aligns with our research conclusions. Our research also
confirmed that a GOLD classification of C or D is also a
factor that influences readmission and length of hospital
stay for patients after an acute exacerbation of COPD. The
rehospitalization rate of patients in the acute exacerbation of
COPD is as high as 60%, and the mortality rate of patients
can be significantly reduced after hospitalization (14,17).
This study has certain limitations. First, because the
relevant indicators included in the study are objective,
there is a lack of randomized controlled studies. Second,
the sample size for the present study was small and lacked
representativeness. Third, the literature included few
recently published articles. Therefore, further large-scale,
multi-center studies are needed to confirm the factors
affecting the readmission and length of stay for patients
after an acute exacerbation of COPD. Despite these
limitations, this study systematically evaluated the effects
of anxiety, long-term oxygen therapy, FEV1 predicted
values, and GOLD classifications on the rehospitalization
and length of hospital stay on patients after an acute
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exacerbation of COPD. In addition to the above factors,
nutritional improvement can improve the immunity of the
patient, and contribute to the improvement of short-term
recovery and long-term prognosis. Future research should
consider nutritional intervention.

Conclusions

We selected 7 articles concerning the factors affecting the
length of stay and readmission rate of patients after acute
exacerbations of COPD and analyzed and systematically
reviewed patient anxiety, long-term oxygen therapy, FEV1
predicted values, and GOLD classifications. The results
showed that the state of anxiety and long-term oxygen
therapy had no significant relationship to the length of
stay and readmission rate after an acute exacerbation of
COPD, but that the FEV1 predicted value and GOLD
classification (C or D) did have an effect on the length of
stay and readmission rate after an acute exacerbation of
COPD. However, further research with a larger sample and
multiple center-based data is needed to confirm the findings
of this research.
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