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Background: Pulmonary rehabilitation (PR) effectively improves symptoms and exercise ability in patients with stable chronic
obstructive pulmonary disease (COPD). However, the effectiveness and timing of early PR on hospitalized patients with acute
exacerbation of COPD (AECOPD) is still debated.

Methods: This study conducted a meta-analysis to compare the outcome benefits between early PR and usual care for patient
hospitalized due to AECOPD. A systematic search was performed for retrieving randomized control trials (RCTs) from the PubMed,
Embase, and Cochrane library until November 2021. RCTs reporting early PR for AECOPD with hospitalization, either during
admission or within four weeks of discharge, were enrolled for systematic review and meta-analysis.

Results: Twenty RCTs (1274 participants) were included. Early PR showed significantly improved readmission rate (ten trials, risk
ratio 0.68, 95% confidence interval (CI) 0.50-0.92), 6-minute walking distance (6MWD, twelve trials, MD 59.73, 95% CI 36.34—
83.12), St George’s Respiratory Questionnaire score (eight trials, MD —10.65, 95% CI —14.78 to —6.52), Borg score (eight trials, MD
—0.79, 95% CI —1.26 to —0.32), and modified Medical Research Council dyspnea scale (eight trials, MD —0.38, 95% CI —0.5 to —0.25).
However, the trend of mortality (six trials, risk ratio 0.72, 95% CI 0.39-1.34) benefit was not significant. The subgroup analysis
showed non-significant trends of better effect in early PR during admission than those after discharge for outcomes of 6 MWD, quality
of life, and dyspnea. However, non-significant trends of less benefits on mortality and readmission rate were found in early PR during
the admission.

Conclusion: Overall, early PR is beneficial for AECOPD with hospitalization, and there was no significant outcome difference
between PR initiated during admission or within 4 weeks of discharge.
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Introduction

Chronic obstructive pulmonary disease (COPD), a clinical syndrome characterized by chronic respiratory symptoms and
irreversible airflow limitation, is the third leading cause of death worldwide, with 3.2 million deaths in 2017 and
a worldwide prevalence of 10.1%."? Acute exacerbation (AE) is a serious complication of COPD and has many adverse
effects, including worsening of the quality of life, accelerating disease progression, and increased hospital admissions and

mortality.>~ AE is an important poor prognostic factor for COPD and is also the most common cause of admission in
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COPD patients.® It was reported that severe AE resulted in three times higher mortality in COPD patients than in those
without severe AE.’

Pulmonary rehabilitation (PR) is considered a cornerstone for COPD management. According to current guidelines
and literature, PR provides additional benefits on respiratory symptoms, exercise ability, quality of life (QoL), read-
mission rate, acute exacerbation, and survival in stable COPD patients than the standard medical therapy.”'® The recent
American Thoracic Society (ATS) and European Respiratory Society (ERS) guideline also suggests that PR should be
initiated within three weeks following discharge from acute exacerbations of chronic obstructive pulmonary disease
(AECOPD)."! PR is a comprehensive intervention and is designed to improve the physical and psychological condition
of patients with the chronic respiratory disease.'” Exercise training is a key component of PR and includes endurance
training and resistance training. Neuromuscular electrical stimulation is an alternative rehabilitation method for patients
too weak to perform exercise.'> Other components of PR include respiratory training, breathing retraining, patient

education, smoking cessation, nutrition, and psychological support.'*'?
The previous two meta-analyses, conducted in 2016 by Puhan et al'* and in 2018 by Ryrse et al,'

pulmonary rehabilitation (PR) had significant benefits for patients with AECOPD. However, there were discrepancies in

showed that early

the inclusion of studies and the outcome of mortality. In fact, some of the studies included were not ideal, including some
non-COPD patients or non-AECOPD patients, or some studies included control groups that actually received late
rehabilitation exercise. In addition, in the 2018 study by Ryrso et al,'® the subgroup analysis was designed to compare
early PR between patients receiving PR from admission to within one week of discharge and those receiving PR from 1
to 4 weeks after discharge, which I personally think is not an ideal way to compare. The recent ATS and ERS guideline
also suggested early PR initiated during hospitalization for AECOPD showed increased patient’s exercise capacity;
however, increased mortality was also reported.'’ Owing to the limited evidence at that time, further evaluation is
required to clarify the ideal PR timing after AECOPD with hospitalization. Therefore, the purpose of this meta-analysis is
to collect and update the literature in a more pure and objective way to compare the outcomes of AECOPD patients
receiving early rehabilitation and those who receive no rehabilitation and to analyze the differences in outcomes between
early rehabilitation during admission and after discharge.

Materials and Methods
Search Strategy and Eligibility Criteria

The whole study followed the rule of Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
statement.'® Systematic search was performed to retrieve relevant RCTs from the PubMed, Embase, and Cochrane
library from their inception to November 2021, without language restriction. Searches were updated for any new
research that also fulfilled the eligibility criteria until November 2021. Articles were also searched from the reference
lists of relevant review articles. The keywords, which include both the text word and MeSH term, used for searching
included COPD, exacerbation, PR, and physical therapy. The full search strategy is presented in Figure 1. The
inclusion criteria were (1) patients admitted to the hospital owing to AECOPD (2) RCTs compared the effect of
early PR during their hospitalization or within four weeks after discharge (intervention group) with standard medical
therapy without PR (control group). (3) RCTs reporting at least one of the outcomes of mortality, hospital readmission,
exercise capacity, dyspnea and health-related QoL. The PR must have main component of exercise training and may
also contain respiratory exercise, education, smoking cessation, and nutritional support. Studies using neuromuscular
electrical stimulation as an alternative PR intervention were also included. Studies with control group having any
exercise training were excluded.

Study Selection

Two authors independently reviewed all articles for identifying qualified studies (HY Lu and CF Chen). Titles and
abstract were screened for relevant studies. The search of RCTs was not limited to any language. Duplicate studies
were removed from systematic review searches. If there was unclear information, concerned authors were contacted
through email.
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and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure | Flow diagram of inclusion and exclusion of RCTs for meta- analyses.

Data Extraction

Data were extracted and arranged in excel sheets, including author’s name, publish year, country, study design, patients’
characteristics, interventions and outcomes. All the data were independently checked by two authors (HY Lu and CF
Chen). If there were disagreements of extract data, it would be discussed by a third author (PC Lin) to reach a consensus.

Outcome Measures

The primary outcome was readmission rate. The secondary outcomes were as follows: mortality, 6-minute walking
distance (6MWD) for exercise capacity, Modified Medical Research Council (mMRC) scale and Borg Scale for dyspnea
evaluation, and St. George’s Respiratory Questionnaire (SGRQ) for QoL score.

Risk of Bias in Individual Studies

Cochrane risk of bias (RoB) tool'” was used for assessing the quality of included studies. The RoB tool evaluates six
domains, including selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias. The
RoBs were independently judged by two authors (HY Lu and CF Chen). If there were disagreements on RoBs
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judgement, a third author (PC Lin) will join the discussion to reach a consensus. The reviewer’s assessment can be of
a high risk of bias, some concerns of bias, and a low risk of bias. If a study has at least one domain judged as high risk of
bias, or there are multiple domains judged as some concerns of bias, the overall result would be a high risk of bias. If all
domains were judged as low risk of bias, the overall result would be a low risk of bias. If a study was judged to have
some concerns or was unclear, the overall result of the risk of bias would be an unclear risk of bias.

Statistical Analyses

Review Manager 5.3 software (Cochrane Library Software, Oxford, UK) was used for the meta-analysis. Weighted mean
difference (WMD) was used to pool outcome for continuous outcomes. For dichotomous data such as mortality and
readmission rates, relative risk and 95% confidence interval (CI) were used to pool the effect size. Random-effect model
was chosen due to the considerable difference of PR method of the included RCTs. Heterogeneity was tested using I?
statistics:'” P < 0.1 or I>> 50% were considered as significant heterogeneity. Subgroup analysis was performed to
compare the outcome difference between PR during admission and PR after discharge. Funnel plots were used to check
for the presence of publication bias. Egger’s test was used to evaluate the significance of publication bias. Both of them
were analyzed by The Comprehensive Meta-Analysis Version 3 software (Borenstein et al 2013).

Results
Study Selection

The flowchart of studies selection is shown in Figure 1. Until November 2021, a total of 1400 studies were searched from
the electronic database, and 102 duplicates were removed. Non-RCT studies were excluded from the remaining 1298
studies, leaving 211 studies. We continued to select eligible studies based on the article’s title, abstract, and full text
among these 211 studies. Among these, 10 studies included stable COPD patients, two studies included patients with
other chronic respiratory diseases in additional to COPD, and 179 studies had pulmonary rehabilitation intervention 1
month after AECOPD, and therefore, these studies were excluded. Finally, 21 articles were included in the qualitative
synthesis, and 20 were included in the quantitative synthesis. There were 1274 patients in total (Figure 1).

Characteristic of Included Studies

The summary of included 20 studies is shown in Tables 1 and S1. In the 20 RCTs included in the analysis, all patients
were hospitalized because of AECOPD,'® 37 and 3 studies included patients with mean FEV1 predicted = 50%.**3°
Most studies included patients with mean/median age of = 60 years (9 studies with mean/median age of 60—69 years,

and 9 studies with age of = 70 years), and only 2 studies included patients with mean age between 50 and 59 years.*>*>

2129 and the other two

Most of the articles were male predominant, and only two studies were female predominant,
studies did not report the gender of their patients.**** In the included studies, the baseline characteristics between the
intervention group and the control group were all similar. There were two kinds of early PR studies. Ten studies
performed PR during hospitalization, ' 2!-232428313337 Among  these, 2 studies continued the PR program after
discharge.'”?! The other 10 studies initiated the PR program after discharge.??*>272%-3032:3473¢ The duration of PR
program of enrolled studies ranged from 4 days to 3 months. The frequency of the PR program ranged from 2 times per
week to 2 times per day. In the intervention group (PR group) of each study, training methods included endurance
exercise, resistance exercise, or neuromuscular electrostimulation. The control group (usual care group) received

standard hospital care without exercise training (Table 1).

Risk of Bias Within Studies

In the 20 RCT studies, there was only one low risk of bias study,*? sixteen high risks of bias studies,
24,3435

18-23,25-31,33,36,37
> »93,30,37 and

three unclear risks of bias studies (Figure 2). Overall, there was high risk of biases in performance bias, detection
biases, attrition bias, reporting bias and other bias. For selection bias, including random sequence generation and

allocation concealment, there were some concerns and was determined as unclear risk of bias.
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Table | Characteristics of Randomized Controlled Trials Enrolled for Meta-Analysis

Study

Patient Characters

Training Onset, Duration and
Frequency

Intervention

Abdellaoui 201 1, France (n=17)'®

Behnke 2000, Germany (n=30)"°

Borges 2014, Brazil (n=46)%°

Daabis 2017, Egypt (n=45)**

Deepak 2014, India (n=60)3*

Eaton 2009, New Zealand

(n=97)*"

Ghanem?2010, Egypt (n=39)*

He 2015, China (n=101)*

Johnson-Warrington 2016,

United Kingdom (n=78)*?

Kirsten 1998, Germany (n=31)**

Ko 2011, Hong Kong (n=60)**

ICU patients

Median age: 59-67 years
Male: 87%

Median FEVI: 15-25% predicted
Mean age: 66 years
Male: 77%

Mean FEVI: 35.8% predicted
Mean age: 66 years
Male: 62%

Mean FEVI: 40.4% predicted
Mean age: 60 years
Male: no data

Mean FEVI: 54.7%

Mean age: 59 years
Male: 93%

Mean FEVI: 50%

Mean age: 70 years
Male: 42-45%

Mean FEVI: 35.5%

Mean age: 57 years
Male: not reported
Mean FEVI: 27.2%

Mean age: 71 years
Male: 88%

Mean FEVI: 38.3%

Age: 68 years

Male: 36%

FEVI: 41.5%

Mean age: 64 years
Male: 90%

Mean FEVI: 35.9%

Mean age: 74 years
Male: 98%

Mean FEVI: 43.5%

Duration: 6 weeks

Frequency: 5 days/week

Duration: hospital-based 10 days, home-
based 6 months

Frequency: daily

Duration: average 5.6 session (at least 3
session)

Frequency: daily

Duration: 8 weeks

Frequency: 3 time/week

Duration: 12 weeks

Frequency: not reported

Duration: 8 weeks

Frequency: 2/week

Duration: 2 months

Frequency: every other day

Duration: average 9 days

Frequency: 2/day

Duration: 3 months

Frequency: daily

Duration: 10 days
Frequency: daily

Duration: 8 weeks

Frequency: 3/week

Inpatient PR: neuromuscular electrostimulation (NMES) on quadriceps and

hamstring muscles of both legs Ih/day

Inpatient PR: standard care + daily walking exercise

Outpatient PR: home-based walking training 3 times /day at 125% of best 6MWD
Inpatient PR: standard care + whole-body resistance training

Outpatient PR:

Endurance training group

Combined training group

Outpatient PR: exercise training (mixture of limb strengthening and aerobic

activities), breathing training, chest physiotherapy, nutrition

Inpatient PR: daily walking+upper and lower limb strengthening exercise

Outpatient PR: hospital based PR exercise training

Outpatient PR: home-based exercise with endurance training, strength training

and respiratory muscle training

Inpatient PR: endurance+strength training, breathing retraining

Outpatient PR: home-based exercise (daily walk and thrice-weekly resistance

training using free weight upper and lower limbs), phone call regular follow up

Inpatient PR: 6MWT + 5 session walking per day for 10 days

Outpatient PR: treadmill, arm cycling, arm and leg strengthening (2hr/session) +

educate breathing technique, educate home exercise 20min a day

(Continued)

aro(q

e 39 nq


https://www.dovepress.com
https://www.dovepress.com

aa0(q

988

:sdyyy

81:£707 osedsi Adeuowng SAIdNAISGO dIUOIYD) JO [eunof [BUOBUISIU|

Table | (Continued).

Study

Patient Characters

Training Onset, Duration and
Frequency

Intervention

Ko 2017, Hong Kong (n=180)%
Ko 2020, Hong Kong (n=136)*"
Liao 2015, Taiwan (n=62)?®
Man 2004, United Kingdom
(n=42)*

Murphy 2005, Ireland (n=33)°
Seymour 2010, United Kingdom

(n=60)*

Torres-Sanchez 2016, Spain
(n=49)*

Torres-Sanchez 2018, Spain
(n=90)*'

Troosters 2010, Belgium (n=40)*"

Mean age: 75 years
Male: 96%

Mean FEVI: 45.5%
Mean age: 75 years
Male: 97%

Mean FEVI: 47.5%
Mean age: 70 years
Male: 61%

FEVI: not reported
Mean age: 70 years
Male: 40%

Mean FEVI: 39.2%
Mean age: 66 years
Male: 65%

Mean FEVI: 40%
Mean age: 66 years
Male: 45%

Mean FEVI: 52%
Mean age: 73 years
Male: 95%

Mean FEVI: 40%
Age: 72 years
Male: 87%

FEVI: 30.6%

Age: 67—69 years
Male: 74-76%
FEVI: 40-50%

Duration: 8 weeks

Frequency: 3/week

Duration: 4-8 weeks

Frequency: |-2/week

Duration: 4 days
Frequency: 2/day

Duration: 8 weeks

Frequency: 2/week

Duration: 6 weeks

Frequency: 2/week

Duration: 8 weeks

Frequency: 2/week

Duration: hospital stay (mean 8.8 days)
Frequency: 2/day

Duration: hospital stay (9—10.5 days)
Frequency: daily

Duration: 7 days
Frequency: daily

Outpatient PR: exercise training program at home or a short course of

outpatient pulmonary rehabilitation + breathing technique

Outpatient PR: treadmill and home exercise

Inpatient PR: walking training 10-30min/session, upper limb exercise, education

(respiration, cough, nutrition)

Outpatient PR: endurance (walking, cycling) and strength exercise (upper and

lower limbs) and patient education (disease, nutrition, life styles)

Outpatient PR: home-based PR with endurance (stepping up and down stair,

stand up from chair) and resistance exercise (upper limb), 30—40min/session

Outpatient PR: endurance (aerobic) and resistance exercise (limbs

strengthening), 2hr/session

Inpatient PR: |5min deep breath exercise, 20-30min limb exercise (both

endurance and resistance exercise)

Inpatient PR:
Endurance exercise group
Resistance exercise group

Inpatient PR: quadricep resistance training (knee-extension chair)

e 32 nq
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Abdellaoui 2011 [18]
Behnke 2000 [19]
Borges 2014 [20]
Daahis 2017 [34]
Deepak 2014 [35)

Eaton 2008 [21]
Ghanem 2010 [22]

He 2015 [23]

Johnson-Warrington 2016 [32]

Figure 2 Summary of risk of bias.

Outcome Assessments

Kirsten 1998 [24]
Ko 2011 [25]

Ko 2017 [26]

Ko 2020 [27]

Liao 2015 [28]

Man 2004 [29]

Murphy 2005 [30]
Seymour 2010 [36]
Torres-Sanchez 2016 [33]
Torres-Sanchez 2018 [31]

Troosters 2010 [37]

Primary Outcome: Readmission Rate
Hospital readmission rate was reported in 10 RCTs (n = 733). The readmission rate was 34.9% (127/364) in early PR
group, and 52.6% (194/369) in usual care group. There was a significant improvement in the readmission rate in early PR
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when compared with usual care (random-effect, Risk ratio (RR) 0.68, 95% CI 0.50-0.92, I* = 56%). However, there was
substantial heterogeneity (Figure 3).

Secondary Outcomes

Compared with usual care, early PR was associated with a significant improvement of 6MWD (13 RCTs, n = 797,
random-effect, Mean difference (MD) 59.73 meter, 95% confidence interval (CI) 36.34-83.12; I* = 88%; Figure 4),
a better SGRQ total score (9 RCTs, n = 639, random-effect, MD —10.65; 95% CI —14.78 to —6.52; > =51%; Figure 5),

Early PR Usual care Risk Ratio Risk Ratio
i C v o om, 95%ClI

Behnke 2000 [19] 3 14 9 12 6.0% 0.29[0.10, 0.82] -
Eaton 2009 [21] 11 47 15 50 10.7% 0.78 [0.40, 1.52] =
Johnson-Warrington 2016 [32] 12 35 13 36 11.3% 0.95[0.50, 1.79] -1
Ko 2011 [25] 16 30 13 30 13.3% 1.23[0.73, 2.09] T
Ko 2017 [26] 44 90 63 90 19.4% 0.70 [0.54, 0.90] Eal
Ko 2020 [27] 26 68 46 68 17.4% 0.57 [0.40, 0.80] -
Man 2004 [29] 2 20 12 21 4.0% 0.17 [0.04, 0.69] - T
Murphy 2005 [30] 2 13 5 13 37% 0.40 [0.09, 1.70] -
Seymour 2010 [36] 2 30 10 30 3.7% 0.20 [0.05, 0.84]
Troosters 2010 [37] 9 17 8 19 10.3% 1.26 [0.63, 2.51] -1
Total (95% ClI) 364 369 100.0% 0.68 [0.50, 0.92] <&
Total events 127 194 ) . . )

g 2 = . i2 = = = - |12 = 5BY L t +
Heterogeneity: Tau? = 0.11; Chi? = 20.31, df = 9 (P = 0.02); I> = 56% 0.01 01 1 10 100

Test for overall effect: Z = 2.52 (P = 0.01) Favours Early PR Favours Usual care

Figure 3 Hospital readmission forest plot: early PR versus usual care,'?21:25-27:29.30.32.36.37

Early rehabilitation Usual care Mean Difference Mean Difference
_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV. Random.95% CI IV. Random.95%CI

Abdellaoui 2011 [18]  164.33 68.23 9 72 68.65 6 54%  92.33[21.59, 163.07] =
Borges 2014 [20] 160 61 15 1" 83 14  6.8% 149.00 [95.68, 202.32] -
Daabis 2017 [34] 127 142.69 30 89 12846 15 46% 118.10[35.44, 200.76) -
Deepak 2014 [35] 37.29 117.91 28 -28 134.78 28 57% 65.29 [-1.04, 131.62] -
Eaton 2009 [21] 113 178.22 19 95 166.09 45 39% 18.00[-75.68, 111.68] - 1
Ghanem 2010 [22] 5292 2927 25 -1523 34.71 14 9.7% 68.15 [46.65, 89.65] S
He 2015 [23] 49 2713 66 98 2362 28 10.3% 39.20 [28.27, 50.13] -
Kirsten 1998 [24] 183 48.58 15 25 33.77 14  9.0% 158.00[127.71, 188.29] B
Ko 2011 [25] 30.54 89.25 25 16.54 89.25 26 7.2% 14.00 [-35.00, 63.00] A
Ko 2017 [26] -10  61.2 73 225 714 69 9.7% 12.50 [-9.43, 34.43) I
Ko 2020 [27] -6.74  58.55 68 -19.51 61.06 68 9.8% 12.77 [-7.34, 32.88) ™
Liao 2015 [28] 675 374 30 2125 3153 31 10.0% 46.25 [28.86, 63.64] -
Troosters 2010 [37] 36.33 37.99 17 1283 825 19 8.0% 23.50 [-17.76, 64.76) T
Total (95% Cl) 420 377 100.0%  59.73 [36.34, 83.12] S 4

Heterogeneity: Tau? = 1347.98; Chi? = 99.90, df = 12 (P < 0.00001); I* = 88%

Test for overall effect: Z = 5.01 (P < 0.00001) 30 =i & LU e

Favours Usual care Favours Early PR

Figure 4 6MWD forest plot: early PR versus usual care, 820728343537

Early PR Usual care Mean Difference Mean Difference
ady o ubgrou ean a ean a eig Random, 95% CI 1V, Random, 95% ClI
Borges 2014 [20] -16.4 329 25 -13.6 23.68 25 53% -2.80[-18.69, 13.09]
Daabis 2017 [34] 494 177 15 63 146 15 8.3% -13.60 [-25.21, -1.99)
Deepak 2014 [35] 39.04 1291 28 62.64 18.74 28 121% -23.60[-32.03,-15.17) — =~
Ko 2011 [25] -20.94 17 30 -10.26 17 30 11.9% -10.68 [-19.28, -2.08] -
Ko 2017 [26] 69 153 90 -0.1 138 90 19.4% -6.80 [-11.06, -2.54] B
Ko 2020 [27] -3.79 17.39 68 142 157 68 16.9% -5.21[-10.78, 0.36) = |
Man 2004 [29] -16.1 14.74 18 -3.4 13.55 16 10.6% -12.70[-22.21,-3.19) -
Murphy 2005 [30] -17.8 19.55 13 -8.8 46.12 31 3.8% -9.00[-28.40, 10.40]
Seymour 2010 [36] -76 15.55 23 4 15.85 26 11.6% -11.60 [-20.40, -2.80] L
Total (95% Cl) 310 329 100.0% -10.65 [-14.78, -6.52] -

Heterogeneity: Tau? = 18.14; Chi? = 16.46, df = 8 (P = 0.04); I?=51%

Test for overall effect: Z = 5.06 (P < 0.00001) 2 <10 0 10 20

Favours Early PR Favours Usual care

Figure 5 SGRQ total score forest plot: early PR versus usual care 2025727:29.3034-36
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a lower Borg score (8 RCTs, n = 390, random-effect, MD —0.79, 95% CI: —1.26 to —0.32; 2 = 56%; Figure 6), a lower
mMRC score (8 RCTs, n = 568, random-effect, MD —0.38, 95% CI —0.50 to —0.25; > = 0%; Figure 7), and a similar
mortality (6 RCTs, n = 521, random-effect, RR 0.72, 95% CI 0.39-1.34; I = 0%; Figure 8). Six of the 20 RCTs evaluated

18,21,23,29,32,37

adverse outcomes, and all reported no adverse event during the study period.

Subgroup Analysis
A subgroup analysis was conducted for comparison of PR during admission, PR after discharge, and both (mixed
inpatient and outpatient PR) (Table 2 and Figures S1-6), and showed no significant difference in mortality (RR 0.14 vs

0.77, P = 0.54), readmission rate (RR 1.26 vs 0.65, P =0.2), 6 MWD (MD 81.82 vs 39.42 meters, P = 0.18), SGRQ score
change (MD —2.8 vs —11.12, P = 0.32), Borg score change (MD —0.87 vs —0.30, P = 0.48), and mMRC change (MD —0.7

Early PR Usual care Mean Difference Mean Difference

udy o ubgroup a A 2 a . Random, 95% ClI IV, Random, 95% ClI
Behnke 2000 [19] 15 054 15 0 056 15 255%  -1.50[-1.89,-1.11] —
Eaton 2009 [21] 0.3 352 39 -06 257 45 88% 0.30 [-1.04, 1.64] E—
Kirsten 1998 [24] 12 027 15 -0.3 048 14 27.9%  -0.90[-1.19, -0.61] i
Ko 2011 [25] 0.19 285 25 01 346 26 59%  -0.29[-2.03, 1.45]
Liao 2015 [28] -3 216 30 -165 526 31 46%  -1.35[-3.36, 0.66]
Murphy 2005 [30] 1.3 136 13 -1 138 13 121%  -0.30[-1.35,0.75] -
Torres-Sanchez 2016 [33] -22 237 24 -238 237 25 89% 0.18 [-1.15, 1.51] - 1
Torres-Sanchez 2018 [31]  -4.09 426 30 -2.73 198 30 6.2%  -1.36[-3.04,0.32]
Total (95% Cl) 191 199 100.0%  -0.79 [-1.26, -0.32] -

Heterogeneity: Tau? = 0.18; Chi? = 15.97, df = 7 (P = 0.03); I = 56%

Test for overall effect: Z = 3.31 (P = 0.0009) 2 o . ! 2
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Figure 6 Borg score forest plot: early PR versus usual care,'%21:2425:283031.33
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Daabis 2017 [34] -1.21 117 15 -0.15 1.18 15  21% -1.06 [-1.90, -0.22] -
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Eaton 2009 [21] -0.6 1.51 19 -04 1.63 45  21% -0.20 [-1.03, 0.63] - |
He 2015 [23] -0.9 0.94 66 -0.2 0.94 28 8.6% -0.70 [-1.12, -0.28] -
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Table 2 Summary of Subgroup Analysis

Readmission

6MWD

QoL

Inpatient PR

Outpatient PR

Mixed (Inpatient+outpatient)
Total

Test for subgroup differences

1.26 [0.63, 2.517*

0.65 [0.46, 0 93]25-27,29.30,32.36
0.51 [0.20, 1.36]'"*'
0.68 [0.50, 0.92]

(P =0.20), I = 38.4%

81.82 [41.97, 121.66]'82023:2428.37
39.42 [10.57, 68.26]7225°27:3435
18.00 [-75.68, 111.68]*'
59.73 [36.34, 83.12]
(P=0.18), 12 = 41.0%

-2.80 [-18.69, 13.09]°
—11.12 [-15.46, —6.79]%727:29:30:34-36

~10.65 [~14.78, —6.52]
(P=032), > = 0%

Borg score

mMRC

Mortality

Inpatient PR

Outpatient PR

Mixed (Inpatient+outpatient)
Total

Test for subgroup differences

—0.87 [-1.15, —0.60]>+28:3!:33
—0.30 [-1.20, 0.60]*>*°
—0.72 [-2.47, 1.03]'%%!

-0.79 [1.26, —0.32]
(P=0.48), I = 0%

-0.70 [1.12, —0.28]%
—0.35 [-0.48, —0.22]*5%7:30:3435
—0.20 [-1.03, 0.63]*'
—0.38 [-0.50, —0.25]
(P=026), 12 =25.1%

0.71 [0.38, 1.36]>>7272932
0.86 [0.06, 12.28]"°
0.72 [0.39, 1.34]

(P =054), 1> = 0%

vs —0.35, P = 0.26). However, heterogeneity did not reduce in most subgroups (except for a partial reduction in
heterogeneity in the Borg score).

Publication Bias
No publication bias was observed by visual examination of funnel plots and tests using Egger’s test (P = 0.37) (Figure 9).

Discussion

The result of this meta-analysis showed that early PR during admission or within four weeks after discharge for severe
AECOPD had statistically significant beneficial effect on readmission rate, 6SMWD, SGRQ, Borg score, and mMRC than
usual care without PR. However, the trend of mortality benefit was not significant. Significant heterogeneity was found in
readmission rate, 6 MWD, SGRQ and Borg score. Heterogenicity was low in mortality and mMRC. When considering
the minimal clinically important difference (MCID), both 6MWD and SGRQ had achieved clinically significant benefit
(MCID for 6MWD = 26 meters, SGRQ = 4 units, Borg score = 1 unit).*® In the subgroup analysis, there was no

Funnel Plot of Standard Error by Log risk ratio
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significant outcome difference between PR during admission and PR after discharge. Adverse event after PR was either
reported as none or not been reported in enrolled PR studies.

Recent meta-analysis on 2018 by Ryrse et al concluded that early PR after AECOPD significantly improved
mortality, hospital duration, readmission, SGRQ, and 6MWD.!> However, in this meta-analysis, a study evaluating
COPD patients without AE within four weeks was included,* and two studies comparing early PR and late PR were also
included (not a true control group).*®*' Another previous Cochrane systematic review on 2016 by Puhan et al also
showed that PR after AECOPD significantly improved QoL, exercise capacity, and readmission rate, but the mortality
benefit was not significant."* However, in their meta-analysis some studies with control groups performing exercise
training (not true control group) were also included.**** In contrast, our meta-analysis made a more focused comparison,
with all hospitalized AECOPD patients, and all control groups received standard medical therapy without exercise

training. In our study, five additional studies were included that were not analyzed by previous meta-analyses.'®*%27-1-32

The comparison of differences in the enrolled studies between the above two meta-analyses'*'>

and our study is
presented in Table S2.

Previous ATS/ERS guidelines on 2017 concluded that early PR during hospitalization increases mortality but
according to limited evidence.'' This recommendation was based on a study published in 2014 by Greening, which
showed early PR within 48 h of admission had higher 12-month mortality than the usual care group.*? However, in that
study, the usual care group also received outpatient PR three months after discharge, and therefore, was not a true control
group. Besides, the study participants included patients with COPD (approximately 80%), asthma, interstitial lung
disease, and bronchiectasis. The author also reported a significantly lower rate of outpatient PR (three months after
discharge) in the early PR group than in the usual care group.42 However, in our meta-analysis, the subgroup analysis of
the mortality outcome showed that only one study included both inpatient PR and outpatient PR, while all the others
included only outpatient PR. Therefore, there is still inadequate evidence about the effectiveness of inpatient PR on
mortality, and it is not possible to draw a conclusion currently.

The issue that whether early PR should be initiated during admission of AECOPD is still controversial. In the meta-
analysis on 2018 by Ryrse et al, subgroup analysis was also done to compare different timing of PR (during admission or
within 1 week after discharge vs between 1 and 4 weeks after discharge).'> And their result showed no significant
difference in mortality, readmission rate, SGRQ, and 6MWD between the 2 subgroups.'> However, we suggest this
subgroup analysis was not ideal, because PR during admission and those PR within 1 week after discharge were
combined in a same group. Therefore, it cannot clearly answer the problem of whether early PR should be initiated
during admission or not. In our study, the subgroup analysis compared early PR during admission vs those PR within 4
weeks after discharge. All the enrolled studies had true control groups (without any exercise training). However, our
subgroup analysis result still showed no significant outcome difference between 2 groups.

There are some limitations to this study. The first is clinical heterogeneity. There was considerable variance in
exercise training programs between each PR study (Table 1), which includes endurance training (walking and cycling),
resistance training (upper and lower limbs), or both. In one study, neuromuscular electrostimulation was used instead of
exercise training. Despite the difference in exercise training programs, the goal of exercise training was similar. In
addition, the start timing of PR (from second admission day to within 2~3 weeks after discharge), frequency of PR (from
2 times/day to 2 times/week), and duration of PR were also variable (from four days to six months). These variations
should be considered carefully when interpreting the results. Second, blinding of participants and personnel was not
possible in most studies, and the performance bias and detection bias were inevitable. Third, an insufficient sample size-
related imprecision was observed in the mortality outcome. Beside, statistic heterogeneity was observed in the read-
mission, 6MWD, SGRO total score, Borg score outcomes in this study.

Conclusion

In conclusion, this meta-analysis showed that early PR for AECOPD with hospitalization had a significant beneficial
effect on hospital readmission rate, exercise capacity, QoL, and dyspnea. The benefit of early PR on mortality is still
controversial. The subgroup analysis showed that the beneficial effects are similar between PR initiated during admission
and those initiated within four weeks after discharge. However, heterogeneity was present, and more studies with larger
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sample size are still needed to verify this conclusion. Early PR timing should also be decided according to the stability of
AECOPD patient and the PR program facility of the hospital.

Abbreviations

6MWD, 6-minute walking distance; AE, acute exacerbation; CI, confidence interval; COPD, chronic obstructive
pulmonary disease; MD, mean difference; mMRC, modified Medical Research Council; PR, pulmonary rehabilitation;
QoL, quality of life; RCT, randomized control trial; RoB, risk of bias; RR, relative risk; SGRQ, St. George’s Respiratory
Questionnaire; WMD, weighted mean difference.
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