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Summary
Background The risk factors for recovery from COVID-19 dyspnoea are poorly understood. We investigated
determinants of recovery from dyspnoea in adults with COVID-19 and compared these to determinants of
recovery from non-COVID-19 dyspnoea.

Methods We used data from two prospective cohort studies: PHOSP-COVID (patients hospitalised between
March 2020 and April 2021 with COVID-19) and COVIDENCE UK (community cohort studied over the same
time period). PHOSP-COVID data were collected during hospitalisation and at 5-month and 1-year follow-up
visits. COVIDENCE UK data were obtained through baseline and monthly online questionnaires. Dyspnoea
was measured in both cohorts with the Medical Research Council Dyspnoea Scale. We used multivariable
logistic regression to identify determinants associated with a reduction in dyspnoea between 5-month and
1-year follow-up.

Findings We included 990 PHOSP-COVID and 3309 COVIDENCE UK participants. We observed higher odds of
improvement between 5-month and 1-year follow-up among PHOSP-COVID participants who were younger (odds
ratio 1.02 per year, 95% CI 1.01–1.03), male (1.54, 1.16–2.04), neither obese nor severely obese (1.82, 1.06–3.13
and 4.19, 2.14–8.19, respectively), had no pre-existing anxiety or depression (1.56, 1.09–2.22) or cardiovascular
disease (1.33, 1.00–1.79), and shorter hospital admission (1.01 per day, 1.00–1.02). Similar associations were
found in those recovering from non-COVID-19 dyspnoea, excluding age (and length of hospital admission).

Interpretation Factors associated with dyspnoea recovery at 1-year post-discharge among patients hospitalised with
COVID-19 were similar to those among community controls without COVID-19.

Funding PHOSP-COVID is supported by a grant from the MRC-UK Research and Innovation and the Department
of Health and Social Care through the National Institute for Health Research (NIHR) rapid response panel to tackle
COVID-19. The views expressed in the publication are those of the author(s) and not necessarily those of the
National Health Service (NHS), the NIHR or the Department of Health and Social Care.
COVIDENCE UK is supported by the UK Research and Innovation, the National Institute for Health Research, and
Barts Charity. The views expressed are those of the authors and not necessarily those of the funders.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Millions of people globally continue to be infected with
SARS-CoV-2 every week, but vaccination programmes
and therapeutics have greatly reduced the risk of severe
disease and death.1 With more than 650 million infe-
ctions recorded throughout the pandemic,1 and in-
creasing odds of surviving the disease, focus is turning
to the long-term effects of COVID-19, commonly
known as long COVID. Long COVID captures both
ongoing symptomatic COVID-19, consisting of symp-
toms lasting 4–12 weeks after the acute phase, and
post-COVID-19 syndrome, which describes symptoms
more than 12 weeks after the original infection.2 The
incidence and global prevalence of long COVID is
unknown, but UK estimates suggest that more than
2 million people—3.5% of the population—may be
affected.3

Dyspnoea is a common symptom of long COVID,
reported by more than 40% of those affected.3 The
symptom can be long lasting, with up to a fifth of
COVID-19 survivors experiencing dyspnoea for more
than 6 months after SARS-CoV-2 infection.4 Dyspnoea,
a key predictor of quality of life and exercise tolerance, is
associated with reduced functional status and worse
psychological outcomes.5 However, the mechanisms of
dyspnoea in different conditions are not yet fully un-
derstood, and management of the symptom can vary
according to the underlying cause.5

There are a growing number of longitudinal studies
assessing long COVID,6 and dyspnoea specifically.4 Our
previous analysis using 5-month follow-up data of hos-
pitalised COVID-19 patients in the PHOSP-COVID
cohort showed that the risk of post-COVID-19 dysp-
noea differed by a range of demographic and clinical
factors.7 However, there remains inconsistent evidence
on determinants of recovery over time. Additionally, as
most studies on post-COVID-19 dyspnoea only included
participants with COVID-19,4,7 it has not been possible
to discern whether identified determinants and trajec-
tories of recovery differ between post-COVID-19 dysp-
noea and dyspnoea following other illnesses. This is of
key importance both for biological understanding of the
condition and for informing possible targeted in-
terventions or rehabilitation therapies for those affected.
www.thelancet.com Vol 29 June, 2023
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Research in context

Evidence before this study
In a previous systematic review and meta-analysis conducted
by our group, we searched PubMed and Embase for studies of
post-COVID-19 dyspnoea published by November 2021, using
terms related to COVID-19, long-term follow-up, and
breathlessness or dyspnoea. This synthesis of 119 eligible
papers showed that 20% (95% CI 15–26) of COVID-19
patients reported post-COVID-19 dyspnoea at 7–12 months
post infection, with females and hospitalised/severe patients
more likely to suffer from this sequela; evidence on
pathophysiological mechanisms and targeted interventions
was inconclusive. During the past year, more papers on long-
term post-COVID-19 dyspnoea have been published. However,
most of these new studies have focused on the presence of
the symptom during follow-up and few have examined
determinants of recovery from dyspnoea over time.
Furthermore, longitudinal data on the recovery of dyspnoea
in concurrent non-COVID-19 control populations are lacking
for comparison.

Added value of this study
We used data from two nationwide prospective cohort
studies of UK adults: PHOSP-COVID (one of the world’s largest
cohorts of post-hospitalisation COVID-19 survivors) and

COVIDENCE UK (providing concurrent data from community
controls on non-COVID-19 dyspnoea). Based on repeated
measurements with Medical Research Council Dyspnoea Scale
from PHOSP-COVID participants, we observed higher odds of
improved dyspnoea from 5 months to 1 year after discharge
among those who were younger, male, neither obese nor
severely obese, without pre-existing depression/anxiety or
cardiovascular conditions, or had shorter hospital admission.
Similar associations were found among community controls
with non-COVID-19 dyspnoea as measured by the same scale,
excluding age (and hospitalisation duration). To our
knowledge, this is one of the largest longitudinal
investigations of recovery from COVID-19 dyspnoea.

Implications of all the available evidence
This analysis has found that determinants of dyspnoea recovery
over time among patients hospitalised with COVID-19 were
similar to those identified among community controls who
suffered from non-COVID-19 dyspnoea. These findings imply a
similar risk factor profile for the recovery of post-COVID-19
dyspnoea and non-COVID-19 dyspnoea, and provide
epidemiological evidence for clinical trials assessing whether
already established interventions for dyspnoea (e.g., pulmonary
rehabilitation) work effectively for post-COVID-19 dyspnoea.

Articles
To address this gap, we used data from two pro-
spective, longitudinal cohort studies to investigate de-
terminants of recovery from dyspnoea in people
hospitalised with COVID-19 comparing these to factors
associated with dyspnoea from other causes in com-
munity controls.

Methods
Data sources
This study report adheres to STROBE (Strengthening
the Reporting of Observational Studies in Epidemi-
ology) guidelines (appendix pp 2–3).8 We analysed data
from two prospective cohort studies of UK adults:
PHOSP-COVID and COVIDENCE UK.

PHOSP-COVID is a multicentre study of adults
(18 years or older) who were discharged following
inpatient treatment for COVID-19 from one of 83
National Health Service (NHS) hospitals in the UK. In
PHOSP-COVID, COVID-19 status was ascertained by a
reverse transcriptase polymerase chain reaction
(RT-PCR) test for SARS-CoV-2 or a clinician diagnosis.
Individuals were excluded if they attended the emer-
gency department but were not admitted to hospital or if
they had an existing condition with a life expectancy of
less than 6 months. For this analysis, we used data on
participants discharged from hospital between March
2020 and April 2021. Further details of this cohort have
been described previously.9
www.thelancet.com Vol 29 June, 2023
Data from COVIDENCE UK were analysed with the
main aim to assess determinants of dyspnoea recovery
among control participants without COVID-19. COVI-
DENCE UK is a longitudinal, population-based obser-
vational study of COVID-19 in UK residents aged
16 years or older.10 Participants were invited via a na-
tional media campaign to complete an online baseline
questionnaire and monthly follow-up questionnaires
capturing information on potential symptoms of
COVID-19, results of nose or throat swab tests for
SARS-CoV-2, COVID-19 vaccination status, medical
history, and ongoing symptoms including dyspnoea.
The study was launched on May 1, 2020, and closed to
enrolment on October 6, 2021.

Ethical approval and registration
PHOSP-COVID was approved by the Leeds West
Research Ethics Committee (20/YH/0225) and is regis-
tered with the ISRCTN Registry (ISRCTN10980107).
COVIDENCE UK was approved by Leicester South
Research Ethics Committee (ref 20/EM/0117) and is
registered with ClinicalTrials.gov (NCT04330599). All
participants in both studies provided informed consent to
participate.

Procedures and study participants
PHOSP-COVID cohort
In PHOSP-COVID, participant demographics and clin-
ical characteristics were obtained from hospital notes by
3
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the study team at each site or during the first in-person
research visit. Participants were invited to attend
research visits at 2–7 months (5-month visit) and at
10–14 months (1-year visit) after discharge. At each of
these visits, participants were asked to report their
breathlessness level using the Medical Research Council
(MRC) Dyspnoea Scale,11 a validated and widely used
five-point scale for grading the effect of dyspnoea on
daily activities. Scores ranged from "not troubled by
breathlessness except on strenuous exercise" (score 1) to
"too breathless to leave the house, or breathless when
dressing/undressing" (score 5). At the 5-month visit,
participants were additionally asked to recall their level
of breathlessness before COVID-19 onset using the
same scale, thus providing a recalled baseline value.

For this study, we included the subset of PHOSP-
COVID participants who attended both 5-month and
1-year in-person visits after discharge. Participants with
missing data in age, sex, or ethnicity (n = 7) were
excluded from analysis.

COVIDENCE UK cohort
Demographic and clinical characteristics for COVI-
DENCE UK participants were obtained from their
baseline questionnaire, along with their perceived bre-
athlessness as reported with the MRC Dyspnoea Scale.
We extracted follow-up dyspnoea scores from the
monthly questionnaires completed most closely to 5
months and 1 year after start of follow-up; to align with
PHOSP-COVID, we included questionnaires completed
between 2 and 7 months (for the 5-month visit) and 10
and 14months (for the 1-year visit) after start of follow-up.

For this analysis, we categorised COVIDENCE UK
participants as COVID-19 cases (any participants who
reported a positive SARS-CoV-2 test or doctor-diagnosed
or hospital-diagnosed COVID-19 at baseline or during
follow-up) or controls without COVID-19 (included in
the main analysis). We included all participants with at
least 10 months’ follow-up after baseline survey (con-
trols) or date of SARS-CoV-2 infection (cases), and
excluded control participants who reported probable
COVID-19 symptoms (as calculated from a combination
of self-reported symptoms12) or suspected long COVID
at baseline or during follow-up.

Participants in both cohorts were assigned Index of
Multiple Deprivation (IMD) 2019 scores, or equivalent
scores for devolved nations, according to their
postcode.

Outcomes
As mentioned, the PHOSP-COVID cohort provided data
on participants’ dyspnoea level at three timepoints
(5-month visit, 1-year visit, and recalled pre-COVID level
at 5-month visit), but due to concerns of possible recall
bias, we pre-specified the improvement of dyspnoea
based on 1-year vs 5-month data as the main outcome,
and the status based on 1-year vs recalled pre-COVID
data (i.e., baseline data) as an exploratory outcome. We
applied a similar strategy to COVIDENCE UK controls.

Specifically, the primary outcome was participant-
reported improvement in dyspnoea between 5-month
and 1-year follow-up, defined as a reduction (at least
by 1 point) in the MRC Dyspnoea score between the two
timepoints. Participants who did not report an
improvement were classified as having worse or
persistent dyspnoea. For the analysis of this main
outcome, participants who reported an MRC Dyspnoea
score of 1 at the 5-month visit were excluded, as they
had no possibility of further recovery (i.e., our target
population was those with dyspnoea symptoms at 5-
month visit).

When compared with baseline data (which refers to
recalled pre-COVID-19 data for PHOSP-COVID), a
lower MRC Dyspnoea score at the 1-year visit no longer
reflects recovery; indeed, defining recovery based on
these two timepoints was difficult, as participants could
have experienced no dyspnoea symptoms throughout
the interval, and thus could not be classified as having
“recovered”. Therefore, the exploratory outcome vari-
able we defined based on the 1-year and baseline MRC
Dyspnoea scores was long-term post-COVID-19 dysp-
noea (i.e., worsening dyspnoea over 1 year). PHOSP-
COVID participants whose 1-year score was higher
than their recalled pre-COVID-19 score were classified
as having long-term post-COVID-19 dyspnoea, whereas
those whose 1-year score was equal to or lower than
their recalled pre-COVID-19 score were classified as
not having long-term post-COVID-19 dyspnoea.
Among COVIDENCE UK participants, scores from the
baseline survey and 1-year survey were similarly
compared, to assess whether they had worsening
dyspnoea over 1 year. Participants who had the highest
degree of dyspnoea at baseline (i.e., score = 5) were
excluded. The analysis of this exploratory outcome
aimed to answer a different question: which subsets of
population were more likely to experience long-term
dyspnoea 1 year after COVID hospitalisation.

Statistical analysis
For the primary analysis, we used univariable and
multivariable logistic regression to assess potential de-
terminants of improved dyspnoea (vs persistent or worse
dyspnoea) between 5-month and 1-year follow-up in the
PHOSP-COVID cohort and COVIDENCE UK controls
separately, including age, sex, ethnicity, IMD 2019
quintile, body mass index (BMI), smoking status,
pre-existing cardiovascular or respiratory diseases, and
pre-existing anxiety or depression as covariates. For
PHOSP-COVID, we did a further analysis including the
following hospitalisation characteristics as predictors:
length of hospital stay, level of respiratory support
received (categorised according to the World Health
Organization [WHO] Clinical Progression Scale13), pul-
monary embolism, proning, and use of antibiotics,
www.thelancet.com Vol 29 June, 2023
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systemic steroids, or anticoagulants during hospital-
isation. Missing values of predictors were treated as a
separate category. For the multivariable regressions, we
used backwards stepwise selection to determine the
final model, with an elimination criterion of p > 0.1. In
all multivariable analyses, we adjusted for 5-month
dyspnoea score.

We conducted several sensitivity analyses to assess
the robustness of the main findings: (1) using a fully
adjusted logistic regression model (i.e., including all
covariates without backwards selection); (2) repeating
the final model using complete-case analysis or
(3) multiple imputation by chained equations to deal
with missing data; (4) excluding participants with
5-month dyspnoea score equal to or lower than the
baseline or pre-COVID-19 score; (5) assessing the non-
linear effect of age and length of hospital stay by
including squared terms; and (6) additionally adjusting
for calendar date of hospital admission and time interval
between research visits using restricted cubic splines
with five knots.

We also carried out several pre-planned exploratory
analyses, using similar analytical procedures. We first
repeated the primary analysis in COVIDENCE UK
cases. For COVIDENCE UK cases, follow-up began at
the date of the first positive SARS-CoV-2 test or diag-
nosis of COVID-19. We then repeated the primary
analysis in all COVIDENCE UK participants, including
COVID-19 case status as a potential determinant and
exploring interactions between COVID-19 case status
and all other covariates retained in the final model.
Finally, we analysed potential determinants of long-term
dyspnoea in both PHOSP-COVID cases and COVI-
DENCE UK controls, including any participants with
baseline (recalled, for PHOSP-COVID) and 1-year MRC
Dyspnoea scores; we excluded COVIDENCE UK par-
ticipants who reported definite or probable COVID-19 at
baseline, as their baseline score would have been pro-
vided after COVID-19 onset. In these analyses, we
adjusted for baseline or pre-COVID-19 dyspnoea scores.

All statistical tests were two-sided, with p < 0.05 set
as the significance threshold. We used Stata (versions
15.0 and 17.0) for all analyses.

Role of the funding source
The funders of PHOSP-COVID and COVIDENCE UK
had no role in study design, data collection, data anal-
ysis, data interpretation, or writing of the report.
Results
Among PHOSP-COVID participants who attended both
the 5-month and 1-year research visits, 2082 completed
the MRC Dyspnoea Scale at their 5-month visit (median
score 2 [IQR 1–4]), 1703 completed it at their 1-year visit
(median score 2 [1–4]), and 1890 recalled their pre-
COVID-19 level (median score 1 [1–2]). Among the
www.thelancet.com Vol 29 June, 2023
1361 participants with both 5-month and 1-year dysp-
noea scores, 371 (27.3%) reported an MRC Dyspnoea
score of 1 at their 5-month visit, and the remaining 990
(72.7%) were included in the primary analysis (Fig. 1a).
These participants were discharged from hospital be-
tween March 7, 2020, and April 13, 2021.

Among 12,939 COVIDENCE UK participants with
both 5-month and 1-year dyspnoea scores, 9327 (72.1%)
reported an MRC Dyspnoea score of 1 at 5-month
follow-up and 303 (2.3%) were confirmed COVID-19
cases, leaving 3309 (25.6%) participants to be included
as dyspnoea controls in the primary analysis (Fig. 1b).
Start of follow-up for these participants ranged from
May 1, 2020, to May 27, 2021.

Baseline characteristics varied between the two co-
horts, with PHOSP-COVID participants more likely to
be male, non-White, socioeconomically deprived, over-
weight or obese, and have cardiovascular disease
(Table 1). PHOSP-COVID participants were also more
likely to have worse dyspnoea at 5 months than COVI-
DENCE UK dyspnoea controls (Table 1).

Among the 990 PHOSP-COVID participants with
dyspnoea at 5-month follow-up, 369 (37.3%) had
improved dyspnoea at 1-year follow-up, and 621 (62.7%)
had the same level or worse dyspnoea (n = 419 and
n = 202, respectively). We observed reduced odds of
improved dyspnoea from 5 months to 1 year after
discharge among patients hospitalised with COVID-19
who were older, female, obese or severely obese, and
with pre-existing depression or anxiety (Table 2; Fig. 2).
When including hospitalisation variables, we addition-
ally found reduced odds of improved dyspnoea among
patients with longer hospital stays and pre-existing car-
diovascular conditions, whilst the associations for other
predictors as observed in the previous model remained
similar (Table 2). Higher MRC Dyspnoea score at
5 months was positively associated with the likelihood of
improved dyspnoea at 1 year (Table 2). Results in the
COVIDENCE UK control cohort were similar, with the
exception of age (no association found; Table 2; Fig. 2).
Results of sensitivity analyses in the PHOSP-COVID
cohort were consistent with the main findings
(appendix Table S1), and no significant non-linear effect
was detected for age or duration of hospital stay. Results
of sensitivity analyses in the COVIDENCE UK control
cohort were largely consistent, with the fully adjusted
model showing reduced odds of improvement among
older participants (OR 0.99 per year, 95% CI 0.99–1.00)
and participants residing in the most deprived IMD
quintile (0.70, 0.51–0.97; appendix Table S2).

Exploratory analyses in the 303 COVIDENCE UK
cases who reported having COVID-19 were underpow-
ered, but nonetheless showed reduced odds of
improved dyspnoea from 5 months to 1 year after
COVID-19 onset in older (OR 0.97 per year, 95% CI
0.95–0.99) and female (0.44, 0.23–0.83; appendix
Table S4) participants. We found no evidence that
5
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Fig. 1: Cohort profiles for PHOSP-COVID (a) and COVIDENCE UK (b).
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COVID-19 case status affected the odds of improved
dyspnoea in the 3612 COVIDENCE UK participants,
and no significant interactions between COVID-19 case
status and other predictors were retained in the final
model (appendix Table S4). This suggests that the tra-
jectory and risk factors for dyspnoea recovery are
similar between COVID-19 cases and non-COVID-19
controls within COVIDENCE UK.

Among 1188 PHOSP-COVID participants with both
recalled pre-COVID-19 and 1-year dyspnoea scores
(appendix Fig. S1), 37 (3.1%) had a dyspnoea score of 5
before COVID-19, and the remaining 1151 (96.9%) were
included in the exploratory analysis of long-term post-
COVID-19 dyspnoea. Of the 12,967 COVIDENCE UK
participants with both baseline and 1-year dyspnoea
scores (appendix Fig. S1), 11 (<0.1%) had a baseline
dyspnoea score of 5 and 548 (4.2%) were confirmed
COVID-19 cases, leaving 12,408 (95.7%) participants to
be included as controls in the long-term dyspnoea
exploratory analysis. Baseline characteristics for the two
cohorts by long-term dyspnoea status are shown in the
appendix (Table S5).

We observed increased odds of long-term post-
COVID-19 dyspnoea among patients hospitalised with
COVID-19 who were older, female, more deprived,
obese or severely obese, ex or current smokers, and with
pre-existing depression or anxiety (Table 3, Fig. 2).
When including hospitalisation variables, we addition-
ally found increased odds of long-term post-COVID-19
dyspnoea among patients with longer hospital stays
(Table 3). A higher MRC Dyspnoea score before
COVID-19 was negatively associated with the likelihood
of having long-term post-COVID-19 dyspnoea. In the
COVIDENCE UK control cohort, we also observed
increased odds of worsening dyspnoea over 1 year in
participants who were female; overweight, obese, or
www.thelancet.com Vol 29 June, 2023
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PHOSP-COVID (hospitalised COVID-19 cases) COVIDENCE UK (community controls)

All participants
(n = 990)

Improved dyspnoea
(n = 369)

Worse or persistent
dyspnoea (n = 621)

All participants
(n = 3309)

Improved dyspnoea
(n = 915)

Worse or
persistent
dyspnoea
(n = 2394)

Sociodemographics

Age, years 59.1 (11.9) 57.9 (12.1) 59.9 (11.6) 61.1 (13.1) 61.0 (12.5) 61.2 (13.3)

Sex

Female 443 (44.7%) 151 (40.9%) 292 (47.0%) 2555 (77.2%) 672 (73.4%) 1883 (78.7%)

Male 547 (55.3%) 218 (59.1%) 329 (53.0%) 754 (22.8%) 243 (26.6%) 511 (21.3%)

Ethnicity

White 760 (76.8%) 276 (74.8%) 484 (77.9%) 3167 (95.7%) 877 (95.8%) 2290 (95.7%)

Black 70 (7.1%) 29 (7.9%) 41 (6.6%) 15 (0.5%) 6 (0.7%) 9 (0.4%)

South Asian 98 (9.9%) 40 (10.8%) 58 (9.3%) 38 (1.1%) 7 (0.8%) 31 (1.3%)

Mixed 23 (2.3%) 9 (2.4%) 14 (2.3%) 54 (1.6%) 14 (1.5%) 40 (1.7%)

Other 39 (3.9%) 15 (4.1%) 24 (3.9%) 35 (1.1%) 11 (1.2%) 24 (1.0%)

IMD quintile

1 (least deprived) 172/987 (17.4%) 70/368 (19.0%) 102/619 (16.5%) 935 (28.3%) 280 (30.6%) 655 (27.4%)

2 169/987 (17.1%) 63/368 (17.1%) 106/619 (17.1%) 855 (25.8%) 245 (26.8%) 610 (25.5%)

3 182/987 (18.4%) 64/368 (17.4%) 118/619 (19.1%) 734 (22.2%) 195 (21.3%) 539 (22.5%)

4 230/987 (23.3%) 85/368 (23.1%) 145/619 (23.4%) 520 (15.7%) 132 (14.4%) 388 (16.2%)

5 (most deprived) 234/987 (23.7%) 86/368 (23.4%) 148/619 (23.9%) 265 (8.0%) 63 (6.9%) 202 (8.4%)

Clinical characteristics

BMI, kg/m2 32.5 (6.7) 31.8 (6.6) 32.8 (6.8) 28.7 (6.3) 28.0 (6.1) 29.0 (6.4)

<25 (normal or underweight) 70/692 (10.1%) 34/255 (13.3%) 36/437 (8.2%) 1031/3302 (31.2%) 321 (35.1%) 710/2387 (29.7%)

25 to <30 (overweight) 206/692 (29.8%) 81/255 (31.8%) 125/437 (28.6%) 1106/3302 (33.5%) 326 (35.6%) 780/2387 (32.7%)

30 to <40 (obese) 330/692 (47.7%) 115/255 (45.1%) 215/437 (49.2%) 990/3302 (30.0%) 226 (24.7%) 764/2387 (32.0%)

≥40 (severely obese) 86/692 (12.4%) 25/255 (9.8%) 61/437 (14.0%) 175/3302 (5.3%) 42 (4.6%) 133/2387 (5.6%)

Current or ex-smoker 433/916 (47.3%) 148/337 (43.9%) 285/579 (49.2%) 1631 (49.3%) 445 (48.6%) 1186/2387 (49.5%)

Comorbidity

Cardiovascular disease 484 (48.9%) 162 (43.9%) 322 (51.9%) 210 (6.3%) 47 (5.1%) 163 (6.8%)

Respiratory disease 292 (29.5%) 112 (30.4%) 180 (29.0%) 784 (23.7%) 209 (22.8%) 575 (24.0%)

Depression or anxiety 195 (19.7%) 62 (16.8%) 133 (21.4%) 1165/3307 (35.2%) 302 (33.0%) 863/2392 (36.1%)

MRC Dyspnoea score at 5 monthsa

2 345 (34.9%) 114 (30.9%) 231 (37.2%) 2881 (87.1%) 742 (81.1%) 2139 (89.3%)

3 305 (30.8%) 111 (30.1%) 194 (31.2%) 341 (10.3%) 130 (14.2%) 211 (8.8%)

4 207 (20.9%) 81 (21.9%) 126 (20.3%) 81 (2.4%) 40 (4.4%) 41 (1.7%)

5 133 (13.4%) 63 (17.1%) 70 (11.3%) 6 (0.2%) 3 (0.3%) 3 (0.1%)

Hospitalisation characteristics

Length of hospital stay, days 8 (4–17) 8 (4–15) 8 (4–19) .. .. ..

WHO clinical progression scale .. .. ..

WHO – class 3–4 149 (15.1%) 56 (15.2%) 93 (15.0%) .. .. ..

WHO – class 5 420 (42.4%) 155 (42.0%) 265 (42.7%) .. .. ..

WHO – class 6 230 (23.2%) 95 (25.7%) 135 (21.7%) .. .. ..

WHO – class 7–9 191 (19.3%) 63 (17.1%) 128 (20.6%) .. .. ..

Pulmonary embolism during hospitalisation 96/950 (10.1%) 41/349 (11.7%) 55/601 (9.2%) .. .. ..

Treatment during hospitalisation .. .. ..

Proning 179/891 (20.1%) 66/326 (20.2%) 113/565 (20.0%) .. .. ..

Antibiotic therapy 751/969 (77.5%) 271/359 (75.5%) 480/610 (78.7%) .. .. ..

Systemic (oral or IV) steroids 547/944 (57.9%) 212/352 (60.2%) 335/592 (56.6%) .. .. ..

Therapeutic dose anticoagulation 437/935 (46.7%) 170/350 (48.6%) 267/585 (45.6%) .. .. ..

Data are n (%), mean (SD), or median (IQR). BMI = body-mass index. IMD = Index of Multiple Deprivation. IV = intravenous. MRC = Medical Research Council. WHO = World Health Organization.
aParticipants with no dyspnoea symptoms (MRC score = 1) at 5 months were excluded from this analysis.

Table 1: Participant characteristics by recovery status of dyspnoea symptoms from 5 months to 1 year after enrolment.
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PHOSP-COVID hospitalised COVID-19 cases (n = 990) COVIDENCE UK community controls
(n = 3309)

Univariable Multivariable (including
hospitalisation variables)

Multivariable (excluding
hospitalisation variables)

Univariable Multivariable

Age, per year 0.99 (0.98–1.00) 0.98 (0.97–0.99) 0.98 (0.97–0.99) 1.00 (0.99–1.00) ..

Sex

Female 0.78 (0.60–1.01) 0.65 (0.49–0.86) 0.68 (0.52–0.90) 0.75 (0.63–0.90) 0.74 (0.62–0.89)

Male 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Ethnicity

White 1 (ref) .. .. 1 (ref) ..

Black 1.24 (0.75–2.04) .. .. 1.74 (0.62–4.90) ..

South Asian 1.21 (0.79–1.86) .. .. 0.59 (0.26–1.34) ..

Mixed 1.13 (0.48–2.64) .. .. 0.91 (0.49–1.69) ..

Other 1.10 (0.57–2.12) .. .. 1.20 (0.58–2.45) ..

IMD quintile

1 (least deprived) 1 (ref) .. .. 1 (ref) ..

2 0.87 (0.56–1.34) .. .. 0.94 (0.77–1.15) ..

3 0.79 (0.51–1.22) .. .. 0.85 (0.68–1.05) ..

4 0.85 (0.57–1.28) .. .. 0.80 (0.62–1.01) ..

5 (most deprived) 0.85 (0.57–1.27) .. .. 0.73 (0.53–1.00) ..

BMI, kg/m2

<25 (normal or underweight) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

25 to <30 (overweight) 0.69 (0.40–1.18) 0.67 (0.38–1.17) 0.70 (0.40–1.22) 0.92 (0.77–1.11) 0.89 (0.74–1.08)

30 to <40 (obese) 0.57 (0.34–0.95) 0.55 (0.32–0.94) 0.58 (0.34–0.99) 0.65 (0.54–0.80) 0.62 (0.50–0.75)

≥40 (severely obese) 0.43 (0.22–0.84) 0.36 (0.18–0.72) 0.38 (0.19–0.75) 0.70 (0.48–1.01) 0.51 (0.34–0.75)

Current or ex-smoker 0.81 (0.62–1.06) .. .. 0.96 (0.83–1.12) ..

Comorbidity

Cardiovascular disease 0.73 (0.56–0.94) 0.75 (0.56–1.00) 0.76 (0.57–1.02) 0.74 (0.53–1.03) 0.57 (0.40–0.81)

Respiratory disease 1.07 (0.81–1.41) .. .. 0.94 (0.78–1.12) ..

Depression or anxiety 0.74 (0.53–1.03) 0.64 (0.45–0.92) 0.66 (0.46–0.94) 0.87 (0.74–1.03) 0.83 (0.71–0.98)

Length of hospital stay, per day 0.99 (0.99–1.00) 0.99 (0.98–1.00) .. .. ..

WHO clinical progression scale

WHO – class 3–4 1 (ref) .. .. .. ..

WHO – class 5 0.97 (0.66–1.43) .. .. .. ..

WHO – class 6 1.17 (0.77–1.78) .. .. .. ..

WHO – class 7–9 0.82 (0.52–1.28) .. .. .. ..

Pulmonary embolism during hospitalisation 1.32 (0.86–2.03) .. .. .. ..

Treatment during hospitalisation

Proning 1.02 (0.72–1.43) .. .. .. ..

Antibiotic therapy 0.83 (0.61–1.14) .. .. .. ..

Systemic (oral or IV) steroids 1.16 (0.89–1.52) .. .. .. ..

Therapeutic dose anticoagulation 1.12 (0.86–1.47) .. .. .. ..

MRC Dyspnoea score at 5 monthsa

2 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

3 1.16 (0.84–1.60) 1.33 (0.95–1.85) 1.29 (0.92–1.79) 1.78 (1.41–2.24) 2.09 (1.64–2.68)

4 1.30 (0.91–1.86) 1.77 (1.21–2.60) 1.70 (1.16–2.48) 2.81 (1.80–4.38) 3.79 (2.37–6.05)

5 1.82 (1.21–2.74) 2.57 (1.66–3.99) 2.37 (1.54–3.64) 2.88 (0.58–14.31) 3.37 (0.66–17.08)

Data are odds ratio (95% CI), with worse or persistent dyspnoea as the reference category. BMI = body-mass index. IMD=Index of Multiple Deprivation. IV = intravenous. MRC = Medical Research Council.
WHO = World Health Organization. aParticipants with no dyspnoea symptoms (MRC score = 1) at 5 months were excluded from this analysis.

Table 2: Associations between participant characteristics and improvement of dyspnoea symptoms from 5 months to 1 year.
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severely obese; current or ex smokers; and with pre-
existing depression or anxiety; as well as among those
with cardiovascular or respiratory disease (Table 3,
Fig. 2).
Discussion
In this analysis of a large, prospective, observational
study of patients hospitalised with COVID-19, we found
that older age, female sex, obesity, pre-existing
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Fig. 2: Odds ratios (95% CIs) for observed predictors in PHOSP-COVID and COVIDENCE UK. Odds ratios are shown for significant pre-
dictors included in both cohorts.

Articles
depression or anxiety, or cardiovascular disease, and
increasing length of hospital stay reduced the likelihood
of improvement in long-term dyspnoea. By comparing
with a control population with non-COVID-19 dyspnoea,
we found that most of these factors, excluding age (and
length of hospital admission), were similarly negatively
associated with improvements in non-COVID-19 dysp-
noea in the community.

Understanding the risk factors for persistent post-
COVID-19 dyspnoea not only enables targeted inter-
ventions for high-risk individuals, but could also pro-
vide insights into underlying mechanisms and
management of symptoms—particularly when the risk
factors are shared by people with persistent non-
COVID-19 dyspnoea. Female sex, which was one of
our strongest predictors of persistent, long-term
dyspnoea across both hospitalised COVID-19 cases
and community controls, has previously been shown
to increase risk of dyspnoea in people with COVID-
1914,15 and in the general population.16 In population
studies, sex differences in dyspnoea prevalence have
been linked to smaller lung size in female in-
dividuals,17,18 suggesting that reduced spirometric lung
volumes could contribute to post-COVID-19 dyspnoea.
We also found obesity was consistently predictive of
persistent, long-term dyspnoea in both COVID-19
cases and community controls, in line with previous
studies.15,19 Obesity can affect lung function through
www.thelancet.com Vol 29 June, 2023
various mechanisms including deconditioning,20 and
weight loss has been shown to improve pulmonary
function parameters in people with obesity,20 and
hence is a potential approach to improving post-
COVID-19 dyspnoea in these individuals.

We found that pre-existing anxiety and depression
consistently predicted increased risk of long-term
dyspnoea and reduced the likelihood of the symptom
improving between 5-month and 1-year follow-up. This
is supported by previous studies that demonstrated an
increased risk of long COVID symptoms among par-
ticipants with pre-existing mental health disorders.21,22

The mechanism responsible for this effect remains
unclear, particularly given the potentially bidirectional
relationship between mental health problems and res-
piratory disease.23 Chronic dyspnoea has been associated
with both anxiety and depression,24 and the severity of
dyspnoea may be exacerbated by these conditions.24,25

However, there is little evidence on whether treatment
of underlying mental health disorders can improve
dyspnoea,25 and trials are needed to evaluate treatment
of anxiety and depression as a potential pathway to
alleviating dyspnoea.

While predictors of dyspnoea outcomes were largely
similar in patients hospitalised with COVID-19 and
community controls, we found that age was a significant
predictor only among hospitalised patients. The role of
age in post-COVID-19 dyspnoea is poorly understood,
9
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PHOSP-COVID hospitalised COVID-19 cases (n = 1151) COVIDENCE UK community controls
(n = 12,408)

Univariable Multivariable (including
hospitalisation variables)

Multivariable (excluding
hospitalisation variables)

Univariable Multivariable

Age, per year 1.00 (0.99–1.01) 1.01 (1.00–1.03) 1.02 (1.00–1.03) 1.00 (0.99–1.00) ..

Sex

Female 1.71 (1.34–2.17) 2.28 (1.73–2.99) 2.13 (1.63–2.79) 1.23 (1.08–1.40) 1.40 (1.22–1.61)

Male 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Ethnicity

White 1 (ref) .. .. 1 (ref) ..

Black 1.26 (0.79–2.01) .. .. 1.11 (0.50–2.45) ..

South Asian 0.94 (0.64–1.38) .. .. 1.17 (0.74–1.86) ..

Mixed 0.66 (0.30–1.46) .. .. 1.57 (1.02–2.42) ..

Other 1.54 (0.84–2.85) .. .. 0.70 (0.37–1.34) ..

IMD quintile

1 (least deprived) 1 (ref) 1 (ref) 1 (ref) 1 (ref) ..

2 1.21 (0.83–1.76) 1.26 (0.84–1.89) 1.25 (0.84–1.86) 1.04 (0.90–1.21) ..

3 1.57 (1.08–2.29) 1.68 (1.12–2.52) 1.62 (1.09–2.43) 1.09 (0.93–1.28) ..

4 1.53 (1.07–2.19) 1.73 (1.18–2.55) 1.68 (1.14–2.46) 1.15 (0.96–1.38) ..

5 (most deprived) 1.83 (1.27–2.64) 1.93 (1.29–2.87) 1.93 (1.30–2.87) 1.27 (1.01–1.61) ..

BMI, kg/m2

<25 (normal or underweight) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

25 to <30 (overweight) 1.45 (0.90–2.34) 1.53 (0.91–2.57) 1.56 (0.94–2.59) 1.48 (1.29–1.69) 1.69 (1.47–1.94)

30 to <40 (obese) 2.00 (1.26–3.15) 2.22 (1.35–3.64) 2.20 (1.35–3.57) 2.34 (2.02–2.72) 3.46 (2.95–4.06)

≥40 (severely obese) 3.14 (1.70–5.79) 4.19 (2.14–8.19) 4.23 (2.18–8.23) 3.01 (2.20–4.13) 5.98 (4.24–8.43)

Current or ex-smoker 1.38 (1.08–1.77) 1.59 (1.21–2.09) 1.58 (1.21–2.07) 1.35 (1.20–1.51) 1.35 (1.20–1.52)

Comorbidity

Cardiovascular disease 1.05 (0.83–1.32) .. .. 1.33 (1.01–1.74) 1.69 (1.27–2.25)

Respiratory disease 0.79 (0.61–1.04) .. .. 1.23 (1.06–1.42) 1.30 (1.12–1.51)

Depression or anxiety 1.33 (0.96–1.85) 1.52 (1.05–2.20) 1.51 (1.05–2.17) 1.54 (1.36–1.74) 1.68 (1.48–1.91)

Length of hospital stay, per day 1.02 (1.01–1.03) 1.02 (1.01–1.03) .. .. ..

WHO clinical progression scale

WHO – class 3–4 1 (ref) .. .. .. ..

WHO – class 5 0.81 (0.57–1.16) .. .. .. ..

WHO – class 6 0.98 (0.66–1.44) .. .. .. ..

WHO – class 7–9 1.81 (1.19–2.74) .. .. .. ..

Pulmonary embolism during hospitalisation 1.15 (0.78–1.70) .. .. .. ..

Treatment during hospitalisation

Proning 1.30 (0.97–1.76) .. .. .. ..

Antibiotic therapy 1.12 (0.84–1.49) .. .. .. ..

Systemic (oral or IV) steroids 0.94 (0.74–1.20) .. .. .. ..

Therapeutic dose anticoagulation 1.02 (0.80–1.29) .. .. .. ..

MRC Dyspnoea score before COVID-19 or at baselinea

1 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

2 0.66 (0.48–0.90) 0.52 (0.37–0.72) 0.51 (0.36–0.71) 0.42 (0.36–0.50) 0.24 (0.20–0.29)

3 0.37 (0.25–0.53) 0.22 (0.15–0.33) 0.22 (0.15–0.33) 0.54 (0.34–0.84) 0.20 (0.12–0.32)

4 0.32 (0.19–0.54) 0.18 (0.10–0.31) 0.17 (0.09–0.30) 0.28 (0.09–0.88) 0.09 (0.03–0.30)

Data are odds ratio (95% CI), with stable or improved dyspnoea as the reference category. Missing values for IMD (n < 5), smoking status (n = 94), BMI (n = 379), pulmonary embolism (n = 53), and the use
of proning (n = 123), antibiotics (n = 36), systemic steroids (n = 61), and therapeutic dose anticoagulation (n = 65) in the PHOSP dataset and for depression and anxiety (n = 8) were treated as modelled as
separate categories. BMI = body-mass index. IMD = Index of Multiple Deprivation. IV = intravenous. MRC = Medical Research Council. WHO = World Health Organization. aRecalled pre-COVID-19 score for
PHOSP-COVID participants and baseline score for COVIDENCE UK participants. Participants with the highest degree of dyspnoea (MRC score = 5) at study entry were excluded from this analysis.

Table 3: Associations between participants characteristics and development or worsening of dyspnoea symptoms at 1 year.
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with existing studies reporting conflicting results.4

Our finding that younger participants had increased
odds of improvement in long-term symptoms, among
both hospitalised and community COVID-19 cases,
suggests that age can indeed affect recovery. We also
found older age to be a predictor of long-term post-
COVID-19 dyspnoea in hospitalised patients, with
reduced odds of improvement for every year increase
in age. In contrast, older age did not predict wors-
ening of dyspnoea over 1 year in community controls,
highlighting the rapid and long-lasting increase in
breathlessness that can be experienced by older people
with COVID-19.

Cardiovascular disease is a risk factor for severe
COVID-1926 that is itself associated with dyspnoea,27 as
shown by the high prevalence of cardiovascular disease
among PHOSP-COVID participants, and the associa-
tions found in our analyses of COVIDENCE UK con-
trols. However, pre-existing cardiovascular disease was
not found to affect the risk of long-term post-COVID-19
dyspnoea among patients hospitalised with COVID-19.
The picture is further complicated by long-term effects
of COVID-19 on cardiovascular health, with increased
1-year risk and burden of cardiovascular disease among
COVID-19 survivors.28 It is therefore possible that some
of the burden of post-COVID-19 dyspnoea is due to
cardiovascular disorders that develop after the acute
COVID-19 phase, and assessment for cardiovascular
causes should therefore be included when patients with
long COVID present with long-term dyspnoea.

In hospitalised patients, we found longer hospital
stay—at least in part a marker of COVID-19 severity and
rapid deconditioning—to be negatively associated with
improved dyspnoea between 5 months and 1 year, and
positively associated with long-term post-COVID-19
dyspnoea at 1 year. However, no univariable association
was found for the WHO Clinical Progression Scale,
despite this scale being purposefully defined to charac-
terise COVID-19 illness severity.13 In our exploratory
analysis of post-COVID-19 dyspnoea at 1 year, a uni-
variable association was found for patients with the
most severe disease (WHO class 7–9: requiring intu-
bation or mechanical ventilation), but this was not
retained in the final model. Studies using PHOSP-
COVID7,9 have found associations between having
required invasive mechanical ventilation and patient-
perceived recovery at 5 months and 1 year after
discharge, but no associations with dyspnoea specif-
ically.9 It is possible that length of hospital stay reflects
duration of intubation or mechanical ventilation in
participants with WHO class 7–9, and therefore pro-
vides a more nuanced picture of severity in patients with
the most severe disease. In addition, long hospital stay
could lead to deconditioning and frailty which might be
part of the underlying mechanisms of post-COVID-19
dyspnoea. Further research is therefore needed to
clarify the relationship between acute COVID-19
www.thelancet.com Vol 29 June, 2023
severity and post-COVID-19 dyspnoea, with a focus on
treatment received and the negative consequences.

Unsurprisingly, most of the predictors we identified
for improvements in dyspnoea between 5 months and
1 year showed inverse associations with long-term, post-
COVID-19 dyspnoea, or worsening of dyspnoea over
1 year, with a few notable exceptions. Pre-existing res-
piratory disease and being an ex or current smoker were
both associated with long-term, post-COVID-19 dysp-
noea in patients hospitalised with COVID-19, or wors-
ening of dyspnoea over 1 year in community controls,
potentially reflecting accelerated decline in pulmonary
function in these populations.29,30 Additionally, socio-
economic deprivation, as measured by the IMD 2019,
was associated with increased risk of post-COVID-19
dyspnoea in hospitalised patients, which was consis-
tent with a report from the Office for National Statistics
with a representative sample.3 This association could be
linked to air quality,31 which forms part of the IMD
living environment domain.32 However, other studies
have found little variation in patient-perceived recovery9

or risk of long COVID symptoms33 across IMD cate-
gories, and so further studies are needed to clarify as-
sociations between post-COVID-19 dyspnoea and
socioeconomic deprivation.

This study has several strengths. We used data from
two large, prospective, observational studies, both of
which measured dyspnoea with the same widely used
and validated scale. The two studies covered a
full spectrum of hospitalised and non-hospitalised
COVID-19 patients and uninfected participants, and
particularly, by including a control population with
follow-up measurements taken at the same intervals, we
were able to explore whether the risk factors identified
were specific to people with severe COVID-19. Both
cohorts had multiple follow-up measurements that
allowed us to examine the recovery trajectory of post-
COVID-19 or all-cause dyspnoea, which is of clinical
interest given the large number of affected patients and
their unmet healthcare needs. Additionally, participants
were recruited and followed up over similar time pe-
riods between cohorts and thus were more comparable.

This study also has several limitations. First, we
assessed dyspnoea with the MRC Dyspnoea Scale, which
is a measure of breathlessness outcome with responses
framed in terms of how much breathlessness limits the
respondent’s activities.12 The MRC Dyspnoea Scale is
therefore highly related to functionality, but does not
quantify dyspnoea directly.34 Additionally, with five
grades, it may not be sufficiently sensitive to change.35

However, it remains a widely used scale for both all-
cause dyspnoea and post-COVID-19 dyspnoea, objec-
tively captures the functional consequences and impacts
of dyspnoea (prognostic of future healthcare need), and
ensured our results can be easily compared with past and
future studies. The different administration methods (in-
person visit in PHOSP vs online survey in COVIDENCE
11
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UK) may have led to heterogeneity in dyspnoea mea-
surement, but the consistent results between cohorts
suggest no substantial influence on estimated associa-
tions. Second, the pre-COVID-19 dyspnoea scores from
PHOSP-COVID participants were recalled at the
5-month visit, and thus may be subject to recall bias.
However, this does not affect our primary analysis, which
focused on measurements at 5-month and 1-year follow-
up. Additionally, no COVIDENCE UK measurements
were recalled, and comparison of exploratory analysis
results with the community controls shows many pre-
dictors in common, lending strength to our analysis in
PHOSP-COVID cohort. Third, our analysis of PHOSP-
COVID participants was restricted to those able to
attend both research visits, and thus may not include
participants worst affected by post-COVID-19 dyspnoea.
However, 13% of PHOSP-COVID participants graded
their dyspnoea at the 5-month visit with a score of 5
("too breathless to leave the house, or breathless when
dressing/undressing"), showing that participants greatly
affected by their dyspnoea were nonetheless repre-
sented. Fourth, as our sample size of community
COVID-19 cases was limited, we only compared the
risk factors for dyspnoea recovery between the cohort
of hospitalised COVID-19 cases versus community-
based non-COVID-19 participants in the main analysis.
Therefore, our findings on post-COVID-19 dyspnoea are
largely limited to people who had severe disease. How-
ever, evidence suggests that acute disease severity is a
determinant of long COVID,36 which makes hospitalised
patients a particular population of interest. We
acknowledge that the use of a community-based control
group is suboptimal, and future studies with patients
hospitalised for a respiratory infection not due to
SARS-Cov-2 could further strengthen the evidence.
Finally, we had no data on whether participants with
dyspnoea were being treated for their symptoms, and
therefore were not able to explore the effect of treatment
on outcomes.

Dyspnoea is a debilitating symptom that negatively
impacts quality of life,5 and is a common long-term
symptom among COVID-19 survivors.3 We show that
patients hospitalised with COVID-19 who were older,
female, obese, or with pre-existing anxiety or depres-
sion, or cardiovascular disease had reduced odds of
improvement in long-term post-COVID-19 dyspnoea 1
year after discharge, highlighting a population at risk of
enduring long COVID. Our finding that similar risk
factors predicted persistent non-COVID-19 dyspnoea in
the general population suggests that existing research
on managing and treating dyspnoea may apply in
COVID-19 survivors. With global weekly COVID-19
cases still in the millions,1 of whom up to 20% may be
affected by long-term dyspnoea,4 intervention studies
are urgently needed to identify treatment pathways for
patients burdened by post-COVID-19 dyspnoea.
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