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motivation.[1,5-8] Accordingly, the 6-min walk distance 
(6MWD) varies widely, even among healthy subjects.[9] 
The American Thoracic Society (ATS) recommends that 
researchers should establish specific reference values for 
each continental population globally.[3] Recent studies 
have elaborated 6MWT reference values for various 
populations.[1,5-9] However, these equations used in western 
populations may not necessarily be applicable to Indian 
subjects.[10]

After a detailed literature review, only one Indian cross-
sectional study is available demonstrating the reference 
values of predicted 6 MWD for Indian population.[10] 
However, heterogeneity and low sample clouds the validity 
of these equations in Indian clinical arena.[10] There are no 
valid reference equations for predicting 6MWD in older 
Indian subjects (25-80 years). In the present study, we 
assessed 6MWD in a population-based sample of Indian 
healthy subjects aged 25-80 years and established gender 
specific reference equations to predict 6MWD. We also 
compared the 6MWD values measured with the commonly 
used reference values derived from western population.[1]

INTRODUCTION

Six — min walk test (6 MWT) is the most common 
clinical and research tool for the evaluation of functional 
exercise capacity in chronic pulmonary disabled 
patients.[1-9] It reflects the capacity of the individual to 
perform activities of daily living.[1] Recently, research 
elucidates that 6MWT accurately estimates maximal 
oxygen uptake.[2] Demographic, anthropometric, clinical, 
psychological, and physiological characteristics can 
affect the test performance in healthy elderly subjects 
and in patients with cardiopulmonary diseases.[3] The 
results may be influenced by confounding factors such 
as clinician’s/investigator’s encouragement and subject’s 
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MATERIALS AND METHODS

Participants
We studied 125 healthy subjects over 25 years of age. 
Volunteers were recruited from students, patient’s 
caregivers, and employees of a tertiary care teaching 
hospital through advertising in hospital notice board. The 
volunteers were stratified into the following categories, 
based on age: 25-39 years (a), 40-49 years (b), 50-59 years 
(c), 60-69 years (d), and 70-79 years (e). All subjects 
selected for study presented clinical stability, defined 
as the absence of any acute disease during the 6 weeks 
preceding the study.[1] Subjects with a current diagnosis of 
cardiovascular/respiratory disease, those with any health 
problem that might interfere with the ability to perform 
physical exercises (e.g., impaired cognition, metabolic, 
neuromuscular or musculoskeletal diseases or use of 
walking aids), and those regularly using medications for 
chronic diseases were excluded from the study. However, 
former smokers without tobacco-related diseases were 
included in the study (n = 3).

Total body weight (kg) and body height (cm) were 
measured according to standard techniques, with 
the subjects wearing light clothing and no shoes.[1] 
Measurements were made with a calibrated weighing 
machine (0.1 kg of precision) and with a fixed wall inch 
tape (0.5 cm of precision). The body mass index (BMI) 
was calculated by the standard formula (body mass (kg)/
body height (m)2). The risk for cardiovascular events 
during exercise was assessed using risk stratification 
chart according to earlier recommendations.[3,11] The 
study design was approved by the Human Research Ethics 
Committee of our Hospital, and all subjects gave written 
informed consent to participate.

6MWT
6MWT was administered and adhered to the guidelines 
of American Thoracic Society (ATS) standards.[3] The 
subjects were given orientation to the test on the day. Each 
subject was instructed to walk as far as possible during 
a 6 min period over a 30 m course in an indoor hospital 

corridor. The course was identified by two traffic cones 
and the corridor was marked every 3 m according to ATS 
standards.[3] Instructions and verbal encouragement given 
to the subjects were standardized.[1] Encouragement was 
given every minute until subject exhaustion. Reason for 
stopping the test (either subject or therapist’s fatigue 
perception, breathlessness, hemodynamic instability) was 
documented. Chest pain, intolerable dyspnea, dizziness, 
leg cramps, diaphoresis, and fall were additional criteria 
for immediately stopping the test. Before and after the 
walk test, the following data were obtained: pulse rate; 
respiratory rate; blood pressure; and dyspnea/leg effort, 
using the modified Borg scale. Measured 6MWD values 
were compared with predicted values from reference 
equations devised by Enright et al. [4]

Statistical analysis
Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) 12.01 (SPSS, Chicago, 
IL, USA). Data were reported as mean ± standard deviation 
(SD) or as median (interquartile range). The following 
tests were performed: Pearson or Spearman coefficient to 
evaluate the correlations between the observed variables and 
multiple linear regressions were sought among 6 MWD and 
anthropometric attributes. Residual statistics for goodness of 
fit and residual plots for normalization and generalization 
were sought. We compared predicted 6MWD by our Indian 
predicted equation and western (proposed by Paul Enright) 
prediction and agreement between both the predicted 
6MWD derived was analyzed by Bland-Altman plots.[1]

RESULTS

Of the 125 subjects evaluated, 67 (52.75%) were females. 
The mean age of the sample was 46 ± 16 years. Mean 
BMI was within the normal range (23.96 ± 4.35 kg/m2). 
The prevalence of smoking was 2.4% (n = 3). The mean 
6MWD was 495.09 ± 83.85 m (range: 294-691 m). The 
characteristics of the 125 subjects are summarized in 
[Table 1].

Weight, height, and 6MWD were greater in males than in 
females (P = 0.00). There was no significant difference 
between males and females in terms of BMI (P = 0.527).

Bivariate analysis showed that 6MWD correlated 
significantly (P < 0.05) with age, height, and BMI. In the 
multiple linear regression analysis, age and anthropometric 
traits were selected as predictors of 6MWD. The individual 
equations for both the gender yielded are (by enter method) 
shown in [Table 2]. The anthropometric traits and age 

Table 2: Reference equations for healthy Indian individuals (30-80 years)
Gender (25-80 years) Reference equation Coefficient of determination (R2) Residual standard deviation
Indian males 561.022−(2.507×age [years])+(1.505×weight 

[kg])−(0.055 ×height [cm])
0.288 62.36

Indian females −30.425−(0.809×age [years])−(2.074×weight 
[kg])+(4.235×height [cm])

0.272 76.91

Table 1: Characteristics of the subjects (mean±SD)
Characteristics Males (n=58) Females (n=67)
Age (years) 51±17 41±14
Height (cm) 166.3±5.32 154.4±6.21
Weight (kg) 65.55±10.53 57.61±11.59
BMI (kg/m2) 23.7±3.72 24.2±4.85*
6-min walk distance (min) 523.36 ± 88.73 470.61 ± 71.4*

*P < 0.05 on gender comparison. SD: Standard deviation
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potential demographic and anthropometric determinants 
of 6MWD in the Indian older population and to 
propose a predictive equation. Further, this study adds 
to the evidence that the predictive distances derived 
from western population would not apply for Indian 
population.[1,10]

Reference equations would permit a more appropriate 
functional evaluation of Indian patients with chronic 
pulmonary diseases. The equations derived from other 
populations commonly overestimated 6MWD in relation 
to the values obtained for our Indian subjects.[2,10] Since we 
adhered to the ATS guidelines for the 6MWT, we believe 
that our derived equations would predict 6MWD precisely 
in accordance with the predicted equations derived from 
western population.[3]

Age, height, weight, and BMI significantly influenced 
the 6MWD of our volunteers. These findings agree with 
previous studies.[1-9] The negative influence of advanced 
age on the 6MWD might be explained by the gradual 
reduction in muscle mass, muscle strength, and maximal 
oxygen uptake that typically occurs with aging.

In our study, the gender difference in the 6MWD may be 
best explained by the greater absolute muscle strength, 
muscle mass, and height of men compared to women. 
This is in agreement with the earlier trials.[1,9] Our 
finding that height influences 6MWD agrees with the 
correlations between height and 6MWD reported by 
earlier literature.[1-9] This can be attributed to the greater 
stride length of taller individuals. Though, literature 
proposes that 6MWD being shorter in subjects with 
greater body weight or higher BMI; we found only a 
weak correlation between BMI, weight, and 6MWD. 
Previous literature also has proved the nonlinearity of 
the correlation.[4,9]

In our study, the gender specific reference equations for 
predicting 6MWD demonstrated a squared correlation 

Table 3: Residual statistical analysis of Indian gender 
specific equations for 6 MWD
Residual statistics Male equation 

(mean ± SD)
Female equation 

(mean ± SD)
Predicted value 523.36±47.63 470.61±37.22
Standard predicted value 0.000±1.000 0.000±1.000
Standard error of predicted value 19.49±5.31 14.67±4.15

Adjusted predicted value 524.21±48.17 470.83±37.64
Standard residual 0.000±0.973 0.000±0.977
Studentized residual −0.005±1.008 −0.002±1.009

6 MWD: 6-min walk distance, SD: Standard deviation

jointly explains 28% of the total variance in 6MWD (the 
coefficient of determination, R2 = 0.28).

The standard error estimate of the equations is projected 
in [Table 2]. The smaller coefficient of determination (R2) 
and larger residual SD [Table 2] shows a lesser fit of the 
Indian prediction equations for generalization. The residual 
statistics for both the equations are projected in [Table 3]. 
The average values of predicted and observed residual 
values predict that still our Indian predicted equations holds 
better ability in generalization to Indian population rather 
than other equations.[1] Further the normalization of the 
population is demonstrated by the low values of standard 
and studentized residuals [Table 3]. The plot of residuals 
versus predicted for both male and female equations does not 
have a systemic appearance as projected in [Figure 1a and b].

When the predicted 6MWD by Indian predicted equations 
is compared with western predicted equations, there was 
a low agreement between both the predicted equations. 
This poor agreement between predicted distances by 
western equation and our Indian predicted equations is 
demonstrated by Bland-Altman plot in [Figure 2].

DISCUSSION

To our knowledge, the present study is the first larger 
sample Indian trial to investigate predicted values and 

Figure 1: (a) Scatter plot showing the relation between predicted and observed residual 6-min walk distance of male equation (b) Scatter plot 
showing the relation between predicted and observed residual 6-min walk distance of female equation

a b
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coefficient of 0.28, similar to values reported in previous 
studies, in which it ranged from 0.2 to 0.67.[1] Our Indian 
predicted equations for 6MWD shows moderate statistical 
confidence for generalization to our Indian population. 
This moderate significance may be due to the individual 
differences in physical activity, musculoskeletal growth, 
and psychological status.[9,11]

We observed that the equations devised by Enright et al., 
overestimated 6MWD in relation to the values obtained 
for our sample.[4] This may be multifactorial such as 
motivation, timing of the trial, psychological status, 
encouragement, corridor length, and shape.[11]

There was a poor agreement between western predicted 
equations and Indian predicted equations for predicted 
6MWD. This may be attributed to the racial, cultural 
differences, ethnic variances, and physical activity. 
Potential sources of 6MWD variance other than age, gender, 
or height should be considered. One such source is the 
psychological status related to exercise capacity in healthy 
subjects.[1] Other potential sources are differences in earlier 
functional capacities, peripheral muscle conditioning, and 
pulmonary function.[3,4,9]

Some potential limitations of our study should be 
considered. Although subjects were selected consecutively 
on the basis of inclusion criteria, such a convenience 
sample might have introduced a bias. In spite of the fact, 
convenience samples have often been included in studies 
evaluating reference values for 6MWD.[1-9,12] To overcome 
this limitation, our study should be repeated with larger 
sample in near future.

CONCLUSION

We conclude that 6MWD presents substantial variability 
in Indian healthy subjects aged 25-80 years. However, an 
important part of the variability was adequately predicted 
by demographic and anthropometric attributes. We 
observed that equations devised for western population 
overestimated the 6MWD measured in Indian subjects. 
Our study resulted in gender specific reference equations 
for the prediction of 6MWD in healthy Indian subjects. We 
conclude that our equations may facilitate the assessment 
of Indian patients with the chronic pulmonary diseases 
that affect their functional capacity.
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