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Twenty-two studies were included. AECOPD acutely affected exercise tolerance, quadriceps
muscle strength, physical activity levels, symptoms of dyspnoea and fatigue, and impact of the
disease. Long-term effects on quadriceps muscle strength, symptoms of dyspnoea and depres-
sion, and quality of life were found. Repeated exacerbations negatively impacted the fat-free
mass, levels of dyspnoea, impact of the disease and quality of life. Conflicting evidence was
found regarding the impact of repeated exacerbations on exercise tolerance and physical activ-
ity levels.

AECOPD have well-established acute and long-term adverse effects on health status beyond
pulmonary function; nevertheless, the recovery trajectory and the impact of repeated exacerba-
tions are still poorly studied. Further prospective research is recommended to draw firm conclu-
sions on these aspects.
© 2022 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

Chronic obstructive pulmonary disease (COPD) is character-
ized by the onset of acute exacerbations (AECOPD), defined
as an acute worsening of respiratory symptoms that result in
additional therapy.’ On average, patients with COPD experi-
ence 1 to 4 AECOPD per year,”* which account for 50—70%
of all COPD related-costs and increase their susceptibility to
new AECOPD, hospitalization, and death.”*° These events
are associated with increased dyspnoea that usually lasts for
7 to 10 days, although in some cases there is no full recovery
after weeks or months."® Even a single AECOPD results
in accelerated lung function decline and disease progres-
sion.””® Evidence also suggests that AECOPD lead to declines
in exercise performance, functional status and quality of
life (QoL), thus harming health status beyond pulmonary
function.” "' |n addition, AECOPD are not random events
but cluster together in time with a high-risk period for recur-
rent AECOPD in the 8-weeks following an initial
exacerbation.™"® Some patients are particularly susceptible
to these (repeated) exacerbations and are known as the fre-
quent exacerbator phenotype, which can be found across all
disease severity groups.”'" These frequent exacerbators
seem to suffer from even more significant declines in lung
function and QoL, potentially experiencing a further nega-
tive impact on health status. ™" 1416

Health status can be defined as the impact of health on a
person's ability to perform and derive fulfilment from daily
life activities."”” Given its complexity, an integrated assess-
ment framework of health status in COPD has been developed,
which encompasses four sub-domains: physiological function-
ing, complaints, functional impairment and QoL.'® These sub-
domains are relatively independent, and therefore a compre-
hensive assessment is essential to understand the impact of
AECOPD on all health status domains and tailor interventions
to counteract the detrimental effects that each person experi-
ences.'®'®20 However, to date there are no reviews of the
available evidence on the impact of AECOPD on the different
health status domains. A scoping review to outline the existing
evidence on this topic would provide the basis for future
research to guide clinical practice on this matter.

Thus, this scoping review aimed to summarize and criti-
cally appraise the existing scientific evidence of the impact
of AECOPD on the different sub-domains of health status in
patients with COPD. Accordingly, our review question was:
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what do we know about the impact of AECOPD on the differ-
ent sub-domains of health status in patients with COPD?

Methods

This review followed the updated methodological frame-
work to conduct scoping reviews proposed by Peters and col-
leagues,”’ and is reported according to the Preferred
Reporting Items for Systematic reviews and Meta-analyses
extension for Scoping Reviews (PRISMA-ScR) checklist
guidelines.??

Database and search strategy

One researcher (AM) performed an electronic literature
search on PubMed, Embase and Web of Science from incep-
tion until January 2021. The following search strategy was
used: ((COPD [title/abstract] OR chronic obstructive pulmo-
nary disease [title/abstract/MeSH]) AND (hospital*[title] OR
exacerbation [title/abstract])). The search results were
imported to EndNote X9 (Clarivate Analytics, Philadelphia,
PA, United States of America) and the duplicates were iden-
tified and removed.

A single researcher (AM or MSBG or CB) performed the
title screening conservatively, i.e., excluding studies which
clearly did not fulfil the criteria. Abstract and consequent
full-text screening were performed independently by two
out of three researchers (AM and CB or MSBG and CB). A con-
sensus-based decision was made after discussion when dis-
crepancies were present.

Selection criteria

Studies were included if they (i) studied patients with COPD
that suffered from at least one AECOPD throughout the
study; (ii) were prospective cohort studies; (iii) performed
at least one type of health status assessment; and (iv) were
written in English. Patients had to be assessed at baseline
(in a stable phase of the disease) and after a follow-up
period. The follow-up assessment(s) could have been con-
ducted immediately after an AECOPD, during the course of a
single AECOPD, or over a more extended period of time with
the onset of AECOPD during the follow-up period being
recorded (e.g., to compare changes in health status in
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frequent exacerbators vs. non-frequent exacerbators).
Given the variability of used definitions of AECOPD in the lit-
erature, for the purpose of this review, AECOPD could be
defined using symptom-based (i.e., patient-reported wors-
ening of respiratory symptoms either to a healthcare profes-
sional or using a diary or tool) or event-based (i.e., change
in treatment — medication and/or hospitalization) defini-
tions, or a combination of both.?*

Studies reporting on the short-, mid- or long-term effects
of any intervention were excluded, unless it was possible to
retrieve the data of a control group receiving only standard
of care. Abstracts in conference proceedings were also
excluded.

Based on the sub-classification of health status previ-
ously proposed for patients with COPD,'® we included
measures of physiological functioning (exercise tolerance,
muscle function and body composition), complaints (sub-
jective complaints, expected dyspnoea and dyspnoea
emotions), functional impairment (subjective impairment,
behavioural impairment and actual physical activity) and
QoL (general QoL, health-related QoL, satisfaction and
relations). Measures of pulmonary function were not
included.

Data extraction

A customized data collection tool in Microsoft® Excel
(Microsoft, Redmond, Washington, United States of Amer-
ica) and a data extraction table in Microsoft® Word (Micro-
soft, Redmond, Washington, United States of America)
were developed to extract the most relevant information
from the included studies and facilitate their subsequent
analysis and interpretation. Data extraction was per-
formed by AM and MSBG. Information on study design and
timing of assessment, sample size, baseline characteristics
(age, gender, body mass index (BMI), forced expiratory vol-
ume in one second (FEV4)), definition of (frequent) exacer-
bations used, AECOPD management and setting, measures
of health status and main results regarding health status
was collected.

Data synthesis

Data are presented in a tabularized format with a narrative
summary linking the review results with the aim and review
question. Key findings were categorized according to the
sub-domains of health status proposed by Vercoulen and col-
leagues.'® In addition, whenever possible, results synthesis
were grouped on acute vs. long-term effects of AECOPD, and
on single vs. repeated AECOPD. For the purposes of this
review, acute effects combined the results found regarding
the onset and first days of an AECOPD, long-term effects
combined the data on recovery/sustained changes over
time, i.e., data from post-AECOPD periods, annual changes
and follow-up times. Numerical summaries for the definition
of (frequent) exacerbations, AECOPD characteristics and
management, and measures of health status were collated.
Schematic overviews were further developed to provide a
visual synthesis of the results.
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Results
Search results

The literature search provided a total of 23,677 records.
After the removal of duplicates, 12,662 records were
screened for relevant content using titles and abstracts.
From these, 12,199 were excluded through title screening
and 388 through abstract screening. Thus, the full text of 74
potentially relevant reports was assessed. Twenty-two stud-
ies were included in the review. The screening process is
visualized in a flow chart (Fig. 1).

General characteristics

Characteristics of the included studies are shown in Table 1.
Studies were conducted between 2004 and 2020.

Most studies (n 14) defined AECOPD based on an
increase in respiratory symptoms?*>’ leading to changes in
medication (n = 12) (e.g., treatment with antibiotics or sys-
temic steroids)?®-28:30:31:33:353741 o to hospitalization
(n = 4).%>3%3%% Follow-up time varied from six weeks up to
eight years. Ninety-one percent (n 20) of the
studies?>2%28%> jnvolved a sample combining patients that
suffered a single exacerbation and patients that suffered
repeated exacerbations. Severity of exacerbations was usu-
ally not reported. Nevertheless, 80% of the studies reporting
this information were focused on moderate to severe
AECOPD.?%26,28,29,37,40,41,45 Most reported treatment was
composed by antibiotics, oral steroids or a combination of
both (n = 10).2>:26:28:29,34.37-41 Tyelve studies included a
sample combining patients treated at home with patients
treated in the hospital.26-2%:33,36-42

Tools used to assess health status

Physiological functioning was assessed in five studies with
the six-minute walking distance (6MWD),%*2¢28:2° the quad-
riceps maximum voluntary contraction (QMVC)**3° and the
fat-free mass (FFM).*°

Complaints were assessed in nine studies with the modi-
fied Medical Research Council dyspnoea questionnaire
(MMRC),?%%4 the COPD assessment test (CAT),*>»*”% the
clinical COPD questionnaire (CCQ)*>*® and the functional
assessment of chronic illness therapy-fatigue (FACIT-F).**

Functional impairment was assessed in five studies via
physical activity levels.?#2>27-4042 physical activity was
objectively assessed by daily step count?®“*° and the time
spent in light>* or higher intensity (i.e., >3000 vector magni-
tude units (VMU))** activities. The time spent indoors/
outdoors®>%” was quantified based on a diary.

Finally, QoL was assessed in twelve studies with the Saint
George’s respiratory questionnaire (SGRQ),%’2%:31-3443-45
the chronic respiratory disease questionnaire (CRQ),?*** the
36-item short form health survey (SF-36),°>** the 12-item
short form health survey (SF-12),>* the EuroQoL 5-dimension
questionnaire (EQ-5D)*> and the centre for epidemiologic
studies depression scale (CES-D).*’

Fig. 2 provides an overview of the outcome measures
used to assess each health status subdomain. No study
assessed all the domains that compose health status.
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Figure 1

Instead, the majority of studies?®:30-34:36-43,45

focused on a single health status domain.

(n = 15)

Influence of exacerbations on physiological function
Two studies?*?° reported a significant reduction in the 6MWD
in the first two to three days after the onset of an AECOPD,
which was found to be more pronounced in patients with
severe to very severe disease (GOLD stages 3 and 4).%* In
addition, studies exploring the effects of repeated
AECOPD?%?8:2% 3150 found a consistent decline in the 6MWD
however, the recovery trajectory was conflicting. One
study?* reported that the 6MWD increased back to the pre-
exacerbation status after seven days, whereas more
extended studies?®?® found that the observed decrease in
6MWD was maintained up to two years of follow-up, with
inconsistent results regarding a lower 6MWD in frequent
exacerbators (i.e., two or more AECOPD per year).2%8
QMVC was significantly reduced three and seven days
after the onset of AECOPD symptoms.24 A decline in QMVC
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Records removed before screening:
Duplicate records removed (n=11015)

Records excluded (n=12587)

Reports not retrieved (n=1)

Reports excluded (n=52):
No pre and post exacerbation
assessment (n=27)
Effects of an intervention (n=9)
No health status assessment (n=7)
Not possible to retrieve data for
exacerbations (n=4)
Retrospective study (n=2)
Did not present the results for COPD
population independently (n=1)
Randomized controlled trial (n=1)
Written in Spanish (n=1)

PRISMA flowchart of the included studies.

over a 1-year follow-up was also observed but with no corre-
lation with having frequent exacerbations (i.e., two or more
per year).’° Yet, frequent exacerbators had a more pro-
nounced decline in FFM.*°

Influence of exacerbations on complaints

A consistent worsening of complaints at the onset of an
AECOPD was found across all outcome measures,?#26:36:37

There was an increase (worsening) in the mMRC score
within 48 h of the onset of an AECOPD, which was more pro-
nounced in patients suffering from repeated exacerba-
tions.%® Furthermore, this increase was sustained at 1- and
2-years follow-up in frequent exacerbators (i.e., two or
more AECOPD per year), but not in single exacerbators.?® A
second study also corroborated these findings by reporting
higher mMRC scores in frequent exacerbators.”®

Similarly, a significant increase (worsening) in the CAT
total score was found at the onset of an AECOPD, which was
already noticeable one day before and was sustained for up



Table 1 Influence of exacerbations on changes in health status over time in patients with COPD (n=22).
Author(s), year Study design/ Time of Population Exacerbation - definition, treatment & Health status assessment Main results
assessment setting measure
Miravitlles et al., Observational prospec- Total sample: - Defined as a sustained worsening of Baseline vs. 6 months vs. 1 year vs. 18 months vs. 2 year
2004 tive study n=336; 98% male; patient's condition from the stable state SGRQ symptoms score Frequent exacerbators: 52+20 vs. 44 vs. 49 vs. 43 vs. 47+19
6618 years; characterized by the increase of any Infrequent exacerbators: 45+20 vs. 33 vs. 38 vs. 31 vs. 34+19

[44]

Donaldson et al.,
20054

Cote et al., 2007%¢

Time points:

- Baseline

- Every 6 months during 2
years

Observational prospec-
tive study

Time points:

- Baseline: 8-14 days pre-
ceding exacerbation
onset

- Day of the exacerbation
onset

- Recovery: 3 day moving
average equal or better
than baseline

- Every year up to 8 years

Observational prospec-
tive study

Time points:

- Baseline

- At exacerbation: within
48h of the onset of symp-
toms

- Follow-up: 6 months, 1
and 2 years after
exacerbation

FEV; 33.0:8.0 %predicted; BMI 27.4+4.0 kg/m?

Frequent exacerbators (=3 AECOPD in 2 years):
n=158; 98% male;

6619 years;

FEV, 31.8+8.0 %predicted; BMI 27.0+4.1 kg/mZ

Infrequent exacerbators (<3 AECOPD in 2 years):

n=178; 98% male;
67+8 years;
FEV, 34.2+8.0 %predicted; BMI 27.8+3.9 kg/m?

AECOPD treated with oral steroids: n=189
(41.4%)

Patients admitted to the hospital for AECOPD:
n=103 (30.7%)

Total sample:

n=147; 69% male;

6818 years;

FEV, 40.9+15.7 %predicted

Patients with data recorded during exacerba-
tions: n=136

AECOPD leading to hospital admission: n=90
(6.2%)

Total sample:

n=130; 94% male;

67+9 years;

FEV; 39.5+15.0 %predicted; BMI 27.4:5.9 kg/m?

Subgroups:

Single exacerbators (1 exacerbation/year): n=48
Frequent exacerbators (>2 exacerbations/year):
n=82

Patients admitted to the hospital for AECOPD
(during follow-up period): n=50

combination of three cardinal symp-
toms: dyspnoea, sputum purulence, and
sputum volume, that is acute in onset
and necessitates a change in regular
medication

- Antibiotics and/or oral steroids and/or
increased doses of inhaled steroids and
bronchodilators

- Home or hospital

- Recorded in a diary

- Defined as an increase in respiratory
symptoms for 2 consecutive days, with
at least one major symptom (dyspnoea,
sputum purulence or sputum volume)
plus either another major or a minor
symptom (wheeze, cold, sore throat,
and cough)

- Home or hospital

Defined as an event characterized by a
sustained worsening of respiratory
symptoms for at least 2 days, requiring:
- a visit to a doctor or the emergency
department

- treatment with antibiotics or systemic
steroids or both

- no need for hospitalization

SGRQ activity score

SGRQ impact score

SGRQ total score

SF-12 physical component
score

SF-12 mental component
score

Days spent indoors (%)
Days/week spending all day
indoors (n)

Time spent outdoors (hours/
day)

SGRQ symptoms score
SGRQ activity score

SGRQ impact score

SGRQ total score

6MWD (m)

mMRC grade

Frequent exacerbators vs. Infrequent exacerbators: p<0.001

Frequent exacerbators: 67+19 vs. 65 vs. 69 vs. 66 vs. 68+19
Infrequent exacerbators: 59+22 vs. 57 vs. 59 vs. 58 vs. 60+20
Frequent exacerbators vs. Infrequent exacerbators: p<0.001

Frequent exacerbators: 42+17 vs. 38 vs. 39 vs. 38 vs. 38+18
Infrequent exacerbators: 36+18 vs. 29 vs. 30 vs. 28 vs. 30+18
Frequent exacerbators vs. Infrequent exacerbators: p<0.001

Frequent exacerbators: 51+16 vs. 47 vs. 50 vs. 48 vs. 49+16

Infrequent exacerbators: 44+18 vs. 38 vs. 40 vs. 38 vs. 39+17

Frequent exacerbators vs. Infrequent exacerbators: p<0.001
Patients with moderate COPD

Influence of frequent exacerbations in SGRQ change (compared to infre-
quent exacerbators): 5.5, p=0.013

Annual rate of change: Frequent exacerbators -0.6 vs. Infrequent exacerba-
tors -2.6, p<0.05

Influence of hospital admission in SGRQ change (compared to no hospital
admission): 1.4, p=0.563

Patients with severe COPD

Influence of frequent exacerbations in SGRQ change (compared to infre-
quent exacerbators): 3.0, p=0.169

Influence of hospital admission in SGRQ change (compared to no hospital
admission): 5.5, p=0.007

Frequent exacerbators:

Baseline: 3718 vs. 2 year: 379

Infrequent exacerbators:

Baseline: 4010 vs. 2 year: 40:9

Frequent exacerbators vs. Infrequent exacerbators: p<0.05

Frequent exacerbators:

Baseline: 4913 vs. 2 year: 5012

Infrequent exacerbators:

Baseline: 51£12 vs. 2 year: 5112

Frequent exacerbators vs. Infrequent exacerbators: p>0.05
Baseline: 34.1% vs. AECOPD onset: 44.4% vs. Post AECOPD: 39.7%

Baseline: 2 [1; 4] vs. Post AECOPD 3 [1; 5], =0 [0; 1], p<0.001

Baseline vs. AECOPD: o, p=0.021
Baseline vs. Post AECOPD: o, p=0.024
Annual decline: -0.1 (95%Cl: -0.2 to -0.1) hours/year, p<0.001

Annual decline: -1.3 (95%Cl: -2.0 to -0.7), 02.0%/year, p<0.001
Annual decline: 1.5 (95%Cl: 1.0 to 1.1), 02.1%/year, p<0.001
Annual decline: 1.5 (95%Cl: 0.9 to 2.1), 03.8%/year, p<0.001

Annual decline: 1.0 (95%Cl: 0.6 to 1.5), o1.9%/year, p<0.001

Total sample:

Baseline: 354119 vs. AECOPD: o72 (20.4%) vs. 6 months: 837 (10.5%) vs. 1
year: 949 (13.9%) vs. 2 years: 074 (21.0%), p<0.001

Single exacerbators:

Baseline: 3854116 vs. AECOPD: 077 (20.0%) vs. 1 year: 851 (13.0%) vs. 2
years: 081 (21.0%)

Frequent exacerbators:

Baseline: 3344117 vs. AECOPD: 069 (21.0%) vs. 1 year: 549 (15.0%) vs. 2
years: 067 (20.0%)

Total sample:

Baseline: 2.3+0.9 vs. AECOPD: 00.5 (20.6%) vs. 6 months: 20.2 (10.5%) vs. 1
year: ©0.3 (11.0%) vs. 2 years: 0.3 (14.5%), p=0.009

Single exacerbators:

Baseline: 2.1+1.1 vs. AECOPD: ©0.4 (19.2%) vs. 1 year: 00.2 (10.0%) vs. 2
years: 00.2 (7.9%)

Frequent exacerbators:

Baseline: 2.4+0.9 vs. AECOPD: ©0.5 (21.5%) vs. 1 year: ©0.3 (11.0%) vs. 2
years: ©0.4 (16.0%)

"|e 32 1puelg aq ‘T ‘ossnieg ‘W ‘opeydey 'y



Pulmonology 29 (2023) 518534

60°0>d ‘Z¥po :SyjuOW 9 "SA aunaseq
:SUOI}RQSD.XS SJOW IO 7 YIIM SJusljed
G0"0<d ‘L ¥ Lo :SYIUOW 9 "SA 6L FEE :aulaseq
:SUOIJRQISDEXS YIIM SJUSLIed

60°0>d ‘Z¥Go :SyjuoW 9 "sA aunaseq
:SUOIJRQSI.XS SJOW IO 7 YIIM SJusljed
G0"0<d ‘L ¥Zo :SYIUOW 9 "SA OZFHG :aunaseq
:SUOIJRQIIDEXS YIIM SJUSLIed

G0°0>d ‘9¥Z1o SYjuoW 9 *SA dulaseq
:SUOIJRQIIIEXD SJOW IO 7 YIIM SJuSljed
G0"0>d ‘Z¥Go :SYIUOW 9 "SA LZFHG :aulaseq
:SUOIJRQIIDEXS YIIM SJUSLIed

60'0<d ‘€179 :51edh G "SA OLFQG :dulaseq
:suonyezijejidsoy siow Jo €

G0'0<d ‘ZLF1G :S1edh G "SA || FQG :aulaseq
:suoezyjejidsoy z-1

G0'0>d ‘L LFZG :S1edh G "SA || FQG :dunaseq
:suonjezijepdsoy oN

G0°0>d ‘@¥G¢ :sIedA G "SA 9FG} :auldseg
:suotjezijejidsoy aiow 4o g

G0'0>d ‘6F/E :S1eaK G "SA @FpP :auIjasRY
:suotjezijeydsoy z-

G0°0>d ‘6F L :SIeDA G “SA gF9f :duldseg
:suoljezijejidsoy oN

60°0>d ‘078G :51eak G *SA 9| Fp} :auNaseg
:suoljezyjeyrdsoy a.1ow 1o ¢

60°0<d ‘0ZFGP :51eak G 'SA 6 FE} :aUNBSRY
:suotjezijeydsoy z-

60°0<d ‘0ZGE :sJeak G "sA gL F9¢ :aunaseg
:suopjezijejidsoy oN

60°0>d ‘ZZF0G :s1eah G "SA gL FGE :aunaseq
:suoyjezjejidsoy aiow 4o €

60'0<d ‘1 ZF8¢ :51edk G 'SA OZFpE aunaseq
:suotjezijeydsoy -

G0'0<d ‘L ZF6T :51eh G "SA 676 :aulIsey
:suoyjezijeyidsoy oN

G0°0>d ‘7ZF69 :51eak G "SA LZFgG :aunaseq
:suoljezijejrdsoy aow Jo €

60'0<d ‘GZFGG :S1edk G "SA £7F/G :aunaseq
:suonjezijejdsoy z-1

G0°0>d ‘pZFpp :S1e9A G "SA 0ZF8Y :9ulaseg
:suonjezijendsoy oN

G0°0>d ‘61779 :S1e9A G "SA 8| F/} :aul9seg
:suopjezijejidsoy siow o €

60°0<d ‘L ZF0G :51edk G "SA LZF/p :aunaseq
:suojezijedsoy z-1

G0°0<d ‘ZZ76¢€ sIBIK G "SA |ZFRE duNjaseg
:suopjezijejidsoy oN

€1°0=d ‘Z o :s1e3K 7 "sA dunaseg

(86 = U) SUOIJEQI3DEXS SIOW JO OM] YIIM SJUSLIeq

€20°0=d ‘¥ o :51e3K 7 "SA aunaseg

:(Z€ = U) UOIILQIIIEXS SUO YIIM SJUSLIed
18/°0=d ‘0o :51edA 7 "SA 8| F1f :aunaseq
:SUOIJRQIIDEXS YIIM SJUSLIed

181°0=d ‘Zo ‘0ZF8¢ :51edh T "SA 6LF0p :aulasRy

:9)dwes jejol

900°0=d ‘€°0-=4 :0d0DJ3V Juanba.y BulARY Y3IM 3R]0

G0"0<d ‘g¥/} 143k | "SA g8} :aulaseq

Qd0D3v 3uanbauy BulAey y3im pajerdosse JoN
600°0=d ‘81%79 :4e3A | 'SA 8}%99 :uljaseq

91025 1oedWI YOS

21025 A)1A110B DYOS

91025 swoldwAs VYOS

2100S
Juauodwod |ejusw 9¢-4S

910DS

juauodwod jedisAyd 9¢-45

21035 12201 DYOS

91025 10edWwL DYOS

21025 A)IALIOR DYOS

2105 swoldwiAs YOS

21035 12301 DYOS

(5Y) ssew 2a1)-1e4

(P3121pa1d%) JAWD

ui0q

0 S21101q13UE IO SPL0J3ISODI1I0D JelQ -
430q Jo

$21101q13UE IO SPL0J2)SODL1I0D R0 YIIM
Juawieas) paiinbau yeyy swoidwAs Aoy
-euidsal ay) Jo Sutuasiom e se pauyaq -

JeaidsoH -

Apnis ay3 u pajjoua

sjuatyed ay) Joj e3idsoy yJewyouaq ayy
SLYdLYm ‘Je3rdsoy ay3 Jo aseqelep ay3
BuisAjeue Aq pauteiqo sem qd0d3v 03
anp suoissiwpe |ejldsoy Uo UojewIoju| -

wn3nds ay3 jo asua)nund
U3 Ul 1o/pue uoljel03dadxa ‘esoudsAp
uL aseasdul ue :swoydwAs ay3 Aq pauyaq

sopognuy -

T1=U:ad0D3V Z3 YIM sjuanjed
payoIpa.dy 6°0LFL 0 "A3d
‘s1eak /F|/

{o1ew %96 ‘gp=u
:5UOI13RGJIDEXS UM SJUSLIed

payaipaudy |°g€ PAId
‘s1eak 9F |/

{9)eW %96 9GL=u
:9)dwes Jejop

ZW/8Y 9°p9°8T IWG ‘PaPaIdy €°€LF9 i PAIS
‘s1eak 769 ‘g7=u
:dn

-M0Jj0} s1eak G uLinp suoljezijejidsoy a1ow 1o g

W/ $°GF9°8T IWG ‘PaIdpaldy £ €LFG 61 AIL
‘sieak /7/9 ‘9/=u
:dn-mojjoy s1eak g Sulinp suoljezijejdsoy z-1

JW/B8% 0°FF8°LT IWG ‘PaIIPaIdy £°€LF6€G PAIS
{s1eak 6¥G9 {/87=U
:dn-mo)joj s1eak g SuLinp suoljezijejidsoy oN

lee=u

:9)dwes Jejop

pay1Ipaidy 9'yLF2 L1 YAI4

‘s1eak 01¥69

‘9eW %/6 ‘06=U

15U0132qJ3DEXS SI0W IO SUO YIIM Sjualjed

payoIpaidy Gy LT 8 FAIA
‘sieak 0LF0L

{91eW %96 ‘9€L=U

:9)dwes Jejop

9g=u
:(Jeak /suolyequadexa 72) si03eqadexs Juanbaiy

LW/BY T'GFEFT IWG ‘paIdIpaldy #'8170"9€ PAIH

pouad aauy
-UO11RGIITRXD HIOM 9
:Juasaud S| uo1IeqIadeXad
Ue §| "syjuow 9 a3y -
aurjaseg -

:sjutod awi)

Apm3s jeu +£6007
-1pn3LSuo) JeUOLIeAISSqO “*1e 39 _INWIYSIN

523

JuaWISSasse
Je13LUL BY] J3)JR SIBIK G -
auaseg -

:sjutod awi |

Apms aAny 6007
-dadso.d Jeuojeasasqo “*|e 33 uegais3
sieak
Z Suunp syjuow 9 AIaA7 -
auaseg -

:syutod awi )

Apms aAn

-dadso.d Jeuoyeasssqo 268007 " 33 40T

dn-mo)\0) Jeak | -
aurjaseg -
:syutod awi)

$21301q13UR YIIM JusW ‘s1eak 6779
ad0D3v 1uanbauy SulAey yiim pajerdosse 10N -1ea.) 01 Sulpea) swoldwiAs Aiojeuidsas {91ew %99 ‘H9=u Apn3s Al 0e00T
$0°0=d ‘ZFEE JeAK | "SA ZFGE :duljaseg (8%) DAWD J0 Suluasiom jo saposida se pauyaq - :3]dwes |ejo| -2adsoud JeuoreAlasqo “*]e 32 uosupidoH
ainseaw Sumas JuaWSSasse
S))NsaJ uley JUSWISSISSE SNJe)S Yl)eaHq B JUSWILAI] ‘UOIIUYSP - UOIIeqIaeXT uonyejndog Jo awiy /usisop Apms 1k ‘(s)ioyiny

(panunauo)) ) aqeL



A. Machado, M. Barusso, J. De Brandt et al.

—.OOOVn_ ‘07FGS 1aedh | "SA 61¥19 :auljeseg

200°0=d ‘(6¥G- 03 £98- :12%56) 80L- "SA (0LL- 03 40S- :10%G6) 8EE-
:5103eqI22eX® JUaNbay *sA Juanbayu

€1°0=d ‘8L¥8yn ‘L '9TF9°6L SA T VT b8

[ ‘0] 1 :519A9) aur)aseq 03 uinjal 03 skeq
16°0=d ‘L "LFL°00 ‘Q7LFLE SAQ LFHE

[8 ‘1] ¥ :519A9) au)aseq 03 uinjal 03 skeq
Gv0°0=d ‘80F 1 ¥08Yo ‘BSTTFELIE "“SA 98GTFHG LY
:(anjeA-d ‘aunaseq wouy a5ueyd ‘qd0IaV ‘SA 9)qeis) s)dwes jejol

1000°0>d (%£1) 9T ‘€LFLEL AODAV “SA LFLG) :21qe3S
1£0°0=d “(G°Z 03 1°0 :1D%G6) €1 121035 10303 DYOS I2Lpa1d 03 19pow
uolssaJ§al a1diynw ayy ut papndut sieak € ay3 SuLnp gdod3v Jo JaquinN

91025 swoldwAs DYOS

(Aep/sdajs) junod-dass Ajreq

(%) s100pIno
Juam syuaized yoiym uo skeq

(Aep/sinoy) s100pIno awi]

(Aep/sdajs) junod-dajs Ajreq

(NWA00OE <
€°3°1 ‘SaIIALIOR |9A9)
19ys1y ul Aep Jad sanuiw) Tvd

swoldwAs £33 93143 JO dUO Ise3)
1€ JO Sutuasiom e Aq Jayila pauyaq -

SWOH -
yioq

10 SP1013)S021110D R0 ‘so1301q1uy -
(y8nood pue “eouyy auos

‘p10d ‘9zaaym “*a°1) woldwiAs Jouw

® 10 Jofew Jayjoue JaylLa smd (awn

-10A win3nds 1o asua)nind wninds ‘esoud
-sAp ‘*a°1) woldwis Jofew auo Isea) Je
UM ‘sAep 9A13NJ3SU0D 7 o) swoydwAs
Aiojeaidsal ui asealdul ue se pauyaq -
Atelp e ur pap.oday -

1e11dsoy 10 SWoH -

payiodau Ajjed

-1 10 £1JVXT Wal-p) SY3 Ul ‘91008
aul)aseq wo.j ‘skep 7 1oy pautelsns
sjutod 7| Jo shep ¢ 1oy pauteisns syutod
6 UeY) 19]ea.5 asealdul ue se pauyaq -
AJe1p e uL papiodaYy -

‘91RW %69 ‘0G=U
|dwes jejo)
77=U :pajeanun

6€=U :SP1013)S0D1110 |JO pUE SI1301qIIUY
/=U :SP1013}5021340 |eIQ

LL=Uu :so01quuy

:juswaseuew qd0d3Iv

0p=U :(4eak Sulpadaid

3y} Ul SUOIIR]ISDRXD 73) S103eqladexa juanbaly
£€=U :(Jeah Suipadaid ayy

UL SUOIIeqJaeXa |-() SJ0JeqJadexa Juanbaiu)
:sdnoisqns

ZW/8Y 9°G¥8°9Z IWg ‘Pa3dLpaldy 6 91¥6°2S YA
‘s1eak ¥/

fo1ew %0L ‘g/=u

:9)dwes JejoL

Z=U :uolssiwpe |ejidsoy 03 Sulpea) ad0d3V

ZW/BY% 0°6¥0°ST IWgG

{payd1Lpaidy 0°02F0°2S A3

s1edk 717€9

f91eW %G /L=U

:9)dwes jejor.

(%8°s2) 7L

:U013BqI9BXS SUO ISeI] Je PAIdYNS Jey) sjudljed

Apnis
140Yod aA13Dadsoud

aujaseq ueyy
191394 Jo 1enba afesane
Sulaow Aep ¢ :A19A009Y -
195U0 ay3 Je SuL

-1e3s :gd0d3v suung -
adod3v ue jo

135U0 3Y) 2.10J9q SHI9M
7 Suryeys :aupjaseq -
jutod swi]

Apnis aA}

-2adso.d JeuoljeAlasqo
ad0D3V Ue Ja)je sy29Mm
03 dn yjuow A1aA7 -
aunaseq -

:syutod swi)

Apmis Jeu
-Ipn318uo] JeuotjeAIasqo

s1eak ¢ 1YY -

17107 ‘1@ 33 Buer

POz
“1e 39 Lewyely

2E10T ‘1@ 39 uesy3

140°0=d ‘617 :SI1e3A € "SA 61T :2uUlAseq 91025 1e10) DYOS 1e31dsoy 10 SWIOH - auljaseq -
430 10 Sp10Ja3s JHW)ISAS 10 SO0IGHUY - ,W/BY 8°G%6°GZ IWG ‘Pa32Ipaldy 7°€7FE 66 A3 :sutod swiy
100°0>d ‘ZZ¥09 :S1e3A € "SA | ZFZG duljaseg 3102s A}1A13OR DYOS SWINJOA WiN} ‘s1eak 6759
-nds paseasoul pue ‘@dud)nind wninds {a1ew %99 ‘Ge=u Apnis jeu 6z} 10T
100°0=d ‘001FZ ¥ :SIedA € *SA 98FQE} :auljaseg (w) amwe ‘eaoudsAp ul asealdul ue se pauya( - :9)dwes jejol -1pn3L8uo) JeuoleAIasqo "1e 39 ey
(5003 1°0 12%56) £°0 :395U0 A0V
9102s 9]e)S |eIUSW DID
(#°0 03 0°0 12%56) T'0 :395U0 4d0DIV 2105 93€3S |RUOLIOUNS DDD 1e11dsoy 10 SWoH -
$21301qLJUE 10 SP103]S0D
(#°0010°0 1D%56) Z°0 :39suo @d0d3V 91025 swoydwAs DI -1402 ‘uoljedIpaw pajeyut ut asea.du| -
sAep 9A13N235U0D OM) SY9IM 9 10) YoM AIaAT -
100°0=d 15e3) 7€ J0J WoldwAS Joulw Suo Jses) aunjaseg -
“(0°0- 03 0~ 12%G6) €°0- :ad0D3V-350d 'SA (0°0 03 L°0- 12%56) 0°0- :21qe3S 1€ 40 92uas31d Y3 pue Jofew suo ut pa321paIdy ¥°8170"9% *A3d :syutod awiy.
100°0>d aseaudul Jo ‘(awnyoa wnmnds ‘aduainind ‘s1eak 01579
‘($°003 L°0 12%S56) €0 :39SU0 @d0IIV "SA (0°0 03 L°0- 1D%G6) 0°0- :919e1s 91025 1301 DD wninds ‘esoudsAp) swoydwis Jolew {a1ew %09 ‘69=u Apnis 960107
91025 Ul sa5ueYD URSW 0Mm) Aue Ul 9seaIdUL U Se pauya( - :0d0D3V YIm sjuaizeq 340Yo0d 9A13dadso.ld “*1e 39 8unquaddeu
91025 12301 DY)
G0°0>d ‘uonasanby/ L *0F€ 0o :SYIUOW 9 *SA OZFHQL :2ulaseg
15U013RQIIDBXD YIM SJudlied
G0°0>d ‘uonisanb /€ 09 0n :SYIUOW 9 *SA uljdseq
:SUO13QI9IBX SJOW 10 7 YIM Sjualied 9102s A1a1sew DY)
G0°0>d ‘uonasanb/z°0F 0o :SYIUOW 9 *SA HFZT :duljaseg
15U013RQI3DRXD YIM Sjualied
G0°0>d ‘uonasanb/ € 0FG 0o :SYIUOW 9 *SA SuLjaseg
$SUO11QI9IRXS SJOW 10 7 YIM Sjualied
G0°0>d ‘uonasanb/ | *0F€ 0o :SYIUOW 9 *SA pF/€ :duljaseg 9102s UoLIOW VYD
15U011eqI3IBXD YIIM Sjudlled
G0°0>d ‘uonasanb/Z0FG 0o :SYIUOW 9 *SA SuLjaseg
isuoljequadexa aJoW J0 7 YIM sjualjed
G0°0>d ‘uonIsanb/z 0¥ 0o :SYIUOW 9 "SA GF6 | :duljaseg
15UO11eqI3IEXD YIIM Sjualled 21035 an513e) DY)
G0'0>d ‘Z¥9o :SyjUOW 9 *SA BulAseg
isuoljeq.uadexa 210w Jo 7 YIM sjualjed
G0°0<d ‘L¥Zo SYUOW 9 *SA gL FGp :aulaseq
15U011eqI9IBXD YIIM Sjudlled 91025 110} DYOS
alnseawl Suias JUSWSSAsSe
S3INsaU uLeyw JUSWISSOSSE SNR)S UJeaH B JuSWIeaI] ‘UoILUYSP - UOLIeqIaDeX] uonyendod Jo aw) /usisap Apms Jeak “(s)ioyiny

(panupzuo))

} S1qeL

524



Pulmonology 29 (2023) 518534

100°0>d ‘LLFEG 173 'SABLFIE :1-0

:4e9A/5U0132qIIIEXD 73 "SA |-0 YIM SJudlied

60"0<d ‘6170 :SYIUOW T *SA LZFOP :SYIUOW Z| 'SA OZFLp :dunaseq
:9)dwes jejo)

100°0>d ‘£1¥9/ 173 'SA LTFT9 :1-0

:1eak/SU011eqIadeXD 73 "SA |-Q YIIM Sjualjeqd

60°0<d ‘0ZF109 :SYIUOW HT “SA £F 79 ISUIUOW 7| 'SA ZF99 :3UL|3seq
:39)dwes |ejo)

100°0>d ‘G719 :ZZ 'SA 0ZF6¥ :1-0

:1e9A/5U0110qIIEXD 73 "SA -0 YIIM Sjudlied

G0"0<d ‘778G :SYIUOW T "SA LTF6G :SYIUOW T} "SA ZZF9G :dunjaseq
:9)dwes jejo)

G0'0<d ‘0" LFL"Z :SYIUOW $Z "SA 0| FQ"Z :SYIUOW 7| "SA || F| T :dulaseg
:a)dwes jejo)

8/0°0=d ‘L "0Fp0n "SA L'0F1 00
:510]equ32eXa Juanbauy *sA Juanbauu)
600°0=d ‘Z°0¥0°T :Z)99M "SAZ°0FT'T :1 H99M
:} 102030.d - 3)dwes |ejo)

££0°0=d ‘(%p°S) Ta ‘G'LF0GE -€ ABP "SA G*|F("9¢€ :duljaseq
100°0>d ‘Go ‘£°L¥0" L€ :0 Aep "SA G*LF0°9€ :aunaseq

100°0>d (%8°€}) Gu ‘TFLE 0 Aep 'SA ZF9E :aunaseq
:9)dwes jejor

€76 :L Aep 'sA €70€ € feq

610°0=d “(%£°01) ¥o ‘€¥6 :£ Kep "sA €¢¢ :auljaseg
920°0=d “(%6°8) €0 ‘€¥0€ € Aep "SA £FEE :aunaseq
:Z 100030.d - 9)dwes |ejol

¥€0°0=d ‘77180 ‘SA yLFpTa

ADLOUN{ 30 19s5U0 0] auljaseq wody wwcmcuv ¥-€ 'SAZ-) wwmﬁ aloo
100°0>d ‘[06¥ ‘062] GL¥ :£ Aep "sA [0Gh ‘697] €£€ :€ Aeq

€01°0=d “(%L°1) £o ‘[06¥ ‘062] G+ :£ Kep sA [0GG ‘2€€] Zzy :ounaseg
100°0=d “(%1°€1) 6¥a ‘[05F 597] €£€ :€ Aep "sA [006 :LE€] Tep :aunaseq
:1 102030.d - 9)dwes |ejor

awl) ssouoe
S3DUDIBJIP INOYIM $10JRqI30eXD Juanbaly Ul JaYSLY 218 DYDS Pue YW

2uwl] ssoJdoe
SIDUDIDHIP INOY3ILM S103eqI3RXS JUaNba.) UL J9MO) 218 DYD PuB AMW9

100°0>d (8% 03 £°0 12%G6) 6°Z ¥O :0d0D3V €2

968°0=d ‘(' 0370 12%56) 6°0 HO :Ad0IAV T

698°0=d ‘(' 03 €70 12%G6) 6°0 YO :0d0J3V |

100°0>d

:(@d0d3v ou 03 pasedwod) Jeak | Je aSueyd DYOS Ut AdOIIV 40 SduaNu|
rO0.0VQ .mrﬂ.NV 11eak L ‘SA 61F9 :9uljaseg

91025 12edw! DYOS

21035 A)1AL30R DYOS

91025 swoldwAs DYOS

apeus Jyww Auelp e ul pap.1odal pue pajiodal-}1as
(Aep/sinoy)
S913A1IOR JYB1) Ul Juads Swi]

31025 ans1ye4
-Adeuay] ssauy| owuoly)
JO JUSWISS3SSY JeuolIduN

(8%) 2AWD

SWOH -
SP10J2)S021110D Pajeyul ul asealdul ‘43oq
J0 SP10J2)S0211J0D R0 ‘S21301q1uyY -
(ySnod pue ‘yeoly) a.1os

‘p10d ‘9zaaym “*a°1) woldwiAs Jouw

® 10 Jofew Jayjoue Jaylia smd (awn

-10A win3nds 1o asua)nind wninds ‘esoud
-sAp ¢*a°1) woldwis Jofew auo Isea) Je
UM ‘sAep 9A13NJ3SU0D 7 o) swoydwAs
Aiojeidsal ui asealdul ue se pauyaq -
AJe1p e uL papiodaYy -

(w) amwe

1ejdsoy 4o SWoH -

y10q Jo

SP10J2)S021110D D1WI)SAS 10 S21301q1UY -
uoljedIpaw Jejnsa. uL aSueyd e sajels
-$923U pUE 135U0 SNDE UE Sey ey ‘uol}
-eLIeA Aep-03}-Aep jewLiou puoksq pue
91E3S 3)qe]S 3y WoJ) UoLIpuod sjuatied
33 JO SULUSSIOM pauLeIsNS B Se pauyaq -

21005 DYOS
apeus Hyww

91025 DYD
(w) amwg

Joje)ipoyduo.q o
/PUE P10J3)S0211403 I0/pUe S21301q1UY -
(Joje)tpoydu0.q pue ‘ploals

-021240D ‘$21101q13UR) SUOLIEDLPAW 331y}
J0 3uo 3sea) je ut aSueyd e snyd woy
-dwAs A2y auo 3sea) Je Jo Sulussiom e Aq

91035 18303 DYOS

| /=U :1ea//suoljeqiadexa z3
061=U :1eak/suol3equadexa L-0
:sdnougqns

19Z=U :syjuow 7 Jaje 1933)dwod

ZW/8Y 9°G79°9Z IWg ‘Pa321paldy 8'GLFZ 06 YA
{s1eak 6799 Gpp=u
:9)dwes |ejo)

|=U :SPL0J3)SOD1110D Pajeyul paseadu|
89=U :SP1013]S0D11.10 |JO pUE SI1301qIIUY
0l=U :SP1013]S011340D |eIQ

8l=u isdnolquuy

:juawaseuew qdod3v

(4eaA Suipasaud

3y} Ul SUOIIR]ISDRXD 73) S101eqladexa juanbaly
(1eah Bupadaud ayy

Ul SUOIeqJaeX3 |-() SJ0JeqJadexa Juanbaiu)
:sdnoisqns

ZW/8% 9°G¥6°GT IWg ‘Pa101paidy 7 £LF1°06 PAIS
‘sieal g¥7/

{o1ew %09 ‘Lp=u

:(DAWD) Z 102030.4d

ZW/8% 9°6¥9°97 IWg ‘PaIdIpaldy L GLFL 06 AId
‘s1eah g¥g/

fo1ew %z/ ‘0G=u

{(AMW9 + Tvd) | 10203044

8/=u
:9)dwes Jejo1
% :uolssiwpe jejidsoy 03 Suipes) ad0dIV

6p=u

:(1eah /suo11eqIa0EX 73) SJ03RqJadEXS JUSnbaly
1G=U :(1eak

/SUOI1eqIEXD 7>) $J0JeqJadeXa Juanbaiul
:sdnoJsqns

LW/ £°€79°97 IWG ‘PaI2IPaIdy 9°07F9° 7S A3
‘s1eak 8769

‘91eW %8G ‘00)=U

:39)dwes jejol

80Z=U €=
£p=u:7
8g=u:|
191=U":0
:ad0D3V Yam syuaized jo o

SYpuoW 7 1YY -
SYIUOW 7| 13V -
aunaseg -
:sjutod swiy

Apnis aAn
-23adso.ud jeuoljeAasasqQ

uoljeqlasexs
3sod sAep / pue ¢ -
(Aep 0)
Uo11eqJIRXD IV -
aunaseq -

:syutod swir)

Apnis aA}
-2adsoud JeuorjeAlasqo

dn-mo)\0) s1eak

Z113un syjuow 9 AIaAg -
aunaseg -

:syutod awiy

Apnis aAny
-33adso.d jeuorjeAsasqo

dn-mo\oy Jeak | -

90T
e 33 uleyzsuigny

429102
e 33 Lewyely

926107 ‘B33 3sKauq

100°0>d ‘ZZF0€ :1eak | SA ZZFGE :dulaseg 31025 1oedwi DYOS 10 ‘ygy Isea) Je 1oy ‘(eaoudsAp paseatoul aulaseq -
pue ‘@cua)nund 10 unojod wninds LW/B) THF0°PT ING ‘Pa32Lpaidy 8°GLFE 8y LAI :sjutod swiy
16°0=d :4eak | *sA suljaseg 31025 A}IALIDR DYOS pasueyd ‘yunowe wninds paseaudut) ‘s1eak |1FG9
ainseaw suas JuaWISSISSE
S$3INsaJ uteyw JUBWSSISSE SNJE)S YIjeaH B JuswWieal) ‘UoHIUYSP - UoLjeqladexy uoneindod Jo awiy /usisap Apms 1eak ‘(s)aoyany

(panuiauo))

| S1qeL

525



A. Machado, M. Barusso, J. De Brandt et al.

7°140 ‘€00°0=d ‘}°0¥Z°0 :0d0J3V 7<

€140 ‘100°0>d ‘}°0%€°0 :0d0J3V T

7140 ‘100°0>d ‘}°0%Z°0 :0d0DJ3V |

:(@d0d3v ou 03 paued

-Wwo2) a5ueyd Jenuue DYOS Ut Ad0IIY 404 suoljezijeiidsoy o sduanu|

$9102S
VYOS 12100d %Gl 03 G 03 PaIRI21 DI9M 0dOD3V 104 SuoLIezl|eldsoy SNolASId

099°0=d ‘(€4 03 0GZ- $1D%G6) LE |- :9ULP3P Jenuuy
:5103eqU9EX3 Juanbauju| sA Jusnbaiy

100°0>d “(¥Z€- 03 ¥€9- :1D%G6) 6Ly~ :2UNDIP Jenuuy
:a)dwes jejo)

81°0=d ‘(°0) °0- "SA (G°0) 8°0- :98UeYd Al
1510]2QJ90EX3-UOU *SA S10)eqladex]

50°0>d “(€°0) 9°0- :98ueY Al

99:0=d (0°0) 0°0 *sA (0°0) 0°0 :3BUeY Apiea)
1510]2QI9DEX3-UOU “SA S10}RqIIeXT
60°0>d “(0°0) 0°0 :28ueyd Areax

91°0=d “(5°0) 0°0 "SA (§°0) Z'1- :38URYD Al1eax
$510)eg1378X3-UOU °SA S10)eqIadeX]
60°0<d “(+°0) G°0- :a8ueyd Alreay

91°0=d (5°0) G°0- "SA (G70) §'1- :aBueyd A)1eax
:51032gJ97BX3-UOU *SA SI03eqladexy
60°0>d “(4°0) 0" L- :28ueYd AlRa)

10°0>d (£°0) £°0- "SA (Z°0) 6°0 :95ueYd AJeay
:510)8gI3JeX3-UOU °SA S10JRqJadeX]
G0°0<d ‘(z°0) £°0 :95ueyd Aeax

£€9°0=d “(0°0) 0°0 "sA (0°0) }°0 :@5ueYD Ajeay
:510)8QI9JeX3-UOU °SA S10JRqJadeX]
G0°0>d ‘(0°0) 1°0 :95ueyd AlJeax

(8°% 03 67 :1D%56) £°€ :dn-m0N\0} S1eaK € “SA duljasegq
11e3A 3511 3Y) UL SUOIIR]IIIBXD +§

(6°€ 03 £°1 :1D%56) 8°T :dn-MO\0} S1eaK € “SA duljaseq
1eak 354y 9yj ul suoljeqiadexs 7

(0°€-03 Z°) :1D%G6) 1T :dn-mo)10) s1eA € “sA Buljaseq
11eak 351y Y3 Ul Uo13eqIadexsa |

(#°1- 03 1°0- :10%G6) £°0 :dn-mM0)10} S1eA € *SA ulaseg
:4e3A 354y SY) UL SUOIIRQJI9IEXD ON

(90

014°012%G6) G°0 "SA (170 03 £°0 1D%G6) €°0 :BUIUSSIOM PULRISNS B Y3IM 5043
uL uey) JuswaAosdwi pauLeisns e Yaim sjuatied ul 1amo) sem a3el d0d3v
syuaiyed (%9°77) 0LL=s1eaK T

syualyed (%€°67) 816 =18A |

91025 swoldwAs DYOS

21035 YOS

(Aep/sda3s) Junod-dais Ajreq

21035
3)eds Sojeue jensiA 4g-D3

21035 Xapul 45-03

21005
Juauodwod jejuaW 9¢-4S

2100s

Juauodwod JeoisAyd 9¢-4S

2105 12103 1Y)

2105 12303 DDD

3)eds uolssaldap saipnis
o150)01wapLds Joj a.13ud)

1e31dsoH -

ASIA

K19A9 e Jualied yoea Jo pJoda. jediut)d
21U01323)3 Jeuos.tad U} Wouy paAsLIIaL
sem Qd0D3Y 40} uonyezieiidsoy uo ejeq

1e31dsoy 10 SWoH -

SPL0J33S0211.102 10 /pUe SJ1301qIUY -
SpLoJS

-0213402 J0/pue sa1jolqLiue Jo uondiids
-21d 03 pa) 383 JUSAS UR Se pauya(q -

uoryezijeldsoy Jo uoljedIpaw
ut a5ueyd e paiinbai yorym swoydwAs
Aiojeurdsal uo uoLIeLIRA B SB pauyaq

1e11dsoy 10 SWoH -

4304 JO p1033S0D1340 10 d1101q1UY -
uonjezielidsoy

03 P3) 38y} Jo (430q J0) SPIOIAIS

-0213402 10 $2130[qljue 3qLI>Sa.1d 0] USPIA
-01d a1e3 © pa) 1eY) SJUIAS S pauyaq -

yET=U:0
:ad0D3V 4oy uoljezijejrdsoy yim syualzed jo oN

W/84 8°¥%9° LT IWg

padLpaIdy 8y LFE HG PAIS

‘s1eak 8799

*9)eW %66 HTE=U

:s1eak g pajajdwod jey) sjdwes jejol

GG=U :uoissiwpe |e3rdsoy 03 Sutpea) ad0dav

(1eak/suolrequadexs 7z) s103eqJadexa juanbauy
(4eahk

/suol3eqJadexs |-0) $103eqJadexs Juanbaiyu|
:sdnousqns

/8% [€°8T

‘9°22] 8°SZ IWg ‘Pa321paldy [0°G9 “0°€€] 0°9F AI4
‘s1eak [69 ‘651 ¥9

‘alew %G9 11gL=u

:9)dwes |ejo)

GZ=U :0d0D3V L PaJayns jey) sjuaized
Tp=U :s1edk g Jaye s1939)dwo)

ZW/8 00" LT IWG ‘PaIIpaidy 0°9170°68 "AId
‘s1eak /7p9

fo1ew yp/ L9=u

:9)dwes Jejop

LW/ £°6¥9°97 IWg ‘PaIdIpaidy 9°GLF0 81 AT
‘s1eak /79

‘9lew %19 16507=U

:9)dwes Jej01

(%p°€) 804=U :T J@aA

(%G°€) LLL=u ) Jeap

1 :0d0D3V 404 |e3idsoy ay3 03 pajjiwpe sjusijed

£°0 938 AdODAY ‘%T'€T e T
0 9381 40DV ‘%Z°9T 1eaA |
:0d0D3V YIm s3usied

s1eak G 1YY -
s1edk 7 DYy -
1eak | 1Yy -
aunaseq -
:syutod awiy

Apnis aAny 0202
-33dso.d jeuoljeAsasqo “*1e 39 ueqals3

dn-moy)oy sueak £ 0y
dnaun Jeak uad 9duQ -
aunaseg -

:sjutod swiy

Apnis aAn

-23adso.ud jeuoljeAasasqQ 06107 1813 1A3IS

s1eak 9 1oy -
s1eadh ¢ 1oy -
sieak Z 121y -
1e3A | 19y -
aupaseq -
:syutod swir)

Apn3s aAn 6107
-2adso.d JeuoljeAlasqQ “*]e 32 san5Lpoy

dn-mo)\0) steaf ¢ -
dn-mo)\0) S1eaA 7 -
dn-mo)\0y Jeak | -
auaseq -

:syutod swi)

Apnis aAn WL 10T
-2adso.d JeuoljeAlasqo “*1e 19 sauueyop

dn-mo)\0y s1eaA 7 -
dn-mo\oy Jeak | -

:sjualjed Jo (%) Jaquinu ‘gIDW= Suluasiom aulaseq -
sjuaned (%Z°pG) L0L) =SIedh 7 1e3Ldsoy 10 SWOH - LW/ 9°GFE" LT IWG ‘PIIPRI% b 776779 AT :sjutod awity
syuatyed (%G 6v) ¥GGL = 1eak | $21301q13UR JO/PUR SPLOI3)S 1eJQ - ‘s1eak 01799
:sjualjed jo (%) Jaquinu ‘gIDW= JuswaAoidw| uorjezijejidsoy 1o soLjolqryue Jo/pue f91eW %66 ‘LELE=U Apn3s aA1} 0107
/7o :S1e3A 7 SA 9FZa 11eak| *SA QT :dulaseg 91025 1e30] 1Y) SpL01a3s Jeuo o uondunsaud Aq pauyaq - :9)dwes jejol -23dso.d jeuoljeAsasqo ““1e 12 sop.Jey
91025 1830} DYOS
100°0>d ‘¥1¥79 172 "SA 6179 11-0
:Jeak/su011eqIadeXa 73 "SA |-Q YIM sjualjed
G0'0<d ‘L1F6¥ SYIUOW HT 'SA 6LFOG :SYIUOW 7| 'SA 8LF|G :auljaseq
:9)dwes |ejo)
ainseaw suas JUBWSSISSe
S)INsaJ utew JUBWSSISSE SNJE)S YIjeaH B JuUSWILaI] ‘UOIIUYSP - UOLJRqIadeXT uoneindog Jo awiy /usisap Apms Jeak (s)soyany

(panuauod) 1 s)qeL

526



Pulmonology 29 (2023) 518534

*SJ1un apnjluSew J032aA ‘NWA ‘aJreuuoisanb
Kiojesidsal 5951099 Jules ‘DYOS ‘ASAINS Y3jeay Wiio 1I0Ys WaL-9€ ‘9¢-4S ‘ASAINS Y11eay Wo) 1I0Ys WL-Z] ‘Z}-4S Uo11dRIIU0D AURjunjoA wnuwixew sdadupenb ‘DAWD £19A3) AJALIDR JedisAyd “Tyd ‘0l3es sppo ‘YO ‘aireuuolysanb eaoudsAp 110Uno) Yoseasay edIpaw PayIpow ‘Jyww
£90Ua134J1p Juelioduil AeDLuL)d TewluLw ‘gIDW 9SeaSLp un) 9A139NIISGO JIUOIYD 10 SAIIRNIUL |eqO)§ ‘10D ‘S | Ul SwnjoA Alojelidxs pad.oy ‘LA £)00) aseasip Areuownd J1Uolyd Jo sUoLIRGISIEXS ‘| JYXT ‘dileuuollsanb uoisuswip-g JoDoIn3 ‘gs-D3 ‘alteuuorisanb aseasip Alojelidsas
o1uo0IYd DY) ‘aseastp Areuowind SA139NI3ISO dIUOIYD ‘Qd0D ‘@4reuuotisanb gdod 1edtun)) DI 3593 JUSWISSasse d0D ‘LD ‘Xapul ssew Apoq ‘|wg ‘aseastp Aseuownd SA132N43SCO JLUOIYD JO UOLIRGISIBXD dINJR ‘Qd0DIVY {|BAISIUL SDUSPYUOD %G6 ‘|D%G6 ‘DIURISIP Y|Em UlW-9 ‘AMW9
“Pa3e3s 3SIMIBY30 SS3)UN ‘(JO.IS paepue)s) ueaw Jo [€ ay13enb ¢ )i3enb] ueipaw ‘uoijelAsp plepuelsFueaw se pajussald ale ejeq

p=U :uoissiwpe |e3idsoy 03 Suipea) adod3v

9=U :SP10.13JSOD110D |eIQ
£1=U :s21301q13UY

:Juswaseuew qdod3av
€l=u syjuow
1e3idsoy 10 SWoH - :ad0D3V YIm sjuaized 6-8 10} Aep AuaAg -
PL0J3)S0211102 J0/pUe d130IqLIuY - auljaseq -
100°0>d :39suo ad0D3V 43348 skep-£ 03 dn uotyezije3idsoy 10/pue maiAal |edtpaw LW/BY 8" ¥ 7T IWG ‘Pa321paidy 0°0LF0"6€ “A3d :syutod swiy
100°0>d ‘0¥ :395U0 03V IN0YIIM JO YIIM ‘SD1301quR 10/ pue {s1e3h 01569
020°0=d ‘0¥| :ad0D3V 210439 Aep | 91025 1e10] 1Y) SP10J9)S021340 JeJo Suuiinbau swoydwAs fo1ew %¢/ ‘gl=u Apnis aA} ,£020T
aul)aseq wo.y d5ueYD URSW Aiojeurdsau ur aseasdul ue Aq pauyaq - :9)dwes Jejo1 -2adso.d JeuoljeAlasqo ‘“1e 39 uueuLBWWIZ
100°0>d £691=U :ad0J3V YIm suaized jo oN
:sjuaijed Sulureway *sA qd0D3V 249A3s Jo Juanbauy yum sjualieq
%0°6G = 183K 7 ‘%6°1G = 123k | :qIIWR Juawaroidw) pa¥oIpaidy 0°LLFE L *AI4
%607 = 429K 7 ‘%0°9Z = 1eak | :95ueyd oN ‘s1eak 01F/9
%607 =183A T ‘%16 = 43K | :QIDWR BuluSsIOm {3)ewW %79 ‘Ggz=u
sjuswaAosdwl JueAS)DS AJjedLul)D 11eak 7 *SA JeaK | *SA aulaseq :dd0d3v (uonyezijey dn-mo)\0) s1eaA 7 -
:sjuayed Sulurewsy -1dsoy | 2) 919A9s 10 (Z2) 3uanbauy yim syualzeq dn-mo)\0y Jeak | -
%" OF = 183K 7 ‘%€ 6€ = 1eak | :qIDW= Juswaroiduw| 1e31dsoy 10 SWIoH - aulaseq -
%G 7T =1edA 7 ‘%7 €7 = Jeak | :98ueyd oN PL0J3)S021110D J0/pUue d1J0IqLiuy - palIpatdy £°07¥9°19 A3 :syutod swi)
%7 L€ = 1edK T ‘%G° /€ = Jeak | :QIDW= Suluasiom uoljez ‘s1eak 01¥99
95UeYD |]BISA0 OU 11eA 7 “SA JB3A | A dulaseg -he3idsoy Jo $D1301qL3UE JO/pUe SPLodls ‘91BW %66 ‘GL09=U Apnis aAy 60207
:dd0D3V 219A3s 10 Juanbauy Ym sjualied 31025 B30} 1Y) -0213402 |eJo jo uolydudsaid Aq pauyaq - :39)dwes jejol -33adso.d jeuorjeAsasqo “*1e 32 sop.Jey
7°1 40 ‘¥00°0=d ‘}'0¥Z°0 :0d0J3V 7<
7140 100°0>d ‘}°0%€°0 :0d0J3V T
01 ¥0 ‘v62°0=d ‘0°0%0°0 :0d0J3V | 21035 32RdWIL DYOS
#'1 40 ‘100°0>d ‘}°0%€"0 :0d0D3V €<
€140 ‘¥00°0=d ‘1'0¥€°0 :d0J3V € gl=ug=<
€1 40 ‘100°0>d ‘}°0%€°0 :0d0J3V T pl=u:g
11 40 ‘420°0=d ‘0°0%}°0 :ad0DJ3V L 21025 A31A1DR DYOS £7=U:7
op=u:|
ainseaw suas JuaWISSISSE
S$3INsaJ uteyw JUBWSSISSE SNJE)S YIjeaH B JuswWieal) ‘UoHIUYSP - UoLjeqladexy uoneindod Jo awiy /usisap Apms 1eak ‘(s)aoyany

(panuiauo))

| S1qeL

527



A. Machado, M. Barusso, J. De Brandt et al.
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Figure 2

I

Quality of life

Functional
impairment (n=5) (n=12)
" Timein light
intensity activities SGRQ (n=10) ‘
(n=1)
" Time in higher
intensity activities CRQ (n=2) ‘
(n=1) B
Daily steps (n=2) ‘ SF-36 (n=2) ‘
Time |
indoors/outdoors SF-12 (n=1) ‘
=)
EQ-5D (n=1) ‘
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Schematic overview of the outcome measures used to assess each health status subdomain. *, activities >3000 vector

magnitude units; 6MWD, six-minute walking distance; CAT, COPD assessment test; CCQ, clinical COPD questionnaire; CES-D, centre
for epidemiological studies depression scale; CRQ, chronic respiratory disease questionnaire; EQ-5D, EuroQoL 5-dimension question-
naire; FACIT-F, functional assessment of chronic illness therapy-fatigue; mMRC, modified Medical Research Council dyspnoea ques-
tionnaire; QMVC, quadriceps maximum voluntary contraction; SF-12, 12-item short form health survey; SF-36, 36-item short form

health survey; SGRQ, Saint George’s respiratory questionnaire.

to seven days after the onset of the exacerbation.®” Consis-
tently, a faster deterioration in the CAT score (yearly
change) was found in patients with exacerbations in compar-
ison to non-exacerbators.*® In addition, patients presenting
a sustained worsening on CAT score (i.e., increase >2 points)
had a higher number of exacerbations. %>

An increase (worsening) in the CCQ total score was found
at the onset of an AECOPD, which recovered in the post-
AECOPD assessment.>® This worsening was consistent across
all CCQ domains.*® The CCQ score also deteriorated over
time but without differences between exacerbators and
non-exacerbators. >

A significant reduction (worsening) of 5 points in the
FACIT-F score was observed at the onset of an AECOPD,
which recovered to a 2 points reduction at day 3 in compari-
son to stable phase.?

Influence of exacerbations on functional
impairment

Daily step count was reduced during the first 7 days of an
AECOPD compared to a stable week.? Further analysis of
these data showed that it took a median of 3.5 days return
to baseline levels, and patients with the largest falls in daily
step count during the exacerbation were the ones taking lon-
ger to recover.?® Conflicting results were found regarding the
annual decline, with one study? finding a significantly faster
decline in frequent exacerbators (i.e., two or more AECOPD
per year) in comparison to infrequent exacerbators, and
another study finding no differences between the decline
of steps in frequent and infrequent exacerbators.

528

Time spent in activities >3000 VMU was reduced during
AECOPD in comparison to the preceding or subsequent
weeks.*? This decline was significant during the first week of
exacerbation, with no further decline on the second week,
and tended to increase back to baseline levels in the two
subsequent weeks.“? In line with these results, time spent in
light activities was higher during the first week post-exacer-
bation than the second week, with frequent exacerbators (i.
e., two or more AECOPD in the preceding year) presenting a
more considerable reduction in time spent in light activities
from week 1 to week 2 in comparison to infrequent
exacerbators.”*

There was an increase in time spent indoors during exac-
erbations, which was sustained in the post-exacerbation
period (days 1 to 35 after the onset) in comparison to the
stable phase.?” A decrease in outdoors time during AECOPD
that continues in the post-exacerbation period was also
found, with frequent exacerbators (i.e., at least 2.5 AECOPD
per year) presenting a faster annual decline in daily time
outdoors than infrequent exacerbators.?” However, inconsis-
tent results were found as in another study,? in patients
with a similar severity of AECOPD but better baseline lung
function, the fall in time and percentage of days outdoors
during exacerbations did not reach statistical significance.

Influence of exacerbations on quality of life

A consistent increase (worsening) in the SGRQ score with
exacerbations?’-2%3%43:4% was reported, with frequent exac-
erbators presenting faster and more pronounced declines in
QoL.28:29:31,33,34,4345 |n 5 study with a 2-year follow-up,
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Effects of acute exacerbations of chronic obstructive pulmonary disease (AECOPD) on patients’ health status. (a) acute

and long-term effects of AECOPD on health status. (b) effects of single and repeated AECOPD on health status. %, increase; |,
decrease; 11, greater increase than in single AECOPD; | |, greater decrease than in single AECOPD; *, only in repeated AECOPD; (?),

conflicting results found.

patients who suffered a single AECOPD improved in SGRQ
score by —3.8 points while frequent exacerbators (i.e., two
or more AECOPD per year) worsened +2.4 points. >’

A similar pattern for QoL has also been found in the CRQ,
SF-36 and SF-12. Patients with AECOPD presented a decline
in CRQ, SF-36 and SF-12 scores, which was more pronounced
in frequent exacerbators across all CRQ domains and in the
physical component of SF-36 and SF-12.%8:333%%3 The EQ-5D
was found to decline annually in exacerbators and non-exac-
erbators, similarly.*’

A strong relationship between the number of AECOPD
during the first year of follow-up and the change in depres-
sion score (i.e., CES-D) over 3-years has been found, with
patients who suffered from more exacerbations presenting
the most significant declines.*’

A summary of the acute and long-term effects of AECOPD
and the impact of single and repeated exacerbations on
health status can be found in Fig. 3.

Discussion

This scoping review summarized the acute and long-term
effects of AECOPD and the impact of repeated exacerbations
on the health status of patients with COPD. Acute effects
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included a worsening of symptoms and impact of the dis-
ease, and a reduction of exercise capacity, quadriceps mus-
cle strength and physical activity levels. Long-term negative
effects were reported on complaints, quadriceps muscle
strength and quality of life. Repeated exacerbations nega-
tively impacted FFM and resulted in further worsening of
complaints (i.e., dyspnoea and impact of the disease) and
QoL (i.e., health related QoL and depression). The impact of
repeated exacerbations on exercise tolerance and physical
activity levels is less clear.

Impact of exacerbations on complaints

An AECOPD is defined by an acute worsening of respiratory
symptoms and it is usually characterized by increased airway
inflammation, mucus production and air trapping.” A recent
proposal on an updated definition of AECOPD states that
these events are characterized by dyspnoea and/or cough
and sputum that worsens over up to 14 days, possibly accom-
panied by tachypnoea and/or tachycardia, and often associ-
ated with increased local and systemic inflammation.*¢ Not
surprisingly, an acute worsening of complaints (i.e., dys-
pnoea and fatigue) during exacerbations was found.?*?°
During this period, the worsening of airway obstruction
results in increased work of breathing, dynamic
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hyperinflation and hypoxaemia, leading to symptoms of dys-
pnoea and fatigue.**° These symptoms usually recover fol-
lowing the exacerbation,*’"* yet persistent (up to 2 years)
and higher increases in dyspnoea levels were found in fre-
quent exacerbators,?®?® emphasizing the high impact of
these events on patients’ life. In fact, the impact of the dis-
ease, as assessed by the CAT, has been found higher during
either single or repeated exacerbations and on the long-
term,?*7=? and associated to the worsening of lung func-
tion, systemic inflammation and functional status.>%>’

Impact of exacerbations on physiological function

Exacerbations result in physiological impairment. There is
an immediate reduction in QMVC three and seven days after
the onset of exacerbation symptoms.?* The increased sys-
temic inflammation appears to contribute to this, as QMVC
has been correlated with systemic levels of IGF-I and CXCL8
in AECOPD"%; and pro-inflammatory cytokines activate path-
ways leading to atrophy and inflammation-induced muscle
dysfunction.®>>* The reduced physical activity levels and
medication used (e.g., corticosteroids) during this period
seem to also play a role in QWVC reduction.*>° Moreover,
the increased cost of ventilation during exacerbations
increases resting energy expenditure, with negative conse-
quences on body weight and muscle mass,”” highlighting a
potential role of nutritional support in these patients.’®
Over the 1-year follow-up, one study found that frequent
exacerbations were associated with FFM decline,*° possibly
indicating a cumulative effect of AECOPD on muscle mass
depletion — the main constituent of FFM.?” Furthermore,
the same study found that the decline in FFM was also associ-
ated with the use of maintenance oral corticosteroids,°
which has been described in steroid-induced myopathy.>®>°
Given the known relationship between reduced muscle mass
and muscle strength impairment,®®®%°" one could expect
that frequent AECOPD would also be associated with QMVC
decline. Nevertheless, no association was found,*® showing
that muscle mass and muscle strength are not always
reduced in the same proportion.®? Further research is there-
fore needed to enhance our understanding on the impact of
AECOPD on muscle dysfunction.

Exacerbations (single or repeated) also result in an
acute decrease in functional exercise tolerance, which
was expected since the breathing load is acutely
increased and patients experience breathlessness even
when performing low-intensity activities.*’®> Moreover,
fatigue and quadriceps muscle weakness also play a role
as limiting factors of exercise performance.®* Surpris-
ingly, although it is often assumed that AECOPD leads to
a permanent impairment on exercise performance, it is
still unclear if the decrease in exercise tolerance recov-
ers after a few days,” alongside with symptomatic
recovery,®*”:%> or whether it is sustained on a long-term,
with studies?®?® even suggesting a sustained impairment
2 years after the exacerbation. It is known that (i) differ-
ent types of AECOPD result in distinct clinical findings,
prognosis and responses to treatment®®®’; (ii) hospital-
ized patients with AECOPD are the ones presenting worse
prognosis®®; and (iii) the use of antibiotics and corticoste-
roids presents inconsistent benefits depending on the
clinical setting and severity of AECOPD.®® Since in one
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study?* only community managed AECOPD were included
and patients were mostly treated with a combination of
antibiotics and oral corticosteroids, while the other two
studies’®?® involved a percentage of AECOPD that
resulted in hospital admission and did not report the
exact number of patients treated with each medications,
it is likely that these factors may have contributed to
the disparity of the findings. Moreover, the six-minute
walk test presents a significant learning effect and evi-
dence shows the necessity of conducting the test twice
in AECOPD.®*7° Therefore, differences in the methodol-
ogy regarding the frequency and timing of assessments
and the number of tests performed, might have also con-
tributed to the inconsistency in the results. Future stud-
ies with robust methodologies are needed to clarify the
long-term effects of AECOPD on exercise tolerance.

Impact of exacerbations on functional impairment

Exacerbations lead to functional impairment observed by
reduced physical activity levels,?*2%27-*2 which seems to be
more accentuated in repeated AECOPD. An acute decrease
in physical activity levels is associated with the severe inac-
tivity and low amount of time spent in weight-bearing activi-
ties during hospitalization for AECOPD, general immobility
and tendency to become housebound.'®”"”> The worsening
of symptoms - particularly dyspnoea at rest - hypoxaemia,
muscle weakness and loss of exercise capacity might also
reduce physical activity levels.”"””*”* In turn, reduced physi-
cal activity levels lead to further skeletal muscle decondi-
tioning and reduction of exercise capacity, bringing patients
into a vicious cycle of symptoms and inactivity.”*”’ It has
been hypothesized that this vicious cycle could explain
the long-term effect of AECOPD on physical activity lev-
els.”* Nevertheless, conflicting evidence was found,’*”®
with studies showing that physical activity levels can
either recover in a few days/weeks or may not return to
pre-exacerbation levels, especially in the case of frequent
exacerbators.?>2740427 The differences in the time-
points of assessment and outcome measures used (e.g.,
objective vs. subjective measures) might have contributed
to the heterogeneity in the results found.®® Further stud-
ies, following the international recommendations on how
to measure physical activity in patients with COPD,®" are
needed to better understand the impact of AECOPD on
physical activity over time.

Impact of exacerbations on quality of life

The effects of exacerbations on QoL were the most studied.
A long-term decline (up to 8 years) in QoL due to AECOPD
was found,?”-2%-33:3443,:45 which was more pronounced in fre-
quent exacerbators,?®:2%:31,:33:3543-45 g jagesting a cumula-
tive effect of repeated exacerbations in this domain. It is
known that AECOPD have a huge impact on patients' every-
day activities (e.g., walking, sleeping, work) and, conse-
quently, they feel unable to maintain their lifestyle and
make plans.®*®* Given these reasons and all the consequen-
ces of AECOPD mentioned above on complaints, physiologi-
cal functioning and functional impairment, the decline on
QoL was expected.
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Implications of the findings for research

In sum, heterogeneity amongst the presentation and trajec-
tory of recovery of exacerbations was found, and there is at
least a subset of patients presenting a sustained worsening
of health status after (repeated) exacerbations. This hetero-
geneity might have been influenced by the variety of
AECOPD definitions found, as it is known that even small
changes in the definition used affect the incidence rate,
type and classification of exacerbations, with event-based
AECOPD being usually considerably less identified and in spe-
cific groups of patients.?*#3-8¢ The underlying cause of the
AECOPD (e.g., viral exacerbations are known for being more
severe and taking a longer recovery time),®’ its severity,
treatment setting (e.g., hospital vs. home), the standard of
care provided (i.e., pharmacological treatment), presence
of comorbidities, socioeconomic status and/or knowledge
about the disease, might have also contributed to the het-
erogeneity found.®””®”>> A more accurate definition of
AECOPD and understanding of its aetiology and diagnosis is,
therefore, critical to better recognise exacerbations’ clini-
cal impacts and improve treatment strategies. Despite this
heterogeneity, AECOPD are usually treated uniformly (i.e.,
bronchodilators, systemic corticosteroids and/or antibiot-
ics) without considering the different underlying outcomes
and treatment needs.’ Since one size does not fit all, com-
prehensive health status assessments that allow the identifi-
cation of distinct treatable traits amongst individuals are
crucial to personalize treatments, contributing to improved
AECOPD recovery and prevention.”” In this review, we have
found that no study assessed all the domains that compose
health status, thus future studies should explore the effects
of AECOPD on patients’ health status using comprehensive
measures. Moreover, early pulmonary rehabilitation is a safe
intervention for the management of patients with AECOPD
that has been shown to improve QoL, and reduce the length
of hospitalization, hospital readmissions and mortality in
these patients, while targeting several treatable traits (e.
g., physical activity, exercise capacity, muscle weakness,
dyspnoea) that are associated with exacerbation recur-
rence.*?¢® Evidence suggests that pulmonary rehabilita-
tion may be offered to patients with AECOPD to recover
their pre-exacerbation health status.’” Pulmonary rehabili-
tation seems particularly important to those presenting a
late recovery or who never recover to pre-exacerbation lev-
els.”” Future studies should focus on personalizing pulmo-
nary rehabilitation programs to target the different
identified treatable traits during AECOPD.?*%>

Methodological considerations

This scoping review has some strengths and limitations that
need to be acknowledged. To our knowledge, this is the first
review of the impact of AECOPD in the different sub-domains
of health status in patients with COPD. A thorough search
and screening were performed, and rigorous methodological
and reporting frameworks (JBI and PRISMA-ScR) were fol-
lowed. Nevertheless, we did not publish a protocol of the
study before conducting this scoping review, thus the meth-
ods were not peer-reviewed prior to our search. Several con-
cepts have been used to define health status and numerous
tools were designed to assess the different aspects of this
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comprehensive measure. To ensure clarity, this work fol-
lowed a previously published assessment framework for
health status in patients with COPD.'® Additionally, the sum-
mary of the impacts of AECOPD on the different domains of
health status was challenging due to the diversity in exacer-
bation definition and diagnosis, timepoints of assessment,
outcome measures used, and lack of clarity of some results
found. Most studies included a population combining differ-
ent AECOPD severities, treatments and/or treatment set-
tings, which prevented the presentation of these results
separately. All these aspects have hampered results synthe-
sis. Lastly, since most of the studies included were focused
on moderate to severe AECOPD, the findings of this review
cannot be translated to mild AECOPD.

Conclusion

Exacerbations of COPD result in both acute and long-term
impairments in all health status domains. Acutely, there is a
worsening of symptoms and impact of the disease, and a
reduction in exercise capacity, quadriceps muscle strength
and physical activity levels. Long-term negative effects are
noticed on complaints, quadriceps muscle strength and qual-
ity of life. Repeated exacerbations result in a reduction of
FFM and further worsening of complaints and QoL. However,
the impact of repeated exacerbations on exercise tolerance
and physical activity levels, and the trajectory of patients'
recovery, is less clear due to the lack of studies and conflict-
ing evidence found. Future research focused on these
aspects is therefore warranted.
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