
Incidence of acute exacerbations of chronic respiratory disease
during pulmonary rehabilitation delivered at home or hospital

To the Editor:

Pulmonary rehabilitation is an important treatment for people with chronic respiratory disease [1].
Alternative models of pulmonary rehabilitation, including telerehabilitation, have demonstrated comparable
improvements in outcomes such as quality of life and exercise capacity to traditional centre-based (hospital
or community) models, but higher completion rates [2]. People with chronic respiratory disease are
susceptible to viral infections that are a major cause of acute exacerbations of symptoms, and ultimately
impact on quality of life and disease burden [3, 4]. Exacerbations may occur during centre-based
pulmonary rehabilitation and can be a barrier to attendance [5, 6]. Infection control measures, such as
physical distancing and shielding in at-risk populations, can have an important role in the prevention of
exacerbations, as evidenced by the substantial reduction in the number of exacerbations of chronic
respiratory disease during the COVID-19 pandemic [7–9]. Compared to centre-based rehabilitation models
that are conventionally delivered via face-to-face group settings, telerehabilitation models delivered
remotely into the home may allow greater attainment of infection control measures such as physical
distancing or avoidance of group gatherings and thus potentially reduce exposure to major causes of
exacerbations (e.g. virus transmission). However, whether the likelihood of an exacerbation in people with
chronic respiratory disease is lower when undertaking telerehabilitation within the home environment
compared to centre-based pulmonary rehabilitation is not clear.

The REACH (Rehabilitation Exercise At Home) trial [10] was a multicentre, randomised controlled
equivalence trial conducted between 2016 and 2020 that compared the clinical equivalence of 8 weeks of
telerehabilitation (at home) and centre-based pulmonary rehabilitation (hospital outpatient) in chronic
respiratory disease. The aim of the present secondary analysis was to compare the incidence of
exacerbations in people with chronic respiratory diseases undertaking pulmonary rehabilitation remotely at
home (telerehabilitation) to people having conventional in-person group classes of centre-based pulmonary
rehabilitation. We hypothesised that number of exacerbations may be lower in telerehabilitation participants
who received pulmonary rehabilitation at home. An additional aim was to identify clinical characteristics
associated with exacerbations during rehabilitation.

The trial (ACTRN12616000360415) methods [11] and primary analyses have been published [10]. Briefly,
people were included if they had a primary diagnosis of COPD, asthma, interstitial lung disease or
bronchiectasis, were aged ⩾40 years, and were able to read and speak English and provide informed
consent. People were excluded if they: had attended pulmonary rehabilitation within the previous
18 months, unless they had experienced an exacerbation requiring hospitalisation since completion; were
unable to complete cardiopulmonary exercise testing; experienced an emergency department presentation
or hospitalisation due to brittle or unstable asthma within the previous 3 months; or had comorbidities that
precluded exercise training.

All participants attended a centre for comprehensive baseline assessment and collection of demographic
information including comorbidities, long-term oxygen use, previous pulmonary rehabilitation and
hospitalisation history. Participants in both groups received an 8-week programme of twice-weekly
supervised (aerobic and resistance) exercise training and standardised education and self-management
interventions including recognising and managing exacerbations. The centre-based participants undertook
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sessions at their local centre in groups of 8–16 people. Following a home visit, the telerehabilitation
participants undertook sessions remotely in virtual groups of 4–6 people.

To quantify exacerbations, data corresponding to each participant’s rehabilitation period were sourced from
hospital medical records and the government-funded Pharmaceutical Benefits Scheme, which details all
prescribed and subsidised medications including antibiotics and oral corticosteroids. An exacerbation was
classified as moderate when an antibiotics and/or oral corticosteroids prescription was filled, or severe if an
emergency department presentation or hospitalisation occurred. The research team were blinded to group
allocation during data extraction and analyses. Data were analysed using SPSS V.28.0 (IBM). Between-
group comparisons for exacerbations were compared using a Chi-squared test. Associations of clinical
characteristics (including sex, history of hospitalisation, type of lung disease, 6-min walk test distance,
chronic respiratory disease questionnaire dyspnoea score and time in moderate-to-vigorous physical activity)
with exacerbations during pulmonary rehabilitation were tested via logistic regression. The number of
programme sessions attended in those who did or did not experience exacerbations during pulmonary
rehabilitation were compared using the Mann–Whitney U-test. Statistical significance was set at p<0.05.

A total of 140 participants participated in this trial (telerehabilitation n=70; centre-based rehabilitation
n=70). A total of 52 participants experienced an exacerbation across both intervention groups. No
statistically significant differences were observed in the number of participants with moderate exacerbations
(telerehabilitation n=26 versus centre-based n=22; p=0.476) or severe exacerbations (telerehabilitation n=4
versus centre-based n=2; p=0.404), or both (telerehabilitation n=28 versus centre-based n=24; p=0.484).
There were also no significant differences in the number of participants with filled prescriptions of
antibiotics only (telerehabilitation n=17 versus centre-based n=15; p=0.687) or oral corticosteroids only
(telerehabilitation n=4 versus centre-based n=7; p=0.346), or both (telerehabilitation n=10 versus
centre-based n=5; p=0.172). Analysis comparing the number of participants who experienced an
exacerbation (n=52) with those who did not (n=88) demonstrated that significantly more females than
males experienced an exacerbation during their rehabilitation period (p=0.004) but no other between-group
differences in clinical characteristics including programme completion and number of sessions attended
(table 1). A binary logistic regression model demonstrated that females were 3.6 (95% CI 1.5–9.4) times

TABLE 1 Characteristics of participants with or without an exacerbation during the rehabilitation period

Participants with ⩾1
exacerbation (n=52)

Participants with no
exacerbation (n=88)

Between-group difference,
p-value

Age, years 67 (62–73) 70 (63–73) 0.413
Male 16 (31) 49 (56) 0.004*
Diagnosis
COPD 36 (69) 63 (72) 0.678
Bronchiectasis 8 (15) 10 (11)
Asthma 3 (6) 9 (10)
ILD 5 (10) 6 (7)

Number of comorbidities 3 (2–5) 4 (2–5) 0.984
FEV1, % predicted, mean±SD 62±4 61±3 0.728
Long-term oxygen therapy 7 (14) 5 (6) 0.117
Smoking status
Current smoker 6 (12) 12 (14) 0.761
Ex-smoker 40 (77) 62 (71)
Never smoker 6 (12) 13 (15)

HADS score
Anxiety 5 (2–10) 6 (3–10) 0.416
Depression 5 (3–7) 4 (3–8) 0.690

mMRC scale score, n (0/1/2/3/4) 1/26/15/10/0 2/34/31/16/5 0.357
Hospitalisation in previous 12 months 13 (25) 13 (15) 0.150
Previous pulmonary rehabilitation attendance 15 (29) 15 (17) 0.100
Programme completion 42 (81) 73 (82) 0.877
Number of programme sessions attended
Telerehabilitation 13 (11–15) 14 (12–15) 0.240
Centre-based rehabilitation 15 (11–16) 15 (10–16) 0.435

Data are presented as median (interquartile range) or n (%) participants, unless otherwise stated. FEV1: forced expiratory volume in 1 s; HADS:
Hospital Anxiety and Depression Scale; ILD: interstitial lung disease; mMRC: modified Medical Research Council. *: p<0.05.
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more likely to experience an exacerbation than males. Participants with a hospitalisation in the previous
12 months were 2.2 (95% CI 0.8–5.9) times more likely to experience an exacerbation (than those without
hospitalisation in the previous 12 months); however, this was not statistically significant.

This secondary analysis of a randomised controlled trial demonstrated that: 1) approximately a third (37%)
of people with chronic respiratory disease experienced a moderate-to-severe exacerbation during 8 weeks of
pulmonary rehabilitation; 2) the incidence of exacerbation was similar between programmes delivered at
home or at a centre; 3) programme completion rates were similar in people who did and did not experience
an exacerbation during the programme; and 4) females were more likely to experience an exacerbation
during rehabilitation.

The incidence of exacerbations was comparable to participants with COPD reporting exacerbations in
8 weeks of outpatient rehabilitation (21%) [6] or inpatient rehabilitation before and during the COVID-19
pandemic (31–54%) [12]. Although this study was completed prior to the COVID-19 pandemic, the
findings provide reassurance that people with chronic respiratory disease are not more likely to experience
exacerbations during rehabilitation delivered in group settings compared to remote delivery. Like previous
work in COPD, albeit not in a pulmonary rehabilitation context, females were more likely to experience an
exacerbation [13]. Although not statistically significant, the two-fold greater odds of exacerbations in
people who experienced a hospitalisation in the previous 12 months is in line with previous estimates in
COPD [14] that had measured exacerbations over a longer duration and with larger sample sizes.

Limitations of note for the current study are that it was a secondary analysis of a trial; it was not powered
for analysis of exacerbations during pulmonary rehabilitation nor designed to investigate all potential risk
factors and triggers associated with exacerbations (e.g. seasonality and indoor/outdoor air quality). We did
not have ethics approval to collect retrospective data on history of hospitalisation at baseline, which may
have impacted the assessed associations. However, our previous work has shown that in COPD,
self-reporting of hospitalisations is reasonably accurate [15]. Whilst our definitions of exacerbations are
well accepted, we did not ascertain the cause of exacerbations and cannot be entirely certain that all
antibiotics or corticosteroid prescriptions were for managing exacerbations. Participants with brittle or
uncontrolled asthma who had an emergency department presentation or hospitalisation in the 3 months
prior to the study were excluded, which may have affected the prevalence of exacerbations in the subgroup
of asthma participants.

In conclusion, this study suggests the incidence of exacerbations of chronic respiratory disease is similar
during pulmonary rehabilitation delivered at home or at a centre. Females are at a greater risk of
exacerbation during rehabilitation, and further work is required to elucidate the pathophysiological,
biological and social determinants that underlie this sex-related difference.

Angela T. Burge1,2,3, Narelle S. Cox 1,3, Arkash Ponnudurai1, Anne E. Holland 1,2,3,
Janet Bondarenko 1,2, Catherine J. Hill4 and Arwel W. Jones 1

1Respiratory Research@Alfred, Monash University, Melbourne, Australia. 2Physiotherapy Department,
Alfred Health, Melbourne, Australia. 3Institute for Breathing and Sleep, Heidelberg, Australia.
4Physiotherapy Department, Austin Health, Heidelberg, Australia.

Corresponding author: Angela Burge (angela.burge@monash.edu)

Provenance: Submitted article, peer reviewed.

Ethics statement: Ethical approval for all sites was granted by the Alfred Health Human Research Ethics Committee
(HREC/15/Alfred/101, local reference 26/16), with governance approvals obtained from all sites.

Conflict of interest: All authors have nothing to disclose.

Support statement: Funding for the main trial was from a competitive National Health and Medical Research
Council (NHMRC) project grant (GNT 1101616). N.S. Cox was the holder of an NHMRC Early Career Fellowship (GNT
1119970) during the conduct of the main trial. Funding information for this article has been deposited with the
Crossref Funder Registry.

https://doi.org/10.1183/23120541.00209-2024 3

ERJ OPEN RESEARCH RESEARCH LETTER | A.T. BURGE ET AL.

https://orcid.org/0000-0002-6977-1028
https://orcid.org/0000-0003-2061-845X
https://orcid.org/0000-0002-2332-4417
https://orcid.org/0000-0003-1689-8065
mailto:angela.burge@monash.edu
https://www.crossref.org/services/funder-registry/


References
1 Holland AE, Cox NS, Houchen-Wolloff L, et al. Defining modern pulmonary rehabilitation. An official American

Thoracic Society workshop report. Ann Am Thorac Soc 2021; 18: e12–e29.
2 Cox NS, Dal Corso S, Hansen H, et al. Telerehabilitation for chronic respiratory disease. Cochrane Database

Syst Rev 2021; 1: CD013040.
3 Hewitt R, Farne H, Ritchie A, et al. The role of viral infections in exacerbations of chronic obstructive

pulmonary disease and asthma. Ther Adv Respir Dis 2016; 10: 158–174.
4 Barnes N, Calverley PM, Kaplan A, et al. Chronic obstructive pulmonary disease and exacerbations: patient

insights from the global Hidden Depths of COPD survey. BMC Pulm Med 2013; 13: 54.
5 Keating A, Lee A, Holland AE. What prevents people with chronic obstructive pulmonary disease from

attending pulmonary rehabilitation? A systematic review. Chron Respir Dis 2011; 8: 89–99.
6 Steele BG, Belza B, Cain K, et al. The impact of chronic obstructive pulmonary disease exacerbation on

pulmonary rehabilitation participation and functional outcomes. J Cardiopulm Rehabil Prev 2010; 30: 53–60.
7 Alqahtani JS, Oyelade T, Aldhahir AM, et al. Reduction in hospitalised COPD exacerbations during COVID-19: A

systematic review and meta-analysis. PLoS One 2021; 16: e0255659.
8 Crichton ML, Shoemark A, Chalmers JD. The impact of the COVID-19 pandemic on exacerbations and

symptoms in bronchiectasis: a prospective study. Am J Respir Crit Care Med 2021; 204: 857–859.
9 Davies GA, Alsallakh MA, Sivakumaran S, et al. Impact of COVID-19 lockdown on emergency asthma

admissions and deaths: national interrupted time series analyses for Scotland and Wales. Thorax 2021; 76:
867–873.

10 Cox NS, McDonald CF, Mahal A, et al. Telerehabilitation for chronic respiratory disease: a randomised
controlled equivalence trial. Thorax 2022; 77: 643–651.

11 Cox NS, McDonald CF, Alison JA, et al. Telerehabilitation versus traditional centre-based pulmonary
rehabilitation for people with chronic respiratory disease: protocol for a randomised controlled trial. BMC
Pulm Med 2018; 18: 71.

12 Waeijen-Smit K, Houben-Wilke S, Posthuma R, et al. Impact of coronavirus disease 2019 related infection
prevention and control measures on the occurrence of COPD exacerbations during inpatient pulmonary
rehabilitation. Chronic Obstr Pulm Dis 2023; 10: 127–138.

13 Celli B, Vestbo J, Jenkins CR, et al. Sex differences in mortality and clinical expressions of patients with
chronic obstructive pulmonary disease: the TORCH experience. Am J Respir Crit Care Med 2011; 183: 317–322.

14 Garcia-Aymerich J, Farrero E, Felez M, et al. Risk factors of readmission to hospital for a COPD exacerbation:
a prospective study. Thorax 2003; 58: 100–105.

15 Grimwood CL, Holland AE, McDonald CF, et al. Comparison of self-report and administrative data sources to
capture health care resource use in people with chronic obstructive pulmonary disease following pulmonary
rehabilitation. BMC Health Serv Res 2020; 20: 1061.

https://doi.org/10.1183/23120541.00209-2024 4

ERJ OPEN RESEARCH RESEARCH LETTER | A.T. BURGE ET AL.


	Incidence of acute exacerbations of chronic respiratory disease during pulmonary rehabilitation delivered at home or hospital
	References


