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Background/Purpose: To date, there are no published validated Chinese versions of the incremental
shuttle walk test (ISWT) instructions despite its wide clinical applications. Translation of the Chinese ISWT
instruction is done in an ad-hoc manner within the Chinese-speaking populations, a®ecting the test's reli-
ability and validity since translation can di®er signi¯cantly between individuals. This warrants the need for
psychometric testing of such translation.
Objectives: To develop a Chinese (Mandarin) version of the ISWT instructions (ISWT-CHN) that is
conceptually equivalent to the original English version (ISWT-ENG) and establish its reliability and validity.
Methods: Forward and backward translations from the ISWT-ENG were done to generate the ISWT-CHN.
Face and content validity was determined during the translation process. Intra-rater and inter-rater reli-
ability of the ISWT-CHN, construct and criterion validity were established by analysing the ISWT and the
gold standard cardiopulmonary exercise test results.
Results: The Item-Content validity index (I-CVI), Scale-level-Content validity index (S-CVI), and content
validity ratio (CVR) of the ISWT-CHN were 1.0. Intra-class Correlation Coe±cient (ICC) for inter-rater
reliability between two raters were excellent (ICC ¼ 0:99, 95% CI 0.97–1.0, p < 0:001; SEM ¼ 0:85m,
MDC ¼ 2:35m). The intra-rater reliability of both Raters A (ICC ¼ 0:92, 95% CI 0.53–0.98, p ¼ 0:003;
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SEM ¼ 35m, MDC ¼ 97m) and B (ICC ¼ 0:90, 95% CI 0.76–0.96, p < 0:001; SEM ¼ 32m, MDC ¼ 88m)
were good. In a sample of 32 healthy participants, both ISWT-CHN and ISWT-ENG instruction results
showed low-positive correlations with the VO2max determined from the cardiopulmonary exercise test (r =
0.439, p < 0:001; r ¼ 0:448, p < 0:001). There is a very high correlation between ISWT-ENG and ISWT-CHN
results with no statistically signi¯cant di®erences (r ¼ 0:967, p < 0:001). The construct and criterion validity
of the ISWT-CHN were established.
Conclusion: This study developed the ISWT-CHN and showed that it is a valid and reliable measure
conceptually comparable to the ISWT-ENG. It will bene¯t the determination of functional exercise capacity
in Chinese-speaking populations.

Key messages

. This study is aimed to develop a Chinese (Mandarin) version of the ISWT instructions.

. The ISWT Chinese translation is valid and reliable that is conceptually comparable to the original English
instruction.

. The translated ISWT-Chinese instruction will enable the use of ISWT among the Chinese-speaking
populations.

Keywords: Chinese translations; cross-sectional studies; incremental shuttle walk test; reproducibility of
results.

Introduction

The Incremental Shuttle Walk Test (ISWT) is a
commonly-used maximal ¯eld test that measures
the total distance covered by the number of com-
pleted shuttles (ISWD).1 The ISWT was ¯rst used
to determine the functional exercise capacity in
people with Chronic Obstructive Pulmonary Dis-
ease (COPD),1 and was proven to be reliable and
valid.2–5 The application of ISWT was then ex-
panded and proven to be reliable and valid in
populations with other health conditions such as
cardiovascular diseases,6,7 lung cancer,8 and pe-
ripheral arterial diseases.9 Functional exercise ca-
pacity refers to the maximum amount of aerobic
work an individual can sustain, de¯ned by the
maximal oxygen uptake (VO2max). This variable is
highly associated with a patient's ability to per-
form activities of daily living and the results are
often used for exercise prescription among phy-
siotherapists.10 The ISWT is used to assess physi-
cal ¯tness and design personalised walking
programmes,11–13 as well as assess treatment out-
comes and predict rehospitalisation, morbidity,
and mortality rates.14,15

Traditionally, Cardiopulmonary Exercise Tests
(CPETs) are the gold standard for measuring an
individual's exercise capacity.16 However, they re-
quire sophisticated equipment and trained sta® to
conduct the test and analyse its results. In con-
trast, the ISWT is simple and does not require

specialised equipment or extensive training to
conduct the tests. The externally-paced and in-
cremental characteristics of the ISWT are also
similar to laboratory CPETs,1 making the ISWT
an excellent alternative to assess exercise capacity
in clinical settings.

The European Respiratory Society (ERS) and
the American Thoracic Society (ATS) have
established standardised English instructions for
the ISWT.17 However, its use with non-English
speaking populations in regions and countries such
as Hong Kong, Taiwan, Malaysia, China, and
Singapore may be limited, given the di±culty in
understanding the instructions. The Chinese
(Mandarin) language is the second-most spoken
language worldwide,18 and approximately 75% of
Singaporeans are Chinese, with 48% of them have
Chinese as their primary language.19 This high-
lights the need for Chinese instructions. However,
there is no published validated Chinese version of
the ISWT instructions to date. As a result, clin-
icians have to translate the ISWT instructions on
an ad-hoc basis, which a®ects the reliability and
validity of the test since translation can di®er sig-
ni¯cantly between individuals, warranting the
need for additional psychometric testing on an
established measurement after cross-cultural
translation and adaptation.20 This is further
attested by the results from the European Social
Survey, which showed di®erences in measurement
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quality across countries. Their study attempted to
explain such di®erences and found that mis-
translations and/or keywords lost in translations
could a®ect the investigation results.21 Therefore,
this study aimed to develop a Chinese (Mandarin)
version of the ISWT instructions (ISWT-CHN)
that is conceptually equivalent to the original En-
glish version (ISWT-ENG) and subsequently
established its reliability and validity.

Methods

Design

This was a translation and cross-sectional validity
study assessing the reliability and validity of the
ISWT after the adaptation to the Chinese (Man-
darin) language. This study took place between
June 2020 and April 2021. Ethical approval was
obtained from the Institutional Review Board of
the university (Number: 2020022), and all subjects
provided written informed consent before partici-
pating in the study.

Development of ISWT-CHN

Before conceptualising this study, permission
was ¯rst sought from the test originator.1

The development of the ISWT-CHN adopted the
cross-cultural adaptation process recommended by
the World Health Organisation (WHO).22 Figure 1
describes the translation and cross-cultural adap-
tation process of the ISWT-CHN. Two bilingual
translators performed the forward translations in-
dependently. These two versions (Versions A
and B) were combined to form the interim
instructions (Version C), and it was then compared
and revised by two investigators and the two for-
ward translators in agreement to form the revised
translated version (Version D). Twenty volunteers
who were bilingual in English and Chinese but had
no prior experience with the ISWT performed the
backward translation of the revised-Chinese ver-
sion (Version D) to English (Versions E1–E20).
Lastly, the panel of researchers, which consisted of
four investigators and two translators, reviewed
the 20 backward translated versions for face and
content validity and modi¯ed them to produce the
¯nal ISWT-CHN instructions (Version F).

Participants, investigators and
centres

The participants were recruited via convenience
sampling, with the following inclusion criteria: (1)
Between 21 and 65 years old; (2) ambulant and not

Fig. 1. Flow diagram of the translation and cross-cultural adaptation process.
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using any walking aids; (3) colloquially pro¯cient
in Chinese and English; (4) has adequate mental
capacity and able to follow instructions; and (5)
was not involved with the backward translation in
the development of the ISWT-CHN. Participants
were excluded from the study if they had any
cardiovascular, respiratory, neuromuscular and/or
musculoskeletal disorder(s) that could hinder their
ability to exercise. The Physical Activity Readiness
Questionnaire for Everyone (PAR-Qþ)23 was used
for screening. Prospective participants were ex-
cluded if they were presented with any contra-
indications for CPET24 or spirometry results that
suggested any potential air°ow limitation, de¯ned
as a forced expiratory volume in one second
(FEV1) to forced vital capacity (FVC) ratio of less
than 0.70.25,26 According to other cross-cultural
adaptation studies27–31 and the minimum sample
size suggested by statisticians,32 30 participants
would provide adequate study power to observe
the validity and reliability. All exercise testing,
namely ISWT and CPET, were conducted by two
investigators (Rater A and Rater B), undergradu-
ate physiotherapy students with pro¯ciency in
conducting the tests, under close supervision from
the principal investigator. All testing procedures
and data collection took place in the exercise lab-
oratory of the university.

The ISWT protocol

With adherence to the Technical Standard,17 the
ISWT was conducted with an open 10m course
marked by two cones that were placed 0.5m in-
wards from either end. Participants were required
to listen to a pre-recorded standardised ISWT
instruction in either English or Chinese (Manda-
rin) before the test started and had to keep up with
the walking speed dictated by the pre-recorded
audio signals while walking up and down the
course during the test. The test was terminated if
the participant was limited by (1) fatigue; (2)
dyspnoea; or (3) inability to maintain the required
speed and failed to complete two consecutive
shuttles. The distance covered was calculated from
the total number of completed shuttles (ISWD).
Parameters such as oxygen saturation (SpO2),
heart rate (HR), blood pressure (BP), and the
modi¯ed Borg's scale (0–10) for Dyspnoea and
Rate of Perceived Exertion (RPE)33,34 were taken
at various time points of the test. There was a
minimum 30min break between each test, and the

SpO2, HR, and BP had to return to baseline before
the subsequent trial.

Bruce protocol treadmill test

The CPET was conducted on a treadmill (h/p/
cosmos quasarr med, Germany) withmetabolic gas
analysis (COSMED Quark CPET Gas Analyser,
Germany). The CPET was conducted using the
standard Bruce treadmill protocol.35 Participants
were instructed to continue the test until maximal
exhaustion while trained investigators monitored
the necessary parameters [HR and rhythm via a 12-
lead electrocardiogram, BP and RPE (0–10)]. The
maximal oxygen consumption (VO2max) recorded
by the cardiopulmonary diagnostic software
(OMNIA 1.6.3, COSMED, Rome, Italy) was used
for data analysis. The CPET results served as the
benchmark for criterion validity testing between
ISWT-ENG and ISWT-CHN. The ISWT and
CPET testings' were conducted on separate days.

Reliability and validity of ISWT-
CHN

A pilot trial was ¯rst conducted on six healthy
participants who ful¯lled the same aforementioned
inclusion and exclusion criteria with the ISWT-
CHN instructions (Version F) to ¯nalise the
translation and establish the inter-reliability of the
ISWT-CHN (Raters A and B). Both investigators
contributed to the collection of the demographic
data. Each participant completed a total of ¯ve
trials on the same day. Considering the learning
e®ect on the ISWT,36,37 a practice trial was in-
corporated before the participants were rando-
mised into A-B-B-A (n ¼ 3) or B-A-A-B (n ¼ 3)
sequence via a computer-generated list for optimal
e±ciency and inter-rater reliability estimates.38

The better of the two ISWD from each rater was
used to establish the inter-rater reliability of the
ISWT-CHN. No further changes to the ISWT-
CHN instructions were made after the pilot trial,
and Version F was concluded as the ¯nal ISWT-
CHN instructions. Subsequently, the intra-rater
reliability was established with an additional 14
healthy participants.

In the validity study, participants performed
three trials of ISWT on the same day and the
CPET on the following day. The block randomi-
sation method with a block size of three was used.
The block size of three was the minimum
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permutation for two variables, yet it was able to
reduce bias and achieve balance in the allocation of
participants compared to simple randomisation,
particularly applicable with a small sample size.39

The recruited participants were randomised using
a computer-generated list into four groups with
di®erent test sequences for the validity testing of
the ISWT-CHN. The groups were as follows: The
English–Chinese–English (ECE; n ¼ 8), English–
English–Chinese (EEC; n ¼ 8), Chinese–English–
Chinese (CEC; n ¼ 8) or Chinese–Chinese–English
(CCE; n ¼ 8) groups (Fig. 2). The better result of
the two trials in the same language and the result
of the remaining trial in the other language within
the same test sequence, were chosen for analysis to
account for the learning e®ect.36,37 For example,
the better result of the two English ISWD and the
Chinese ISWD from the ECE group were used for
subsequent analysis.

Data analysis

Statistical analysis was performed with IBM
SPSSr Statistics for Windows Version 26.0 (IBM
Corporation, Armonk, New York, USA). The level
of signi¯cance was set at p < 0.05. Demographic
and anthropometric data of participants were ex-
amined for normal distribution using the Shapiro–
Wilk test. ANOVA was used to analyse normally
distributed continuous variables between groups
(Height, Weight, FEV1/FVC ratio, Chinese and
English ISWD, Absolute VO2max) and the Krus-
kal–Wallis test was used to analyse non-normal
continuous variables (Age). The Fisher's exact test
was used to analyse sex di®erences between groups.

The inter-rater and intra-rater reliability were
analysed via the interclass correlation (ICC) with
a two-way mixed-e®ects model and a Bland–
Altman plot.40 The ICC was based on a 95%
Con¯dence Interval (95% CI). Absolute reliability

Notes: ECE ¼ English–Chinese–English, EEC ¼ English–English–Chinese, CEC ¼ Chinese–English–Chinese, CCE ¼ Chinese–Chinese–English,
ISWT-CHN ¼ Chinese (Mandarin) version of the Incremental Shuttle Walk Test, ISWT-ENG ¼ original version of the Incremental Shuttle Walk

Test.

Fig. 2. Design and °ow of participants through the validity study.

Cross-cultural adaptation of ISWT in Chinese 141



was calculated with the standard error of mea-
surement (SEM), minimal detectable change
(MDC), and 95% limits of agreement (LOA). SEM
was calculated based on the formula SDpð1� ICCÞ, while MDC at 95% level of con¯dence
was calculated based on the formula SEM�p

2�
1.96. The 95% LOA provides an interval within
which 95% of di®erences between the two mea-
surements are expected to lie. The alternate form
of reliability between the two measurements can be
ensured if the 95% LOA is narrow and at least 95%
of the points lie within the limits.41,42

Face validity was determined during the trans-
lation process. Content validity was determined by
the CVI and CVR.

(1) CVI is the most widely reported method for
determining content validity in instrument
development that examines its relevance and
clarity, and it can be calculated using the Item-
CVI (I-CVI) and the Scale-level-CVI
(S-CVI).43 This study used a 4-point Likert
scale (not at all, needs some revision, needs
minor revision, complete), where the I-CVI was
calculated by the total ratings scored by all the
panel members (n ¼ 6; four investigators and
two translators) and divided by the total
number of panel members. Where I-CVI is
greater than 0.79, the item is relevant; between
0.70 and 0.79, the item requires revisions; and
when it is less than 0.70, the item is elimi-
nated.43,44 Similarly, S-CVI is determined by
the number of items in the instrument that
received a \highly complete" grade. The Uni-
versal Agreement (UA) among the panel
members (S-CVI/UA) and the Average CVI
(S-CVI/Ave) are two ways of determining
S-CVI, the latter being a less conservative
method.43 S-CVI/UA is calculated by the sum
of all items with I-CVI equal to 1 divided by
the total number of items, whereas S-CVI/Ave
is equal to the sum of all the I-CVIs divided by
the number of items. Content validity is ex-
cellent when the S-CVI/UA is more than 0.8
and the S-CVI/Ave is more than 0.9.44 This
study used the S-CVI/UA method.

(2) CVR measures the essentiality of an item45

CVR ranges from −1 to 1, with a higher score
indicating greater agreement among panel
members. CVR ¼ (Ne – N/2)/(N/2), where Ne
is the number of panellists who rated an item
as \essential" and N is the total number of

panellists.43 Each sentence's essentiality was
examined on a 3-point Likert scale (not essen-
tial, useful but not essential, essential). For a
panel size of six, CVR ¼ 1:0 (p ¼ 0:05)46 is
required to be statistically signi¯cant.

Construct and criterion validities were analysed
using Pearson's correlation coe±cient r. Construct
validity was determined from the correlation be-
tween the distances obtained from ISWT-ENG and
ISWT-CHN, while criterion validity was deter-
mined from the correlations between the ISWDs of
the ISWT-CHN, ISWT-ENG and VO2max of the
CPET.

Results

Flow of participants

Six participants were recruited during the pilot
trial to establish the inter-rater reliability, and an
additional 14 participants were included to estab-
lish the intra-rater reliability. All screened parti-
cipants ful¯lled the inclusion criteria, and none
were excluded according to the exclusion criteria.
Table 1 presents the overall characteristics of the
participants in the reliability study. Subsequently,
40 participants were assessed for eligibility during
the validity study, and eight participants were
excluded according to the exclusion criteria. The
remaining 32 participants, 20 males (63%) and 12
females (37%) satis¯ed the inclusion and exclusion
criteria and participated in the validity study. The
demographic and clinical data (age, sex, height,
weight, spirometry readings, ISWD, and VO2max)

Table 1. Demographics of partici-
pants in the reliability study (n ¼ 20).

Participants

Age (years) 26.7 (SD 5.1)
Sex
Male
Female

11
9

Height (cm) 169 (SD 7.6)
Weight (kg) 67 (SD 14.9)
FEV1/FVC ratio (%) 86 (SD 5.0)

Notes: SD: Standard deviation; cm:
centimetres; kg: kilograms; FEV1/FVC
ratio (%): forced expiratory volume in
one second (FEV1) to forced vital
capacity (FVC) ratio in percentage.
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of the participants in the validity study are sum-
marised in Table 2.

Reliability of ISWT-CHN

Table 3 illustrates the inter- and intra-rater reli-
ability. The ISWT-CHN displayed excellent inter-
rater reliability (ICC ¼ 0:99, 95% CI 0.97–1.0,
p < 0:001) between Raters A and B, with the SEM
and MDC being 0.85 metres (m) and 2.35 m, re-
spectively. Figure 3 shows the Bland–Altman plot
for the inter-rater reliability, and the dots on the
plot represents each of the six participants for the
pilot study. From the plot, all the points were
within the 95% LOA (þ95% LOA ¼ 37m, �95%
LOA ¼ �37m). Good intra-rater reliability (Rater
A: ICC = 0.92, 95% CI 0.53–0.98, p = 0.003; Rater
B: ICC ¼ 0:90, 95% CI 0.76–0.96, p < 0:001) was
observed. The SEM values for the intra-rater

reliability testing were 35m for Rater A and 32m
for Rater B. The MDC values for the intra-rater
reliability testing were 97m for Rater A and 88m
for Rater B. The SEM values for the reliability
testing could be considered small as they were
below 10% of the highest achievable distance of
1020m.47

Validity of ISWT-CHN

The rigorous translation process established the
face validity of the ISWT-CHN according to the
translation and cross-cultural adaptation guide-
lines by the WHO.22 The panel of six investigators
synonymously agreed that the face meaning of the
20 copies of backward translations collected was
equivalent to the original English instructions.
Subsequently, content validity was established
via quantitative and qualitative assessments.

Table 2. Demographics and clinical data of participants in the validity study (n ¼ 32).

ECE
(n ¼ 8)

EEC
(n ¼ 8)

CEC
(n ¼ 8)

CCE
(n ¼ 8) p-value

Age (years) 24 (SD 2.2) 27 (SD 3.7) 27 (SD 6.5) 24 (SD 3.1) 0.23
Sex
Male (n = 20)
Female (n = 12)

6
2

5
3

5
3

4
4

0.96

Height (cm) 168 (SD 5.4) 165 (SD 6.0) 168 (SD 8.1) 170 (SD 7.3) 0.53
Weight (kg) 62 (SD 7.3) 60 (SD 9.2) 72 (SD 16.0) 62 (SD 12.0) 0.18
FEV1/FVC ratio (%) 90 (SD 3.3) 85 (SD 6.0) 85 (SD 3.0) 88 (SD 6.5) 0.15
Chinese ISWD (m) 699 (SD 155.0) 801 (SD 181.0) 738 (SD 150.0) 803 (SD 163.0) 0.52
English ISWD (m) 716 (SD 136.0) 801 (SD 174.0) 713 (SD 160.0) 806 (SD 157.0) 0.47
Absolute VO2max (mL/min/kg) 47 (SD 8.7) 40 (SD 8.1) 41 (SD 14.0) 47 (SD 16.0) 0.52

Notes: ECE ¼ English–Chinese–English, EEC ¼ English–English–Chinese, CEC ¼ Chinese–English–Chinese,
CCE ¼ Chinese–Chinese–English, n ¼ number of participants, ISWD ¼ Incremental Shuttle Walk Distance,
FEV1 ¼ forced expiratory volume in one second, FVC ¼ forced vital capacity, and VO2max ¼ maximal oxygen
consumption. �Signi¯cance of p values < 0:05.

Table 3. Reliability of the ISWT-CHN.

ICC 95% CI p-values SEM (m) MDC (m)

Inter-rater reliability (n ¼ 6) 0.99 0.97-1.00 < 0.001� 0.85 2.35
Intra-rater reliability (n ¼ 20)
Rater A 0.92 0.53-0.98 ¼ 0:003� 35.0 97.0
Rater B 0.90 0.76-0.96 < 0.001� 32.0 88.0

Notes: ISWT-CHN ¼ Chinese (Mandarin) version of the Incremental Shuttle Walk Test,
ICC ¼ Intra-class Correlation Coe±cient, CI ¼ Con¯dence Interval, SEM ¼ Standard
Error of Measurement, and MDC ¼ Minimal Detectable Change. �Signi¯cance of
p values < 0:05.
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Six investigators provided feedback and ratings on
the essentiality, relevance, and clarity of each
sentence of the translated instruction. There was
unanimous agreement that the conceptual mean-
ing of the IWST-CHN was consistent with the
original version. The I-CVI, S-CVI/Ave and CVR
of the ISWT-CHN were 1.0.

The ISWT-CHN had a mean distance of 760 m
[standard deviation (SD) 161] and ISWT-ENG had
a mean distance of 759m (SD 156). The Pearson's
coe±cient of ISWT-CHN versus CPET (r ¼ 0:439,
p < 0:001) as compared to ISWT-ENG versus
CPET (r ¼ 0:448, p < 0:001). This similarly weak
positive correlation with the VO2max established
the criterion validity of the ISWT-CHN. Addi-
tionally, the ISWT-CHN had satisfactory con-
struct validity, as shown by the very high positive
correlation between the ISWD of the ISWT-CHN
and ISWT-ENG (r ¼ 0:967, p < 0:001). Figure 4
shows the scatterplots that depict the relationships
between VO2max (mL/min/kg), ISWT-CHN
distance (m) and ISWT-ENG distance (m).

Discussion

This study aimed to cross-culturally adapt the
English ISWT instructions to Chinese (Mandarin)
and evaluate the translation's reliability and va-
lidity. This study revealed that ISWT-CHN is a
reliable and valid outcome measure. Intra-rater
reliability of both Raters A and B were good, with
an ICC of 0.92, p ¼ 0:003 and 0.90, p < 0:001,
respectively. Inter-rater reliability was excellent
with an ICC of 0.99, p < 0:001, and the Bland–
Altman plot revealed all points within �1:96 SD of
the mean di®erence implying that the two raters
agreed. Absolute reliability measurements also
showed that the ISWT-CHN results were precise
and had low margins of error between raters, with
an SEM of 0.85m and an MDC of 2.35m. This
agrees with the results from other studies that
showed good to excellent reliability, for instance,
in the COPD population (ICC ¼ 0:80–0.93)2

and patients with peripheral obstructive arterial
disease (ICC ¼ 0:95).9

Notes: The di®erences in incremental shuttle walk distances between raters are plotted against the mean scores. The straight line represents the

mean di®erence between the two raters; dashed lines represent the 95% limits of agreement. ISWD ¼ Incremental Shuttle Walk Distances and
LOA ¼ limits of agreement.

Fig. 3. Bland–Altman plot comparing the agreement between two raters.
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The validity of the ISWT-CHN was established.
Face validity was determined during the transla-
tion process. Content validity was ascertained by
the determination of CVI, in the form of I-CVI and
S-CVI, as well as CVR. Construct and criterion
validity of ISWT-CHN were also established. The
construct validity of the ISWT-CHN was estab-
lished through the excellent correlation with the
ISWT-ENG (r ¼ 0:967, p < 0:001). The ISWT-
ENG and ISWT-CHN results were compared with
CPET VO2max results, the gold standard to mea-
sure exercise capacity.16 The criterion validity of
the ISWT-CHN was indicated by the largely
similar signi¯cant positive correlation of the
ISWT-CHN and ISWT-ENG with the VO2maxðr ¼
0:439; p < 0:001; r ¼ 0:448; p < 0:001Þ, which sug-
gested strong agreement between both versions of
ISWT. The similar degree of weak positive corre-
lation between the VO2max and ISWT in both
languages and the strong correlation between the

ISWT-CHN and ISWT-ENG demonstrated the
equivalence of the instructions in both the lan-
guages. Therefore, the establishment of criterion
validity was inferred.

This study revealed a weaker correlation be-
tween ISWT results in both languages and CPET
VO2max results (r ¼ 0:439–0.448) as compared to
other studies. The Pearson's correlation coe±cient
r ranged from 0.72 to 0.85 in the COPD popula-
tion,3–5 from 0.73 to 0.83 in patients with cardiac
diseases,6,7 and was 0.67 in lung cancer patients.8 A
possible reason for this is because the original
ISWT1 was developed for patients with COPD,
and the protocol does not allow running to keep up
with the set speeds. This, however, might not be
sensitive to predict functional exercise capacity in
the healthy population as they are less likely to
reach 85% of the predicted maximal HR or become
too breathless to continue just by walking. More-
over, when observing the best ISWT trial results

(a) (b)

(c)

Fig. 4. Scatterplots of VO2max, ISWT-CHN distance and ISWT-ENG distance. (a) VO2max and ISWT-CHN distance, (b)
VO2max and ISWT-ENG distance, (c) ISWT-CHN distance and ISWT-ENG distance. ISWT-CHN ¼ Chinese (Mandarin)
version of the Incremental Shuttle Walk Test, ISWT-ENG ¼ original version of the Incremental Shuttle Walk Test,
VO2max ¼ maximal oxygen consumption, r ¼ Pearson's correlation, and p ¼ probability value.
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regardless of the language used in this study, none
of the participants terminated the test due to ex-
cessive dyspnoea and/or leg fatigue.1 In fact, most
participants (78%, n ¼ 25) terminated the test due
to the inability to maintain the required speed.1

Hence, in most participants, functional exercise
capacity could not be accurately predicted as the
test was terminated before adequate cardiovascu-
lar stress. The remaining 22% of participants
(n ¼ 7) completed all 12 levels at least once out of
the three ISWT trials, and 86% (n ¼ 6) of them
were males. Functional exercise capacity could not
be accurately predicted in this subgroup of parti-
cipants due to ceiling e®ects. To overcome these
limitations when using ISWT in a healthy popu-
lation, Probst et al.13 suggested allowing the par-
ticipants to run if needed and increasing the
number of stages beyond 12 levels by increasing
the speed by 0.17 metres per second (m/s) each
minute. However, this modi¯ed protocol37 is not
commonly used in clinical settings.

The ISWT is widely used in research and reha-
bilitation as a measure of exercise capacity. It is
often chosen over other measures of exercise ca-
pacity, such as the 6-min walk test (6MWT), as
this test necessitates at least 30 m of walking
space48 which may not be available at clinical or
research facilities. Furthermore, given that the
6MWT is associated with several limitations re-
lated to its self-paced nature, the ISWT is superior
when determining exercise intensity because of its
progressive nature.48,49 The ISWT is relevant and
particularly useful when prescribing exercise in-
tensity using the percentage of peak performance48

and thus may be more bene¯cial in the rehabili-
tation or general health promotion setting when
tailoring individualised exercise intervention.11–13

The newly translated Chinese instructions of the
ISWT may o®er a reliable and validated method of
¯eld-based exercise testing, bene¯ting Chinese-
speaking populations around the globe.

There are several limitations of this study.
Firstly, the study used convenience sampling and
recruited only a small sample size, which might
have introduced bias where speci¯c subgroups of
populations might have been over- or under-
represented. For instance, our participants were
relatively young, with a mean age of 26.7 (SD 5.1)
and 25 (SD 4.2) years in the reliability and validity
studies, respectively, although the study's age in-
clusion criteria were set between 21 and 65 years
old. This also resulted in a non-normal distribution

with data skewed to the left. This may be due to
the study's recruitment process, which required the
participants to be on social media to obtain infor-
mation about the study. This method may have
limited the study's reach to only those pro¯cient in
technology navigating the social media platforms.
Furthermore, a portion of interested participants
who were in older age groups chose not to partic-
ipate in the study after understanding what CPET
was, and declined with the main reason being
\afraid of over-exerting". Although interested and
willing to perform CPET, some older adults were
excluded from the study as they had chronic
medical conditions and were deemed unsafe for
exercise until certi¯ed by quali¯ed personnel, as
stated in the PAR-Qþ. Additionally, it is worth
noting that the study was conducted amid the
COVID-19 global pandemic, where multiple mea-
sures have been put in place, such as movement
restrictions and proper social distancing to curb
transmissions. Thus, participant recruitment was
mainly limited to the younger population, and the
sample size fell short of the 30 participants required
to provide adequate study power. Notwithstand-
ing, the reliability results are promising despite the
small sample size. It is also unclear if there exists a
di®erence in colloquial usage and understanding of
the language between age groups which warrants
further exploration.

Nonetheless, this study is the ¯rst to develop a
Chinese version of the ISWT instructions with
established reliability and validity. The study
results were comparable to other published data,
and it showed signi¯cant results to con¯rm that
the ISWT-CHN was conceptually equivalent to its
original English instructions. Thus, this study can
serve as a framework for future studies with larger
sample sizes and participants of varied back-
grounds despite its limitations.

Conclusion

This study translated and cross-culturally adapted
the original English instructions of the ISWT into
the Chinese (Mandarin) language and subse-
quently established its reliability and validity. The
ISWT-CHN was shown to be a reliable and valid
measurement of exercise capacity with psycho-
metric properties similar to the original English
version.1 This development is helpful to the Chi-
nese-speaking population as clinicians can now
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conduct the ISWT using standardised Chinese
instructions instead of performing ad-hoc transla-
tion. However, given the limited sample size, future
research on the ISWT-CHN with a larger sample
size and participants of di®erent backgrounds is
recommended.
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