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Abstract

Objectives: To identify exercise tests that are suitable for home-based or remote administration in people
with chronic lung disease. Methods: Rapid review of studies that reported home-based or remote
administration of an exercise test in people with chronic lung disease, and studies reporting their
clinimetric (measurement) properties. Results: 84 studies were included. Tests used at home were the 6-
minute walk test (6MWT, two studies), sit-to-stand tests (STS, five studies), Timed Up and Go (TUG, 4 studies)
and step tests (two studies). Exercise tests administered remotely were the 6MWT (two studies) and step test
(one study). Compared to centre-based testing the 6MWT distance was similar when performed outdoors but
shorter when performed at home (two studies). The STS, TUG and step tests were feasible, reliable (intra-
class correlation coefficients >0.80), valid (concurrent and known groups validity) and moderately responsive
to pulmonary rehabilitation (medium effect sizes). These tests elicited less desaturation than the 6MWT, and
validated methods to prescribe exercise were not reported. Discussion: The STS, step and TUG tests can be
performed at home, but do not accurately document desaturation with walking or allow exercise prescription.
Patients at risk of desaturation should be prioritised for centre-based exercise testing when this is available.
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oxyhaemoglobin desaturation) and enable accurate
exercise prescription.®> During the COVID-19 pan-
demic centre-based or in person assessments of exer-
cise capacity are not able to be performed in most
centres. As a result, some pulmonary rehabilitation
programmes have commenced exercise testing at
home, using tests with minimal space requirements
such as sit-to-stand (STS) or step tests, and with or
without remote monitoring of oxyhaemoglobin
saturation (SpO,) and heart rate. Other programmes
are not conducting any exercise testing prior to com-
mencing patients on pulmonary rehabilitation pro-
grammes at home. It is not clear which of our
current tests of functional exercise capacity are suit-
able for home and / or remote administration.

The research questions for this rapid review were:

1.  Which functional exercise tests have been con-
ducted in the home setting in people with
chronic lung disease?

2. Which functional exercise tests have been con-
ducted remotely in people with chronic lung
disease?

3. What are the clinimetric properties of tests that
have been conducted at home or remotely,
including feasibility, reliability, validity and
responsiveness to pulmonary rehabilitation?

4. Can these functional exercise tests be used to
assess safety (particularly oxyhaemoglobin
saturation) and prescribe exercise intensity,
either in person or remotely?

Methods

The protocol was registered on PROSPERO
(CRD42020182375) on 27 April 2020.

Types of studies: We included any study that
reported conducting an exercise test at home or remo-
tely in people with chronic respiratory disease. All
exercise tests were eligible for inclusion; question-
naires and subjective reports of exercise capacity
were excluded. We defined home exercise testing as
any test conducted in the home setting by a health
professional in person. We defined remote testing as
any exercise test that had been conducted using infor-
mation and communications technology, without in
person supervision, regardless of setting. We also
included studies conducted in any setting that report
use of tests that were being conducted at home in
people with chronic respiratory disease during the
COVID-19 pandemic,' specifically step tests,

sit-to-stand (STS) tests and the Timed Up and Go.
These studies were included in order to report on
their clinimetric properties (quality of measurement
instruments e.g. reproducibility) and clinical proper-
ties (e.g. ability to detect desaturation and prescribe
exercise). We did not include studies that reported
the clinimetric properties of the 6-minute walk test
(6MWT) in a centre-based setting, as these have
been reported in detail in a previous systematic
review.® There was no restriction on the functional
domains measured during the test, which could
include functional exercise capacity (e.g. walking
tests, step tests) as well as tests of lower limb
strength and endurance (sit-to-stand tests) and tests
with components reflecting balance and frailty (e.g.
Timed Up and Go).

We did not include case studies. Review articles
were not included, but we reviewed their reference
lists for studies that met our inclusion criteria. Other-
wise there were no restrictions on study design. We
included studies investigating clinimetric properties,
descriptive studies and studies where the test was used
to evaluate the effects of an intervention. Only studies
published in English were included.

Participants: We included studies in which parti-
cipants had any chronic lung disease including (but
not limited to) chronic obstructive pulmonary disease
(COPD), interstitial lung disease (ILD), asthma, cys-
tic fibrosis (CF), bronchiectasis or pulmonary hyper-
tension. We did not exclude studies based on age,
gender or physiological status of participants. We
excluded studies that focused on participants who
were mechanically ventilated.

Search methods for identification of studies: As
this was a rapid review designed to respond to the
emerging COVID-19 pandemic, we elected to search
a single database (MEDLINE) from 1 January 2000 to
25 April 2020. We chose the MEDLINE database due
to the availability of relevant MESH terms, and good
coverage of clinical topic areas for the English lan-
guage literature, as only studies in English were to be
included. The search strategy for MEDLINE is in
Supplementary Table S1. One author reviewed the
title and abstract of the identified studies to determine
their inclusion.

Data extraction and management: One author
conducted data extraction using a standardised
template, with random checks on accuracy by a
second reviewer. The following information was
extracted:
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e Methods of study (date/title of study, aim of
study, study design, primary outcome, other
outcomes)

e Participants (diagnosis, age, sex, disease sever-
ity, inclusion criteria, exclusion criteria,
method of recruitment of participants)

e Intervention (if applicable, description of the
intervention)

e Exercise test — name, details of protocol (if
provided), location of test (home, centre, other)
and monitoring (in person, remote, none), vari-
ables monitored

e Outcomes pre/post intervention data where
applicable, details of clinimetric properties if
applicable

e Details of any physiological monitoring,
including but not limited to pulse oximetry

e Whether the results of the test were used to
prescribe exercise and if so, the methods used.

Assessment of risk of bias: We considered risk of
bias according to study design and methods of analy-
sis, and this was documented in the data extraction
form. As this was a rapid review we did not conduct a
formal assessment using a risk of bias tool.

Outcomes: The main outcomes of interest were the
number of reports of home or remote administration
of each exercise test. Additional outcomes were
patient variables monitored for each test (e.g. SpO,,
heart rate, symptoms, blood pressure); methods used
to prescribe exercise training intensity; and clini-
metric properties for each test — feasibility, reliability,
validity and responsiveness, using the metrics
reported by the authors.

Data synthesis: A narrative synthesis was per-
formed for each exercise test separately. For each
exercise test we reported whether it had been per-
formed at home or with remote monitoring, including
the number of reports. Patient variables monitored for
each test (e.g. SpO,, heart rate, symptoms, blood pres-
sure) were reported descriptively. Any methods used
to prescribe exercise training intensity were reported
descriptively.

We reported clinimetric properties for each test,
from all studies where these are reported, not just
those performed at home. We reported feasibility
(e.g. number of participants who could perform the
test), reliability (e.g. intra-class correlation coefficient
(ICC)), validity (e.g. correlation with gold standard
exercise tests) and responsiveness to pulmonary reha-
bilitation (e.g. mean changes pre/post rehabilitation

and measures of variability). Where possible we cal-
culated an effect size to describe responsiveness.
We had intended to examine outcomes separately by
subgroups with different lung diseases (e.g. COPD,
ILD), but there were insufficient data for diseases other
than COPD, so these analyses were not performed.

Results

The MEDLINE search identified 3778 studies
(excluding duplicates) of which 3654 were excluded
based on title and abstract. Of the 128 full text papers
screened, 84 were included (85 reports). This included
five studies examining the 6MWT,” ! 39 studies
examining STS tests,'>° 35 studies examining step
tests'***>9#2 and 17 studies examining the Timed Up
and Go (TUG).!7:19:24:33:42.:49.50.83-92 pepy stydies
examined more than one test, including four that
examined STS and TUG,7***%* four that examined
two kinds of STS test,>”>****> and two studies (in
three reports) that examined STS, TUG and step
tests.'®?*3% The PRISMA diagram is in Figure 1 and
study characteristics are in Supplementary Tables S2-
S5. An overall summary of the review findings is in
Figure 2. No adverse events were reported in any
studies.

Main outcome — home and remote use: Exercise
tests that have been used at home in people with
chronic lung disease were the SMWT (two studies),”®
five times STS (5STS, two studies),**** 10 times STS
(10STS, one study, two reports),'”** 1-minute STS
(1minSTS, one study),’® 6-minute stepper test (6min-
Stepper, two studies, three reports),'®**>° and
TUG.'24425992 Exercise tests administered remotely
were the 3-minute step test (3MST)>® and 6MWT.>!°

6-minute walk test

Home: One randomised crossover trial (RXT) com-
pared home and centre-based 6MWTs® and one RXT
compared an outdoors to a centre-based 6MWT.”
Both included people with moderate to severe COPD.
The centre-based 6-minute walk distance was signif-
icantly longer than the distance recorded at home®
(Table 1) with a mean difference that exceeded the
minimal important difference of 30 metres.”® The
6MWT track lengths were shorter at home (mean 17
metres) compared to the centre (30 metres) and 42%
of tests were conducted indoors. Comparison of
indoor vs outdoors 6MWT (conducted on a flat side-
walk), both using a 30-metre track, showed no differ-
ence in the distance walked (Table 1).’
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or measurement properties
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e Data for patients with
chronic lung disease not
reported separatelyn=1

Figure |. Study selection.

Remote: Two studies by the same group aimed to
validate two different phone apps for remote monitoring
of the 6MWT in people with chronic respiratory condi-
tions (mostly COPD and asthma).”'® Both apps recorded
the 6-minute walk distance using accelerometry, and one
also provided voice and vibrating instructions.” Both
apps included monitoring by pulse oximetry, however
these data were not reported. The 6-minute walk distance
measured by the apps was similar to that measured by the
researchers in person (Table 1).

Feasibility: One study in participants with COPD
reported that 58% of tests were conducted outdoors
because a track of sufficient length was not available
inside the home.®

Clinimetric properties: Home-based 6-minute walk
distance was highly reliable when performed twice on
the same day, with ICCs > 0.99.® Intra-rater reliabil-
ity was high for both outdoor and indoor tests (ICCs
0.97 and 0.99 respectively).®

Safety assessment: All studies reported monitoring
the 6MWT using pulse oximetry and three also used

symptom scales for dyspnoea and perceived
exertion.”®!!

Exercise prescription: One study used the 6MWT
for exercise prescription in 39 people with COPD."!
Walking exercise was prescribed at 80% of the aver-
age speed walked on the 6MWT. This exercise pre-
scription was well tolerated over 10 minutes of
walking, generally achieving more than 60% of peak
oxygen uptake (VO,) with a steady state by the fourth
minute.

Sit-to-stand tests

Six different STS tests were used (Table S2). These
were the five times sit to stand test (5STS, 14 studies),
where the time taken to stand up and sit down five
times from a standard height chair is recorded; the 10
times sit to stand test (10STS, 2 studies) using a sim-
ilar protocol; the 30-second sit to stand test
(30secSTS, 9 studies) where the number of sit-to-
stand repetitions in 30 seconds is recorded; the
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Administered at Home

with Supervic

*  6-min walk test

« 5STS, 105TS, 1minSTS
* BminStepper

* Timed up and go

6MWT

(All studies n=5; Home/remote studies n=4)
* Feasibility: track length often too short in home
*  Excellent reliability @

+ Validity at home may be poor - BMWD at home
not comparable to centre )
*  Good responsiveness
* Allows assessment of desaturation with walking
* Equations for exercise prescription, validated

reported

STS TESTS
(All studies n=39; Home/remote studies n=4)
+ Feasibility: 6-15% may be unable to complete
+  Excellent reliability
*  Good validity
* Good responsiveness
+ Physiological responses infrequently monitored
« Less desaturation than BMWT (mean 1-8% less)
« Not been used for exercise prescription

frm

CONCLUSIONS
STS, Step tests & TUG
+ Feasible athome
« Remote administration rarely

+ Do notreveal the full extent of
desaturation with walking

+  Useful to quantify PR outcomes,
but not exercise prescription
or assessing desaturation

Administered Remotely

+  6-min walk test — limited data

+ 3-min step test — limited data

STEP TESTS

(All studies n=35; Home/remote studies n=3)

= Feasibility variable and poorly reported

O « Excellent reliability

«  Good validity

* Variable responsiveness
* Less desaturation than BMWT (mean 2-3% less)
= Equations for exercise prescription available for

6minStepper, but unvalidated

TUG

°® (All studies n=17; Home/remote studies n=5)

* Feasibility: 3-13% may be unable to complete
’%T + Excellent reliability

e J Good validity

Variable responsiveness

Physiological responses rarely monitored
Not been used for exercise prescription

. s s

Figure 2. Summary of review findings.

6MWD = distance walked on 6-minute walk test, BMWT = 6-minute walk test, STS = sit to stand, TUG = Timed

Up and Go.

Table I. Difference between centre-based and home or remote test administration.

Test  Study Comparison

Difference

6MWT Holland et al.
20158

Brooks et al.
2003’

Juen et al. 2014’ App vs in person

Centre vs home

Indoor vs outdoors

6MWD mean 30.4 metres longer at the centre (95%Cl 0.4 to
63.2 metres)
6MWD mean (SD) 394 (86) vs 398 (84) metres, p = 0.4

6MWD MD 0.3 m (95%Cl — 73 to 72 metres)

App absolute error for 6MWD 5.87%

Juen etal.2015'® App vs in person
3MST Coxetal.2013°° Remote supervision vs in
person

App error for 6MWD 3.78%

Nadir SpO, MD 0.2% (LOA — 3.4 to 3.6%)

Rate of perceived exertion MD 0.5 points (LOA — |.1 to 2.1
points)

Pulse rate MD - 0.6 beats/min (LOA — | 1.3 to 10.] beats/min).

3MST — 3-minute step test, (MWD — 6-minute walk distance, 6MWT — 6-minute walk test, 95%CI — confidence interval, LOA — limits of
agreement, MD — mean difference, SD — standard deviation, SpO, — oxyhaemoglobin saturation.

1-minute sit-to-stand test (1minSTS, 13 studies) as
well as small numbers of studies using 2-minute tests
(2minSTS, 1 study) and 3-minute tests (3minSTS, 2
studies).

Home: Tests used at home were the 5STS,>**
10STS,'"** and the 1minSTS.>® Participants (n =
381) had COPD, some were using home oxygen

therapy”® and some were recovering from an acute
exacerbation.>* All home testing involved in person
supervision from a researcher or clinician.

Remote: No studies reported remote administration
or monitoring of a STS test.

Feasibility: In a study of patients with stable COPD
(n = 475), 15% of participants were unable to
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complete the 5STS.?” Those who were unable to
complete the test were significantly older (mean
(SD) 73(10) vs 68(10) years), had higher levels
of chronic dyspnoea (Medical Research Council
scale 4.1(1.0) vs 3.3(1.1) points), lower quadriceps
maximal voluntary contraction (44(13) vs
60(17)%predicted) and lower incremental shuttle
walk distance (84(66) vs 224 (126) metres). A study
comparing the 5STS to the 30secSTS in 128 people
with moderate to severe COPD reported that all par-
ticipants could complete the 5STS but 7% could not
complete two trials of the 30secSTS.* One addi-
tional trial reported that 3 of 50 participants with
COPD (6%) could not complete any repetitions of
the 30secSTS.?® Of those participants who felt it was
strenuous to undergo a STS (69%), most (93%) found
the 30secSTS more strenuous than the 5STS.* In a
clinical trial of inpatient pulmonary rehabilitation
including 60 participants with moderate to severe
COPD, all could complete both the 30secSTS and
the 1minSTS.** No feasibility data were reported for
the 10STS, 2minSTS or 3minSTS.

Clinimetric properties: Reliability, validity and
responsiveness of STS tests are in Table 2. Test-
retest reliability was high for the 5STS, 30secSTS and
IminSTS. The 5STS, 30secSTS and 1minSTS had
moderate to strong correlations with other measures
of exercise capacity, with higher values for the
IminSTS than the other tests. There were moderate
correlations with quadriceps strength and weak corre-
lations with daily life physical activity. Predictive
validity was demonstrated only for the IminSTS, with
lower values predicting increased mortality at 2 and 5
years.”'° Responsiveness to pulmonary rehabilita-
tion was evident for 5STS, 30secSTS and 1minSTS,
with moderate to large effect sizes.

Safety assessment: Most studies did not report
using any monitoring during the STS test (24 / 40
studies, 60%, Table S2).

A comparison of three STS tests in people with
COPD found significantly greater desaturation on the
1minSTS than the 30secSTS or 5STS (mean —3(SD
4) vs —1(2) and —1(2) respectively).*? Greater desa-
turation on 1minSTS than 30secSTS was reported in a
second study in COPD (mean —2.6 (2) vs 2(1.8).*
The 1minSTS also gave rise to significantly greater
increases in heart rate than the 30secSTS or 5STS
(mean 22(13) vs 16 (10) and 7(7)) and higher fatigue
scores (median 2 vs 0.5 vs 0).>? Dyspnoea scores on
IminSTS did not differ from the 30secSTS but were
significantly greater than 5STS (median 2.5 vs 1 vs 0)

with a similar pattern of findings for systolic blood
pressure (median 30 vs 20 vs 0 mmHg).*

In comparison to the 6MWT and cardiopulmonary
exercise test (CPET), the IminSTS provoked less
oxyhaemoglobin desaturation and a smaller rise in
heart rate (Table 3). The VO,peak was also signifi-
cantly lower during 1minSTS than during the CPET
(median 1.68 [IQR 1.38,2.29] vs 1.25 [1.03, 1.86]).””
Symptom scores for dyspnoea and fatigue were vari-
able, with some studies reporting that they were sim-
ilar across the tests,?>*° higher on CPET than
1minSTS,?” higher on 6MWT than 1 minSTS,*’ or
higher on 1minSTS than 6MWT.'®

Exercise prescription: No studies used any of the
STS tests for exercise prescription.

Step tests

Five different step tests were used (Table 3): 6-minute
stepper test (6MStepper) (15 studies), using a hydrau-
lic stepper; a 3-minute step test (3MST) (9 studies),
most at a fixed cadence (7 studies); incremental step
tests (5 studies), where the stepping rate increases
regularly throughout the test, using either the Chester
protocol (4 studies) or a version modified for patients
with lung disease (modified incremental step test,
MIST, 3 studies); a step oximetry test (4 studies)
involving either stepping on and off a single step 15
times (3 studies) or for as long as possible (1 study);
and a 6-minute step test on a single step at a free
cadence (2 studies).

Home: Two studies (3 reports) used the 6MStepper
to assess exercise capacity before and after a rehabi-
litation programme at home.'***° These tests used a
hydraulic stepper with in person supervision in the
home. Participants (n = 337) had moderate to severe
COPD and some were using long-term oxygen
therapy.

Remote: One study compared a remotely super-
vised 3MST to a 3MST monitored in person in 10
adults with CF and moderate lung disease.’® Remote
supervision took place via videoconferencing and
included measures of SpO, and pulse rate via pulse
oximetry, with the monitor visible to the health pro-
fessional via videoconferencing. Measures of dys-
pnoea and perceived exertion were also collected.
There was good agreement between the directly
supervised and remotely supervised tests for nadir
SpO,, pulse rate and rate of perceived exertion
(Table 1). Nine of 10 participants indicated no



(panunuoo)

AMW9
26810T e 3@ B0y (0'1-$9°0 1D %56) T80 DNV Jood Anusp|  uaaundu0) (€7 =u) adod I
pa1o1paady
ge910T ' 30 3pey L2900 =1 Jead?lQA  3usdIndUC) F1=u 4D [
26810 [e 32 ®LIo}y 0¥ =4 awn 3upjjem Aleg  3UALINdUOD (€7 =u) adod [
¢ 810T & 32 J3|yasKoy (st=u)
o L00T '[& 39 IAS[eZO ‘9| 0T '[& 39 39NJD .*/ | O '[e 39 00D §9°0 ©2 $90°0 = 9240 sdeolpend  3uanduo) 4D ‘(6b€ = U) AdOD 4
o 8107 '€ 32 J3|ydskay /00T & 32 13[eZO L | 0T ‘[E 39 4004D (6¥€ = u)
5810 '[e 39 pueng ¥€8°0 03 G0 = 4 AMW9  3uaanduod  adoD (201 = u) Al 4 SLSulw|
sjuaididad
(1000 > d) SA s9)epIpued (£ = u) syuarddau 17
<,600T [e 32 dpouquassog ()01 sA (ST As)z ues|y jue|dsuey 3un  sdnou8 umouy| (g| = u) sairepipued |7 |
AMW9
268107 '[e 32 B0y (01°0—0L°0 1D %S6) §8) DNV Jood Anusp|  uaINdU0D (€7 =u) adod I
26810C '[e 32 ®aLIo}y 9p'0 = swn Supjjem Aleg  3UALINdUOD (€ = u) adod _
(I¥1 =u) adod
£1T10T e 32 J3y2ang (,‘810T e 32 3ueyzZ (‘61 0T e 32 peddays 0180-86€0 = - 22.10) sdadpeENd  3uALINdUOD (s1=uwd1 €
5810T e 39 Sueyz 8750 = AMIW9  3udaInduo) (871 = u) adod _ S.159950€
0 S1S01
12D
uo sanIpigiowod
9]EJ3POW SA 3J3A3G
suonnadad (1°1 AS) £'T AW 12D
cl00=d uo saiIpiqJowod
,¢810C '[e 32 BIBAIIO  ‘suonnadau (§€'1 AS) 74T AW Pl SA 249A9G  sdnoJ8 umouy ¥y = u) adod
AMW9
45 10T '[e 30 BIO|y-NaqRUIAG , ‘B 0T ‘B 32 BIOW (£6'0 93 8%°0 1D %S6) 1270 DNV Jood fnusp|  uBLINdUOD (£6T7 = u) AdOD [4
2¢810T '[& 30 ®aLIol 610=14 awn 3upjjem Ajreq JuaJINdU0D) (e =u) Adod |
ZE10T B2 sauo[ 8c0 =14 92.0} sdadupend) JU.UN2U0D) (5% = u) Adod |
12€10T [e 39 sauof 650 = LMSI  3udainduo) (S2¥ = u) adoD [ S1SS
sa10N diysuonejpu jo yaduaang aJnsealy AlpIfeA Jo adA] suaquinu pue sasouSelp saIpnis Jo ApIep
juaned JaquinN
217 10T '[e 32 niugindy 760 01 78°0 23uey (ov = u) adod I Sisunug
0 SLsuwg
F1=u 4D
g9 10T '[& 30 )PRY (‘B10T ‘[B 39 J13|y24sy .8/ | 0T e 33 4004D 86'0 03 06°0 23uey 67T 01 80 d8uey suonnadey ‘(b6 = u) AdOD € SLSuiw|
5z810T [e 3@ Uasue (YN 03 060 ID%S6) ¥60 (€093 §°0—) T0— suonnaday (05 = u) adod [ S1599s0¢
0 S1S01
(620
€107 e 32 s9uo[ (660 O3 §6°0 1D%S6) £6°0 031 |70-) $0'0  (spuodas) awn| (05 = u) adod I S1SS
salpng DDl $159) U9AMIDq aJnseaw sJaqunu saIpnis jJo Ajiqerpa
2dUBJBYIp uesy, swodnQ pue sasoudelp Jusned  JaquinN 159194-1S9 |

'S1S9) pue)s-03-1Is jJo sapJadoud srawiulD T dqelL



‘aveadn uadAxo dead — deadlOA ‘UonEBIASP pJepuels

— @S “2U3ID1YS0D UOIIE|DIIOD S,U0SIedd — J ‘palIodau 10U — YN ‘@IUBIYIP UeSW — (4 Que|dsue.s Sun|— |7 9531 Jj[em 3[33NYS [BIUSWIDUI — | AAS]| ‘OseasIp Sun| [ennsaaiul — (07| ‘olled pJezey —yYH
toseas|p Adeuow|nd 8A1INIISGO dIUOIYD — QdOD SIS04qY 213SAd — 4D X3pu| AIPIGIOWOD) UOS|IBYD — [DD ‘9AIND SYI JSPUN BIIE — DY ‘[BAISIUI 9DUSPYUOD %G6 — [D%G6 ‘©IUBISIP Y[Em nuiw
-9 — QAN ‘3593 pUEIS 03 S AW BAl — § | S§ IS8 S § PUODSS-OF — S| SIDSOE IS93 PUEBIS O3 IS SINUIW-E — S SUIWIE ‘IS83 PUBIS 03 3IS INUIWI-Z — § | SUIWIT IS93 PUBIS O 3US SINUIW-| — S SUIW |
‘paydads ausym 1dedxa (jeAdsIul 92USPYUOD %Ge) UBSW S BIR(

2610C '[e 32 anbsanaT 190 Sujuesy adue3sIsau pue dduBINPUT (911 = v) adod | slsulwg
0 S1Sulwg
Suureay apsnw Aiojedidsur +
9107 e 32 eAplea uonejiqeya. Aseuow|nd ‘Buiuieny F1 =u)
62 610C '[& 39 9nbsansT o ‘90T "[e 30 IPRY ;'L 10T [€ 32 400D £6°0 03 £5°0 d3Ued ‘T9°Q UeIPIlY 9sueIsisad ‘Bulureay sdueanpuz - 4D (00K = U) AQdOD 14 Sisulw
swwea3oud
eV 10T asppuaxa awoy ‘Suluesy (ze = v)
‘|& 39 WIOGRYSUIEA o 00T e 32 epJeeds3uoy ‘80T eI IT T80-ST'0 d8ues ‘|g°Q uelpaly aoueasisal ‘Bulures sdueanpuz  4d] ‘(6 = U) AdOD € S1S29s0¢
uonell|iqeys.
61£10T '[e 39 34enbod ‘G| 0T ‘[ 39 sl0gso.D 0¥°0 03 £T0 23uey Aseuowind paseq-awoH (bL¥ = u) QdOD [4 SLsol
,»£10T '[e 39 suuew|aidg
1+800T ‘[B 39 [9U2s3191Y ‘6|0 [e 39 anbsaaa ‘€ 10T
‘e 29 souO[ ‘8| 0T '|& 39 SOAIN '/ 10T [E 32 ZIeS-Z3[EZUOD Sujuieny uoneaqgia Apoq ajoym
22 C10T "[B 32 PI2R0ID ‘8107 "B 32 UdYD , ‘8| 0T e 32 Adidg /| 03 670 d3ued ‘€' Uelpaly ‘Suluress yadua.as ‘Suure.s sduenpuy (165 =u) adoD 6 S1SS
salpnig 3zIs 1093 SUONUBAIRIU| siaquinu  s9IpNIs JO ssaudAisuodsay
pue sasouSelp juaped JaquINN
0 SiSulwg
0 Sisulwg
(580050 1D%56)
85°0 suonnadau aiow g Jad YH
(L6'0-€80
1D %S6) 06'0 uonnadal
aJow auo Jad YH :saeak 7 Iy
(980 03 §9°0
5eE10T eI UBYNd D %S6) 18°0 ‘suonnadau (bL€ = u) AdOD
1ZL10T 83950000 auow ¢ 4ad YH :sueak § 1y Ajeioly 9AIDIpaUd (12 = u) adod z
[0J3U0d
100 =d‘(h) 0T sA (5) §1 Uedl  Ayaeay sA QdOD  sdnous umouyy [
S9I0N| diysuonepau jo yiduaaag aunsesly Aupifea jo adA| sJaquinu pue sasouSelp saIpMIs Jo AupijeA

juaned

JaquinN

(penunuod) g s|qeL



Holland et al.

Table 3. Fall in oxyhaemoglobin saturation and rise in heart rate on |-minute sit-to-stand test compared to conventional

exercise tests.

Oxyhaemoglobin desaturation or nadir

(SpO,%) Maximum heart rate

Patient
Study group IminSTS ~ 6MWT  CPET ISTS 6MWT CPET
Briand et al. 2018'®  ILD 92 (5) 90 (7) 112 (17) 112 (16)
Crook etal. 2017°  COPD 90 (3) 86 (6) 107 (11) 107 (15)
Gruet etal. 2016  CF —4(3) —5(@4) —7(5) 131 (18) 141 (16) 171 (14)
Ozalevi et al. 2007°> COPD 0 (I) -3(3) 98 (22) 110 (20)
Radtke et al. 2017°7  CF —6[-3 to —9] —9[6to 1] 154 [148 to 159] 169 [166 to 178]
Reyschler et al. 2018%° COPD —1 (3) -8 (5) 14 (10) 20 (15)

Data are mean (SD) or median [interquartile range). Data are decrease in SpO, from baseline, with the exception of Briand et al and

Crook et al, which are nadir SpO,.

IminSTS — |-minute sit-to-stand test; BMWT — 6-minute walk test; CF — cystic fibrosis, COPD — chronic obstructive pulmonary disease,
CPET — cardiopulmonary exercise test; ILD — interstitial lung disease.

preference for in person or remote supervision, with
one participant preferring in person supervision.

Feasibility: Feasibility varied across the different
step tests. One study reported that in patients with
bronchiectasis the Chester Step Test was not as well
tolerated as the MIST, which starts at a lower cadence
and increases more slowly.>” The Chester Step Test
was stopped more frequently than the MIST by the
examiner (58% vs 41% of tests), either because the
participant could not maintain the cadence, or due to
desaturation.”” In contrast the entire 3MST at fixed
cadence was completed by 97 of 101 adults with
CF.®® One study reported that all participants (n =
84 with ILD) could complete the 6minStepper test,**
however people using supplemental oxygen were not
included. Some studies excluded participants with
orthopaedic problems that would have prevented
them undertaking the test,”® making it difficult to
assess the feasibility of tests across the population
of people with chronic lung disease.

Clinimetric properties: Reliability, validity and
responsiveness of step tests are in Table 4. The 6min-
Stepper, MIST and Chester step tests demonstrated
good test-retest reliability, with limited data for other
tests. Although the ICC for the 6minStepper was high
(0.94) the second test recorded up to 42 steps more
than the first test, due to warming of the hydraulic
jacks in the stepper device.’>>® There was some evi-
dence of criterion validity for all tests, with moder-
ately strong correlations to other important measures
such as 6-minute walk distance or physical activity in
daily life. Data for responsiveness to pulmonary

rehabilitation was only available for the 6minStepper
and 3MST (free cadence), with variable effect sizes.

Safety assessment: All studies reported monitoring
step tests with pulse oximetry and most also used
symptom scales for dyspnoea and perceived exertion
(Table S3). Several studies reported that the degree of
desaturation was less on the 6minStepper than on
6MWT (SpO, 2.3 to 3% more desaturation on
6MWT, 4 studies).®*7!-7%8! Desaturation on the
6MST with free cadence was not different to
6MWT>? or CPET.®? A 15-step oximetry test resulted
in similar desaturation to a 6MWT in patients with
idiopathic pulmonary fibrosis (mean nadir SpO,
86(SD 8)% vs 86 (7)%).”” In contrast, an incremental
step test (MIST) resulted in greater desaturation than a
CPET (—7(5)% vs —3(3)%), but with similar rise in
heart rate and similar symptoms.®’ A 6MST with free
cadence caused a greater rise in heart rate and more
lower limb fatigue than a 6SMWT,? with similar find-
ings for the 6minStepper.®*

Exercise prescription: Three studies of the 6min-
Stepper had developed equations for exercise pre-
scription. Two studies generated reference equations
for prescribing aerobic training based on heart rate
during the 6minStepper, but the equations were not
validated.’*°* and there were no reports of their use to
set training intensity in pulmonary rehabilitation pro-
grammes. A third study developed reference equa-
tions for prescription of resistance training and
compared actual vs predicted training load (70% of
1 repetition maximum (1RM)).>* The mean difference
was 30 kg, and the authors concluded this difference
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Chronic Respiratory Disease

was not clinically acceptable and the prediction equa-
tion should not be used as a substitute for a 1RM
measure. No other step tests had been used for exer-
cise prescription.

Timed Up and Go

Home: The TUG was administered at home in 4 stud-
ies (5 reports),'??*42:3092 where it was used to eval-
uate the effects of a home pulmonary rehabilitation
programme 2443 or to evaluate change over 12
months.”® Participants (n = 381) had moderate to
severe COPD (FEV,%predicted mean 27 to 42%) and
some were using home oxygen therapy.’® All home
testing involved in person supervision from a
researcher or clinician.

Remote: No studies reported remote administration
or monitoring of the TUG.

Feasibility: Two studies reported excluding parti-
cipants who could not perform the TUG (13% and 3%
of those recruited).®**°

Clinimetric properties: Reliability, validity and
responsiveness of the TUG are in Table 5. Test-
retest reliability was high. Concurrent validity was
demonstrated by moderate to strong relationships
between TUG time and other measures of exercise
capacity (6-minute walk distance, peak work, peak
VO,) and peak quadriceps force, although one study
reported no relationship between leg press and TUG
time (data not reported).*” The TUG time was longer
in fallers than non-fallers, and in oxygen users vs non-
oxygen users.®>#3:8¢ Responsiveness varied, with
effect sizes ranging from small to large, and the min-
imal detectable change (95%) ranging from 14 to
33.5%.

Safety assessment: Only one out of 16 studies (6%)
reported any monitoring of physiological variables
during the TUG (Table S4).

Exercise prescription: No studies used the TUG to
prescribe exercise.

Discussion

This rapid review identified a range of exercise tests
that have been used at home with supervision in peo-
ple with chronic lung disease (6MWT, STS, 6min-
Stepper and TUG) and a more limited range of tests
that have been administered remotely (6MWT,
3MST). Administration of the 6MWT at home may
be limited by short track lengths inside the house,
although outdoors administration may provide a valid
alternative where this is possible. The STS, step tests

and TUG are feasible to perform in the home envi-
ronment but do not reveal the full extent of desatura-
tion with walking. These tests are useful to quantify
improvements in physical function with home-based
pulmonary rehabilitation but a gap remains in exer-
cise prescription. Consideration should be given to
identifying patients at risk of desaturation in whom
centre-based exercise testing should be prioritised
when local circumstances allow this to be performed
safely.

This rapid review addresses an important challenge
for pulmonary rehabilitation clinicians during the
COVID-19 pandemic. While delivery of pulmonary
rehabilitation programmes at home is feasible®~ and
international bodies are advocating for remote deliv-
ery,"? assessment of exercise capacity remains a key
gap for many services. This review identifies a num-
ber of simple exercise tests that can be performed at
home with supervision, when social distancing
restrictions allow. These tests allow quantification
of pulmonary rehabilitation outcomes, which is par-
ticularly important to evaluate in the context of a
rapidly changing model of care. The small number
of studies on remote administration of the 6MWT and
3MST provides some evidence that this approach
would be feasible in selected patients (e.g. those not
at risk of falls), but more data are required. While the
6minStepper has been used to prescribe exercise in a
small number of studies, reliability of this test may be
limited by the equipment required, which appears to
require a variable warm up period for the hydraulic
jacks.>>>® Outdoors administration of a 6-min walk
test may be possible in some settings,” depending on
local weather and physical environment, which would
allow both assessment of desaturation and prescrip-
tion of exercise. This approach may prove more
acceptable to some patients than an in-home or
centre-based test, allowing social distancing to be bet-
ter maintained. Important considerations for home
administration of exercise tests include those specific
to the pandemic, including availability of personal
protective equipment, as well as those pertinent to all
home testing including availability of equipment
(standard height chairs and steps) and ensuring a safe
testing environment for patients and health
professionals.

Limitations to this review relate to both the body
of evidence and the review process. A rapid review
process was selected to ensure we could quickly
address the immediate challenge facing the pulmon-
ary rehabilitation community. We used accepted
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methodological approaches for a rapid review in
order to speed up the process, including searching
fewer databases; restricting the types of studies
included (e.g. English only); a limited time frame
for article retrieval (year 2000 onwards); limiting
dual review for study selection and data extraction;
and limiting risk of bias assessment.”” Inherent lim-
itations to our review must therefore be acknowl-
edged. These include searching a single electronic
database (Medline) and only including studies pub-
lished in English, which may have resulted in rele-
vant studies being missed. A single author undertook
study selection, and a single author performed data
extraction with accuracy checks on a random sample
by a second reviewer; this may have increased the
risk of error and reduces confidence in the findings.
We did not perform a formal quality assessment,
although data extraction included risk of bias related
to study design and analysis, which was considered
during data synthesis. A formal risk of bias assess-
ment may have identified important limitations to
study conduct and reporting that were not evident
during this rapid review process, which may also
reduce the strength of conclusions that can be drawn.
The included studies often included a small number
of participants and used a wide variety of testing
protocols, which limited data synthesis. Feasibility
of the tests was poorly documented and key patient
groups were often excluded from studies (e.g. those
using oxygen therapy or those who could not per-
form the test). Clinimetric properties of tests were
rarely assessed in the home setting, but given the
nature of the tests (STS, step and TUG) and the use
of face-to-face supervision, these seem unlikely to vary
substantially from those properties documented in
centre-based testing. A wide variety of testing protocols
were used across the included studies, with reports of six
different variants of STS and five variants of step tests,
sometimes with differences in protocols between stud-
ies of the same test. This is a limitation to consistent
clinical application. We only evaluated tests where we
identified reports of their use in the home or remotely, so
other tests that may be feasible in the home setting (e.g.
treadmill testing, gait speed tests) were not included. A
small number of studies were available for patient
groups other than COPD.

In conclusion, pulmonary rehabilitation clinicians
can confidently perform STS, step and TUG tests at
home in people with chronic lung disease, where in
person supervision is possible. Remote supervision
may also be possible in selected patients, although

few data are available. These in-home tests are useful
to quantify the outcomes of home-based pulmonary
rehabilitation, but do not reveal the full extent of
desaturation on exercise, and validated methods to
prescribe exercise intensity are not available. Consid-
eration should be given to identifying patients at risk
of desaturation in whom centre-based exercise testing
should be prioritised, when local circumstances allow
this to be performed safely.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

Funding

The author(s) disclosed receipt of the following financial
support for the research, authorship, and/or publication of
this article: CM is partially supported by the Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico
(CNPq) (process number: 200042/2019-0), and Coordena-
¢do de Aperfeigoamento de Pessoal de Nivel Superi — Bra-
zil (CAPES) — Finance Code 001. NSC holds a National
Health and Medical Research Council (NHMRC) Early
Career Fellowship (GNT 1119970).

ORCID iD

Anne E Holland ® https://orcid.org/0000-0003-2061-845X
Joanna YT Lee @ https://orcid.org/0000-0003-2567-6990

Supplemental material
Supplemental material for this article is available online.

References

1. Gardiner L, Graham L, Harvey-Dunstan T, et al. Pul-
monary rehabilitation remote assessment. British
Thoracic Society. https://brit-thoracic.org.uk/about-
us/covid-19-information-for-the-respiratory-commu
nity/ (accessed 15 May 2020).

2. Garvey C, Holland AE and Corn J. Pulmonary rehabi-
litation resources in a complex and rapidly changing
world. https://www.thoracic.org/members/assemblies/
assemblies/pr/resources/pr-resources-in-a-complex-
and-rapidly-changing-world-3-27-2020.pdf (Published
2020, accessed 15 May 2020).

3. Hansen H, Bieler T, Beyer N, et al. Supervised pul-
monary tele-rehabilitation versus pulmonary rehabili-
tation in severe COPD: a randomised multicentre trial.
Thorax 2020; 75: 413-421.

4. Lundell S, Holmner A, Rehn B, et al. Telehealthcare in
COPD: a systematic review and meta-analysis on


https://orcid.org/0000-0003-2061-845X
https://orcid.org/0000-0003-2061-845X
https://orcid.org/0000-0003-2061-845X
https://orcid.org/0000-0003-2567-6990
https://orcid.org/0000-0003-2567-6990
https://orcid.org/0000-0003-2567-6990
https://brit-thoracic.org.uk/about-us/covid-19-information-for-the-respiratory-community/
https://brit-thoracic.org.uk/about-us/covid-19-information-for-the-respiratory-community/
https://brit-thoracic.org.uk/about-us/covid-19-information-for-the-respiratory-community/
https://www.thoracic.org/members/assemblies/assemblies/pr/resources/pr-resources-in-a-complex-and-rapidly-changing-world-3-27-2020.pdf
https://www.thoracic.org/members/assemblies/assemblies/pr/resources/pr-resources-in-a-complex-and-rapidly-changing-world-3-27-2020.pdf
https://www.thoracic.org/members/assemblies/assemblies/pr/resources/pr-resources-in-a-complex-and-rapidly-changing-world-3-27-2020.pdf

Holland et al.

15

10.

11.

12.

13.

14.

15.

16.

physical outcomes and dyspnea. Respir Med 2015;
109: 11-26.

. Holland AE, Mahal A, Hill CJ, et al. Home-based

rehabilitation for COPD using minimal resources: a
randomised, controlled equivalence trial. Thorax
2017; 72: 57-65.

. Singh SJ, Puhan MA, Andrianopoulos V, et al. An

official systematic review of the European Respiratory
Society/American Thoracic Society: measurement
properties of field walking tests in chronic respiratory
disease. Eur Respir J 2014; 44: 1447-1478.

. Brooks D, Solway S, Weinacht K, et al. Comparison

between an indoor and an outdoor 6-minute walk test
among individuals with chronic obstructive pulmonary
disease. Arch Phys Med Rehabil 2003; 84: 873-876.

. Holland AE, Rasekaba T, Fiore JF, Jr., et al. The

6-minute walk distance cannot be accurately assessed
at home in people with COPD. Disabil Rehabil 2015;
37: 1102-1106.

. Juen J, Cheng Q, Prieto-Centurion V, et al. Health

monitors for chronic disease by gait analysis with
mobile phones. Telemed J E Health 2014; 20:
1035-1041.

Juen J, Cheng Q and Schatz B. A natural walking
monitor for pulmonary patients using mobile phones.
IEEE J Biomed Health Inform 2015; 19: 1399-1405.
Zainuldin R, Mackey MG and Alison JA. Prescription
of walking exercise intensity from the 6-minute walk
test in people with chronic obstructive pulmonary dis-
ease. J Cardiopulm Rehabil Prev 2015; 35: 65-69.
Aguilaniu B, Roth H, Gonzalez-Bermejo J, et al. A
simple semipaced 3-minute chair rise test for routine
exercise tolerance testing in COPD. Int J COPD 2014;
9: 1009-1019.

Bernabeu-Mora R, Medina-Mirapeix F, Llamazare-
s-Herran E, et al. The accuracy with which the 5 times
sit-to-stand test, versus gait speed, can identify poor
exercise tolerance in patients with COPD: a
cross-sectional study. Medicine 2016; 95: e4740.
Berry MJ, Sheilds KL and Adair NE. Comparison of
effects of endurance and strength training programs in
patients with COPD. COPD 2018; 15: 192-199.
Bossenbroek L, ten Hacken NHT, van der Bij W, et al.
Cross-sectional assessment of daily physical activity
in chronic obstructive pulmonary disease lung trans-
plant patients. J Heart Lung Transpl 2009; 28:
149-155.

Briand J, Behal H, Chenivesse C, et al. The 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.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Butcher SJ, Pikaluk BJ, Chura RL, et al. Associations
between isokinetic muscle strength, high-level func-
tional performance, and physiological parameters in
patients with chronic obstructive pulmonary disease.
Int J COPD 2012; 7: 537-542.

Chen Y, Niu ME, Zhang X, et al. Effects of
home-based lower limb resistance training on muscle
strength and functional status in stable chronic
obstructive pulmonary disease patients. J Clin Nurs
2018; 27: e1022—1037.

Coquart JB, Le Rouzic O, Racil G, et al. Real-life
feasibility and effectiveness of home-based pulmonary
rehabilitation in chronic obstructive pulmonary disease
requiring medical equipment. Int J COPD 2017; 12:
3549-3556.

Crook S, Busching G, Schultz K, et al. A multicentre
validation of the 1-min sit-to-stand test in patients with
COPD. Eur Respir J 2017; 49: 1601871.

Crook S, Frei A, Ter Riet G, et al. Prediction of
long-term clinical outcomes using simple functional
exercise performance tests in patients with COPD: a
5-year prospective cohort study. Respir Res 2017; 18:
112.

Gloeckl R, Heinzelmann I, Baeuerle S, et al. Effects of
whole body vibration in patients with chronic obstruc-
tive pulmonary disease —a randomized controlled trial.
Respir Med 2012; 106: 75-83.

Gonzalez-Saiz L, Fiuza-Luces C, Sanchis-Gomar F, et
al. Benefits of skeletal-muscle exercise training in pul-
monary arterial hypertension: the WHOLEi+12 trial.
Int J Cardiol 2017; 231: 277-283.

Grosbois JM, Gicquello A, Langlois C, et al.
Long-term evaluation of home-based pulmonary reha-
bilitation in patients with COPD. Int J COPD 2015;
10: 2037-2044.

Gruet M, Peyre-Tartaruga LA, Mely L, et al. 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: 1620-1628.

Hansen H, Beyer N, Frolich A, et al. Intra- and
inter-rater reproducibility of the 6-minute walk test
and the 30-second sit-to-stand test in patients with
severe and very severe COPD. Int J COPD 2018;
13: 3447-3457.

Jones SE, Kon SSC, Canavan JL, et al. The
five-repetition sit-to-stand test as a functional outcome
measure in COPD. Thorax 2013; 68: 1015-1020.

. Kongsgaard M, Backer V, Jorgensen K, et al. Heavy

resistance training increases muscle size, strength and



Chronic Respiratory Disease

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

physical function in elderly male COPD-patients — a
pilot study. Respir Med 2004; 98: 1000—1007.
Levesque J, Antoniadis A, Li PZ, et al. Minimal clini-
cally important difference of 3-minute chair rise test
and the DIRECT questionnaire after pulmonary reha-
bilitation in COPD patients. Int J COPD 2019; 14:
261-2609.

Li P, Liu J, Lu Y, et al. Effects of long-term
home-based Liuzijue exercise combined with clinical
guidance in elderly patients with chronic obstructive
pulmonary disease. Clin Interv Aging 2018; 13:
1391-1399.

Mancuso CA, Choi TN, Westermann H, et al. Mea-
suring physical activity in asthma patients:
two-minute walk test, repeated chair rise test, and
self-reported energy expenditure. J Asthma 2007,
44: 333-340.

Morita AA, Bisca GW, Machado FVC, et al. Best pro-
tocol for the sit-to-stand test in subjects with COPD.
Respir Care 2018; 63: 1040—1049.

Neves CDC, Lacerda ACR, Lage VKS, et al. Whole
body vibration training increases physical measures and
quality of life without altering inflammatory-oxidative
biomarkers in patients with moderate COPD. J Appl
Physiol 2018; 125: 520-528.

Oliveira A, Afreixo V and Marques A. Enhancing our
understanding of the time course of acute exacerba-
tions of COPD managed on an outpatient basis. Int J
COPD 2018; 13: 3759-3766.

Ozalevli S, Ozden A, Itil O, et al. Comparison of the
sit-to-stand test with 6 min walk test in patients with
chronic obstructive pulmonary disease. Respir Med
2007; 101: 286-293.

Puhan MA, Siebeling L, Zoller M, et al. Simple func-
tional performance tests and mortality in COPD. Eur
Respir J 2013; 42: 956-963.

Radtke T, Hebestreit H, Puhan MA, et al. The 1-min
sit-to-stand test in cystic fibrosis — insights into cardi-
orespiratory responses. J Cyst Fibros 2017; 16:
744-751.

Radtke T, Puhan MA, Hebestreit H, et al. The 1-min
sit-to-stand test — A simple functional capacity test in
cystic fibrosis? J Cyst Fibros 2016; 15: 223-226.
Reychler G, Boucard E, Peran L, et al. One minute
sit-to-stand test is an alternative to 6MWT to measure
functional exercise performance in COPD patients.
Clin Respir J 2018; 12: 1247-1256.

Regueiro EM, Di Lorenzo VA, Basso RP, et al. Rela-
tionship of BODE index to functional tests in chronic
obstructive pulmonary disease. Clinics (Sao Paulo)
2009; 64: 983-988.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Rietschel E, van Koningsbruggen S, Fricke O, et al.
Whole body vibration: a new therapeutic approach to
improve muscle function in cystic fibrosis? Int J Reha-
bil Res 2008; 31: 253-256.

Rosenbek Minet L, Hansen LW, Pedersen CD, et al.
Early telemedicine training and counselling after hos-
pitalization in patients with severe chronic obstructive
pulmonary disease: a feasibility study. BMC Med
Inform Decis Mak 2015; 15: 3.

Sheppard E, Chang K, Cotton J, et al. Functional tests
of leg muscle strength and power in adults with cystic
fibrosis. Respir Care 2019; 64: 40—47.

Zanini A, Aiello M, Cherubino F, et al. The one repeti-
tion maximum test and the sit-to-stand test in the
assessment of a specific pulmonary rehabilitation pro-
gram on peripheral muscle strength in COPD patients.
Int J COPD 2015; 10: 2423-2430.

Zhang Q, Li Y-X, Li X-L, et al. A comparative study of
the five-repetition sit-to-stand test and the 30-second
sit-to-stand test to assess exercise tolerance in COPD
patients. Int J COPD 2018; 13: 2833-2839.

Vaidya T, de Bisschop C, Beaumont M, et al. Is the
1-minute sit-to-stand test a good tool for the evaluation
of the impact of pulmonary rehabilitation? Determina-
tion of the minimal important difference in COPD. Int
J COPD 2016; 11: 2609-2616.

Spielmanns M, Boeselt T, Gloeckl R, et al.
Low-volume whole-body vibration training improves
exercise capacity in subjects with mild to severe
COPD. Respir Care 2017; 62: 315-323.
Vainshelboim B, Oliveira J, Yehoshua L, et al. Exer-
cise training-based pulmonary rehabilitation program
is clinically beneficial for idiopathic pulmonary fibro-
sis. Respiration 2014; 88: 378-388.

Benton MJ and Alexander JL. Validation of functional
fitness tests as surrogates for strength measurement in
frail, older adults with chronic obstructive pulmonary
disease. Am J Phys Med Rehabil 2009; 88: 579-583;
quiz 84-6, 90.

Mazzarin C, Kovelis D, Biazim S, et al. Physical inac-
tivity, functional status and exercise capacity in COPD
patients receiving home-based oxygen therapy. COPD
2018; 15: 271-276.

Aurora P, Prasad SA, Balfour-Lynn IM, et al. Exercise
tolerance in children with cystic fibrosis undergoing
lung transplantation assessment. Eur Respir J 2001,
18: 293-297.

Basso RP, Jamami M, Pessoa BV, et al. Assessment of
exercise capacity among asthmatic and healthy adoles-
cents. Rev Bras Fisioter 2010; 14: 252-258.



Holland et al.

17

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Bonnevie T, Allingham M, Prieur G, et al. The
six-minute stepper test is related to muscle strength
but cannot substitute for the one repetition maximum
to prescribe strength training in patients with COPD.
Int J COPD 2019; 14: 767-774.

Bonnevie T, Gravier F-E, Leboullenger M, et al.
Six-minute stepper test to set pulmonary rehabilitation
intensity in patients with COPD — a retrospective
study. COPD 2017; 14: 293-297.

Borel B, Fabre C, Saison S, et al. An original field
evaluation test for chronic obstructive pulmonary dis-
ease population: the six-minute stepper test. Clin Reha-
bil 2010; 24: 82-93.

Borel B, Wilkinson-Maitland CA, Hamilton A, et al.
Three-minute constant rate step test for detecting exer-
tional dyspnea relief after bronchodilation in COPD.
Int J COPD 2016; 11: 2991-3000.

Camargo AA, Lanza FC, Tupinamba T, et al. Repro-
ducibility of step tests in patients with bronchiectasis.
Braz J Phys Ther 2013; 17: 255-262.

Coquart JB, Lemaitre F, Castres I, et al. Reproducibil-
ity and sensitivity of the 6-minute stepper test in
patients with COPD. COPD 2015; 12: 533-538.

Cox NS, Alison JA, Button BM, et al. Assessing exer-
cise capacity using telehealth: a feasibility study in
adults with cystic fibrosis. Respir Care 2013; 58:
286-290.

da Costa JN, Arcuri JF, Goncalves IL, et al. Reprodu-
cibility of cadence-free 6-minute step test in subjects
with COPD. Respir Care 2014; 59: 538-542.

Dal Corso S, de Camargo AA, Izbicki M, et al. A
symptom-limited incremental step test determines
maximum physiological responses in patients with
chronic obstructive pulmonary disease. Respir Med
2013; 107: 1993-1999.

Dal Corso S, Duarte SR, Neder JA, et al. A step test to
assess exercise-related oxygen desaturation in intersti-
tial lung disease. Eur Respir J 2007; 29: 330-336.

de Camargo AA, Justino T, de Andrade CHS, et al.
Chester step test in patients with COPD: reliability and
correlation with pulmonary function test results. Respir
Care 2011; 56: 995-1001.

Delourme J, Stervinou-Wemeau L, Salleron J, et al.
Six-minute stepper test to assess effort intolerance in
interstitial lung diseases. Sarcoidosis Vasc Diffuse
Lung Dis 2012; 29: 107-112.

Fabre C, Chehere B, Bart F, et al. Relationships
between heart rate target determined in different exer-
cise testing in COPD patients to prescribed with indi-
vidualized exercise training. Int J COPD 2017; 12:
1483-1489.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Fox BD, Langleben D, Hirsch A, et al. Step climbing
capacity in patients with pulmonary hypertension. Clin
Res Cardiol 2013; 102: 51-61.

Grosbois JM, Riquier C, Chehere B, et al. Six-minute
stepper test: a valid clinical exercise tolerance test for
COPD patients. Int J COPD 2016; 11: 657-663.
Holland AE, Rasekaba T, Wilson JW, et al. Desatura-
tion during the 3-minute step test predicts impaired
12-month outcomes in adult patients with cystic fibro-
sis. Respir Care 2011; 56: 1137-1142.

Jose A and Dal Corso S. Step tests are safe for asses-
sing functional capacity in patients hospitalized with
acute lung diseases. J Cardiopulm Rehabil Prev 2016;
36: 56-61.

Karloh M, Correa KS, Martins LQ, et al. Chester step
test: assessment of functional capacity and magnitude
of cardiorespiratory response in patients with COPD
and healthy subjects. Braz J Phys Ther 2013; 17:
227-235.

Marrara KT, Marino DM, Jamami M, et al. Respon-
siveness of the six-minute step test to a physical train-
ing program in patients with COPD. J Bras Pneumol
2012; 38: 579-587.

Murphy N, Bell C and Costello RW. Extending a home
from hospital care programme for COPD exacerba-
tions to include pulmonary rehabilitation. Respir Med
2005; 99: 1297-1302.

Narang I, Pike S, Rosenthal M, et al. Three-minute step
test to assess exercise capacity in children with cystic
fibrosis with mild lung disease. Pediatr Pulmonol
2003; 35: 108-113.

Perrault H, Baril J, Henophy S, et al. Paced-walk and
step tests to assess exertional dyspnea in COPD.
COPD 2009; 6: 330-339.

Pessoa BV, Arcuri JF, Labadessa IG, et al. Validity of
the six-minute step test of free cadence in patients with
chronic obstructive pulmonary disease. Braz J Phys
Ther 2014; 18: 228-236.

Pichon R, Couturaud F, Mialon P, et al. Responsiveness
and minimally important difference of the 6-minute
stepper test in patients with chronic obstructive pulmon-
ary disease. Respiration 2016; 91: 367-373.

Rusanov V, Shitrit D, Fox B, et al. Use of the 15-steps
climbing exercise oximetry test in patients with idio-
pathic pulmonary fibrosis. Respir Med 2008; 102:
1080-1088.

Shitrit D, Rusanov V, Peled N, et al. The 15-step oxi-
metry test: a reliable tool to identify candidates for
lung transplantation among patients with idiopathic
pulmonary fibrosis. J Heart Lung Transpl 2009; 28:
328-333.



Chronic Respiratory Disease

79.

80.

81.

82.

83.

84.

85.

86.

87.

Starobin D, Kramer MR, Yarmolovsky A, et al.
Assessment of functional capacity in patients with
chronic obstructive pulmonary disease: correlation
between cardiopulmonary exercise, 6 minute walk and
15 step exercise oximetry test. Isr Med Assoc J 2006;
8: 460—463.

Tancredi G, Quattrucci S, Scalercio F, et al. 3-min step
test and treadmill exercise for evaluating exercise-
induced asthma. Eur Respir J 2004; 23: 569-574.
Chehere B, Bougault V, Gicquello A, et al. Cardiore-
spiratory response to different exercise tests in inter-
stitial lung disease. Med Sci Sports Exerc 2016; 48:
2345-2352.

Rammaert B, Leroy S, Cavestri B, et al. Home-based
pulmonary rehabilitation in idiopathic pulmonary
fibrosis. Rev Mal Respir 2011; 28: e52—e57.

Al Haddad MA, John M, Hussain S, et al. Role of the
timed up and go test in patients with chronic obstruc-
tive pulmonary disease. J Cardiopulm Rehabil Prev
2016; 36: 49-55.

Albarrati AM, Gale NS, Enright S, et al. A simple and
rapid test of physical performance inchronic obstruc-
tive pulmonary disease. /nt J COPD 2016; 11:
1785-1791.

Beauchamp MK, Hill K, Goldstein RS, et al. Impair-
ments in balance discriminate fallers from non-fallers
in COPD. Respir Med 2009; 103: 1885-1891.
Butcher SJ, Meshke JM and Sheppard MS. Reductions
in functional balance, coordination, and mobility mea-
sures among patients with stable chronic obstructive
pulmonary disease. J Cardiopulm Rehabil 2004; 24:
274-280.

Marques A, Cruz J, Quina S, et al. Reliability, agree-
ment and minimal detectable change of the timed up &
go and the 10-meter walk tests in older patients with
COPD. COPD 2016; 13: 279-287.

88.

89.

90.

91.

92.

93.

94.

95.

Mekki M, Paillard T, Sahli S, et al. Effect of adding
neuromuscular electrical stimulation training to pul-
monary rehabilitation in patients with chronic obstruc-
tive pulmonary disease: randomized clinical trial. Clin
Rehabil 2019; 33: 195-206.

Mesquita R, Janssen DJ, Wouters EF, et al. Within-day
test-retest reliability of the Timed Up & Go test in
patients with advanced chronic organ failure. Arch
Phys Med Rehabil 2013; 94: 2131-2138.

Mesquita R, Wilke S, Smid DE, et al. Measurement
properties of the timed up & go test in patients with
COPD. Chron Respir Dis 2016; 13: 344-352.
Vainshelboim B, Kramer MR, Myers J, et al. 8-foot-u-
p-and-go test is associated with hospitalizations and
mortality in idiopathic pulmonary fibrosis: a prospec-
tive pilot study. Lung 2019; 197: 81-88.

Wilke S, Spruit MA, Wouters EF, et al. Determinants
of 1-year changes in disease-specific health status in
patients with advanced chronic obstructive pulmonary
disease: a 1-year observational study. Int J Nurs Pract
2015; 21: 239-248.

Holland AE, Spruit MA, Troosters T, et al. An official
European Respiratory Society/American Thoracic
Society technical standard: field walking tests in
chronic respiratory disease. Eur Respir J 2014; 44:
1428-1446.

Bernabeu-Mora R, Medina-Mirapeix F, Llamazare-
s-Herran E, et al. The short physical performance bat-
tery is a discriminative tool for identifying patients
with COPD at risk of disability. Int J COPD 2015;
10: 2619-2626.

Haby MM, Chapman E, Clark R, et al. What are the
best methodologies for rapid reviews of the research
evidence for evidence-informed decision making in
health policy and practice: a rapid review. Health Res
Policy Syst 2016; 14: 83.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


