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Incremental shuttle walk test: Reference values and
predictive equation for healthy Indian adults
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ABSTRACT

Purpose: Physical inactivity in Indians is leading to an increase in noncommunicable disorders at an early age in life.
Early identification and quantification of the lack of physical activity using simple and reliable exercise testing is the need
of the hour. The incremental shuttle walk test (ISWT) is an externally paced walk test widely used for the evaluation
of exercise capacity. Currently the normative values available for clinical reference are generated from Western
populations. Hence, the study was conducted to find normative values for the ISWT in healthy Indian adults (17-75 years).
Materials and Methods: A convenience sample of 862 subjects was recruited after ethical approval was obtained.
All subjects were divided into groups as per age and gender. For age, the grouping was as follows: Group 1: Young
adulthood (17-40 years), group 2: Middle adulthood (40-65 years), and group 3: Old adulthood (>65 years). The ISWT
was performed as per standard protocol by Sally Singh. Results: The average distance walked were 709.2m,556.4m and
441.3m in females and 807.9 m, 639.6 m and 478.2 m in males in the three respective age groups. Stepwise regression
analysis revealed age and gender as key variables correlating with incremental shuttle walk distance (ISWD). The derived
predictive equations for males and females may be given as follows: 740.351 — (5.676 x age) + (99.007 x gender).
Conclusion: Reference values were generated for healthy Indian adults. Physiological response to the ISWT was
shown to be affected by gender and increasing age. Easily measurable variables explained 68% of the variance seen

in the test, making the reference equation a relevant part of the evaluation of the ISWT.
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INTRODUCTION AND PURPOSE

Inactive lifestyles due to urbanization have caused lifestyle
disorders such as diabetes mellitus, hypertension, obesity, and
low functional capacity, ultimately leading to cardiovascular
disorders at a young age.™ There is an urgent need for early
detection and for the initiation of lifestyle changes. Exercise
testing can help in identifying these risk factors at an early
stage of the development of noncommunicable disease.

Exercise testing is an important clinical assessment tool that
provides complete assessment of the respiratory, cardiac,
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and metabolic systems. The current gold standard for the
evaluation of functional capacity is cardiopulmonary exercise
testing, which measures exercise capacity and provides
information about physical limitation, disease prognosis, and
responsiveness to treatment. Exercise capacity measurement
using a simple walk test is well established.”* A walk test
measures the distance covered over a defined period of time.

The six-minute walk test is a commonly utilized self-paced
walking test as it is a simple, objective, reliable, valid, and
sensitive tool that provides a reproducible measurement
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of functional capacity. Its principal advantages are its
operational simplicity, cost-effectivity, and relevance to
functional activities.' However, its disadvantages are that
it allows the individual to set the speed of walking!® and is
affected by a variety of factors unrelated to cardiopulmonary
status, such as motivation, age, gender, height, and weight.
7l The incremental shuttle walk test (ISWT) overcomes
these disadvantages of the six-minute walk test, diminishes
the effect of the operator’s influence, and improves the
standardization of walking tests.

A shuttle walk test guides an individual to walk at a
progressively faster pace every minute, achieved by
prerecorded signals, and correlates more strongly with
maximal oxygen uptake than the six-minute walk distance.”
It has proved to be simple, valid, reliable, reproducible,
and safe when performed appropriately, and has been used
in patients with heart disease, lung disease, rheumatoid
arthritis, intermittent claudication, and advanced cancer.*4

Currently, reference values for incremental shuttle
walk distance (ISWD) are based on data obtained from
countries like Brazil and Britain Population-specific
predictive equations estimating walking distances using
easily obtainable variables such as age, height, weight,
and body mass index (BMI) value are available for those
aged 31-90 years.!">! The primary objective of the current
study was to generate reference values for healthy Indian
adults aged 17 years and above. The secondary aim was
to study physiological response to ISWT in various age
groups and to analyze the effects of age and gender on the
cardiopulmonary load placed by ISWT.

MATERIALS AND METHODS

The study was approved by Institutional Ethical Review
Board of MGM Institute of Health Sciences, Navi Mumbai,
India. Informed consent was sought from all participants.

A convenient sample of 862 healthy subjects, who well
represented geographical, socioeconomic, and physical
variations across India, was recruited from urban and rural
localities around the MGM Institute of Health Sciences
and hospitals of the MGM Trust in Navi Mumbai. Four
hundred thirty-one (431) each were males and females,
in the age group of 17-75 years. Participants were
classified into age groups as per Erickson’s classification:
Group 1: 17-40 years (males = 288, females = 289),
group 2: 41-65 years (males = 98, females = 97), and
group 3: >65 years (males = 45, females = 45).0%

It may be argued that a convenience sample is not the best
type of sample to generate normative reference values for
a population because of a possibility of sampling error,
which may occur due to over- or underrepresentation of
subjects from a particular state in India. However, it needs
to be emphasized that the sample was cosmopolitan in
nature because people from various states of India reside
in Navi Mumbai."” While the influence of diverse climatic
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conditions and diet, which exist across various states in
India, on cardiovascular endurance cannot be ruled out,
the sample studied was considered to be representative of
the general Indian population.

Each participant was scrutinized using the American
College of Sports Medicine (ACSM) risk profile, the
Physical Activity Readiness Questionnaire (PAR-Q), and
the Health History Questionnaire. Subjects excluded were
those diagnosed with hypertension; diabetes mellitus;
cardiac disorders; pulmonary disorders such as chronic
obstructive pulmonary disease (COPD) and bronchial
asthma; musculoskeletal problems such as osteoarthritis;
neurological conditions such as cerebrovascular accidents;
developmental problems including cerebral palsy,
spina bifida, and learning disorders; and smokers. Peak
expiratory flow rate (PEFR) was carried out to rule out any
obstructive respiratory diseases. Spirometry not performed
as the equipment was not available. Subjects with low risk
profiles as per ACSM guidelines were included. None were
involved in formal, regular physical training.

All participants were instructed to wear loose, comfortable
clothing, wear shoes appropriate for walking, consume
a light meal 2 h prior to testing, and avoid vigorous
exercise within 2 h of beginning the test. Demographic
and anthropometric details such as age, gender, height,
weight, and BMI value were recorded.

Functional capacity was evaluated using a standard
protocol of ISWT by Sally Singh.*%! The total number of
shuttles was recorded and the distance was calculated
as follows: (distance = number of shuttles X 10). No
encouragement was given. The only verbal contact was the
direction given each minute to increase the walking speed
slightly. The test was determined to end either when the
subject was too breathless to maintain the required speed
or when the subject failed to complete the shuttle in the
time allowed. The parameters of pulse rate, respiratory
rate, blood pressure, and rate of perceived exertion (RPE)
using a modified Borg scale were noted at baseline and
after the test. A practice test was given half an hour prior
to the actual test.®

RESULTS

Statistical analysis was performed using SPSS software
version 16.0 IBM. Descriptive statistics were used to
present central tendency, spread of data, and position of
dataset using mean, standard deviation, and percentiles.
Data were checked for normality. All the variables except
pretest diastolic blood pressure fulfilled the assumptions
for normality. Males and females were compared using
an independent t-test. The three age groups of males
and females respectively were compared using one-way
analysis of variance (ANOVA). Diastolic blood pressure
was compared using the Kruskal-Wallis test. Pearson’s
correlation coefficients were calculated, and a model of
stepwise linear regression was applied.
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Demographic details are presented in Table 1. The mean
ISWDs covered by females in the three groups were
709.2 m, 556.4 m, and 441.3 m respectively [Table 1],
whereas males covered distances of 807.9 m, 639.6 m, and
478.2 m respectively [Table 2]. The distance walked ranged

Table 1: Demographics and clinical parameters of 431
females who underwent ISWT

Parameter Group 1 Group 2 Group 3 Linear

Age17-40  Age 41-65 Age6s ~ contrast

_ — _ ANOVA

(n=289) (n=97) above (n=45)

Mean (SD) Mean (SD)  Mean (SD)  © value
Weight (kg) 56.0349.8  56.548.9 60.5£10.6  0.000%
Height (m) 1575560 1512469 1547466  0.000%
BMI 22.7+3.8 24.843.9 25.243.8 0.000*
ISWD (m) 709.2+£51.3  556.4+69.6 441.3+63.5 0.000*
PrePR (/min) 75.7+4.7 74.7+4.3 82.5+6.4 0.000*
PostPR (/min) 96.8+5.3 105.849.8 112.6+£9.7 0.000*
PreRR (/min) 19.8+2.3 16.7£2.0 18.8+2.4 0.000*
PostRR (/min) 31.1£2.5 33.7+4.1 33.4+3.9 0.000*
PreSBP (mmHg) 112.1+4.3 118.2+7.1 119.5+7.8 0.000*
PostSBP (mmHg)  132.3+£5.8 138.1+7.4 136.2+6.7 0.000*
PreDBP (mmHg) 74.2+4.3 74.0+4.6 76.4+5.0 0.002*
PostDBP (mmHg) 772462  80.7+5.4 84.0+5.9 0.000*
PreRPE 0.0+0.0 0.0+0.0 0.0+0.0 0.000*
PostRPE 6.2+1.3 4.6+1.0 5.4+0.8 0.000*

ISWT: Incremental shuttle walk test, BMI: Body mass index,
ISWD: Incremental shuttle walk distance, PrePR: Pretest pulse
rate, PostPR: Posttest pulse rate, PreRR: Pretest respiratory rate,
PostRR: Posttest respiratory rate, PreSBP: Pretest systolic blood pressure,
PostSBP: Posttest systolic blood pressure, PreDBP: Pretest diastolic blood
pressure, PostDBP: Posttest diastolic blood pressure, PreRPE: Pretest rating
of perceived exertion, PostRPE: Posttest rating of perceived exertion. * Level
of significance P<0.05, *Kruskal-Wallis test was used for comparison of
PreDBP

Table 2: Demographics and clinical parameters of 431
males who underwent ISWT

Parameter Group 1 Group 2 Group 3 Linear
Age17-40  Age 41-65 Age6s ~ contrast
— _ _ ANOVA
(n=288) (n=98) above (n=45)
Mean (SD) Mean (SD)  Mean (SD)  © value
Weight (kg) 63.3+10.1 66.8+10.1 64.5+8.2 0.000*
Height (m) 168.0+6.3 164.1£7.8 160.9+£5.2 0.000*
BMI 22432 24.2+3.7 25.0+3.0 0.000*
ISWD (m) 807.9+87.3  639.6+82.7  478.2+55.8 0.000*
PrePR (/min) 77.7+5.4 74.5+4.8 80.1+6.2 0.000*
PostPR (/min) 95.949.1 104.0+£10.3 109.4+12.5 0.000*
PreRR (/min) 20.0+£2.5 17.1£2.2 18.2+£2.3 0.000*
PostRR (/min) 30.0£3.2 34.844.2 32.2+3.5 0.000*
PreSBP (mmHg) 113.4+6.1 116.3£7.2 115.7+6.0 0.000*
PostSBP (mmHg)  132.4+7.0 138.4+7.1 134.2+£7.4 0.000*
PreDBP (mmHg) 75.7+6.3 75.245.2 77.7+4.9 0.000%
PostDBP mmHg 78.9+£5.8 83.0+5.9 82.945.3 0.000*
PreRPE 0.000+0.00 0.0£0.0 0.0+0.0 0.000*
PostRPE 5.7+1.4 4.1£1.0 5.1+0.7 0.000*

ISWT: Incremental shuttle walk test, BMI: Body mass index, ISWD: Incremental
shuttle walk distance, PrePR: Prepulse rate, PostPR: Posttest pulse
rate, PreRR: Pretest respiratory rate, PostRR: Posttest respiratory rate,
PreSBP: Pretest systolic blood pressure, PostSBP: Posttest systolic blood
pressure, PreDBP: Pretest diastolic blood pressure, PostDBP: Posttest
diastolic blood pressure, PreRPE: Pretest rating of perceived exertion,
PostRPE: Posttest rating of perceived exertion. * Level of significance P<0.05,
#Kruskal-Wallis test was used for comparison of PreDBP
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300-1010 m. Males covered 10-30% longer distances than
females (P = 0.000). A significant decline was noted in
ISWD in both genders with advancing age (P = 0.000).

Intergroup comparison using the ANOVA test revealed
significant differences in the posttest heart rate, respiratory
rate, and systolic blood pressure between the three age
groups in males and females [Tables 1and 2]. Females in
young adulthood demonstrated lower pretest pulse rate and
diastolic blood pressure; higher posttest pulse rate, respiratory
rate, and RPE; and lower posttest diastolic blood pressure
compared to males. Females in the mid-adulthood group
demonstrated lower posttest diastolic blood pressure and
posttest RPE compared to males. Females in the old adulthood
group demonstrated higher pretest systolic blood pressure,
posttest pulse rate, posttest respiratory rate, posttest systolic
blood pressure, and posttest RPE compared to males. Females
in the young adult group demonstrated higher posttest values
compared to males for all test variables [Table 3].

A model of stepwise linear regression analysis using age,
height, weight, and gender was applied with ISWD as a
dependent variable. There were significant correlations
with age (r = 0.73, P = 0.000), height (r = 0.412, P = 0.000),
gender ( r = 0.342, P = 0.000), and BMI (r = -0.219,
P = 0.000). The age- and gender-based model explained
68% of variability in ISWD. (r* = 0.682). The following
reference equation was obtained where the gender value
for females is 0 and for males is 1:

ISWD meters — 740.351 — (5.676 X age) + (99.007 X gender).

DISCUSSION

The present study provides reference values for ISWT in
Indians aged 17-75 years, which is needed because the
existing reference values and predictive equations for
ISWT for healthy adults are generated based on data from
South American and European populations.

The comparison of our findings with previously reported
ISWT values revealed 10-30% difference in age-matched
groups.**1”! The difference (27%) was greater in younger
individuals (17-40 years). Males demonstrated consistently
lower values compared to other countries, whereas females
demonstrated greater values only in comparison with
Brazilian females, which could be due to lower BMI in
Indian females.

Earlier studies of ISWT values are largely based on data
from individuals >40 years old, effectively excluding
data from younger adults aged 17-40 years in a healthy
population. Our study includes a wider range of ages,
17-75 years, to provide reference values for the complete
adult population. Only one report has presented ISWT
values from 18 years of age, including smokers and subjects
with comorbidities. ISWDs walked by our age-matched
adults were of lower values despite excluding smokers
and subjects with comorbidities!'”! [Table 4].
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Table 3: Comparison of parameters between females and males in different age groups

Parameter Group 1 Group 2 Group 3
17-40 years (n=577) 41-65 years (n=195) 65 years and above (n=90)
Females Males P value using Females Males P value using Females Males P value using
unpaired unpaired unpaired

t-test t-test t-test
Weight (kg) 56.0+£9.8 63.1£10.2 0.000 56.5+6.9 66.8+10.1 0.000 60.5£10.6 64.5+£8.2 0.017
Height (m) 157.5+6.0 168.0+6.3 0.000 151.246.9 164.1+7.8 0.000 154.746.6 160.9+5.2 0.000
BMI 22.7+3.8 22.3+£3.2 0.247 24.8+3.9 24.243.7 0.939 25.243.8 25.0£3.0 0.850
ISWD (m) 709.2+£51.3  807.9+87.3 0.000* 556.4£69.5  639.6+82.7 0.000* 441.3+63.5 478.2+£55.8 0.000*
PrePR(/min) 75.7+4.7 77.8+5.4 0.000* 74.7+4.3 74.5+4.8 0.808 82.5+6.4 80.1£6.2 0.92
PostPR (/min) 96.8+5.3 95.9+8.7 0.005%* 105.849.8  104.0+10.3 0.216 112.6£9.7  109.4+12.5 0.04*
PreRR (/min) 19.842.3 20.04£2.5 0.510 16.742.0 17.1£2.2 0.206 18.84+2.4 18.242.3 0.546
PostRR (/min) 31.1£2.5 30.0+£3.2 0.000* 33.7+4.1 34.84+4.2 0.074 33.4+3.9 322435 0.07
PreSBP (mmHg) 112.1+4.3 113.4+6.1 0.005%* 118.2+7.1 116.3£7.2 0.061 119.5+£7.8 115.746.0 0.004*
PostSBP (mmHg)  132.3+5.8 132.4+7.0 0.486 138.1£7.4 138.4+7.1 0.771 136.2+6.7 134.2+7.4 0.200
PreDBP (mmHg) 74.24+4.3 75.7+6.3 0.002* 74.0+4.6 75.245.2 0.090 76.4+5.0 77.7+4.9 0.985
PostDBP (mmHg) 77.246.2 78.94+5.8 0.048%* 80.7+5.4 83.0+£5.9 0.006* 84.0+£5.9 82.9+£5.3 0.418
PreRPE 0.0£0.0 0.0+0.0 0.000 0.0+0.0 0.0+0.0 0.000 0.0+£0.0 0.0+0.0 0.000
PostRPE 6.2+1.3 5.71.4 0.000%* 4.6+1.0 4.1+1.0 0.001%* 5.4+0.8 5.1£0.7 0.012%*

ISWT: Incremental shuttle walk test, BMI: Body mass index, ISWD: Incremental shuttle walk distance, PrePR: Prepulse rate, PostPR: Posttest
pulse rate, PreRR: Pretest respiratory rate, PostRR: Posttest respiratory rate, PreSBP: Pretest systolic blood pressure, PostSBP: Posttest systolic
blood pressure, PreDBP: Pretest diastolic blood pressure, PostDBP: Posttest diastolic blood pressure, PreRPE: Pretest rating of perceived exertion,
PostRPE: Posttest rating of perceived exertion. * Level of significance P<0.05, *Kruskal-Wallis test was used for comparison of PreDBP

Table 4: Comparison of reference values of ISWD across
different countries

Varaiables Current study Brazil
(49-69 years) (Jurgensen et al., 2011)
(age group 49-69)
Males Females Males Females
n 88 92 61 70
Age 60.29+6.13 59.97+6.40 58+11 60+11
ISWD 572.39+£83.26 506.41+73.49 606167 443+117 m
% Difference 5.61 12.45
Current study Brazil
(17-76 years) (Venessa S. Probst et al.,
2012)
(age group 18-83)
Males Females Males Females
n 431 431 102 140
Age 35 34.5 49 51
ISWD 735.26+139.59 643.57+10.84 1010 720
(300-1010) (320-920) (755-1200)  (480-910)
% Difference 27.22 10.69
Current study Brazil
(>40 years) (Dourado et al., 2013)
(age group >40 years)
Males Females Males Females
n 143 142 49 54
Age 58.12+10.16 58.11£9.92 59+9 59+11
ISWD 588.85+106.29 520.00+86.33  519+161 510£148
% Difference 11.73 1.92
Males and Females
Current study UK
(Harrison et al., 2013)
n 281 152
Age 40-76 40-90
ISWD 40-49 years (667.81 m) 40-49 years (824-765 m)

50-59 years (588.11 m)
60-69 years (487.21 m)
>70 years (437.14 m)

ISWD: Incremental shuttle walk distance

50-59 years (788-730 m)
60-69 years (699-649 m)
>70 years (633-562 m)
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The differences observed may be attributed to variations
in demographic, anthropometric, lifestyle, nutrition,
racial, environmental, and socioeconomic status among
different ethnicities.["?*??) The difference in ISWD was
more prominent in younger subjects and could reflect on
the fact that younger people in India have lower levels
of fitness compared to their age-matched counterparts in
other countries, which could be one of the risk factors for
the early development of lifestyle disorders in India.[*2%-%3]

Comparing physiological parameters among different age
groups revealed that ISWT placed an increasing load on
cardiovascular and ventilatory systems with increasing
age, demonstrated by the rise in posttest heart rate and
respiratory rate. Earlier studies have reported a maximal
posttest heart rate in the range 78-99%; however, in
the current study model, posttest heart rates ranged
50-80%, with higher heart rates being recorded for older
individuals. This finding could probably be attributed
to low physical capacity or lack of motivation in our
subjects. The decade-wise evaluation of walking distance
revealed that it peaked between 20 years and 30 years of
age in females and between 30 years and 40 years in
males. A steady decline in both genders was noted, which
is in concurrence with earlier findings!'®'7:242%! [Table 5].
The difference between genders continued to decrease
with each decade after 40 years.

The influence of gender on distance walked can be explained
by the greater absolute muscle strength, muscle mass,
and height of men in comparison with women [Table 1].
Postmenopausal women (>48 years) presented with
29% lower ISWD compared to premenopausal women,
suggesting the likelihood of decline in physical capacity
following menopause. 52
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The RPE was higher in females than males. ISWT may
place greater stress on females as it induced higher heart
rate, respiratory rate, and systolic blood pressure than
in age-matched males. This finding could indicate the
need for stringent monitoring while performing the test
in females with compromised cardiopulmonary status.
Studies have shown that there is a linear increase in heart
rate and a curvilinear change in dyspnea, with an increase
in exercise intensity during ISWT making it more likely to
reveal symptoms during the ISWT.1%!

Stepwise linear regression revealed that ISWD had strong
positive correlation with age (r 0.739), weak positive
correlation with height (r = 0.412) and gender (r = 0.342).
These parameters explain 68% of the variance seen in
ISWD. Vanessa et al. (2012) and Jurgensen et al. (2010) have
observed stronger correlation with BMI, which was not
observed in our model. This may reflect the fact that fitness
is considered to be independent of fatness, though low levels
of fitness and high levels of fatness increase mortality from
all causes.?” Recent evidence suggests no further increase in
the predictive value of equations utilizing lean body mass.!*!

The clinical relevance of our study is evident, as
increasing the utilization of ISWT makes it necessary
to establish reference values. The strength of the study
lies in the large sample size (862 subjects) and wide age
group (17-75 years), which allow for a major percentage
of subjects who might suffer from cardiopulmonary
disorders.?® An understanding of the physiological
responses demonstrated by healthy people in different age
groups would aid in evaluating responses in age-matched
afflicted people. The performance of afflicted people

Table 5: Values of ISWD in males and females aged
17-75 years in the various decades

ISWD in meters

Age in years

Males Females
17-20 801.20+111.45 694.78+61.14
21-30 804.49+78.69 730.00+48.67
31-40 838.11+63.71 664.10+44.11
41-50 710.16+44.92 624.32+41.13
51-60 641.08+35.33 535.14+41.47
61-70 505.96+43.71 468.46+53.04
71-75 453.57+60.07 420.71+£52.69

ISWD: Incremental shuttle walk distance

Table 6: Percentile values of ISWD walked by 862
subjects aged 17-75 years

Percentile ISWD in meters
Females Males

10 480 510
20 530 620
30 610 680
40 650 720
50 680 770
60 690 800
70 700 820
80 720 846
90 760 898

ISWD: Incremental shuttle walk distance

40

can be presented as percentiles or absolute values, or
compared with predicted values using the reference
equation [Tables 5 and 6].

Easily measurable variables such as age and gender
explained 68% of the variance seen in ISWT, making
the reference equation a relevant part of the evaluation
of ISWT. Normative values for subjects aged less than
17 years are lacking, which necessitates and points to the
scope for further work in this field.

CONCLUSION

In conclusion, reference values were generated for healthy
Indian adults >17 years of age.

Physiological response to ISWT was affected by gender and
increasing age. The generation of reference values makes
this simple clinical tool appropriate for the evaluation of
exercise capacity in healthy Indian individuals.
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