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Abstract
Background and objective: There is evidence of short- and long-term impairment of physical
performance in patients with COVID-19 infection, but a verification of measures of physical
impairment in this condition is lacking. We reviewed the measures used to assess physical perfor-
mance in these patients. Secondary targets were measures of exercise or daily life activities
induced symptoms.
Methods: Medline, CINAHL, and Pedro databases were searched from January 2020 to February
2021 for articles in the English language. Two investigators independently conducted the search,
screened all titles and/or abstracts based on the inclusion criteria and independently scored the
studies. The quality of the studies was evaluated by two reviewers according to the NIH quality
assessment tool for observational cohort and cross-sectional studies. Discrepancies were
resolved through consensus.
Results: Out of 156 potentially relevant articles, 31 observational studies (8 cross-sectional),
1 randomized controlled trial, and 1 protocol were included. The quality of most of the 31 evalu-
able studies was judged as low (11 studies) or fair (14 studies). Sample sizes of the studies
ranged from 14 to 20,889 patients. among the 28 reported measures, Barthel Index (42.4% of
studies), Six-Minute Walking Distance Test (36.4%), Short Physical Performance Battery (21.2%)
and 1-Minute Sit-to-Stand (12.1%) were the most used. Fifteen% and 36% of studies reported
exercise induced desaturation and dyspnoea when performing the assessments, respectively.
Other exercise induced symptoms were fatigue and pain. Studies reported wide ranges of
impairment in physical performance as compared to “reference” values (range of mean or
median reported values vs “reference values”: 11�77 vs 100 points for Barthel Index; 11�22 vs
22�37 repetitions/min for 1m-STS; 0.5�7.9 vs 11.4 § 1.3 points for SPPB; and 45�223 vs
380�782 m for 6MWTrespectively).
Conclusion: This review found that a wide variety of functional status tests have been used,
making comparisons difficult between studies. These measures show impairment in physical
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performance in COVID-19 patients. However, the quality of most of the studies was judged as low
or fair.
© 2021 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/).
Introduction

Clinical presentation of COVID-19 varies widely, ranging from
no symptoms or light flu to pneumonia with acute respira-
tory failure requiring admission to the Intensive Care Unit
(ICU) and possible death.1�3 In addition to the physiological
consequences, a high prevalence of impairment in physical
performance is reported in patients recovering from COVID-
19.4�7 In patients without previous disabilities, maximal vol-
untary contraction for quadriceps and biceps was found to
be 54% and 69% of predicted values, respectively.4 In another
study, 76% of patients reported at least one symptom, and
23% reported anxiety or depression up to 6 months after
acute infection. The most common symptoms were fatigue,
muscle weakness, or sleep difficulties.5

Thus the need for validated measures is of utmost impor-
tance, using safe equipment and procedures,8 to evaluate
the short- and long-term consequences of COVID-19. To the
best of our knowledge, a review of the measures of physical
performance used during the pandemic in COVID-19 patients
is lacking. Standardisation of batteries of measures would
allow us to make comparisons to be made among studies and
the different follow-up time-points.

Therefore, we reviewed the measures used to assess
physical performance in these patients. Secondary targets
of our research were the measures of exercise or activities
of daily life (ADL) induced symptoms.
Methods

We performed a mapping review, defined as a systematic
search of data in a broad research field of the knowledge,
and their presentation as a visual synthesis (map).9 This
study followed all Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and reported
the required information accordingly.10

Search strategy

Medline, CINAHL, and Pedro databases were searched from
January 2020 to February 2021 for articles in the English lan-
guage. We also searched the references of retrieved articles
to identify possible additional studies. Keywords used were
COVID AND “physical performance” OR “functional status”
OR “disability” OR “impairment” OR "physical function" OR
“activities of daily life” OR "muscle function" OR “exercise
tolerance” OR “exercise capacity” OR “exercise-induced
desaturation” OR “dyspnoea” OR “rehabilitation”.

Inclusion criteria: The search was limited to randomised
controlled trials (RCTs), observational (including cross-sec-
tional) studies, and protocols, which used at least one mea-
sure of physical performance, either patientreported by
means of questionnaires, or objectively measured by means
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of standardised test such as exercise, functional perfor-
mance or functional capacity. For the purposes of this
review, a measure was defined as quantitative data
described in the study. As secondary targets we searched
also the measures of exercise- or ADL-induced symptoms.

We included all studies on COVID-19 patients, diagnosed
either by positive test using a swab from upper or lower
respiratory airways or by clinical or radiological findings. No
restrictions were placed on the procedures used to diagnose
COVID-19 or on the setting (hospitalization, rehabilitation,
follow-up). No restriction was applied regarding age, ethnic-
ity or sex.

Exclusion criteria: Studies not reporting any measure of
physical performance (e.g. studies measuring only lung func-
tion, blood chemistry, etc.), were excluded. Systematic
reviews, case report and case series were also excluded. In
terms of the quantitative description of measures, we
excluded studies with data reported as other than mean
(standard deviation: SD) or median [Interquartile range:
IQR].

Quality assessment

The methodological quality of the studies was evaluated
using the National Institute of Health (NIH) quality assess-
ment tool for observational cohort and cross-sectional
studies.11,12 For each study 14 items were assessed inde-
pendently by two authors (CS, MP) to establish if risk of
bias was absent or present or undeterminable. In addi-
tion, reviewers assigned each study an overall subjective
rating of quality (low, fair, good).11,12 Discrepancies were
resolved through consensus or with the final judgment of
a third author (MV): the percentage of inter-rater agree-
ment was recorded.

Data collection and analysis

Two investigators (CS, MP) independently conducted the
search of the databases, screening all titles and/or
abstracts based on the inclusion criteria. Abstracts and/or
full-text papers of all potentially eligible studies were
retrieved and a record was kept of all studies not meeting
the inclusion criteria together with the reasons for their
exclusion. The same investigators independently inserted
the data of potentially eligible articles in a Microsoft
Excel (2013 version, Microsoft, Redmond, WA) institutional
database. At the end of this process a dedicated meeting
was held in order to define the final list of articles to be
evaluated. Disagreement between investigators about eli-
gibility was resolved by discussion and consensus: if con-
sensus could not be reached, a third investigator (MV)
adjudicated the findings.

For each study, we recorded type, country, number of
centres involved, setting, sample size, patients’ age,
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measures used, and whether or not exercise-induced desatu-
ration (EID), or exercise or ADL induced symptoms were
assessed. The performance of rehabilitation/physiotherapy
programs was also recorded, if any. Among symptoms, we
included all those symptoms measured during or at the end
of exercise tests or during physical activity (e.g. ADL).
Symptoms measured at rest or not related to physical activ-
ity (e.g. ageusia, headache, etc.) were not considered in
this review. The effects of an intervention (if any) on these
measures were beyond the scope of the study.

For each measurement, we recorded results (mean
and SD or median and IQR). When available, the time
between the disease onset (index event: positive swab,
hospitalization or emergency department admission) and
the first administration of the measure was recorded. For
the four most used measures, we performed a quick liter-
ature search for predicted values and we compared
them with the mean or median data reported in the
included studies. No other quantitative analysis (e.g. of
the scores obtained in the measurement scales) was car-
ried out.
Fig. 1 Trial profile of literature searc
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Results

We identified 156 potentially relevant articles. Thirty-one
observational studies (8 cross-sectional), 1 RCT and 1 study
protocol were eligible for the analysis (Fig. 1).

Quality of the studies

Table 1 shows the methodological quality of the studies. The
inter-rater agreement of item definitions was very good:
94.2%. The overall quality was considered as low for 11 stud-
ies, fair for 14, and good for 6 studies. The most frequent
motives for bias were the absence of assessor blinding
and the missing justification of the sample size or power
estimation.
Characteristics of the studies

Table 2 shows the characteristics of the included studies.
Most studies were from Europe, six from Asia,5,17,24,31,34,35

and one from the USA.27 The sample size of each study
h according to PRISMA Guidelines.
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ranged from 14 to 20,889 participants, the mean or median
age ranged from 49 to 72 years and in 13 out of 33 studies
(39.4%) a rehabilitation program was performed. Twenty-
eight measures were found, mostly administered in hospital-
ised subjects or during inpatient rehabilitation. Other set-
tings were the emergency department (ED), ICU, and follow-
up visits. Fig. 2 shows the proportion of studies using each
measure of physical performance or of exercise or ADL
induced symptoms, and the overall sample size of studies
using each measure.
Table 1 Methodological quality assessment of the 33 studies inclu

Colours show the risk of bias for each single item; green: absence of bi
the item could not be determined.
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Measures of physical performance

The Barthel Index44,45 (14 studies: 42.4%),15,18,22,24,26,
28�33,35,36,38 Six-Minute Walking Distance Test (6MWT) 46 (12
studies: 36.4%),5,25,26,28,30,32�34,37,39�41 Short Physical
Performance Battery (SPPB)47,48 (7 studies:
21.2%)4,21,22,26,30,42,43 and 1-Minute Sit-to-Stand (1m-
STS)49,50 (4 studies: 12.1%)4,22,26,42 were the most used tests
(Fig. 2). The Barthel Index was mainly used in the acute
phase, whereas the 6MWTwas assessed in interventional and
ded.

as, red: presence of bias; yellow: at least one reviewer stated that



Table 2 Principal characteristics of the 33 included studies. Quantitative data are expressed as mean § SD or median (IQR).

Reference Country Centres, n Setting PT/
Rehab

Patients, n Age, years Measures used EID assessment

Goodacre 13 UK 70 EM Dept N 20,889 62.4 § 19.7 Performance status of the
PRIEST COVID-19 Clinical
Severity Score

N

McWilliams 14 UK 1 ICU Y 110 53 § 12 Manchester Mobility Score,
Clinical Frailty Scale

N

Ceriana 15 Italy 3 Step-down
unit (ICU)

N 89 61.9 § 11.3 Barthel Index, MRC muscle
strength test: quadriceps and
biceps

N

Medrinal 16 France 2 ICU N 23 66 § 9 MRC muscle strength test, MIP,
ICU mobility scale

N

Tay 17 Singapore 1 ICU N 51 56.3 § 13.1 Functional Ambulation
Category

N

Van Aerde 18 Germany 1 ICU N 486 MRC muscle strength test,
Barthel Index

N

Ozyemisci Taskiran 19 Turkey 1 ICU Y 14 Handgrip strength, composite
MRC muscle strength test,
joints ROM

N

Tuzum 20 Turkey 1 Ward N 150 53.2 § 15.5 Handgrip strength, Chalder
Fatigue Scale, motion induced
pain

N

Paneroni 21 Italy 1 Ward N 184 74 § 12 SPPB N
Belli 22 Italy 1 Ward Y 103 73.9 § 12.9 1m-STS, SPPB, Barthel Index N
Vilches-Moraga 23 UK and Italy 13 Ward N 831 71 (58�81) Clinical Frailty Scale N
Zhu 24 China 28 Ward N 432 49 (35�60) Lawton's IADL scale, Barthel

Index
N

Fuglebjerg 25 Denmark 1 Ward N 26 63 (29�85) 6MWT, Borg Dyspnoea after
6MWT

Y

Paneroni 4 Italy 1 Ward N 41 67.1 § 11.9 1m-STS, SPPB, Muscle
dynamometry, Single-Breath
Counting test, Borg Dyspnoea
and fatigue after 1-MSTS and
ADL

Y

Zampogna 26 Italy 1 Ward N 56 69.4 § 9.9 Barthel Dyspnoea Index, Bar-
thel Index, SPPB, MRC muscle
strength test of quadriceps
and biceps, Single Breath
Counting, 6MWT,

1m-STS N

Bowles 27 The USA 64 Home hospital
acute care

N 1409 67 § 15 ADL dependency, dyspnoea
during ADL, motion induced
pain

N

Curci 28 Italy 1 Inpatient Rehab Y 32 72.6 § 10.9 Barthel Index, mMRC
dyspnoea, 6MWT

N
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Table 2 (Continued)

Reference Country Centres, n Setting PT/
Rehab

Patients, n Age, years Measures used EID assessment

Wiertz 29 Netherlands 1 Inpatient Rehab N 60 59.9 § 10.2 Barthel Index, MRC muscle
strength test, dynamometry;
joints ROM; fatigue and dys-
pnoea (numeric rating scale
0�10).

Y

Zampogna 30 Italy 4 Inpatient Rehab Y 140 71 (61�78) SPPB, Barthel Index, 6MWT N
Sakai 31 Japan 1 Inpatient Rehab Y 43 65 (21�95) Barthel Index, ability to walk N
Curci 32 Italy 1 Inpatient Rehab Y 41 72.1 § 11.1 Barthel Index, mMRC dys-

pnoea, 6MWT, Borg RPE
N

Puchner 33 Austria 2 Inpatient Rehab Y 23 57 § 10 6MWT, Barthel Index, MIP N
Liu 34 China 2 Inpatient Rehab Y 72 69.1 § 7.6 6MWT, FIM N
Zhang 35 China 1 Inpatient Rehab Y mMRC dyspnoea, Barthel

Index, Patient Health Ques-
tionnaire-9 scale, Respiratory
Symptoms scale

N

Piquet 36 France 1 Inpatient Rehab Y 100 66 § 22 Barthel Index, 10-times sit-to-
stand, Handgrip strength, Borg
RPE

N

Al Chickanie 37 France 1 Inpatient Rehab Y 21 70.9 § 10.6 MIP, MEP, Tinetti balance test,
6MWT, Handgrip strength,
quadriceps dynamometry,
Borg Dyspnoea

Y

Bertolucci 38 Italy 1 Inpatient Rehab Y 39 67.8 § 10.8 Barthel Index, Functional
Ambulation Category

N

Sonnweber et al. 39 Austria 1 Home follow-up N 109 58 § 14 6MWT N
Townsend et al. 40 Ireland 1 Home follow-up N 153 48 (35�59) 6MWT, Borg Dyspnoea scale,

Chalder Fatigue Scale
Y

Daher et al. 41 Germany 1 Home follow-up N 33 64 § 3 6MWT, Borg Dyspnoea and
fatigue after 6MWT

N

Baricich et al. 42 Italy 1 Home follow-up N 204 57.9 § 12.8 SPPB, 2MWT, 1m-STS N
Bellan et al. 43 Italy 1 Home follow-up N 238 61 (50�71) SPPB, 2MWT N
Huang et al. 5 China 1 Home follow-up N 1733 57 (47�65) mMRC dyspnoea, 6MWT N

Abbreviations: EID, Exercise Induced desaturation; n, number; PT/Rehab, Physiotherapy/Rehabilitation; EM, emergency; ICU, Intensive Care Unit; MRC, Medical Research Council; MIP, maxi-
mal inspiratory pressure; ROM, range of motion; IADL, instrumental activities of daily living; mMRC, modified Medical Research Council scale; ADL, activities of daily living; ATS/ERS, American
Thoracic Society/European Respiratory Society; RPE, rate of perceived exertion; MEP, maximal expiratory pressure; SPPB, Short Physical Performance Battery; 6MWT, 6-min walking test;
2MWT, 2-min walking test; 1m-STS, 1-min sit-to-stand; FIM, Functional Independence Measure; Borg RPE, Borg Rating Perception of Exertion scale; d, days; Y, yes; N, no.
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Fig. 2 Number of studies which used each measure of physical performance and exercise- or ADL-induced symptoms. The size of
the circles describes the number of studies; x axis: time of measure performance from disease onset; y axis: overall sample size of
studies using each measure.
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follow-up studies. The SPPB was mainly used in the acute
ward.

Table 3 shows sample sizes and results of the four most
used measures of physical performance in the different
Table 3 Values of the most employed outcome measures in the
are reported as mean § SD or median (IQR).

Reference Settin

Barthel index Ceriana15 ICU
Zampogna 30 R
Sakai 31 R
Curci 28 R
Curci 32 R
Puchner 33 R
Piquet 36 R
Wiertz 29 R
Bertolucci 38 R

SPPB Paneroni 21 Ward
Paneroni 4 Ward
Zampogna 26 Ward
Zampogna 30 R
Baricich 42 Home

1STS Belli 22 Ward
Paneroni 4 Ward
Zampogna 26 Ward
Baricich 42 Home

6MWT Zampogna 26 Ward
Curci 28 R
Curci 32 R
Puchner 33 R
Liu 34 R
Al Chickanie 35 R
Zampogna 30 R
Townsend40 Home
Daher 41 Home
Huang 5 Home

Abbreviations: N, number of patients; R, rehabilitation centre; SPPB, Sh
6-Min Walking Test; SD, Standard Deviation; IQR, Interquartile Range.
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settings. When comparing reported values with the refer-
ence values available in the literature, we found lower val-
ues for the Barthel Index (range of mean or median reported
values vs “reference values”: 11�77 vs 100 points45),
33 included studies (total population = 27,935 patients). Data

g N Mean § SD Median (IQR)

70 27.7 § 31.0
140 55 (30�90)
43 75 (0�90)
32 45.2 § 27.6
41 43.4 § 26
23 83 § 18
100 77 § 27
60 11 § 6
39 75 (0�100)
184 3.1 § 3.9
41 7.9 § 3.3
56 0.5 (0�6)
140 3.24 § 3.69
204 11.2 § 1.4
43 14 § 6
41 22.1 § 7.3
19 14 (9.3�19.8)
204 19.7 § 7.3
4 424 § 35
6 45 § 101
6 240 § 81
23 323 § 196
72 159 § 77
21 139 § 144
42 229 § 102
109 460 (225�640)
33 380 (180�470)
1733 495 (440�538)

ort Physical Performance Battery; 1STS; 1-Min Sit-to-Stand; 6MWT,
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1m-STS (11�22 vs 22�37 repetitions/min in people aged
75�79 years 51), SPPB (0.5�7.9 vs 11.4 § 1.3 points 52), and
6MWT (45�223 vs 380�782 m 53) respectively.

Measures of dyspnoea and other exercise- or ADL-
induced symptoms

Exercise-induced dyspnoea was assessed in twelve
studies.4,5,9,25�29,35�37,40,41 The most commonly used scale
to assess dyspnoea in daily life was the modified Medical
Research Council (mMRC) scale54 used in four
studies.5,28,32,35 Two studies in a rehabilitative setting found
the most severe score (level 5) in 87.5 and 90.2% of
patients.28,32 One study5 reported that, at six months fol-
lowing disease onset, 26% of patients had mMRC levels
greater than 1. Only one study26 used the Barthel Dyspnoea
Index55 in a rehabilitative setting, and reported moderate
levels of dyspnoea during ADL. Exercise-induced dyspnoea
was evaluated at the end of the 6MWT by the Borg scale56 in
four out of twelve studies.25,37,40,41 One study4 assessed dys-
pnoea at the end of the 1m-STS. Two studies27,29 used other
numeric scales to measure exercise-induced dyspnoea.

Fatigue was assessed in seven studies.4,20,29,32,36,40,41.

Two studies20,41 used the Chalder Fatigue Scale, which is a
dedicated tool to measure fatigue. Two other studies4,41

measured fatigue with the Borg scale at the end of the
6MWT, and two more studies23,36 measured the (Borg) Rate
of Perceived Exertion. One study29 assessed fatigue using a
0�10 numeric rating scale. Motion induced pain was
assessed in two studies.20,27

Exercise induced desaturation

Exercise-Induced Desaturation was reported in five
studies.4,25,29,40,41 It was defined as oxygen saturation
(SpO2) < 90% in four studies;25,29,40,41 in the other study,4 it
was defined as a reduction in SpO2 by > 3 % points during the
exercise tests. In the acute setting, 24�50% of patients dem-
onstrated EID.4,25 One study29 in the rehabilitation setting
reported EID in 38% of patients assessed.

Rehabilitation

Thirteen studies14,19,22,28,30�38 included at least one rehabil-
itative intervention during the time-course of the study.
Four studies30,31,37,38 described structured multidisciplinary
rehabilitation programs, while in five studies14,19,23,31,36 the
rehabilitation was a short intervention provided to respond
to the needs of patients during the first phase of the pan-
demic. In two studies28,32 the components were selected
according to the patient’s level of oxygen saturation.
Discussion

In this mapping review, we presented the measures of physi-
cal performance employed in studies on patients with
COVID-19. In addition, we presented also the measures of
dyspnoea and other exercise- or ADL-induced symptoms. In
the studies evaluated, mostly of low or fair quality, we found
twenty-eight measures used, the Barthel Index,44,45

6MWT,46,53 SPPB47,48,52 and 1m-STS49-51 being the ones most
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frequently used. . The other tests were reported in a few
studies or even in just one. A wide range of impairment in
physical performance (e.g. from 11% to 77% of normal values
for Barthel Index) was reported with the use of these tools.

Patients recovering from COVID-19 may show impairment
in respiratory function,57 and the majority of patients hospi-
talised with COVID-19 report persistent symptoms several
months after infection onset.5,58 However studies evaluating
symptoms may suffer from recall bias and subjective rating
of symptoms. Therefore, tools that objectively measure the
functional consequences of COVID-19 disease in the short-
and long-term are necessary.

In routine clinical practice, the Barthel Index is the most
widely used scale to measure patients’ motor and functional
disabilities in ADL.45 This index was developed for chronic
and long-term hospital patients with neurological diseases
to examine their performance before and after treatment
and predict the time needed for motor rehabilitation and
the degree of nursing aid required.45

The 6MWT is the gold standard field exercise test and it
has been validated for most chronic lung diseases. It is sensi-
tive, reproducible, easy to perform, and does not require
any specialized equipment.46

The SPPB represents the sum of the scores in three com-
ponent tests of functional relevance, namely standing bal-
ance, 4-meter gait speed, and the five-repetition sit-to-
stand test.47 The SPPB is the most commonly used perfor-
mance-based measure for patients with chronic obstructive
pulmonary disease (COPD). It is a standardized objective
tool, rapid and simple to conduct, and less influenced by cul-
tural and educational background than other self-reported
measures. Because lower-limb strength is important for a
satisfactory completion of the mobility activities, the SPPB
has also been cited as a measure of lower-extremity func-
tion.59 It has also been shown that the SPPB is significantly
related to the capacity to perform ADL, such as changing
and maintaining body position, carrying, moving, and han-
dling objects, or walking and gait pattern.47

The 1m-STS requires only a chair and is easy to perform,
making it feasible for use in the physician’s office.60 Studies
to date have shown that the 1m-STS is well tolerated, sensi-
tive, and reproducible in patients with COPD,49 cystic fibro-
sis61 and interstitial lung diseases.50

Dyspnoea is a symptom limiting exercise and ADL; there-
fore we searched the literature also for papers reporting
this symptom. The severity of dyspnoea cannot be predicted
from lung function; therefore, dyspnoea must be assessed
specifically. Several instruments are commonly used to mea-
sure different domains of dyspnoea such as sensory-percep-
tual experience, affective distress, symptom impact or
burden.62 We found twelve studies investigating dyspnoea
during physical activity with various scales.

Fatigue is an important debilitating symptom affecting all
chronic respiratory diseases. It is a leading cause of consul-
tations with major clinical implications. Despite its well-
acknowledged negative impact on the patient’s life, fatigue
is still a misunderstood and underdiagnosed symptom in
respiratory diseases such as COPD. Consequently, there is
currently no specific intervention to treat all aspects of this
symptom which is rather often considered as a secondary
outcome in interventions aiming primarily to increase physi-
cal fitness and/or health related quality of life.63 There is
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low-grade evidence of a positive effect of exercise training
on perceived fatigue, at least in patients with COPD.64

Pain during motion is a debilitating symptom responsible
for reduced functional performance. No dedicated scales
were used to investigate this symptom, but two studies
reported the presence/absence of pain during motion.20,27

Exercise induced desaturation is associated with exercise
limitation. When evaluating individuals with EID a crucial
point is the definition, which varies widely across clinical tri-
als, ranging from SpO2 � 88% to a decrease in SpO2 of � 4%
with or without a nadir SpO2 of < 90%.65�68

The results of our review confirm that patients with
COVID-19 infection of differing severity suffer from a decline
in physical performance in the short-4 and long-term.5 The
wide range of results as shown by the SD or IQR reported in
the studies and the differences in findings across settings
indicates differences in case mix and times of evaluation.
However, it should be born in mind that, particularly in the
first wave of the pandemic, the allocation of patients might
have been influenced by organisational issues, such as bed
shortage in ICU or acute wards, over and above the patient’s
clinical conditions. The different values of physical perfor-
mance reported with the different measures used confirm
that these tools assess somewhat different aspects of physi-
cal performance and highlight the need for a more homoge-
neous set of tools to measure the outcome of these patients.

The quality of most of the studies was judged as fair or
low; this result was expected. The sudden outbreak of the
pandemic and the rapid need of information from the scien-
tific community have led to a high index of publications,69

on the top of the overwhelming clinical pressure on
researchers at the time which has resulted also in a higher
level of retractions.70

This study has limitations. We conducted the search in a
limited number of indexed databases, and keywords
included dyspnoea but no other symptoms potentially rele-
vant in physical performance tests. However, the most
important limitation is the fact that the pandemic is still
ongoing, which will result in increasing numbers of studies
on the issue addressed. . However, we are confident that our
search will contribute to those future studies (like in Heisen-
berg uncertainty principle).
Conclusion

This mapping review of measures used in COVID-19 patients
shows studies mostly of low or fair quality, characterized by
a large variability of measures, which overall indicate an
impairment in physical performance. Our findings should be
interpreted with caution. In fact, the studies were all,
except one, observational with suboptimal methodological
quality. Very different measures have been used which have
different requirements (scale, availability of space. . .).
Butthe choice of which measures to use according to the
phase of the disease and setting of application is an issue
that also need research on measurement properties in this
population, which is still lacking. Better standardisation in
the choice, timing and interpretation of measurement of
physical performance is mandatory. Future RCTs or studies
with higher methodological quality are required to clarify
the validity of measures used in COVID-19 and in which
526
setting, and verify the changes over time and/or in response
to treatment.
Authors’ contributions

CS and MP contributed to data acquisition and data analysis;
all authors participated in drafting the article or critically
revised it for important intellectual content. All authors
contributed to the conception and design, data interpreta-
tion, final approval of the version to be published and agreed
to be accountable for all aspects of the work and in ensuring
that questions related to the accuracy or integrity of the
work are appropriately investigated and resolved.
Conflicts of interest

NA is the Chief Editor of Pulmonology. The other authors
declare no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.
Funding information

This work was supported by the “Ricerca Corrente” funding
scheme of the Italian Ministry of Health.
Acknowledgments

The Authors thank Rosemary Allpress for English revision and
Laura Comini and Adriana Olivares for technical assistance
and editing.
References

1. Winck JC, Ambrosino N. COVID-19 pandemic and non invasive
respiratory management: every Goliath needs a David. An evi-
dence based evaluation of problems. Pulmonology. 2020;26
(4):213�20. https://doi.org/10.1016/j.pulmoe.2020.04.013.

2. Nasiri MJ, Haddadi S, Tahvildari A, et al. COVID-19 Clinical char-
acteristics, and sex-specific risk of mortality: systematic review
and meta-Analysis. Front Med. 2020;7:459. https://doi.org/
10.3389/fmed.2020.00459.

3. Wan S, Li M, Ye Z, et al. CT manifestations and clinical charac-
teristics of 1115 patients with coronavirus disease 2019 (COVID-
19): a systematic review and meta-analysis. Acad Radiol.
2020;27(7):910�21. https://doi.org/10.1016/j.acra.2020.04.
033.

4. Paneroni M, Simonelli C, Saleri M, et al. Muscle strength
and physical performance in patients without previous disabil-
ities recovering from COVID-19 pneumonia. Am J Phys Med
Rehabil. 2021;100(2):105�9. https://doi.org/10.1097/PHM.
0000000000001641.

5. Huang C, Huang L, Wang Y, et al. 6-month consequences of
COVID-19 in patients discharged from hospital: a cohort study.
Lancet. 2021;397(10270):220�32. https://doi.org/10.1016/
S0140-6736(20)32656-8.

6. Wang Z, Deng H, Ou C, et al. Clinical symptoms, comorbidities
and complications in severe and non-severe patients with
COVID-19: a systematic review and meta-analysis without cases
duplication. Medicine. 2020;99(48):e23327. https://doi.org/
10.1097/MD.0000000000023327.

https://doi.org/10.1016/j.pulmoe.2020.04.013
https://doi.org/10.3389/fmed.2020.00459
https://doi.org/10.1016/j.acra.2020.04.033
https://doi.org/10.1016/j.acra.2020.04.033
https://doi.org/10.1097/PHM.0000000000001641
https://doi.org/10.1097/PHM.0000000000001641
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1097/MD.0000000000023327


Pulmonology 27 (2021) 518�528
7. Alimohamadi Y, Sepandi M, Taghdir M, Hosamirudsari H. Deter-
mine the most common clinical symptoms in COVID-19 patients:
a systematic review and meta-analysis. J Prev Med Hyg.
2020;61(3):E304�12. https://doi.org/10.15167/2421-4248/
jpmh2020.61.3.1530.

8. Ippolito M, Vitale F, Accurso G, et al. Medical masks and Respira-
tors for the Protection of Healthcare Workers from SARS-CoV-2
and other viruses. Pulmonology. 2020;26(4):204�12. https://
doi.org/10.1016/j.pulmoe.2020.04.00.

9. Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an
evidence map? A systematic review of published evidence maps
and their definitions, methods, and products. Syst Rev.
2016;5:28. https://doi.org/10.1186/s13643-016-0204-x.

10. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. Syst Rev. 2021;10(1):89. https://doi.org/10.1186/
s13643-021-01626-4.

11. Ma LL, Wang YY, Yang ZH, Huang D, Weng H, Zeng XT. Methodo-
logical quality (risk of bias) assessment tools for primary and
secondary medical studies: what are they and which is better?
Mil Med Res. 2020;7(1):7. https://doi.org/10.1186/s40779-020-
00238-8.

12. https://www.nhlbi.nih.gov/health-topics/study-quality-assess-
ment-tools. Last accessed, June, 9th, 2021.

13. Goodacre S, Thomas B, Sutton L, et al. Derivation and validation
of a clinical severity score for acutely ill adults with suspected
COVID-19: the PRIEST observational cohort study. PLoS One.
2021;16(1):e0245840. https://doi.org/10.1371/journal.pone.
0245840.

14. McWilliams D, Weblin J, Hodson J, Veenith T, Whitehouse T,
Snelson C. Rehabilitation levels in patients with COVID-19
admitted to intensive care requiring invasive ventilation. An
observational study. Ann Am Thorac Soc. 2021;18(1):122�9.
https://doi.org/10.1513/AnnalsATS.202005-560OC.

15. Ceriana P, Vitacca M, Paneroni M, Belli S, Ambrosino N. Usefull-
ness of step down units to manage survivors of critical Covid-19
patients. Eur J Intern Med. 2021;88:126�8. https://doi.org/
10.1016/j.ejim.2021.03.002.

16. Medrinal C, Prieur G, Bonnevie T, et al. Muscle weakness, func-
tional capacities and recovery for COVID-19 ICU survivors. BMC
Anesthesiol. 2021;21(1):64. https://doi.org/10.1186/s12871-
021-01274-0.

17. Tay MRJ, Ong PL, Puah SH, Tham SL. Acute functional outcomes
in critically ill COVID-19 patients. Front Med. 2021;7:615997.
https://doi.org/10.3389/fmed.2020.615997.

18. Van Aerde N, Van den Berghe G, Wilmer A, Gosselink R, Hermans
G. COVID-19 Consortium. Intensive care unit acquired muscle
weakness in COVID-19 patients. Intensive Care Med. 2020;46
(11):2083�5. https://doi.org/10.1007/s00134-020-06244-7.

19. Ozyemisci Taskiran O, Turan Z, Tekin S, et al. Physical rehabili-
tation in intensive care unit in acute respiratory distress
syndrome patients with COVID-19. Eur J Phys Rehabil Med.
2021. https://doi.org/10.23736/S1973-9087.21.06551-5.
Online ahead of print.

20. Tuzun S, Keles A, Okutan D, Yildiran T, Palamar D. Assessment of
musculoskeletal pain, fatigue and grip strength in hospitalized
patients with COVID-19. Eur J Phys Rehabil Med. 2021. https://
doi.org/10.23736/S1973-9087.20.06563-6. Online ahead of
print.

21. Paneroni M, Vogiatzis I, Bertacchini L, Simonelli C, Vitacca M.
Predictors of low physical function in patients with COVID-19
with acute respiratory failure admitted to a subacute unit. Arch
Phys Med Rehabil. 2021;102(6):1228�31. https://doi.org/
10.1016/j.apmr.2020.12.021.

22. Belli S, Balbi B, Prince I, et al. Low physical functioning and
impaired performance of activities of daily life in COVID-19
patients who survived hospitalisation. Eur Respir J. 2020;56
(4):2002096. https://doi.org/10.1183/13993003.02096-2020.
527
23. Vilches-Moraga A, Price A, Braude P, et al. Increased care at dis-
charge from COVID-19: the association between pre-admission
frailty and increased care needs after hospital discharge; a mul-
ticentre European observational cohort study. BMC Med.
2020;18(1):408. https://doi.org/10.1186/s12916-020-01856-8.

24. Zhu S, Gao Q, Yang L, et al. Prevalence and risk factors of dis-
ability and anxiety in a retrospective cohort of 432 survivors of
Coronavirus Disease-2019 (Covid-19) from China. PLoS One.
2020;15(12):e0243883. https://doi.org/10.1371/journal.pone.
0243883.

25. Fuglebjerg NJU, Jensen TO, Hoyer N, Ryrsø CK, Lindegaard B,
Harboe ZB. Silent hypoxia in patients with SARS CoV-2 infection
before hospital discharge. Int J Infect Dis. 2020;99:100�1.
https://doi.org/10.1016/j.ijid.2020.07.014.

26. Zampogna E, Migliori GB, Centis R, et al. Functional impairment
during post-acute COVID-19 phase: preliminary finding in 56
patients. Pulmonology. 2021:S2531-0437(20)30268-3. https://
doi.org/10.1016/j.pulmoe.2020.12.008. Online ahead of print.

27. Bowles KH, McDonald M, Barr�on Y, Kennedy E, O'Connor M, Mik-
kelsen M. Surviving COVID-19 after hospital discharge: symp-
tom, functional, and adverse outcomes of home health
recipients. Ann Intern Med. 2021;174(3):316�25. https://doi.
org/10.7326/M20-5206.

28. Curci C, Pisano F, Bonacci E, et al. Early rehabilitation in post-
acute COVID-19 patients: data from an Italian COVID-19 Reha-
bilitation Unit and proposal of a treatment protocol. Eur J Phys
Rehabil Med. 2020;56(5):633�41. https://doi.org/10.23736/
S1973-9087.20.06339-X.

29. Wiertz CMH, Vints WAJ, Maas GJCM, et al. COVID-19: patient
characteristics in the first phase of post-intensive care rehabili-
tation. Arch Rehabil Res Clin Transl. 2021;3(2):100108. https://
doi.org/10.1016/j.arrct.2021.100108.

30. Zampogna E, Paneroni M, Belli S, et al. Pulmonary rehabilitation
in patients recovering from COVID-19. Respiration. 2021;100
(5):416�22. https://doi.org/10.1159/000514387.

31. Sakai T, Hoshino C, Yamaguchi R, Hirao M, Nakahara R, Okawa A.
Remote rehabilitation for patients with COVID-19. J Rehabil Med.
2020;52(9)::jrm00095. https://doi.org/10.2340/16501977-2731.

32. Curci C, Negrini F, Ferrillo M, et al. Functional outcome after
inpatient rehabilitation in post-intensive care unit COVID-19
patients: findings and clinical implications from a real-practice
retrospective study. Eur J Phys Rehabil Med. 2021. https://doi.
org/10.23736/S1973-9087.20.06660-5. Online ahead of print.

33. Puchner B, Sahanic S, Kirchmair R, et al. Beneficial effects of
multi-disciplinary rehabilitation in post-acute COVID-19 - an
observational cohort study. Eur J Phys Rehabil Med. 2021;57
(2):189�98. https://doi.org/10.23736/S1973-9087.21.06549-7.

34. Liu K, Zhang W, Yang Y, Zhang J, Li Y, Chen Y. Respiratory reha-
bilitation in elderly patients with COVID-19: a randomized con-
trolled study. Complement Ther Clin Pract. 2020;39:101166.
https://doi.org/10.1016/j.ctcp.2020.101166.

35. Zhang S, Zhu Q, Zhan C, et al. Acupressure therapy and Liu Zi
Jue Qigong for pulmonary function and quality of life in patients
with severe novel coronavirus pneumonia (COVID-19): a study
protocol for a randomized controlled trial. Trials. 2020;21
(1):751. https://doi.org/10.1186/s13063-020-04693-5.

36. Piquet V, Luczak C, Seiler F, et al. Do patients with COVID-19
benefit from rehabilitation? Functional outcomes of the first
100 patients in a COVID-19 rehabilitation unit. Arch Phys Med
Rehabil. 2021;102(6):1067�74. https://doi.org/10.1016/j.
apmr.2021.01.069. Online ahead of print.

37. Al Chikhanie Y, Veale D, Schoeffler M, P�epin JL, Verges S,
H�erengt F. Effectiveness of pulmonary rehabilitation in COVID-
19 respiratory failure patients post-ICU. Respir Physiol
Neurobiol. 2021;287:103639. https://doi.org/10.1016/j.resp.
2021.103639.

38. Bertolucci F, Sagliocco L, Tolaini M, Posteraro F. Comprehensive
rehabilitation treatment for sub acute COVID-19 patients: an

https://doi.org/10.15167/2421-4248/jpmh2020.61.3.1530
https://doi.org/10.15167/2421-4248/jpmh2020.61.3.1530
https://doi.org/10.1016/j.pulmoe.2020.04.00
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.1186/s40779-020-00238-8
https://doi.org/10.1186/s40779-020-00238-8
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1371/journal.pone.0245840
https://doi.org/10.1371/journal.pone.0245840
https://doi.org/10.1513/AnnalsATS.202005-560OC
https://doi.org/10.1016/j.ejim.2021.03.002
https://doi.org/10.1186/s12871-021-01274-0
https://doi.org/10.1186/s12871-021-01274-0
https://doi.org/10.3389/fmed.2020.615997
https://doi.org/10.1007/s00134-020-06244-7
https://doi.org/10.23736/S1973-9087.21.06551-5
https://doi.org/10.23736/S1973-9087.20.06563-6
https://doi.org/10.1016/j.apmr.2020.12.021
https://doi.org/10.1183/13993003.02096-2020
https://doi.org/10.1186/s12916-020-01856-8
https://doi.org/10.1371/journal.pone.0243883
https://doi.org/10.1371/journal.pone.0243883
https://doi.org/10.1016/j.ijid.2020.07.014
https://doi.org/10.1016/j.pulmoe.2020.12.008
https://doi.org/10.7326/M20-5206
https://doi.org/10.23736/S1973-9087.20.06339-X
https://doi.org/10.23736/S1973-9087.20.06339-X
https://doi.org/10.1016/j.arrct.2021.100108
https://doi.org/10.1159/000514387
https://doi.org/10.2340/16501977-2731
https://doi.org/10.23736/S1973-9087.20.06660-5
https://doi.org/10.23736/S1973-9087.21.06549-7
https://doi.org/10.1016/j.ctcp.2020.101166
https://doi.org/10.1186/s13063-020-04693-5
https://doi.org/10.1016/j.apmr.2021.01.069
https://doi.org/10.1016/j.apmr.2021.01.069
https://doi.org/10.1016/j.resp.2021.103639
https://doi.org/10.1016/j.resp.2021.103639


C. Simonelli, M. Paneroni, M. Vitacca et al.
observational study. Eur J Phys Rehabil Med. 2021;57(2):208�15.
https://doi.org/10.23736/S1973-9087.21.06674-0.

39. Sonnweber T, Boehm A, Sahanic S, et al. Persisting alterations
of iron homeostasis in COVID-19 are associated with non-resolv-
ing lung pathologies and poor patients' performance: a prospec-
tive observational cohort study. Respir Res. 2020;21(1):276.
https://doi.org/10.1186/s12931-020-01546-2.

40. Townsend L, Dowds J, O'Brien K, et al. Persistent poor health post-
COVID-19 is not associated with respiratory complications or initial
disease severity. Ann Am Thorac Soc. 2021;18(6):997�1003.
https://doi.org/10.1513/AnnalsATS.202009-1175OC.

41. Daher A, Balfanz P, Cornelissen C, et al. Follow up of patients
with severe coronavirus disease 2019 (COVID-19): pulmonary and
extrapulmonary disease sequelae. Respir Med. 2020;174:106197.
https://doi.org/10.1016/j.rmed.2020.106197.

42. Baricich A, Borg MB, Cuneo D, et al. Midterm functional sequelae
and implications in rehabilitation after COVID19. A cross-sectional
study. Eur J Phys Rehabil Med. 2021;57(2):199�207. https://doi.
org/10.23736/S1973-9087.21.06699-5.

43. Bellan M, Soddu D, Balbo PE, et al. Respiratory and psychophysi-
cal sequelae among patients with COVID-19 four months after
hospital discharge. JAMA Netw Open. 2021;4(1):e2036142.
https://doi.org/10.1001/jamanetworkopen.2020.36142.

44. Mahoney FI, Barthel DW. Functional evaluation: the Barthel
Index. Md State Med J. 1965;14:61�5.

45. Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Bar-
thel Index for stroke rehabilitation. J Clin Epidemiol. 1989;42
(8):703�9. https://doi.org/10.1016/0895-4356(89)90065-6.

46. Holland AE, Spruit MA, Troosters T, et al. An official European
Respiratory Society/American Thoracic Society technical stan-
dard: field walking tests in chronic respiratory disease. Eur
Respir J. 2014;44(6):1428�46. https://doi.org/10.1183/
09031936.00150314.

47. Bernabeu-Mora R, Medina-Mirapeix F, Llamazares-Herr�an E,
García-Guillam�on G, Gim�enez-Gim�enez LM, S�anchez-Nieto JM.
The Short Physical Performance Battery is a discriminative tool
for identifying patients with COPD at risk of disability. Int J
Chron Obstruct Pulmon Dis. 2015;10:2619�26. https://doi.org/
10.2147/COPD.S94377.

48. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical
performance battery assessing lower extremity function: asso-
ciation with self-reported disability and prediction of mortality
and nursing home admission. J Gerontol. 1994;49(2):M 85�94.
https://doi.org/10.1093/geronj/49.2.m85..

49. Ozalevli S, Ozden A, Itil O, Accoclu A. Comparison of the Sit-to-
Stand Test with 6 min walk test in patients with chronic obstruc-
tive pulmonary disease. Respir Med. 2007;101(2):286�93.
https://doi.org/10.1016/j.rmed.2006.05.007.

50. Briand J, Behal H, Chenivesse C, W�emeau-Stervinou L, Wallaert
B. 1-minute sit-to-stand test to detect exercise-induced oxygen
desaturation in patients with interstitial lung disease. Ther Adv
Respir Dis. 2018;12:1753466618793028. https://doi.org/
10.1177/1753466618793028.

51. Strassmann A, Steurer-Stey C, Lana KD, et al. Population-based
reference values for the 1-min sit-to-stand test. Int J Public
Health. 2013;58(6):949�53. https://doi.org/10.1007/s00038-
013-0504-z.

52. Bergland A, Strand B. Norwegian reference values for the short
physical performance battery (SPPB): the Tromsø study. BMC Ger-
iatr. 2019;19(1):216. https://doi.org/10.1186/s12877-019-1234-8.

53. Casanova C, Celli BR, Barria P, et al. The 6-min walk distance in
healthy subjects: reference standards from seven countries.
Eur Respir J. 2011;37(1):150�6. https://doi.org/10.1183/
09031936.00194909.

54. Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha
JA. Usefulness of the Medical Research Council (MRC) dyspnoea
scale as a measure of disability in patients with chronic
528
obstructive pulmonary disease. Thorax. 1999;54(7):581�6.
https://doi.org/10.1136/thx.54.7.581.

55. Vitacca M, Malovini A, Balbi B, et al. Minimal clinically impor-
tant difference in Barthel Index Dyspnea in patients with COPD.
Int J Chron Obstruct Pulmon Dis. 2020;15:2591�9. https://doi.
org/10.2147/COPD.S266243.

56. Borg G. Psychophysical basis of perceived exertion. Med Sci
Sports Exerc. 1982;14(5):377�81.

57. Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X,
et al. Respiratory function in patients post-infection
by COVID-19: a systematic review and meta-analysis. Pulmo-
nology. 2021;27(4):328�37. https://doi.org/10.1016/j.pul-
moe.2020.10.013.

58. Havervall S, Rosell A, Phillipson M, et al. Symptoms and func-
tional impairment assessed 8 months after mild COVID-19
among health care workers. JAMA. 2021;325(19):2015�6.
https://doi.org/10.1001/jama.2021.5612.

59. Eisner MD, Iribarren C, Yelin EH, et al. Pulmonary function and
the risk of functional limitation in chronic obstructive pulmo-
nary disease. Am J Epidemiol. 2008;167(9):1090�101. https://
doi.org/10.1093/aje/kwn025.

60. Bui KL, Nyberg A, Maltais F, Saey D. Functional tests in chronic
obstructive pulmonary disease, part 1: clinical relevance and
links to the international classification of functioning, disability,
and health. Ann Am Thorac Soc. 2017;14(5):778�84. https://
doi.org/10.1513/AnnalsATS.201609-733AS.

61. Gruet M, Peyr�e-Tartaruga LA, Mely L, Vallier JM. The 1-Minute
Sit-to-Stand Test in adults with Cystic Fibrosis: correlations
with cardiopulmonary exercise Test, 6-Minute Walk Test, and
Quadriceps Strength. Respir Care. 2016;61(12):1620�8.
https://doi.org/10.4187/respcare.04821.

62. Mahler DA. Measurement of dyspnea: clinical ratings. In:
Mahler DA, O’Donnell DE, eds. Dyspnea: Mechanisms, Measure-
ment, and Management, 2nd ed., Boca Raton, FL: Taylor &
Francis Group; 2005:147�66.

63. Antoniu SA, Ungureanu D. Measuring fatigue as a symptom in
COPD: from descriptors and questionnaires to the importance
of the problem. Chron Respir Dis. 2015;12:179�88.

64. Paneroni M, Vitacca M, Venturelli M, et al. The impact of exer-
cise training on fatigue in patients with chronic obstructive pul-
monary disease: a systematic review and meta-analysis.
Pulmonology. 2020;26(5):304�13. https://doi.org/10.1016/j.
pulmoe.2020.02.004.

65. Stolz D, Boersma W, Blasi F, et al. Exertional hypoxemia in sta-
ble COPD is common and predicted by circulating proadrenome-
dullin. Chest. 2014;146(2):328�38. https://doi.org/10.1378/
chest.13-1967.

66. Andrianopoulos V, Franssen FM, Peeters JP, et al. Exercise-
induced oxygen desaturation in COPD patients without resting
hypoxemia. Respir Physiol Neurobiol. 2014;190:40�6. https://
doi.org/10.1016/j.resp.2013.10.002.

67. Du Plessis JP, Fernandes S, Jamal R, et al. Exertional hypoxemia
is more severe in fibrotic interstitial lung disease than in COPD.
Respirology. 2018;23(4):392�8. https://doi.org/10.1111/resp.
13226.

68. Lama VN, Flaherty KR, Toews GB, et al. Prognostic value of
desaturation during a 6-minute walk test in idiopathic intersti-
tial pneumonia. Am J Respir Crit Care Med. 2003;168
(9):1084�90. https://doi.org/10.1164/rccm.200302-219OC.

69. Dinis-Oliveira RJ. COVID-19 research: pandemic versus “paper-
demic”, integrity, values and risks of the “speed science”.
Forensic Sci Res. 2020;5:174�87. https://doi.org/10.1080/
20961790.2020.1767754.

70. Boschiero MN, Carvalho TA, Marson FAL. Retraction in the era of
COVID-19 and its influence on evidence-based medicine: is sci-
ence in jeopardy? Pulmonology. 2021;27(2):97�106. https://
doi.org/10.1016/j.pulmoe.2020.10.011.

https://doi.org/10.23736/S1973-9087.21.06674-0
https://doi.org/10.1186/s12931-020-01546-2
https://doi.org/10.1513/AnnalsATS.202009-1175OC
https://doi.org/10.1016/j.rmed.2020.106197
https://doi.org/10.23736/S1973-9087.21.06699-5
https://doi.org/10.1001/jamanetworkopen.2020.36142
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0044
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0044
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0044
https://doi.org/10.1016/0895-4356(89)90065-6
https://doi.org/10.1183/09031936.00150314
https://doi.org/10.1183/09031936.00150314
https://doi.org/10.2147/COPD.S94377
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1016/j.rmed.2006.05.007
https://doi.org/10.1177/1753466618793028
https://doi.org/10.1007/s00038-013-0504-z
https://doi.org/10.1007/s00038-013-0504-z
https://doi.org/10.1186/s12877-019-1234-8
https://doi.org/10.1183/09031936.00194909
https://doi.org/10.1183/09031936.00194909
https://doi.org/10.1136/thx.54.7.581
https://doi.org/10.2147/COPD.S266243
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0056
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0056
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0056
https://doi.org/10.1016/j.pulmoe.2020.10.013
https://doi.org/10.1016/j.pulmoe.2020.10.013
https://doi.org/10.1001/jama.2021.5612
https://doi.org/10.1093/aje/kwn025
https://doi.org/10.1513/AnnalsATS.201609-733AS
https://doi.org/10.4187/respcare.04821
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0062
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0062
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0062
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0062
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0062
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0063
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0063
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0063
http://refhub.elsevier.com/S2531-0437(21)00125-2/sbref0063
https://doi.org/10.1016/j.pulmoe.2020.02.004
https://doi.org/10.1016/j.pulmoe.2020.02.004
https://doi.org/10.1378/chest.13-1967
https://doi.org/10.1378/chest.13-1967
https://doi.org/10.1016/j.resp.2013.10.002
https://doi.org/10.1111/resp.13226
https://doi.org/10.1111/resp.13226
https://doi.org/10.1164/rccm.200302-219OC
https://doi.org/10.1080/20961790.2020.1767754
https://doi.org/10.1080/20961790.2020.1767754
https://doi.org/10.1016/j.pulmoe.2020.10.011

