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KEYWORDS Abstract

COPD; Introduction and Objectives: Due to the present low availability of pulmonary rehabilitation
Dyspnoea; (PR) for individuals recovering from a COPD exacerbation (ECOPD), we need admission priority
Disease impact; criteria. We tested the hypothesis that these individuals might be clustered according to base-
Exercise capacity; line characteristics to identify subpopulations with different responses to PR.

Exercise training; Methods: Multicentric retrospective analysis of individuals undergone in-hospital PR. Baseline
Rehabilitation characteristics and outcome measures (six-minute walking test - 6MWT, Medical Research Coun-

cil scale for dyspnoea -MRC, COPD assessment test —CAT) were used for clustering analysis.

Results: Data analysis of 1159 individuals showed that after program, the proportion of individu-
als reaching the minimal clinically important difference (MCID) was 85.0%, 86.3%, and 65.6% for
CAT, MRC, and 6MWT respectively. Three clusters were found (C1-severe: 10.9%; C2-intermedi-
ate: 74.4%; C3-mild: 14.7% of cases respectively). Cluster C1-severe showed the worst conditions
with the largest post PR improvements in outcome measures; C3-mild showed the least severe
baseline conditions, but the smallest improvements. The proportion of participants reaching the
MCID in ALL three outcome measures was significantly different among clusters, with C1-severe
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having the highest proportion of full success (69.0%) as compared to C2-intermediate (48.3%) and
C3-mild (37.4%). Participants in C2-intermediate and C1-severe had 1.7- and 4.6-fold increases
in the probability to reach the MCID in all three outcomes as compared to those in C3-mild
(OR =1.72, 95% confidence interval [95% CI] = 1.2 — 2.49, p = 0.0035 and OR = 4.57, 95% Cl = 2.68
—7.91, p < 0.0001 respectively).

Conclusions: Clustering analysis can identify subpopulations of individuals recovering from
ECOPD associated with different responses to PR. Our results may help in defining priority crite-
ria based on the probability of success of PR.

© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Pulmonary rehabilitation (PR) including exercise training is a
recognized cornerstone of comprehensive management of
chronic obstructive pulmonary disease (COPD). In different
settings, this modality improves symptoms such as dyspnoea
and fatigue, exercise capacity, and health-related quality of
life (HRQL).""* Therefore, guidelines recommend PR for indi-
viduals with persistent breathlessness and/or exercise limita-
tion with reduced HRQL.?> Furthermore early PR after an
exacerbation (ECOPD) is associated with reduced prevalence
of new ECOPD and longer survival and is cost-effective.*>
However, there are barriers to in-hospital programs, such as a
high number of candidates, transportation, costs, and geo-
graphical obstacles.® To increase access to programs, govern-
ments should develop policies to increase resources,
logistics, availability and expertise of healthcare providers,
including tele-rehabilitation.®” An additional approach might
be to identify characteristics of individuals most likely to
receive benefits from PR (responders) in order not to “waste”
resources for candidates with scarce probabilities of success.
Clustering analyses are unsupervised multivariate meth-
ods helping to identify subpopulations or “clusters”. By
labelling observations according to the corresponding clus-
ter, these techniques can help interpret the available data.®
The aim of this multicentre, retrospective study was to test
the hypothesis that individuals recovering from an ECOPD
could be clustered according to their baseline characteris-
tics, for early identification of subpopulations with different
patterns of response to PR in accepted outcome measures.

Methods

This multicentre, retrospective study evaluated a database
of hospital medical records of individuals recovering from
ECOPD. The study was approved by the Istituti Clinici Scien-
tifici (ICS) Maugeri Ethics Committee (2555 CE 8 June 2021).
As a retrospective study, participants had not provided any
specific written informed consent, however, at admission to
ICS Maugeri hospitals, they had given — in- advance
informed consent for the scientific use of their data. As a
retrospective analysis, the study was not registered.

Participants

The study has been conducted on individuals consecutively
admitted between July, 1%, 2018 to December, 31t", 2021 to
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hospitals of the ICS Maugeri network (Lumezzane, Pavia, Tra-
date, Veruno, Milano, Montescano, Telese, lItaly), referral
hospitals for PR, diagnosis, and care of chronic diseases.
These hospitals share common indications to PR," evalua-
tion, diagnostic and management tools, and protocols. Dur-
ing the pandemic period of study (March 2020-December
2021), only participants with negative swab tests were
admitted to the in-patient program.

Only data of individuals with lung function and paired
prior and post PR results of outcome measures (exercise tol-
erance, disease impact, dyspnoea) were analyzed. Part of
the data have been published or are in press elsewhere.

The inclusion criteria were:

1. Diagnosis of COPD and post-bronchodilator Forced Expira-
tory Volume at one second (FEV,)/Forced Vital Capacity
(FVC) ratio < 70%.>

. Persistent breathlessness and/or exercise limitation after
(within the previous 30 days) an ECOPD needing acute
care hospital admission or after (within the previous 4
weeks) an ECOPD managed at the out-patient clinic.

. Stable conditions as assessed by the absence of acute
worsening in symptoms, i.e. no change in dyspnoea,
cough, and/or sputum beyond the day-to-day variability,
which would have required a change in management, as
compared to the conditions reported at home or at dis-
charge from the referring acute care hospital.

. Availability of data on lung function and pre and post-
assessment of outcome measures.

Exclusion criteria were: severe comorbidities: oncologi-
cal, neurological disorders, heart failure or recent (less than
4 months) acute ischemic cardiovascular diseases with an
instability status; inability or lack of willingness to perform
or complete at least 12 sessions of the PR program.

Measurements

The following data had been recorded: demographics,
anthropometrics (Body-mass index, BMI), history of ECOPD
in the previous 12 months,” Comorbidity Index of the Cumu-
lative Illness Rating Scale (CIRS),'® BMI- airflow obstruction-
dyspnoea, and exercise capacity (BODE) index,'" prove-
nience (hospital or home), length of ICS Maugeri hospitals
stay (LoS), occurrence of chronic respiratory failure (CRF),
distribution in Global Initiative for Obstructive Lung Disease
(GOLD) stages, drug therapy.
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Fig. 1

Before the PR program the following assessments had
been performed:

e Forced expiratory volumes (FEV,, FVC and FEV,/FVC, %)
according to standards,'? using the predicted values of
Quanjer."?

e Dyspnoea by the Italian version of Barthel index Dyspnea
(BiD).™

e Functional disability by the Barthel index."’

Before and after the program, the following outcome
measures had been assessed:

e Exercise tolerance by the six-minute walking distance
test (6MWT)."® Data are shown as meters and percent of
predicted values."” The minimal clinically important dif-
ference (MCID) in individuals with COPD has been
reported as an improvement in the walked distance by at
least 30 meters.'®

e Dyspnoea by the Medical Research Council (MRC) scale.'®
A one-point reduction in score is considered equivalent
to MCID. "’

e Disease impact by the COPD assessment test (CAT).2° A two-
point reduction in score has been reported as the MCID.?'
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14 Telese
369 Tradate
27 Veruno

Flow chart of the study.

Pulmonary rehabilitation

The ICS Maugeri network hospitals, share a PR program
supervised by a multidisciplinary team consisting of chest
physicians, nurses, physical therapists, dieticians, and
psychologists. The in-hospital multidisciplinary program
includes optimization of drug therapy, education, nutri-
tional programs, and psychosocial counseling when appro-
priate, abdominal, upper, and lower Llimb muscle
activities lifting weights progressively. It includes also
supervised cycle exercise training?” according to Maltais
et al?® until performing 30 min continuous cycling at 50-
70% of the maximal load calculated on the basis of the
baseline 6MWT according to Luxton et al.?* Pulse oxime-
try, arterial blood pressure, and heart rate are monitored
during exercise. The total duration of daily activities is
2-3 hours.

During the pandemic period protective measures had
been adopted, such as the use of personal protective equip-
ment, increasing distance among individuals (not less than 2
meters during sessions), constant disinfection of tools such
as bikes and instruments, frequent air changes, immediate
execution of a swab at first harmful signs, and other com-
monly adopted measures. %2
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Statistical analysis

Statistical analyses have been performed by the R statis-
tical software tool version 4.0.5 (www.r-project.org).
Post PR changes were dichotomized based on MCID of
outcome measures. Numeric variable distribution was
described as median (25, 75" percentiles) since most of
them deviated from the normality assumptions based on
visual inspection of histograms. Categorical nominal and
ordinal variable distributions were described as absolute
and relative (%) frequencies. No analysed variable suf-
fered from missing values. The sign test was used to test
the null hypothesis of no change (median change = 0) in
numeric variable distribution between before and after
PR. The Kruskal Wallis test was applied to compare
numeric variables distributions among clusters while the
Pearson chi-square test with 10,000 simulations was
applied to test the null hypothesis of independence
between categorical variables and clusters. Multivariate
logistic regression was applied to test for association
between clusters and the condition of reaching the MCID
in all outcome measures including centre as covariate.
The significance level was set at o« = 0.05, the False Dis-
covery Rate (FDR) correction was applied when appropri-
ate, considering FDR values < 0.10 as statistically
significant.

Clustering of patients and machine learning analyses are
described in the Appendix A section in Supplementary
Methods and Results.

Results

Fig. 1 shows the flow chart of the study. Data from 1159 indi-
viduals were analyzed. The baseline characteristics of par-
ticipants are shown in Table 1. More than half of the
participants were males and included in the most severe
GOLD stages.?

After the program, all assessed outcome measures
improved significantly (Table 2). Appendix A- Fig. A.1 shows
the frequency distribution of outcome measures. The pro-
portion of individuals reaching the MCID was 85.0%, 86.3%,
and 65.6% for CAT, MRC, and 6MWT respectively.

The ability of different clustering strategies to identify
distinct subpopulations of participants based on baseline
characteristics was assessed (Appendix A- Table A.1 and
Table A.2). The selected approach allowed to identify three
clusters (C) according to the baseline severity: C1-severe
(n =126, 10.9%), C2-intermediate (n = 862, 74.4%), and C3-
mild (n =171, 14.7%).

Table 3 shows the baseline characteristics and outcome
measures according to clusters. Individuals in C1-severe
were the oldest and the least likely to be treated at home
for their ECOPD. These individuals shared also the most
severe conditions such as inclusion in GOLD stage D in more
than 91% of cases, airway obstruction, high prevalence of
CRF, triple inhaler drug use, motor Barthel, BiD, and comor-
bidities. This subpopulation was characterized also by the
worst baseline outcome measures. Individuals in C3-mild
showed the least severe conditions, whereas those in C2-
intermediate, the most prevalent, may represent an inter-
mediate condition. As also shown in Table 3 among clusters
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Table 1  Characteristics of participants.
Variable Frequency or Min:Max
Median

Age, years 72 (65, 77) 34:93
Gender

Females 392 (33.8%)

Males 767 (66.2%)
BMI, Kg/m? 26.2 (22.8, 31) 11.7:64.5
BODE index, score 5(4,7) 0:10
LoS,days 25 (21, 32) 10:120
Provenience

Home 851 (73.4%)

Hospital 308 (26.6%)
CRF

No 770 (66.4%)

Yes 389 (33.6%)
Inhaler drugs

Triple 690 (59.5%)

No triple 469 (40.5%)
CIRS, score 4(2,5) 0:12
Barthel, score 100 (90, 100) 0:100
BiD, score 25 (14, 39) 0:90
FEV,, % prd 44 (34, 56) 12:86
FVC, % prd 70 (58, 81) 27:112
FEV,/FVC, % 46 (42, 56) 21:69
GOLD airflow stages

1 29 (2.5%)

2 337 (29.1%)

3 437 (37.7%)

4 356 (30.7%)
GOLD quadrant stages

A 106 (9.2%)

B 260 (22.4%)

C 115 (9.9%)

D 678 (58.5%)
CAT, score 18 (12, 24) 0:37
MRC, score 3(3,3) 0:4
6MWT, metres 300 (200, 400) 0:635
6MWT % prd 64.1 (43.1, 83) 0:174.3

Legend: Variables distribution is described as absolute and rela-
tive frequency (%) or median (25", 75" percentiles).

Min: max = minimum and maximum values of each numeric varia-
ble’s distribution. LoS: Length of stay; CRF: Chronic respiratory
failure; BMI: Body Mass Index; BiD: Barthel index Dyspnea; CAT:
COPD assessment test; MRC: Medical research council; 6MWT:
Six-minute walking distance test; FEV;: Forced expiratory vol-
ume at one second; FVC: Forced vital capacity; prd: predicted;
GOLD: Global Initiative for Obstructive Lung Disease; BODE:
body-mass index, airflow obstruction, dyspnoea, and exercise
capacity index; CIRS: Comorbidity Index of Cumulative Illness
Rating Scale.

there was a statistically significant difference in the propor-
tion of individuals reaching the MCID of 6MWT (p < 0.0001),
MRC (p = 0.0002) but not CAT (p = 0.8635).

The proportion of individuals reaching MCID in all three
outcome measures was significantly different among clusters
(p < 0.0001), C3-mild having a lower probability of full suc-
cess (37.4% of participants) than C2-intermediate (48.3%)
and C1-severe (69.0%). Multivariate logistic regression with
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Table 2 Post to Pre-program changes in outcome measures.

Variable Before After Change p-value

CAT, score 18 (12, 24) 11 (8, 16) -5(-9, -3) < 0.0001 *
MRC, score 3(3,3) 2(2,2) —-1(=2, 1) < 0.0001 *
6MWT, metres 300 (200, 400) 351 (260, 440) 45 (18, 80) < 0.0001 *

Legend: Variable = analyzed variable; Data as Median (25", 75" percentiles).
CAT: COPD assessment test; MRC: Medical research council; 6MWT: Six-minute walking distance test.

" p-value < 0.05.

adjustment by centre showed that participants in C2-inter-
mediate and C1-severe had 1.7- and 4.6-fold increase in the
probability to reach the MCID in all three outcomes as com-
pared to those in C3-mild (OR = 1.72, 95% confidence inter-
val [95% CI] = 1.2 — 2.49, p = 0.0035 and OR = 4.57, 95%
Cl=2.68 —7.91, p < 0.0001 respectively).

Multivariate analyses showed that baseline 6MWT, BiD,
inhaler drugs, GOLD stage as well as baseline CAT and MRC
represented the subset of variables used for clusters defini-
tion with a major influence in discriminating among the
three subpopulations (Appendix A - Fig. A.2).

The distribution of each outcome measure value was sig-
nificantly different among clusters before, after PR, and in
changes (FDR < 0.10) (Fig. 2).

Table 4 shows the distribution of participants and clusters by
centres. C2-intermediate was the most prevalent in all centres,
whereas almost 75% of C3-mild was observed in a single centre.
Appendix - Table A.3 reports the outcome variables distribution
by cluster according to the participating centres.

Additional and preliminary analyses have been performed
to identify decisional rules to classify participants into clus-
ters using baseline variables (Appendix A— Supplementary
Methods and Results). “Conditional inference trees” was
selected as the most informative machine learning algorithm
among those tested, reaching a mean classification accuracy
(CA) from 10-fold cross validation of 82.49% (majority classi-
fier CA = 74.40%) while mean sensitivity in discriminating
between clusters ranging 41.5% - 92.37% (Appendix A —
Table A.4, Table A.5). When learned on the whole dataset,
the conditional inference trees model generated decisional
rules to provide a rough distinction of participants into clus-
ters (Fig. 3). According to these rules, an individual could be
labelled as belonging to C1-severe if baseline 6MWT < 159
meters AND BiD > 28 points; C2-indermediate if baseline
6MWT < 159 m AND BiD < 28 points or if baseline 6MWT >
159 meters AND GOLD quadrant stages = B, C or D; C3-mild if
baseline 6MWT > 159 meters AND GOLD quadrant stage = A
(Fig. 3 and Appendix A — Table A.6).

Discussion

By clustering analysis, our study distinguished different
groups of individuals undergoing in-hospital PR after an
ECOPD. These individuals could be characterized by three
clusters with different prevalence, baseline characteristics,
and responses to PR. Cluster C1-severe had the most severe
baseline conditions with the largest improvement, C3-mild
showed the best baseline conditions but the smallest change
size, whereas C2-intermediate showed conditions and effect
size intermediate between C1-severe and C3-mild.
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While confirming evidence that individuals with a worse
baseline status are good responders to PR,?” our study also
suggests a modality to analyze the characteristics of these
individuals in order to define priority criteria for admission
to PR of these individuals.

Multivariate analyses identified baseline 6MWT, BiD,
inhaler drugs, GOLD stage as well as baseline CAT and MRC as
the subset of variables used for clusters definition having a
major influence in discriminating among the three subpopu-
lations.

As an additional finding, we were also able to roughly
assign participants to the corresponding cluster by condi-
tional inference trees algorithm. Future studies will allow
tuning and validating decisional rules on independent data,
as well as evaluating the feasibility to implement more accu-
rate models (10-fold cross validation: mean classification
accuracy reached by Elastic net logistic regression = 94.41%
[data not shown] vs. mean classification accuracy reached
by conditional inference trees = 82.49%) into an interactive
tool to be used in clinical practice for a more accurate classi-
fication.

This is a retrospective study investigating individuals with
COPD as shown by lung function, therefore, we excluded all
cases without any available lung function data, and those
with lung function not confirming COPD (e.g. FEV,/FVC >
70%). We evaluated individuals admitted to in-hospital PR
after an ECOPD. Despite a relevant improvement in COPD
treatment, the natural course of ECOPD is unchanged
highlighting the importance of prevention. It has been shown
that early PR after an ECOPD is cost-effective and results in
reduced prevalence of new exacerbations and longer
survival,*>?8

The outcome measures assessed in this study (dyspnoea,
exercise capacity, disease impact) are widely accepted not
only for PR, but are also suggested in an outcome set for
clinical trials evaluating the management of ECOPD."?° The
present study confirms the benefits of PR including the pro-
portion of responders.”?3% Al Chikhanie et al*' identified
four clusters according to the response of 6MWT to PR. The
cluster with the largest proportion of non-responders
included older, more severe individuals.>' However, exercise
tolerance is only one of the benefits of PR. Also patient-cen-
tered outcomes such as symptoms and disease impact mat-
ter. Spruit et al®’ proposed a multidimensional response
outcome. In our study, the proportion of individuals reaching
the MCID in all three assessed outcome measures was signifi-
cantly different among clusters.

The high proportion (66.2%) of individuals excluded from
this retrospective study due to missing lung function data is
not surprising. According to guidelines, lung function might
have been not considered as an admission criterion to or an
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Table 3 Characteristics and outcome measures according to clusters.

Variable C1-severe C2-intermediate C3-mild p-value
(n =126, 10.9%) (n =862, 74.4%) (n =171, 14.7%)
Age, years ” 74 (70, 79) 71 (65, 77) 71 (65, 76) <0.0001
Gender * 0.0075
Females 57 (45.2%) 286 (33.2%) 49 (28.7%)
Males 69 (54.8%) 576 (66.8%) 122 (71.3%)
BMI, Kg/m?# 24.9 (21.5, 28.4) 26 (22.5, 30.7) 29 (25.3, 33.6) <0.0001
Provenience * <0.0001
Home 57 (45.2%) 630 (73.1%) 164 (95.9%)
Hospital 69 (54.8%) 232 (26.9%) 7 (4.1%)
CRF* <0.0001
No 33 (26.2%) 567 (65.8%) 170 (99.4%)
Yes 93 (73.8%) 295 (34.2%) 1 (0.6%)
Inhaler drugs * <0.0001
Triple 108 (85.7%) 572 (66.4%) 10 (5.8%)
No triple 18 (14.3%) 290 (33.6%) 161 (94.2%)
CIRS, score * 5 (5, 6) 4(2,5) 3(2,3) <0.0001
Barthel, score * 80 (55, 94) 100 (90, 100) 100 (90, 100) <0.0001
BiD, score * 45 (38, 61) 25 (17, 38) 11 (7, 16) <0.0001
FEV,/FVC, %" 45 (40, 48) 46 (40, 56) 55 (48, 60) <0.0001
Sp0,, % * 95 (93, 96) 94 (92, 96) 95 (94, 96) <0.0001
GOLD stages * <0.0001
A 0 (0%) 34 (4%) 72 (42.1%)
B 6 (4.7%) 189 (21.9%) 65 (38 %)
C 5 (4%) 89 (10.3%) 21 (12.3%)
D 115 (91.3%) 550 (63.8%) 13 (7.6%)
CAT, score
Before * 25 (23, 28) 18 (12, 23) 11 (8, 15) <0.0001
After 16 (12, 23) 11 (8, 16) 6(3,9) <0.0001
Change —8(—11, —4) -5 (—10, —3) -5(-8, —-2) 0.0002
Freq. Reach. MCID 109 (86.5%) 730 (84.7%) 146 (85.4%) 0.8635
MRC, score
Before * 4 (4, 4) 3(3,3) 3(2,3) <0.0001
After 2(2,3) 2(2,2) 2(1,2) <0.0001
Change -2 (-2, 1) -1 (-1, -1) -1 (-1, —1) <0.0001
Freq. Reach. MCID 118 (93.6%) 750 (87.0%) 132 (77.2%) 0.0002
6MWT, metres
Before * 100 (45, 144) 299.5 (215.25, 380) 440 (389, 486.5) <0.0001
After 180 (135, 234) 348 (270, 423) 476 (420, 525) <0.0001
Change 87 (42, 141) 45 (16, 79) 30 (7, 60) <0.0001
Freq. Reach. MCID 106 (84.1%) 563 (65.3%) 91 (53.2%) <0.0001
6MWT% prd
Before 20.8 (9.8, 30.2) 63.2 (47.0, 78.3) 94.5 (82.3, 102.8) <0.0001 *
After 42.3 (30.3, 50.8) 74.2 (58.8, 86.9) 100.1 (90.3, 111.5) <0.0001 *
Change 18.5 (10.2, 30.3) 9.3(3.4,16.7) 6.7 (1.3, 13.6) <0.0001 *

Legend: Variables’ distribution by clusters are described as absolute frequency (relative frequency, %) or median (25", 75" percentiles).

" p-value < 0.05.
# Variable used for clustering.

C. Cluster; CRF: Chronic respiratory failure; SpO,: pulsed oxygen saturation; BMI: Body Mass Index; BiD: Barthel index Dyspnea; CAT: COPD
assessment test; MRC: Medical research council; 6MWT: Six-minute walking distance test; FEV: Forced expiratory volume at one second;
FVC: Forced vital capacity; prd: predicted; GOLD: Global Initiative for Obstructive Lung Disease; Comorbidity Index of CIRS: Cumulative
Illness Rating Scale; Freq. Reach. MCID: Frequency of patients reaching the Minimal Clinically Important Difference.

outcome measure for PR." Of course a possible lack of inclu-
sion in the database of results of performed lung function
cannot be excluded. However, our study shows that the level
of airway obstruction (Appendix - Fig. A.2) had a major
influence in discriminating the clusters. Therefore, our study
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indicates that lung function should be incorporated into the
core set of evaluations for admission to PR.

An original and not negligible result of our study is also
that BiD'“ can be a reliable outcome measure of PR. Indeed,
our study shows that the baseline level of dyspnoea as
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Outcome measure distribution at admission, discharge, and post program changes. Each boxplot represents (from bot-

tom to top): lowest non-outlier value, 25th, 50th (median value), 75th percentile and highest non-outlier value. Outliers with respect
to each variable’s distribution are reported as circles. The horizontal bar at the top of each plot indicates that the distribution differs
significantly among clusters (** FDR < 0.05; * 0.05 < FDR < 0.10). The horizontal dashed lines in black indicate the Minimal Clinically
Important Difference of each outcome change. Abbreviations — CAT: COPD Assessment test; MRC: Medical Research Council; 6MWT:

Six-minute walking distance test.

assessed by BiD was among the variables used for cluster
definition with a major influence in discriminating the three
subpopulations (Appendix - Fig. A.2) It has been shown that
in-hospital PR results in clinically meaningful improvement
in individuals recovering from ECOPD, independent of the
severity of dyspnoea as assessed by BID. However, the levels
of dyspnoea severity influenced the effect size.?’

Limitations

This is a retrospective study, with the limitations of such type
of studies. However, it represents a real-life condition and its
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results are supported by the large sample size in a time when
also randomised controlled trials are questioned.*>

Cluster analysis only applies to the cohort studied and
replication is essential in a totally different environment or
subsequent cohort.

There were differences in the prevalence of clusters among
participating ICS Maugeri centres due to organizational and
logistic conditions (Appendix A - Table A.3). Participants in
C3-mild (about 14% of participants, mainly distributed in a sin-
gle center- 34.7%) (Table 4) came from their home, were not
prescribed inhaler triple therapy, showed better CAT, were
included in GOLD A stage, and had a better lung function. The
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Table 4 Clusters distribution in the whole sample and by centre.

Cluster Whole sample Lumezzane Tradate Pavia Montescano Others

(n = 1159, 100%) (n =414, 35.7%) (n =369, 31.8%) (n =176, 15.2%) (n =138, 11.9%) (n =62, 5.4%)
C1-severe 126 (10.9%) 48 (11.6%) 2 (0.5%) 48 (27.3%) 22 (15.9%) 6 (9.7%)
C2-intermediate 862 (74.4%) 325 (78.5%) 239 (64.8%) 128 (72.7%) 116 (84.1%) 54 (87.1%)
C3-mild 171 (14.7%) 41 (9.9%) 128 (34.7%) 0 (0%) 0 (0%) 2 (3.2%)

Legend: variables distribution is described as absolute and relative frequency (%) of patients belonging to the three clusters in the whole

sample and by centre.
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Fig. 3
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C1 C2 C3 C1 C2 C3

Conditional inference tree structure. Branches correspond to informative splits in the data leading to the terminal node

(leaves). Nodes describe the variable used to split data, branches indicate the splitting values; bar plots represent graphically the rel-
ative frequency of patients belonging to the three clusters by terminal node. As an example, approximately 90% of patients with
baseline 6MWT values < 159 meters and BiD < 28 points belong to C2-intermediate cluster while about 10% to C1-severe and 0% to
C3-mild. Patients within this terminal node are classified as belonging to C2-intermediate (the most frequent cluster within the ter-
minal node). Abbreviations —6MWT: Six-minute walking distance test; BiD: Barthel index Dyspnea; GOLD: Global Initiative for

Obstructive Lung Disease.

prescription of PR for these mild individuals might be ques-
tioned. However, participants were sent by other hospitals or
by their GP and, given the retrospective design, we cannot
exclude individual decisions by the accepting physicians
according to criteria we cannot assess. Actually, all ICS Maugeri
hospitals share the same admission criteria, evaluation, and
rehabilitation protocols. Therefore, we are confident that
these differences have not biased results.

Given the post-acute condition of participants, a control
population not performing the program would have clarified
whether any improvement in outcome would have been
(also) time-dependent. However, given the recognized bene-
fits of PR and the mission of our hospitals, not performing
any program would have been unethical.

Conclusions

Our clustering analysis identified subpopulations of individuals
recovering from ECOPD characterized by different PR success
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rates. These results may help in defining priority criteria based
on the probability of success. Our results reflect the specific
population of individuals with indications of PR, not compara-
ble and extensible to other populations of individuals with
COPD, and should be confirmed by prospective studies.
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