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TaggedPAbstract This scoping review summarized the evidence regarding the impact of acute exacer-
bations of COPD (AECOPD) on patients' health status beyond pulmonary function.

PubMed, Embase, and Web of Science were searched. Prospective cohort studies assessing the
health status of patients with COPD in a stable phase of the disease and after a follow-up period
(where at least one AECOPD occurred) were included. An integrated assessment framework of
health status (i.e., physiological functioning, complaints, functional impairment, quality of life)
was used.
TaggedEndTAGGEDPKEYWORDS
COPD;
Acute exacerbations;
Health status TaggedEnd
alking distance; 95%CI, 95% confidence interval; AECOPD, acute exacerbation of chronic obstructive
dex; CAT, COPD assessment test; CCQ, clinical COPD questionnaire; CES-D, centre for epidemiological
ic obstructive pulmonary disease; CRQ, chronic respiratory disease questionnaire; EQ-5D, EuroQoL 5-
ctional assessment of chronic illness therapy-fatigue; FEV1, forced expiratory volume in one second;
tive for chronic obstructive lung disease; mMRC, modified Medical Research Council dyspnoea question-
items for systematic reviews and meta-analysis extension for scoping reviews; QMVC, quadriceps max-
lity of life; SF-12, 12-item short form health survey; SF-36, 36-item short form health survey; SGRQ,
re; VMU, vector magnitude units.
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TaggedEndTaggedP 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 España, 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/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPChronic 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.1 On average, patients with COPD experi-
ence 1 to 4 AECOPD per year,2,3 which account for 50�70%
of all COPD related-costs and increase their susceptibility to
new AECOPD, hospitalization, and death.1,4,5 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.1,6 Even a single AECOPD results
in accelerated lung function decline and disease progres-
sion.7-9 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.1,10-12 In 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.1,13 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.1,11 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.1,11,14-16 TaggedEnd

TaggedPHealth status can be defined as the impact of health on a
person's ability to perform and derive fulfilment from daily
life activities.17 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.18 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.16,18-20 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.TaggedEnd

TaggedPThus, 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:
519
TaggedEndTaggedPwhat do we know about the impact of AECOPD on the differ-
ent sub-domains of health status in patients with COPD? TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThis review followed the updated methodological frame-
work to conduct scoping reviews proposed by Peters and col-
leagues,21 and is reported according to the Preferred
Reporting Items for Systematic reviews and Meta-analyses
extension for Scoping Reviews (PRISMA-ScR) checklist
guidelines.22TaggedEnd

TaggedH2Database and search strategy TaggedEnd

TaggedPOne 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. TaggedEnd

TaggedPA 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. TaggedEnd

TaggedH2Selection criteriaTaggedEnd

TaggedPStudies 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



TaggedEndA. Machado, M. Barusso, J. De Brandt et al.
TaggedEndTaggedPfrequent 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.23TaggedEnd

TaggedPStudies 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. TaggedEnd

TaggedPBased on the sub-classification of health status previ-
ously proposed for patients with COPD,18 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. TaggedEnd
TaggedH2Data extraction TaggedEnd

TaggedPA 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 (FEV1)), definition of (frequent) exacer-
bations used, AECOPD management and setting, measures
of health status and main results regarding health status
was collected. TaggedEnd
TaggedH2Data synthesis TaggedEnd

TaggedPData 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.18 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. TaggedEnd
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TaggedH1Results TaggedEnd

TaggedH2Search results TaggedEnd

TaggedPThe 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). TaggedEnd
TaggedH2General characteristics TaggedEnd

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

TaggedPMost studies (n = 14) defined AECOPD based on an
increase in respiratory symptoms24-37 leading to changes in
medication (n = 12) (e.g., treatment with antibiotics or sys-
temic steroids)26,28,30,31,33-35,37-41 or to hospitalization
(n = 4).35,38,39,41 Follow-up time varied from six weeks up to
eight years. Ninety-one percent (n = 20) of the
studies25,26,28-45 involved 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.24,26,28,29,37,40,41,45 Most reported treatment was
composed by antibiotics, oral steroids or a combination of
both (n = 10).25,26,28,29,34,37-41 Twelve studies included a
sample combining patients treated at home with patients
treated in the hospital.26-29,33,36-42 TaggedEnd
TaggedH2Tools used to assess health status TaggedEnd

TaggedPPhysiological functioning was assessed in five studies with
the six-minute walking distance (6MWD),24,26,28,29 the quad-
riceps maximum voluntary contraction (QMVC)24,30 and the
fat-free mass (FFM).30TaggedEnd

TaggedPComplaints were assessed in nine studies with the modi-
fied Medical Research Council dyspnoea questionnaire
(mMRC),26,28,44 the COPD assessment test (CAT),35,37-39 the
clinical COPD questionnaire (CCQ)35,36 and the functional
assessment of chronic illness therapy-fatigue (FACIT-F).24 TaggedEnd

TaggedPFunctional impairment was assessed in five studies via
physical activity levels.24,25,27,40,42 Physical activity was
objectively assessed by daily step count25,40 and the time
spent in light24 or higher intensity (i.e.,>3000 vector magni-
tude units (VMU))42 activities. The time spent indoors/
outdoors25,27 was quantified based on a diary. TaggedEnd

TaggedPFinally, QoL was assessed in twelve studies with the Saint
George’s respiratory questionnaire (SGRQ),27-29,31-34,43-45

the chronic respiratory disease questionnaire (CRQ),28,34 the
36-item short form health survey (SF-36),35,43 the 12-item
short form health survey (SF-12),33 the EuroQoL 5-dimension
questionnaire (EQ-5D)35 and the centre for epidemiologic
studies depression scale (CES-D).41 TaggedEnd

TaggedPFig. 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.



TaggedFigure

Figure 1 PRISMA flowchart of the included studies. TaggedEnd
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TaggedEndTaggedPInstead, the majority of studies25,30-34,36-43,45 (n = 15)
focused on a single health status domain.TaggedEnd
TaggedH2Influence of exacerbations on physiological function TaggedEnd

TaggedPTwo studies24,26 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).24 In
addition, studies exploring the effects of repeated
AECOPD26,28,29 also found a consistent decline in the 6MWD
however, the recovery trajectory was conflicting. One
study24 reported that the 6MWD increased back to the pre-
exacerbation status after seven days, whereas more
extended studies26,28 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).26,28 TaggedEnd

TaggedPQMVC was significantly reduced three and seven days
after the onset of AECOPD symptoms.24 A decline in QMVC
521
TaggedEndTaggedPover a 1-year follow-up was also observed but with no corre-
lation with having frequent exacerbations (i.e., two or more
per year).30 Yet, frequent exacerbators had a more pro-
nounced decline in FFM.30 TaggedEnd
TaggedH2Influence of exacerbations on complaints TaggedEnd

TaggedPA consistent worsening of complaints at the onset of an
AECOPD was found across all outcome measures.24,26,36,37TaggedEnd

TaggedPThere 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.26 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.26 A
second study also corroborated these findings by reporting
higher mMRC scores in frequent exacerbators.28 TaggedEnd

TaggedPSimilarly, 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



TaggedEnd 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

assessment
Population Exacerbation – definition, treatment &

setting
Health status assessment
measure

Main results

Miravitlles et al.,
200433

Observational prospec-
tive study

Time points:
- Baseline
- Every 6 months during 2
years

Total sample:
n=336; 98% male;
66±8 years;
FEV1 33.0±8.0 %predicted; BMI 27.4±4.0 kg/m2

Frequent exacerbators (≥3 AECOPD in 2 years):
n=158; 98% male;
66±9 years;
FEV1 31.8±8.0 %predicted; BMI 27.0±4.1 kg/m2

Infrequent exacerbators (<3 AECOPD in 2 years):
n=178; 98% male;
67±8 years;
FEV1 34.2±8.0 %predicted; BMI 27.8±3.9 kg/m2

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

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

- Defined as a sustained worsening of
patient's condition from the stable state
characterized by the increase of any
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

SGRQ symptoms score

SGRQ activity score

SGRQ impact score

SGRQ total score

SF-12 physical component
score

SF-12 mental component
score

Baseline vs. 6 months vs. 1 year vs. 18 months vs. 2 year
Frequent exacerbators: 52±20 vs. 44 vs. 49 vs. 43 vs. 47±19
Infrequent exacerbators: 45±20 vs. 33 vs. 38 vs. 31 vs. 34±19
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: 37±8 vs. 2 year: 37±9
Infrequent exacerbators:
Baseline: 40±10 vs. 2 year: 40±9
Frequent exacerbators vs. Infrequent exacerbators: p<0.05

Frequent exacerbators:
Baseline: 49±13 vs. 2 year: 50±12
Infrequent exacerbators:
Baseline: 51±12 vs. 2 year: 51±12
Frequent exacerbators vs. Infrequent exacerbators: p>0.05

Donaldson et al.,
200527

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

Total sample:
n=147; 69% male;
68±8 years;
FEV1 40.9±15.7 %predicted

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

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

- 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

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

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

Annual decline: -1.3 (95%CI: -2.0 to -0.7), ↓2.0%/year, p<0.001

Annual decline: 1.5 (95%CI: 1.0 to 1.1), ↑2.1%/year, p<0.001

Annual decline: 1.5 (95%CI: 0.9 to 2.1), ↑3.8%/year, p<0.001

Annual decline: 1.0 (95%CI: 0.6 to 1.5), ↑1.9%/year, p<0.001
Cote et al., 200726 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

Total sample:
n=130; 94% male;
67±9 years;
FEV1 39.5±15.0 %predicted; BMI 27.4±5.9 kg/m2

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

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

6MWD (m)

mMRC grade

Total sample:
Baseline: 354±119 vs. AECOPD: ↓72 (20.4%) vs. 6 months: ↓37 (10.5%) vs. 1
year: ↓49 (13.9%) vs. 2 years: ↓74 (21.0%), p<0.001
Single exacerbators:
Baseline: 385±116 vs. AECOPD: ↓77 (20.0%) vs. 1 year: ↓51 (13.0%) vs. 2
years: ↓81 (21.0%)
Frequent exacerbators:
Baseline: 334±117 vs. AECOPD: ↓69 (21.0%) vs. 1 year: ↓49 (15.0%) vs. 2
years: ↓67 (20.0%)

Total sample:
Baseline: 2.3±0.9 vs. AECOPD: ↑0.5 (20.6%) vs. 6 months: ↑0.2 (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: ↑0.2 (10.0%) vs. 2
years: ↑0.2 (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%)
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TaggedFigure

Figure 2 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. TaggedEnd

TaggedEndA. Machado, M. Barusso, J. De Brandt et al.
TaggedEndTaggedPto seven days after the onset of the exacerbation.37 Consis-
tently, a faster deterioration in the CAT score (yearly
change) was found in patients with exacerbations in compar-
ison to non-exacerbators.35 In addition, patients presenting
a sustained worsening on CATscore (i.e., increase �2 points)
had a higher number of exacerbations.38,39 TaggedEnd

TaggedPAn increase (worsening) in the CCQ total score was found
at the onset of an AECOPD, which recovered in the post-
AECOPD assessment.36 This worsening was consistent across
all CCQ domains.36 The CCQ score also deteriorated over
time but without differences between exacerbators and
non-exacerbators.35 TaggedEnd

TaggedPA 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.24 TaggedEnd

TaggedH2Influence of exacerbations on functional
impairment TaggedEnd

TaggedPDaily step count was reduced during the first 7 days of an
AECOPD compared to a stable week.25 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.25 Conflicting results were found regarding the
annual decline, with one study25 finding a significantly faster
decline in frequent exacerbators (i.e., two or more AECOPD
per year) in comparison to infrequent exacerbators, and
another study40 finding no differences between the decline
of steps in frequent and infrequent exacerbators. TaggedEnd
528
TaggedPTime spent in activities >3000 VMU was reduced during
AECOPD in comparison to the preceding or subsequent
weeks.42 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.42 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.24TaggedEnd

TaggedPThere 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.27 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.27 However, inconsis-
tent results were found as in another study,25 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. TaggedEnd

TaggedH2Influence of exacerbations on quality of life TaggedEnd

TaggedPA consistent increase (worsening) in the SGRQ score with
exacerbations27,29,34,43,45 was reported, with frequent exac-
erbators presenting faster and more pronounced declines in
QoL.28,29,31,33,34,43-45 In a study with a 2-year follow-up,



TaggedFigure

Figure 3 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; "", greater increase than in single AECOPD; ##, greater decrease than in single AECOPD; *, only in repeated AECOPD; (?),
conflicting results found. TaggedEnd

TaggedEndPulmonology 29 (2023) 518�534
TaggedEndTaggedPpatients 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.32 TaggedEnd

TaggedPA 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-12.28,33-35,43 The EQ-5D
was found to decline annually in exacerbators and non-exac-
erbators, similarly.35TaggedEnd

TaggedPA 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.41 TaggedEnd

TaggedPA 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. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPThis 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
529
TaggedEndTaggedPincluded 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. TaggedEnd

TaggedH2Impact of exacerbations on complaints TaggedEnd

TaggedPAn AECOPD is defined by an acute worsening of respiratory
symptoms and it is usually characterized by increased airway
inflammation, mucus production and air trapping.1 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.46 Not
surprisingly, an acute worsening of complaints (i.e., dys-
pnoea and fatigue) during exacerbations was found.24,26

During this period, the worsening of airway obstruction
results in increased work of breathing, dynamic



TaggedEndA. Machado, M. Barusso, J. De Brandt et al.
TaggedEndTaggedPhyperinflation and hypoxaemia, leading to symptoms of dys-
pnoea and fatigue.47-49 These symptoms usually recover fol-
lowing the exacerbation,47,49 yet persistent (up to 2 years)
and higher increases in dyspnoea levels were found in fre-
quent exacerbators,26,28 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,35,37-39 and associated to the worsening of lung func-
tion, systemic inflammation and functional status.50,51 TaggedEnd

TaggedH2Impact of exacerbations on physiological function TaggedEnd

TaggedPExacerbations result in physiological impairment. There is
an immediate reduction in QMVC three and seven days after
the onset of exacerbation symptoms.24 The increased sys-
temic inflammation appears to contribute to this, as QMVC
has been correlated with systemic levels of IGF-I and CXCL8
in AECOPD52; and pro-inflammatory cytokines activate path-
ways leading to atrophy and inflammation-induced muscle
dysfunction.53,54 The reduced physical activity levels and
medication used (e.g., corticosteroids) during this period
seem to also play a role in QMVC reduction.53,55 Moreover,
the increased cost of ventilation during exacerbations
increases resting energy expenditure, with negative conse-
quences on body weight and muscle mass,55 highlighting a
potential role of nutritional support in these patients.56

Over the 1-year follow-up, one study found that frequent
exacerbations were associated with FFM decline,30 possibly
indicating a cumulative effect of AECOPD on muscle mass
depletion � the main constituent of FFM.57 Furthermore,
the same study found that the decline in FFM was also associ-
ated with the use of maintenance oral corticosteroids,30

which has been described in steroid-induced myopathy.58,59

Given the known relationship between reduced muscle mass
and muscle strength impairment,58,60,61 one could expect
that frequent AECOPD would also be associated with QMVC
decline. Nevertheless, no association was found,30 showing
that muscle mass and muscle strength are not always
reduced in the same proportion.62 Further research is there-
fore needed to enhance our understanding on the impact of
AECOPD on muscle dysfunction. TaggedEnd

TaggedPExacerbations (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.47,63 Moreover,
fatigue and quadriceps muscle weakness also play a role
as limiting factors of exercise performance.64 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,24 alongside with symptomatic
recovery,6,47,65 or whether it is sustained on a long-term,
with studies26,28 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 treatment66,67; (ii) hospital-
ized patients with AECOPD are the ones presenting worse
prognosis68; and (iii) the use of antibiotics and corticoste-
roids presents inconsistent benefits depending on the
clinical setting and severity of AECOPD.68 Since in one
530
TaggedEndTaggedPstudy24 only community managed AECOPD were included
and patients were mostly treated with a combination of
antibiotics and oral corticosteroids, while the other two
studies26,28 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.69,70 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. TaggedEnd
TaggedH2Impact of exacerbations on functional impairment TaggedEnd

TaggedPExacerbations lead to functional impairment observed by
reduced physical activity levels,24,25,27,42 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.16,71,72 The worsening
of symptoms - particularly dyspnoea at rest - hypoxaemia,
muscle weakness and loss of exercise capacity might also
reduce physical activity levels.71,73,74 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.74-77 It has
been hypothesized that this vicious cycle could explain
the long-term effect of AECOPD on physical activity lev-
els.74 Nevertheless, conflicting evidence was found,74,78

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.25,27,40,42,79 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.80 Further stud-
ies, following the international recommendations on how
to measure physical activity in patients with COPD,81 are
needed to better understand the impact of AECOPD on
physical activity over time. TaggedEnd
TaggedH2Impact of exacerbations on quality of life TaggedEnd

TaggedPThe effects of exacerbations on QoL were the most studied.
A long-term decline (up to 8 years) in QoL due to AECOPD
was found,27,29,33,34,43,45 which was more pronounced in fre-
quent exacerbators,28,29,31,33-35,43-45 suggesting 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.82-84 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. TaggedEnd
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TaggedH2Implications of the findings for research TaggedEnd

TaggedPIn 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.23,85,86 The underlying cause of the
AECOPD (e.g., viral exacerbations are known for being more
severe and taking a longer recovery time),87 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.67,87-93 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.94 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.95 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.4,96-98 Evidence suggests that pulmonary rehabilita-
tion may be offered to patients with AECOPD to recover
their pre-exacerbation health status.99 Pulmonary rehabili-
tation seems particularly important to those presenting a
late recovery or who never recover to pre-exacerbation lev-
els.90 Future studies should focus on personalizing pulmo-
nary rehabilitation programs to target the different
identified treatable traits during AECOPD.94,95 TaggedEnd

TaggedH2Methodological considerations TaggedEnd

TaggedPThis 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
531
TaggedEndTaggedPcomprehensive measure. To ensure clarity, this work fol-
lowed a previously published assessment framework for
health status in patients with COPD.18 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. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPExacerbations 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. TaggedEnd
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