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Abstract 

Background: Cardiorespiratory fitness is a health-related component of overall physical fitness assessed as maximal 
oxygen uptake (VO2max) during any physical activity. The six-minute walk test (6MWT) and Chester step test (CST) are 
two submaximal exercise tests routinely administered to estimate the VO2max of an individual. Thus, the aim of this 
study was to assess whether an agreement exists between the VO2max estimated by 6MWT and CST in normal adults. 

Method: This crossover study was conducted with 80 healthy adults aged 18-40 years. All participants performed the 
6MWT and CST on consecutive days. VO2max from the 6MWTwas estimated using a prediction equation whereas from 
the CST using the graphical plot method.  

Results: The mean VO2max-6MWT and VO2max-CST were 43.53 ± 4.65 ml/kg/min and 38.34 ± 4.94 ml/kg/min 
respectively. The Bland and Altman analysis revealed that the mean difference between VO2max-6MWT and VO2max-
CST was 5.19 ± 5.50 ml/kg/min which exceeded the maximum acceptable difference of 3 ml/kg/min decided a priori. 
The line of equality (X axis) did not fall within the confidence interval of the mean difference indicating that VO2max 
estimated using the two submaximal exercise tests significantly differ from each other. The standard error of mean was 
0.61 ml/kg/min and the standard error of limits of agreement was 1.06 ml/kg/min. 

Conclusion: VO2max estimated from the six-minute walk test and Chester step test show no agreement with each other. 

Keywords: Cardiorespiratory fitness; VO2max; Submaximal exercise tests; Six-minute walk test; Chester step test; 
Bland Altman plot analysis 

1. Introduction

Physical fitness is defined as the ability to carry out daily tasks with vigor and alertness, without undue fatigue and with 
ample energy to enjoy leisure time pursuits and meet unforeseen emergencies [1]. Cardiorespiratory fitness (CRF) is 
one of the “health related” components of overall physical fitness which denotes the capacity to perform large muscle, 
dynamic, moderate to vigorous physical activity for a prolonged period of time. It depends upon the integrated 
functional status of the cardiovascular, respiratory, metabolic and musculoskeletal systems [2]. CRF is dependent upon 
a multitude of factors such as gender, age, education, socioeconomic status, ethnicity, body mass index, body weight, 
waist circumference, body fat, resting heart rate, C-reactive protein level, smoking, alcohol consumption and multiple 
measures of leisure-time physical activity [3]. High CRF has a linear relationship with various health benefits such as 
primary and secondary prevention of cardiac diseases, diabetes, hypertension, obesity and osteoporosis [4]. Hence the 
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assessment of CRF is of pivotal importance as it gives us a general idea of the fitness of the individual and is a vital part 
of any preventive or rehabilitation program. 

The criterion used to assess CRF is maximal oxygen uptake (VO2max). It is expressed in liters/minute (L/min) as an 
absolute value or in milliliters/kilogram/minute (ml/kg/min) as relative VO2max [5]. VO2max is the maximal rate at 
which one can consume oxygen during physical activity. It is the true physiological limit reached where no further 
increase in the oxygen uptake will occur on continuing the exercise [6]. VO2max is dependent upon the oxygen transport 
system (cardiac output, pulmonary diffusion capacity, oxygen-carrying capacity and renal function) and the ability of 
the end cells (muscle diffusion capacity, mitochondrial enzymes and capillary density) to take up and utilize that oxygen 
for energy production [7]. VO2max can be assessed using multiple methods such as maximal and submaximal exercise 
tests, non-exercise prediction equations and non-exercise (pharmacological and nuclear) stress tests [8-13]. 

The gold standard for measuring VO2max is graded maximal exercise testing (GxT), performed in a lab using gas 
analysis. Most commonly used modes of maximal exercise testing are treadmill walking, running and stationary cycling. 
The attainment of true VO2max occurs when the oxygen uptake plateaus and does not increase further by more than 
150 ml/min with further increase in workload, failure of the heart rate to increase with incremental workload, venous 
lactate concentration exceeding 8 mmol/L, respiratory exchange ratio greater than 1.15 and rate of perceived exertion 
(RPE) greater than 17 on the 6-20 Borg scale. Thus, maximal exercise testing protocols require the participant to 
exercise to the point of volitional fatigue. However if the criteria for VO2max is not achieved during the maximal exercise 
testing due to the subject experiencing fatigue or pain first, the maximal VO2 attained is termed as the VO2peak [14]. 
Maximal exercise testing protocols mandate the requirement of an expensive laboratory setup of equipments, 
monitoring systems and emergency equipments, require trained personnel, are time consuming and labor intensive and 
risk the precipitation of unwarranted symptoms which may lead to adverse events [15]. 

When compared to maximal exercise testing, submaximal exercise tests have a greater applicability to physiotherapists 
in assessment of CRF and exercise prescription due to their low-risk, low-cost, low-supervision nature and objective 
evaluation of VO2max. In many cases, maximal exercise testing is not indicated (e.g. in elderly individuals or cardiac 
patients) due to an increased risk of adverse cardiac events. The most commonly used modes for submaximal exercise 
testing are cycling, walking, running, and stepping [16]. They include an array of tests involving cycling such as the 
Astrand and Rhyming cycle ergometer test; walk tests namely the six-minute walk test, the twelve minute walk test, 
modified shuttle walk test; brisk running test namely the Cooper 12 min run test and stepping tests such as the Queens 
college step test and the Chester step test etc. These tests are more functional to perform, require less space and no 
explicit setup, involve minimum risk, do not provoke maximal fatigue and the results can be extrapolated to determine 
the VO2max of the individual. Thus considering the merits of submaximal exercise testing over maximal exercise testing, 
the former is more useful in a clinical setup or as a screening tool for masses as well as patient populations [17]. 

According to the American Thoracic Society guidelines, 2002, the six-minute walk test (6MWT) is a commonly used 
submaximal exercise test to assess the functional exercise capacity of an individual. It is potentially more representative 
of the activities of daily living. It is a self-paced, level ground walking test performed across a 100 feet hallway for six-
minutes [18]. The reliability and validity of the six-minute walk test have been established across healthy and various 
patient populations [19-22]. The 6MWT results and the anthropometric variables of the individual are used to estimate 
the VO2max using the equation given by Burr et al [23]. 

The Chester Step Test is a submaximal incremental metronome based multistage step test developed by Dr. K. Sykes at 
the University College Chester, United Kingdom. The total test time is of 10 minutes comprising of five stages lasting for 
2 minutes each. It warrants the individual to step at a rate fixed by metronome beats starting with 15 beats per minute. 
The step rate is increased by 5 beats for each incremental stage. The step height is adaptable depending upon the age 
and the physical abilities of the individual. The Chester step test is performed indoors and does not require any explicit 
setup thus making it a feasible method to assess VO2max in any clinical or community setting. In literature the Chester 
step test has shown to correlate well with other exercise testing methods; with VO2max treadmill test (r = 0.92), Astrand 
cycle test (r = 0.94) and multistage shuttle run (r =0.81). The VO2max is estimated by plotting a graph of the heart rate 
points achieved at the end of each stage on the specified Chester step test data record sheet. The physiological rationale 
for the same is that a linear relationship exists between workload and exercise heart rate [24]. 

Thus the need for this study was to find out whether an agreement exists between the VO2max estimated by the two 
above mentioned submaximal exercise tests, namely the six-minute walk test and Chester step test; the results of which 
can allow extending this study to various patient populations and also to determine if Chester step test can be used as a 
baseline routine test for recruiting individuals for a fitness training program considering that it can be individualized to 
the subject being tested and can be performed in limited space in the clinical and community settings. 
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2. Material and methods 

This cross over study was conducted at PT School and Center, Seth G.S. Medical College and KEM Hospital, Mumbai, 
India during February to September 2021. Institutional Ethics Committee approval was obtained. 80 healthy adults (40 
males and 40 females) between the age group of 18-40 years were recruited using convenient sampling. Individuals 
engaged in regular sports or vigorous physical activities and those with BMI greater than 23kg/m2 were excluded from 
this study since the criteria for step height varies [25]. Written informed consent was obtained from all participants. 

The six-minute walk test was performed on the first day followed by the Chester step test on the next day for all odd 
numbered participants and vice versa for even numbered participants.  

Participants were instructed to wear loose comfortable clothing and appropriate shoes, have a light meal and refrain 
from any caffeine consumption and exercise at least 2 hours prior to the exercise testing. A practice test and then the 
final test were performed on the same day with a gap of minimum 1 hour between the two tests [16]. Vital parameters 
- heart rate, respiratory rate, blood pressure, RPE, SpO2 were recorded pre and post test. 

2.1. Six-minute walk test 

The six-minute walk test was conducted as per the ATS Statement: Guidelines for the Six-Minute Walk Test, 2002. The 
test was performed indoors on a straight, flat, hard surface 30 m long walkway. The turnaround points of the walkway 
were marked by cones. A floor marking (red tape) was used to mark the starting line. Standardized instructions 
regarding performing the test were given. The test was terminated at the end of 6 minutes or prior if the participant 
wished to discontinue or due to the precipitation of unwarranted symptoms such as chest pain, leg cramps, intolerable 
dyspnea, diaphoresis and pale or ashen appearance etc. The point at which the participant stopped the test was marked 
with a tape. The number of laps and the additional distance covered were used to calculate the final walk distance [18]. 
Anthropometric variables and the six-minute walk test results were used to estimate the VO2max from the equation 
derived by Burr et al [23]. 

2.2. Chester step test 

A stepper of 20 cm in height was chosen as this step height is the criteria for subjects under 40 years of age who take 
little or no regular physical activity. HRmax was calculated using the formula {220-Age (years)} from which 80% HRmax 
was derived. The test was performed using the Chester Step Test Audio Tape with prerecorded metronome beats. The 
pace of the beats increased every 2 minutes. At the end of every 2 minute stage HR and RPE were recorded. The Chester 
Step test stepping rate (metronome pacing) is as follows: 

 Stage 1= 15 steps/min = 60 beats/min 
 Stage 2= 20 steps/min = 80 beats/min 
 Stage 3 = 25 steps/min = 100 beats/min 
 Stage 4= 30 steps/min = 120 beats/min 
 Stage 5= 35 steps/min = 140 beats/min 

The stepping pattern was up/up/down/down. Holding onto a railing or the wall and use of hands on the thighs for 
support during the test was prohibited. If the participant deviated from the beat, they were instructed a few times but 
if they kept slowing down due to fatigue, the test was terminated. The test was also terminated if the subject wished to 
discontinue, reached 80% of maximal heart rate, reported a RPE of 15 (hard) or experienced symptoms such as 
overtiredness, breathlessness or dizziness.  

VO2max can be predicted using two exercise heart rate points however, for the accuracy of the estimation it is important 
that the participant completed three stages. Heart rate points below 50% and above 85% of the maximal heart rate 
were excluded. The exercise heart rate points were then plotted on the Chester step test data record sheet. The visual 
line of best fit was drawn for the heart rate points (X axis) which was extrapolated to coincide with the maximal heart 
rate line drawn parallel to the Y axis indicating the VO2max. From the point of where the lines coincide, a perpendicular 
was dropped on the Y axis to estimate the VO2max of the participant [24]. 

Maximum acceptable difference in the estimated VO2max by six-minute walk test and Chester step test of 3ml/kg/min 
was decided a priori [26].  
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2.3. Statistical analysis 

The Bland Altman plot analysis is used to assess and quantify the agreement between two quantitative methods of 
measurement by studying the mean difference and constructing limits of agreement. It evaluates the bias between the 
mean differences and estimates an agreement interval which falls within 95% of the difference of the second method 
when compared to the first method. Acceptable limits of agreement must be defined a priori based on clinical necessity 
and judgment. 

The Bland Altman analysis results in a scatter plot in which X axis represents the average of the two measurements 
(Mean of VO2max-6MWT and VO2max-CST) and the Y axis represents the difference between the two measurements 
(Difference between VO2max-6MWT and VO2max-CST). The lack of agreement is indicated by calculating the bias which 
is estimated by the mean difference (d̅) and the standard deviation of the differences (s). After verifying the normal 
distribution of the differences, it is expected that 95 % of differences will lie between d̅+ 1.96s and d̅- 1.96s defining the 
upper and lower limits of agreement respectively. With a significant bias, the line of equality (X axis) does not fall within 
the confidence interval of the mean difference [27] 

3. Results 

The data was analyzed using the SPSS version 16 software and Microsoft Excel 2016.  

Descriptive statistics of the study participants namely the gender distribution, age and BMI are shown in table 1.  

Table 1 Descriptive Statistics of the study participants (Mean ± SD) 

Variable Male Female Total 

n 40 40 80 

Age (years) 25 ± 4.87 24.1 ± 2.20 24.55 ± 3.79 

BMI (kg/m2) 21.97 ± 1.34 21.08 ± 1.65 21.52 ± 1.56 

 

Table 2 and 3 indicate the change in the vital parameters (mean ± SD) namely heart rate, respiratory rate, blood pressure 
(systolic and diastolic), oxygen saturation and rate of perceived exertion prior to and after performing the six-minute 
walk test and Chester step test respectively. 

Table 2 Change in vital parameters with six-minute walk test (Mean ± SD) 

Parameter Male Female Total 

Pre Post Pre Post Pre Post 

Heart Rate 
(beats/min) 

81.68 ± 
9.85 

112.13 ± 
16.86 

81.78 ± 10.39 123.73 ± 
17.95 

81.73 ± 
10.06 

117.93 ± 
18.26 

Respiratory Rate 
(breaths/min) 

17.83 ± 
2.44 

24.90 ± 3.73 16.68 ± 2.52 25.80 ± 4.12 17.25 ± 2.53 25.35 ± 3.93 

Systolic Blood 
Pressure (mmHg) 

120.28 ± 
10.07 

133.85 ± 
12.70 

109.23 ± 
11.26 

123.78 ± 
12.93 

114.75 ± 
11.98 

128.81 ± 
13.71 

Diastolic Blood 
Pressure (mmHg) 

78.70 ± 
8.41 

82.55 ± 9.32 71.33 ± 12.35 79.18 ± 8.39 75.01 ± 
11.14 

80.86 ± 8.97 

Oxygen Saturation 
(%) 

98.23 ± 
0.73 

98.48 ± 0.85 98.85 ± 0.70 98.53 ± 1.11 98.54 ± 0.78 98.50 ± 0.98 

Rate of Perceived 
Exertion 

6 ± 0 7.80 ± 1.68 6 ± 0 8.75 ± 2.05 6 ± 0 8.28 ± 1.92 
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Table 3 Change in vital parameters with Chester step test (Mean ± SD) 

Parameter Male Female Total 

Pre Post Pre Post Pre Post 

Heart Rate 
(beats/min) 

80.13 ± 10.61 150.15 ± 
11.12 

81.08 ± 9.63 156.20 ± 
12.50 

80.60 ± 
10.08 

153.18 ± 
12.14 

Respiratory Rate 
(breaths/min) 

18.05 ± 2.62 29.98 ± 3.53 16.73 ± 2.72 29.50 ± 3.00 17.39 ± 2.74 29.74 ± 3.26 

Systolic Blood 
Pressure (mmHg) 

119.85 ± 
10.62 

137.23 ± 
12.21 

107.98 ± 
10.69 

127.93 ± 
10.49 

113.91 ± 
12.16 

132.58 ± 
12.24 

Diastolic Blood 
Pressure (mmHg) 

78.08 ± 9.08 82.75 ± 8.64 74.53 ± 9.40 78.63 ± 7.72 76.30 ± 9.35 80.69 ± 8.40 

Oxygen Saturation 
(%) 

98.55 ± 0.78 98.35 ± 0.95 98.93 ± 0.86 98.53 ± 0.75 98.74 ± 0.84 98.44 ± 0.85 

Rate of Perceived 
Exertion 

6.03 ± 0.16 11.68 ± 2.48 6 ± 0 11.68 ± 2.96 6.01 ± 0.11 11.68 ± 2.71 

 

Table 4 Test completion statistics of Chester step test 

 Reasons For termination of test: Male Female Total 

1. Completion 16 9 25 

2. 80% HR max reached 18 24 42 

3. RPE -15 reached 4 7 11 

4. Leg Fatigue 2 0 2 

Completion of stages 

1. Stage III 8 12 20 

2. Stage IV 16 19 35 

3. Stage V 16 9 25 

 

 

Figure 1 Completion of Chester step test stages by study participants 
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All the study participants completed the six-minute walk test. The mean six-minute walk distance was 581.18 ± 60.09 
m which was 99.90 ± 10.43% of age, height and weight predicted distance. The mean six-minute walk distance for males 
was 588.32 ± 48.92 m (100.22 ± 8.00 % of age, height and weight predicted distance) and for females was 574.03 ± 
69.40 m (99.59 ± 12.50 % of age, height and weight predicted distance). However, only 25 of the 80 participants 
completed the Chester step test. The test completion statistics for Chester step test are shown in table 4 and figure 1. 

The mean VO2max estimated from the six-minute walk test (VO2max-6MWT) and Chester step test (VO2max-CST) are 
shown in table 5.  

Table 5 VO2max estimated from the 6 minute walk test and Chester step test 

VO2max Male Female Total 

VO2 max - 6MWT (ml/kg/min) 45.76 ± 4.51 41.30 ± 3.65 43.53 ± 4.65 

VO2 max - CST (ml/kg/min) 39.60 ± 4.55 37.08 ± 5.03 38.34 ± 4.94 

 

The mean difference (d̅) between the VO2max estimated from the six-minute walk test (VO2max-6MWT) and Chester 
step test (VO2max-CST) was 5.19 ± 5.50 ml/kg/min which exceeded the maximum acceptable difference of 3 ml/kg/min 
decided a priori. The standard error of mean (SE) was 0.61 ml/kg/min and the standard error of limits of agreement 
was 1.06 ml/kg/min. Table 6 shows the Bland Altman analysis parameters for the total study population (n = 80). 

Table 6 Bland Altman analysis parameters for total study population (n = 80) 

Parameter Value Standard Error 
formula 

Standard 
Error (SE) 

t 
value 

Confidence 
(SE*t) 

Confidence 
Interval (CI) 

From To 

Mean difference (d̅)  5.19 √ (s2 /n) 0.61 1.99 1.21 3.98 6.40 

Upper limit of 
Agreement (d̅+ 1.96s) 

15.97 √ (3s2 /n) 1.06 1.99 2.11 13.86 18.08 

Lower limit of 
Agreement (d̅- 1.96s) 

-5.59 √ (3s2 /n) 1.06 1.99 2.11 -7.70 -3.48 

n=80, degrees of freedom (df) =79, Standard Deviation (s)=5.50 ml/kg/min 

 

Figure 2 Bland Altman plot for total study population (n = 80), shows a solid horizontal line = Mean Difference (d̅) = 
5.19 ml/kg/min 
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In Figure 2, the solid horizontal line indicates the mean difference (d̅) which is 5.19 ml/kg/min. The dotted blue lines 
above and below the solid black line are the upper and lower 95% confidence intervals of the mean difference ( d̅) at 
6.40 ml/kg/min and 3.98 ml/kg/min respectively. The line of equality (X axis) does not fall within the confidence 
interval of the mean difference indicating significant bias. The dotted black line (above the mean difference) denotes 
the upper limit of agreement at 15.97 ml/kg/min. It is bound by two fine dotted grey lines which are the upper and 
lower 95% confidence intervals at 18.08 ml/kg/min and 13.86 ml/kg/min respectively. Similarly, the dotted line (below 
the mean difference) denotes the lower limit of agreement at -5.59 ml/kg/min. It is bound by two fine dotted grey lines 
which are the upper and lower 95% confidence intervals at -3.48 ml/kg/min and -7.70 ml/kg/min respectively. 

The mean difference (d̅) between the VO2max estimated from the six-minute walk test (VO2max-6MWT) and Chester 
step test (VO2max-CST) for males was 6.16 ± 5.78 ml/kg/min which exceeded the maximum acceptable difference of 3 
ml/kg/min decided a priori. The standard error of mean (SE) was 0.91 ml/kg/min and the standard error of limits of 
agreement was 1.58 ml/kg/min. Table 7 shows the Bland Altman analysis parameters for the male population (n = 40). 

Table 7 Bland Altman analysis parameters for males (n = 40) 

Parameter Value Standard Error 
formula 

Standard 
Error (SE) 

t 
value 

Confidence 
(SE*t) 

Confidence 
Interval (CI) 

From To 

Mean difference (d̅)  6.16 √ (s2 /n) 0.91 2.02 1.84 4.32 8.00 

Upper limit of Agreement 
(d̅+ 1.96s) 

17.48 √ (3s2 /n) 1.58 2.02 3.19 14.29 20.67 

Lower limit of Agreement 
(d̅- 1.96s) 

-5.17 √ (3s2 /n) 1.58 2.02 3.19 -8.36 -1.98 

n=40, degrees of freedom (df)=39, Standard Deviation (s)=5.78ml/kg/min 

 

Figure 3 Bland Altman plot for males (n = 40), shows a solid horizontal line = Mean Difference (d̅) = 6.16 ml/kg/min 

In Figure 3, the solid horizontal line indicates the mean difference (d̅) which is 6.16 ml/kg/min. The dotted blue lines 
above and below the solid black line are the upper and lower 95% confidence intervals of the mean difference (d̅) at 
8.00 ml/kg/min and 4.32 ml/kg/min respectively. The line of equality (X axis) does not fall within the confidence 
interval of the mean difference indicating significant bias. The dotted black line (above the mean difference) denotes 
the upper limit of agreement at 17.48 ml/kg/min. It is bound by two fine dotted grey lines which are the upper and 
lower 95% confidence intervals at 20.67 ml/kg/min and 14.29 ml/kg/min respectively. Similarly, the dotted line (below 
the mean difference) denotes the lower limit of agreement at -5.17 ml/kg/min. It is bound by two fine dotted grey lines 
which are the upper and lower 95% confidence intervals at -1.98 ml/kg/min and -8.36 ml/kg/min respectively. 
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The mean difference (d̅) between the VO2max estimated from the six-minute walk test (VO2max-6MWT) and Chester 
step test (VO2max-CST) for females was 4.22 ± 5.10 ml/kg/min which exceeded the maximum acceptable difference of 
3 ml/kg/min decided a priori. The standard error of mean (SE) was 0.81 ml/kg/min and the standard error of limits of 
agreement was 1.40 ml/kg/min. Table 8 shows the Bland Altman analysis parameters for the male population (n = 40). 

Table 8 Bland Altman analysis parameters for females (n = 40) 

Parameter Value Standard Error 
formula 

Standard 
Error (SE) 

t 
value 

Confidence 
(SE*t) 

Confidence 
Interval (CI) 

From To 

Mean difference (d̅) 4.22 √ (s2 /n) 0.81 2.02 1.64 2.58 5.86 

Upper limit of 
Agreement (d̅+ 1.96s) 

14.22 √ (3s2 /n) 1.40 2.02 2.83 11.39 17.05 

Lower limit of 
Agreement (d̅- 1.96s) 

-5.77 √ (3s2 /n) 1.40 2.02 2.83 -8.60 -2.94 

n=40, degrees of freedom (df)=39, Standard Deviation (s)=5.10ml/kg/min 

 

 

Figure 4 Bland Altman plot for females (n = 40), shows a solid horizontal line = Mean Difference (d̅) = 4.22 ml/kg/min 

In Figure 4, the solid horizontal line indicates the mean difference (d̅) which is 4.22 ml/kg/min. The dotted blue lines 
above and below the solid black line are the upper and lower 95% confidence intervals of the mean difference (d̅) at 
5.86 ml/kg/min and 2.58 ml/kg/min respectively. The line of equality (X axis) does not fall within the confidence 
interval of the mean difference indicating significant bias. The dotted black line (above the mean difference) denotes 
the upper limit of agreement at 14.22 ml/kg/min. It is bound by two fine dotted grey lines which are the upper and 
lower 95% confidence intervals at 17.05 ml/kg/min and 11.39 ml/kg/min respectively. Similarly, the dotted line (below 
the mean difference) denotes the lower limit of agreement at -5.77 ml/kg/min. It is bound by two fine dotted grey lines 
which are the upper and lower 95% confidence intervals at -2.94 ml/kg/min and -8.60 ml/kg/min respectively. 

4. Discussion 

The purpose of this study was to assess whether an agreement exists between VO2max-6MWT and VO2max-CST. The 
mean VO2max-6MWT and VO2max-CST were 43.53 ± 4.65 ml/kg/min and 38.34 ± 4.94 ml/kg/min respectively. The 
Bland and Altman analysis revealed that the mean difference between VO2max-6MWT and VO2max-CST was 5.19 ± 5.50 
ml/kg/min which exceeded the maximum acceptable difference of 3 ml/kg/min decided a priori. The line of equality (X 
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axis) did not fall within the confidence interval of the mean difference indicating that the VO2max estimated using the 
two submaximal exercise tests significantly differ from each other. The standard error of mean was 0.61 ml/kg/min and 
the standard error of limits of agreement was 1.06 ml/kg/min. Therefore, it was concluded that an agreement did not 
exist between VO2max-6MWT and VO2max-CST in the given study population. 

Bland and Altman analysis for agreement was also done for both the genders separately. Similar to the findings of the 
total study population, both genders did not show an agreement between VO2max-6MWT and VO2max-CST. The mean 
difference between VO2max-6MWT and VO2max-CST was 6.16 ± 5.78 ml/kg/min for males and 4.22 ± 5.10 ml/kg/min 
for females, both exceeding the maximum acceptable difference of 3 ml/kg/min decided a priori. The standard error of 
mean was 0.91 ml/kg/min and 0.81 ml/kg/min whereas the standard error of limits of agreement was 1.40 ml/kg/min 
and 1.58 ml/kg/min for males and females respectively thus concluding that no agreement exists between VO2max-
6MWT and VO2max-CST in both the genders.  

According to the data from the Cooper Institute for Aerobics research, 2005, the mean VO2max-6MWT for males (45.76 
ml/kg/min) falls into ‘good’ category whereas the mean VO2max-CST (39.60 ml/kg/min) is categorized as ‘poor’ 
depending upon the age of the subjects. Similarly, for the female population the mean VO2max-6MWT (41.30 
ml/kg/min) falls into ‘good’ category whereas the mean VO2max-CST (37.08 ml/kg/min) lies between the ‘fair-good’ 
categories [28]. It was consistently noted that VO2max-CST was lower than VO2max-6MWT as shown in table 5. 

The completion rate of an exercise test is an important criterion for test selection. In the present study, all the study 
participants completed the six-minute walk test, however, only 25 (31%) of the 80 participants completed the Chester 
step test. The test was prematurely terminated for 42 participants as they reached 80% of age predicted maximum 
heart rate, 11 participants reached RPE- 15 (hard) and 2 complained of leg fatigue. Thus, the test had to be terminated 
for 35 participants (44%) at stage four and 20 participants (25%) at stage three as shown in table 4.  

Taking into account the post exercise test hemodynamic parameters, there was a difference between the heart rate, 
respiratory rate and RPE at the end of the six-minute walk test and Chester step test. The heart rate at the end of six-
minute walk test was 117.93 ±18.26 beats/minute and Chester step test was 153.18 ± 12.14 beats/minute. The 
respiratory rate at the end of the six-minute walk test was 25.35 ± 3.93 breaths/ minute and Chester step test was 29.74 
± 3.26 breaths/ minute. The inclusion of RPE in regulating the submaximal exercise intensity leads to more accurate 
and reliable estimation of VO2max [29]. The RPE at the end of six-minute walk test was 8.28 ± 1.92 whereas for Chester 
step test was 11.68 ± 2.71. 42 individuals (52.5%) reached their 80% HRmax during the test and thus the test needs to 
be administered with caution for older individuals and for those with cardiopulmonary involvement. This variability in 
the post test parameters indicated that the six-minute walk test was less physiologically stressful as opposed to Chester 
step test. In a study done by Bohannon et al, six-minute walk test and three minute step test were compared as two 
practical measures of functional endurance. Similar to the present study, all the one hundred and eighty nine individuals, 
aged 14 to 85 years, completed the six-minute walk test. However, fifty one participants could not complete the three 
minute step test. The reasons for stopping the test were fatigue, task difficulty, inability to maintain cadence, balance 
problems, joint or muscle discomfort and failure to stand up completely on the step. The participants completing the 
three minute step test also walked significantly further in the six-minute walk test. The average heart rate and perceived 
exertion were significantly higher after the three minute step test than the six-minute walk test, which correlated 
significantly but not strongly. The authors inferred that individuals who completed the three minute step test were 
more likely males, healthier by self-report, were of younger age and had lower BMI [30]. 

Accurate estimation of VO2max from exercise testing is of pivotal importance as it is used for diagnostic, prognostic and 
functional evaluation, to study the response profile of specific conditions and defining the response to intervention [31]. 
The estimation of VO2max from the six-minute walk test uses a prediction equation developed by Burr et al accounting 
for the six-minute walk distance, weight, gender, resting heart rate and age as variables. The authors found that the 
intensity of the six-minute walk test was 70-75% of the actual VO2max with 8.2 METs (range 4.7-11.2 METs), which can 
be classified as a moderate-vigorous level activity. There was also a moderately strong correlation between the six-
minute walk distance and VO2max. Stepwise multiple linear regressions accounted for 72.4% of the variance in VO2max 
by refining the six-minute walk test distance by body weight, sex, resting heart rate and age. When using the six-minute 
walk test distance as the outcome variable, the predictors of height and body weight accounted for 41% of the variance 
in the walk distance. The coefficients of variation (unexplained variance) for VO2max and six-minute walk test distance 
regression equations were 0.11 and 0.08, respectively, which were within the accepted standard. Thus the inclusion of 
the multiple variables provides a reasonable estimation of the predicted VO2max from the six-minute walk test [23]. 

The Chester step test estimates VO2max by establishing absolute intensity estimate of VO2 for a given step rate at the 
given step height and then extrapolating VO2max, relative to the exercise intensity using percentage of maximum heart 
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rate based upon the age predicted HRmax [24]. This is based upon the assumption that heart rate and VO2 have a linear 
relationship. In healthy subjects, the heart rate increases linearly with increasing VO2. This increase in heart rate is 
initially mediated by a reduction in the parasympathetic activity and subsequently and also exclusively with an increase 
in the sympathetic activity [32]. However, Buckley et al has shown that a rather curvilinear relationship exists between 
the two variables. This curvilinear relationship is more evident in stage I and during near maximal effort. This can be 
negated by excluding the heart rate points from stage I and those beyond 80% of HRmax. Incorrect and unsteady 
stepping rate and technique will affect the mechanical efficiency and the physiological response of heart rate and oxygen 
consumption which can also be a potential source of error [33]. Using the visual line of best fit and the HRmax equation 
can also introduce a potential source of error in the accuracy of the estimated VO2max. The HRmax equation used (Fox-
Haskell formula: 220-age) introduces a potential source of error of ± 17 beats in the estimation of maximum heart rate 
which can lead to underestimation of VO2max by 19% or an overestimation by 11%. However, Izquierdo et al found that 
the VO2max estimated from the Chester step test by using the Fox-Haskell formula for HRmax determination had the 
strongest correlation (r = 0.989, p<0.001) with the VO2max measured during the cardiopulmonary exercise testing 
when compared to the Nes (220-0.64 x age) and Tanaka (220- 0.7 x age) formulae [34]. 

The six-minute walk test closely reflects the everyday form of locomotion that is, walking whereas the Chester step test 
involves stepping which is associated with more severe general fatigue, leg fatigue and dyspnea [35]. Another major 
fundamental difference is that the six-minute walk test is a self-paced exercise test whereas the Chester step test is an 
externally paced incremental test. Externally paced exercise tests prove to be of greater physiological challenge to body 
homeostasis and cause greater increase in the core body temperature and post exercise test blood lactate level when 
compared to intensity matched self-paced exercise tests. Self-paced exercise tests allow the individual to modify their 
effort in response to the increasing challenge to homeostasis which can reduce the physiological and metabolic 
challenge posed when compared to intensity matched externally paced submaximal exercise tests [36]. Apart from the 
continuous performance in both the tests, the comparison of the tests being equally demanding and physiologically 
challenging is questionable. Since running is not permitted in the six-minute walk test, prolonged walking even at 
maximum speed is far from maximal for fit individuals. The walking speed is directly proportional to the VO2max when 
other explanatory variables like age, height, weight and body fat are constant [37]. Increased walking speed leads to 
increased muscle activity and vertical ground reaction force during the loading response phase and increase in the 
magnitude of heel strike and loading of the lower extremity musculoskeletal system which has a significant influence 
on the RPE [38]. However, the self-selected effort based performance and comparatively lesser antigravity muscle work 
involved in six-minute walk test make it less physiologically challenging when compared to the greater muscle work 
against gravity and a fixed degree of effort which is affected by the body mass and stature in the Chester step test. 
Physical attributes such as shorter height, increased weight, higher BMI, older age can affect the six-minute walk test 
performance leading to reduced VO2max estimation [39]. 

When using a fixed step height, the difference in the lower limb length of individuals will cause a variance in the energy 
required to perform each step. A step height that is too high for an individual will cause mechanical disadvantage as 
there is more dependence on the musculoskeletal system endurance rather than cardiorespiratory endurance whereas, 
a low step height has proven to be of inadequate resistance to stimulate required cardiorespiratory response. The fixed 
cadence can be of higher exercise intensity for individuals with higher body mass index, lower body height and reduced 
exercise capacity possibly leading to vigorous exercise effort and eliminating the benefits of submaximal exercise 
testing. Thus appropriate individualization of the protocol will yield valid estimation of VO2max. Altering the step height 
to individual parameters and limiting the step rate ensure work performance of appropriate intensity, limiting muscular 
fatigue and ensuring adequate work is done by the cardiopulmonary system. However, reducing the step height or the 
stepping cadence will reduce the overall work performed during the test and will improve the completion rate but will 
render the test less challenging to able individuals [40]. Body composition is an important attribute that limits the 
accuracy of the estimation of VO2max using step test protocols. At any given submaximal workload, individuals with a 
higher BMI will have to work at a greater percentage of VO2max. For example, two individuals with the same absolute 
VO2max but different body masses when perform the same step test; the individual with the higher BMI will have a 
higher exercise heart rate leading to a reduced VO2max estimation [41]. The vertical excursion during the step test is 
influenced by the mass of the individual. Since Work = Force x Distance and Force = Mass x Acceleration, with fixed 
distance (step height) and fixed acceleration (cadence), mass is the chief determinant of the work performed during the 
step test [30]. 

The option of a treadmill six-minute walk test seems like a lucrative option when compared to the traditional six-minute 
walk test as it combats the need of the uninterrupted 100 feet hallway and allows better monitoring and is less space 
demanding. However Stevens et al found a statistically significant difference of 168 ± 280 feet (range -326 to 743 feet) 
between the hallway six-minute walk test versus the treadmill six-minute walk test. The factors contributing to this 
significant difference were the possible unfamiliarity of the subjects with the treadmill and additional voluntary effort 
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required for speed manipulations on the treadmill. On the contrary, walking on level ground is a more familiar skill to 
individuals and requires less effort to make speed manipulations [42]. The six-minute walk test has also been studied 
across different walkway lengths (50 m, 30 m, 15 m, 18 m, and 10 m) and circular pathways (40 feet) to accommodate 
for the space constraints and feasibility. The six-minute walk distance and the number of turns differ significantly with 
the walkway length (p < 0.05). The greatest six-minute walk distance and lowest number of turns were recorded in the 
30 m walkway. Longer walkways allow for greater room for acceleration and high top speed if the subject is able. It is 
speculated that shorter walkways require more time and effort to make frequent turns and result in shorter distance 
covered during the test. The turning bias, that is, the tendency to turn in a given direction has been identified in adults. 
There is significant preference to turn towards the non-dominant side. However the six-minute walk distance is not 
significantly influenced by this bias [43]. 

The use of simple, practical and valid methods of submaximally assessing VO2max is necessary. The use of six-minute 
walk test and Chester step test is advocated as they are acceptable means of assessing VO2max in healthy adult 
population and have high test-retest reliability. However there is no agreement between VO2max estimated from the 
six-minute walk test and Chester step test and thus they cannot be used interchangeably. Also, the tests are not equally 
likely to be completed. The six-minute walk test is a less stressful, self-paced performance based measure which can be 
easily performed but mandates the requirement of an unobstructed corridor which may be difficult to procure. Thus 
less space occupying tests such as the Chester step test would be convenient measures for estimation of VO2max. Chester 
step test requires less space but is more physiologically demanding due to its incremental nature and more antigravity 
muscle work required during the stepping activity which affects the completion rate of the test. . Thus both the tests 
should be used independently taking into account the need for testing, specificity of testing, individual variability and 
space availability. 

5. Conclusion 

VO2max estimated from the six-minute walk test and Chester step test show no agreement with each other. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest. 

Statement of ethical approval 

The study was approved by the Institutional Ethics Committee, Seth GS Medical College and KEM Hospital, Mumbai, 
Maharashtra, India. 

Statement of informed consent 

Informed consent was obtained from all participants included in the study 

References 

[1] Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: definitions and 
distinctions for health-related research. Public health reports. 1985 Mar;100(2):126.  

[2] American College of Sports Medicine., et al. ACSM's Guidelines for Exercise Testing and Prescription. 10th ed. 
Philadelphia: Wolters Kluwer; 2018. 

[3] Zeiher J, Ombrellaro KJ, Perumal N, Keil T, Mensink GB, Finger JD. Correlates and determinants of 
cardiorespiratory fitness in adults: a systematic review. Sports medicine-open. 2019 Dec;5(1):1-24. 

[4] Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. Cmaj. 2006 Mar 
14;174(6):801-9. 

[5] Nabi T, Rafiq N, Qayoom O. Assessment of cardiovascular fitness [VO2 max] among medical students by Queens 
College step test. Int j Biomed adv res. 2015;6(5):418-21. 



World Journal of Advanced Research and Reviews, 2022, 15(01), 018–030 

29 

[6] Lee J, Zhang XL. Physiological determinants of VO2max and the methods to evaluate it: A critical review. Science 
& Sports. 2021 Sep 1;36(4):259-71.KOHZUKI M, CHO C, TAKAHASHI R, HARADA T. Importance of Physical 
Activity and VO2max: Five Major Determinants of VO2max. Asian Journal of Human Services. 2018;15:85-92. 

[7] Bruce R, Kusumi F, Hosmer D. Maximal oxygen intake and nomographic assessment of functional aerobic 
impairment in cardiovascular disease. American heart journal. 1973 Apr 1;85(4):546-62. 

[8] Hartung GH, Krock LP, Crandall CG, Bisson RU, Myhre LG. Prediction of maximal oxygen uptake from submaximal 
exercise testing in aerobically fit and nonfit men. Aviation, space, and environmental medicine. 1993 Aug 
1;64(8):735-40. 

[9] Schembre SM, Riebe DA. Non-exercise estimation of VO2max using the international physical activity 
questionnaire. Measurement in physical education and exercise science. 2011 Jul 1;15(3):168-81. 

[10] Peterson MJ, Pieper CF, MOREY MC. Accuracy of VO2max prediction equations in older adults. Medicine & science 
in sports & exercise. 2003 Jan 1;35(1):145-9. 

[11] Lin F. Heart function responses under exercise stress test and pharmacologic stress test conditions (Doctoral 
dissertation, Southern Connecticut State University). 

[12] LaFountain RA. Validation of VO2max Assessment and Magnetic Resonance Cardiac Function Measurements 
Utilizing an MRI Compatible Treadmill (Doctoral dissertation, The Ohio State University) 

[13] Gibson AL, Wagner D, Heyward V. Advanced Fitness Assessment and Exercise Prescription, 8E. Human kinetics; 
2018 Sep 27. 

[14] Gibbons L, Blair SN, Kohl HW, Cooper K. The safety of maximal exercise testing. Circulation. 1989 Oct;80(4):846-
52. 

[15] Noonan V, Dean E. Submaximal exercise testing: clinical application and interpretation. Physical therapy. 2000 
Aug 1;80(8):782-807 

[16] Sartor F, Vernillo G, De Morree HM, Bonomi AG, La Torre A, Kubis HP, Veicsteinas A. Estimation of maximal 
oxygen uptake via submaximal exercise testing in sports, clinical, and home settings. Sports medicine. 2013 
Sep;43(9):865-73. 

[17] Crapo, R. et al., 2002. ATS statement: Guidelines for the six-minute walk test. Am J Respir Crit Care Med, 166(1), 
pp. 111-710.  

[18] Li AM, Yin J, Yu CC, Tsang T, So HK, Wong E, Chan D, Hon EK, Sung R. The six-minute walk test in healthy children: 
reliability and validity. European Respiratory Journal. 2005 Jun 1;25(6):1057-60.  

[19] Gomes E, Bastos T, Probst M, Ribeiro JC, Silva G, Corredeira R. Reliability and validity of 6MWT for outpatients 
with schizophrenia: A preliminary study. Psychiatry research. 2016 Mar 30;237:37-42. 

[20] Beriault K, Carpentier AC, Gagnon C, Menard J, Baillargeon JP, Ardilouze JL, Langlois MF. Reproducibility of the 6-
minute walk test in obese adults. International journal of sports medicine. 2009 Oct;30(10):725-7. 

[21] Hamilton DM, Haennel RG. Validity and reliability of the 6-minute walk test in a cardiac rehabilitation population. 
Journal of Cardiopulmonary Rehabilitation and Prevention. 2000 May 1;20(3):156-64. 

[22] Burr JF, Bredin SS, Faktor MD, Warburton DE. The 6-minute walk test as a predictor of objectively measured 
aerobic fitness in healthy working-aged adults. The Physician and sportsmedicine. 2011 May 1;39(2):133-9.  

[23] Sykes K, Roberts A. The Chester step test—a simple yet effective tool for the prediction of aerobic capacity. 
Physiotherapy. 2004 Dec 1;90(4):183-8. 

[24] Buckley JP, Sim J, Eston RG, Hession R, Fox R. Reliability and validity of measures taken during the Chester step 
test to predict aerobic power and to prescribe aerobic exercise. British journal of sports medicine. 2004 Apr 
1;38(2):197-205. 

[25] Rayas RV, Shetye JV, Mehta AA. Agreement between Estimated VO2 max by 6-Minute Walk Test and Non-Exercise 
Equation in Physiotherapy Students. Journal of Exercise Science & Physiotherapy Vol. 2019;15(1). 

[26] Giavarina D. Understanding bland altman analysis. Biochemiamedica: Biochemiamedica. 2015 Jun 15;25(2):141-
51. 



World Journal of Advanced Research and Reviews, 2022, 15(01), 018–030 

30 

[27] Heyward VH. Advanced Fitness Assessment and Exercise Prescription. 5th ed. Champaign, IL: Human Kinetics; 
2006. Original Source: The Cooper Institute for Aerobics Research, the Physical Fitness Specialist Manual. Dallas, 
TX. 2005. 

[28] Shigematsu R, Ueno LM, Nakagaichi M, Nho H, Tanaka K. Rate of perceived exertion as a tool to monitor cycling 
exercise intensity in older adults. Journal of Aging and Physical Activity. 2004 Jan 1;12(1):3-9. 

[29] Bohannon RW, Bubela DJ, Wang YC, Magasi SS, Gershon RC. Six-minute walk test versus three-minute step test 
for measuring functional endurance (Alternative Measures of Functional Endurance). Journal of strength and 
conditioning research/National Strength & Conditioning Association. 2015 Nov;29(11):3240. 

[30] Palange P, Ward SA, Carlsen KH, Casaburi R, Gallagher CG, Gosselink R, O'Donnell DE, Puente-Maestu L, Schols 
AM, Singh S, Whipp BJ. Recommendations on the use of exercise testing in clinical practice. European Respiratory 
Journal. 2007 Jan 1;29(1):185-209. 

[31] Gibbons RJ, Balady GJ, Beasley JW, Bricker JT, Duvernoy WF, Froelicher VF et al. Committee on Exercise Testing. 
ACC/AHA Guidelines for Exercise Testing: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines. J Am CollCardiol. 1997;30(1):260-311. 

[32] Buckley JP, Sim J, Eston RG, Hession R, Fox R. Reliability and validity of measures taken during the Chester step 
test to predict aerobic power and to prescribe aerobic exercise. British journal of sports medicine. 2004 Apr 
1;38(2):197-205. 

[33] Izquierdo MC, Lopes S, Teixeira M, Polónia J, Alves AJ, Mesquita-Bastos J, Ribeiro F. The Chester step test is a valid 
tool to assess cardiorespiratory fitness in adults with hypertension: reducing the gap between clinical practice 
and fitness assessments. Hypertension Research. 2019 Dec;42(12):2021-4. 

[34] Węgrzynowska-Teodorczyk K, Mozdzanowska D, Josiak K, Siennicka A, Nowakowska K, Banasiak W, Jankowska 
EA, Ponikowski P, Woźniewski M. Could the two-minute step test be an alternative to the six-minute walk test 
for patients with systolic heart failure?. European journal of preventive cardiology. 2016 Aug 1;23(12):1307-13. 

[35] Lander PJ, Butterly RJ, Edwards AM. Self-paced exercise is less physically challenging than enforced constant pace 
exercise of the same intensity: influence of complex central metabolic control. British Journal of Sports Medicine. 
2009 Sep 15;43(10):789-95. 

[36] Cunningham DA, Rechnitzer PA, Pearce ME, Donner AP. Determinants of self-selected walking pace across ages 
19 to 66. Journal of gerontology. 1982 Sep 1;37(5):560-4. 

[37] Chiu MC, Wang MJ. The effect of gait speed and gender on perceived exertion, muscle activity, joint motion of 
lower extremity, ground reaction force and heart rate during normal walking. Gait & posture. 2007 Mar 
1;25(3):385-92. 

[38] Kervio G, Carre F, Ville NS. Reliability and intensity of the six-minute walk test in healthy elderly subjects. 
Medicine and science in sports and exercise. 2003 Jan 1;35(1):169-74. 

[39] Bennett H, Parfitt G, Davison K, Eston R. Validity of submaximal step tests to estimate maximal oxygen uptake in 
healthy adults. Sports Medicine. 2016 May 1;46(5):737-50. 

[40] Gondoni LA, Titon AM, Nibbio F, Augello G, Caetani G, Liuzzi A. Heart rate behavior during an exercise stress test 
in obese patients. Nutrition, Metabolism and Cardiovascular Diseases. 2009 Mar 1;19(3):170-6. 

[41] Stevens D, Elpern E, Sharma K, Szidon P, Ankin M, Kesten S. Comparison of hallway and treadmill six-minute walk 
tests. American journal of respiratory and critical care medicine. 1999 Nov 1;160(5):1540-3. 

[42] Ng SS, Phoebe CY, To FP, Chung JS, Cheung TH. Effect of walkway length and turning direction on the distance 
covered in the 6-minute walk test among adults over 50 years of age: a cross-sectional study. Physiotherapy. 
2013 Mar 1;99(1):63-70 


