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ABSTRACT
Introduction: Six-minute walk test (6MWT) is an easy evaluation method for functional capacity and treatment efficacy.
No universally acceptable standard predicting equation for the
distance walked in 6MWT (6MWD) exists for Indians. Hence
the study was an attempt in understanding significant predictors of 6MWD and influence of obesity indices on it.
Material and Methods: Physical activity (PAR); anthropometric variables like height (HT), weight (WT), including
obesity indices like waist-hip ratio (WHR); resting heart rate
and blood pressure (rHR and rBP); and 6MWD and heart rate
recovery (HRR) were evaluated in 40 healthy adult North Indian males.
Results: 6MWD had significant negative correlation with
age, WT, obesity indices, rHR and rBP; and positive correlation with HRR and PAR. Subjects with increased obesity
indices had lower 6MWD and HRR, and higher rHR and rBP.
Among the generated equations, 6MWD=10.52+6.06(HT)2.4(WT)+26.87(PAR)-358.84(WHR) had the highest adjusted R2(96.23%) with all the four predictors having significant
unique contribution.
Conclusions: Subjects with increased obesity indices had
lower 6MWD & HRR, and higher rHR & rBP. HT, WT, PAR
and WHR were the significant predictors of 6MWD. Hence,
decreasing weight and WHR, and increasing physical activity
would result in improvement of six-minute walk performance.
Keywords: Six-minute walk distance, prediction equation,
adiposity, heart rate recovery.

INTRODUCTION
Six-minute walk test (6MWT) is an easy, inexpensive submaximal test for functional capacity, which is safer, better
tolerated and more reflective of activities of daily living
as compared to other walk tests.1 The distance walked in
6MWT (6MWD) has a very high correlation with formal
measures of quality of life,2 and is an independent predictor
of both morbidity and mortality.3 Similarly heart rate recovery (HRR), which measures the rate of decline of heart rate
following maximal or submaximal exercise to resting level,4 is also a powerful predictor of morbidity and all-cause
mortality.5 Both 6MWD and HRR have been shown to affect
negatively by obesity.6,7
Since normative database on 6MWD is important in identifying extent of functional capacity alterations from normal
and hence assessing treatment efficacy,8 many studies have

published predicting equations for 6MWD for normal population.9-11 The relative paucity of such data in Indian scenario inspired us to conduct the present study, evaluating significant predictors of 6MWD in normal North Indian adult
males.

MATERIALS AND METHODS
The present cross-sectional study was conducted under the
Department of Physiology, Himalayan Institute of Medical
Sciences, Swami Rama Himalayan University, Dehradun.
Forty healthy males of 28-40 years with no history of addiction were the volunteers. The study was approved by the
Institute ethical committee, and a well-informed written consent was taken from all the subjects.
Study Protocol
The subjects were requested to report in the department at
around the same time in the morning after light breakfast.
No tea, coffee or heavy physical activity was allowed for
atleast 2 hours before the reporting time. After taking medical and personal history, various anthropometric variables
like heights (HT in cm) and body weights (WT in kg) were
recorded. Physical activity recall questionnaire scale (PAR)
was used to assess physical activity.12 Obesity indices recorded were divided into:
a. General obesity indices: body mass index (BMI in kg/
m2) and percentage body fat (%BF).13 An impedance
body composition analyzer (Omron, model HBF-375)
was used to measure %BF.
b. Abdominal obesity indices: waist circumference (WC
in cm) and waist-hip ratio (WHR).13 A flexible and
non-stretching measuring tape was used to measure WC,
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HC (hip circumference in cm) as per WHO guidelines.14
WHR was calculated as WC:HC.
Heart rate (rHR in bpm) using a hear rate monitor (Polar FT1/
FT2), and blood pressure (rSBP and rDBP in mmHg) using
a blood pressure apparatus (model no. EW 254 DC6V) were
measured after a rest of 10 minute in sitting position. 6MWT
was conducted following the standard methodology, with
constantly motivation throughout the testing.1 After 6MWT,
the distance walked (6MWD in m) was measured. HRR
at 1st(HRR-1 in bpm) and 2nd(HRR-2 in bpm) minute after
6MWT was calculated by subtracting post 6MWT heart rate
at 1st minute and 2nd minute from post 6MWT heart rate at 0th
minute respectively with the subjects sitting passively. Polar
hear rate monitor (Polar FT1/FT2) was used for the same.

STATISTICAL ANALYSIS
SPSS (Statistical Package for Social Science) version 19
was used for data analysis. For directly measured and derived variables, standard descriptive statistics were determined. Pearson’s correlation was used to study association
between 6MWD and various variables (Spearman’s correlation, in case of ordinal variable). Unpaired t-test was used
for comparison of interested parameters among the studied
subgroups divided as per various obesity indices cut-off values. Various equations were generated for predicting 6MWD
using multiple linear regression analysis, after avoiding multicollinearity and serial correlation, and such that most of the
independent variables ß-weights were significant. Semi-partial correlation R2 was used to assess the effect of a particular
independent variable above and beyond others on predicting 6MWD. Statistical significance was chosen at p-value
(2-tailed)≤0.05.

RESULTS
Descriptive statistics of the studied subjects are given in Table 1.
6MWD was found to have significant negative correlation
with all the obesity indices, apart from age, weight and resting cardiovascular variables. Although it had significant positive correlation with HRR-1, HRR-2 and PAR (Table 2). The
negative effect of increased obesity indices on 6MWD was
also evident from Table 3. When the subjects were grouped
as per the obesity indices cut-off values: BMI: ≥23 Kg/m2
and ≥25 Kg/m2,15 %BF: >25%,16 WC: ≥90cm and ≥102 cm
and WHR: ≥0.9;14 the subgroups with lower obesity indices
had higher 6MWD, in addition to higher HRR-1, HRR-2 and
lower resting cardiovascular parameters, which were statistically significant, with few exceptions (Table 3).
Among all regression equations (Table 4), model (a) had
the largest adjusted R2 (96.54%). In this, WHR uniquely accounted only 1% of the total variance in 6MWD over
and beyond those explained by HT, WT, PAR, HRR-2 and
rHR. Among the equations having all the independent vari178

Parameters
Mean±SD
Min.-Max.
PAR
4.00±.50#
2.00-4.00
Age (years)
36.95±3.84
28.00-40.00
Height (cm)
171.24±6.02
155.00-177.00
Weight (kg)
72.31±10.60
49.70-88.90
BMI (kg/m2)
24.61±2.98
16.80-29.24
%Body Fat (%)
23.15±6.69
7.40-31.90
WC (cm)
99.14±6.97
82.60-108.00
WHR
.92±.05
.86-1.09
rHR (bpm)
83.85±5.03
74.00-92.00
rSBP (mmHg)
124.90±5.78
110.00-134.00
rDBP (mmHg)
81.20±4.72
72.00-88.00
HRR-1 (bpm)
19.55±1.80
17.00-24.00
HRR-2 (bpm)
40.07±3.02
35.00-46.00
6MWD (m)
637.33±55.32
516.00-729.00
#Median±Quartile deviation; SD=Standard Deviation;
Min.=Minimum; Max.=Maximum.
Table-1: Descriptive Statistics of the studied subjects (n=40).
Variables
6MWD (m)
PAR#
.74**
Age (years)
-.41**
Weight (kg)
-.53**
BMI (kg/m2)
-.80**
%Body Fat (%)
-.85**
WC (cm)
-.73**
WHR
-.88**
rHR (bpm)
-.56**
rSBP (mmHg)
-.62**
rDBP (mmHg)
-.56**
HRR-1 (bpm)
.82**
HRR-2 (bpm)
.86**
Pearson’s correlation.#Spearman’s correlation.** p–value≤0.01:highly significant.
Table-2: Significantly correlated variables with six-minute
walk distance among the studied subjects (n=40).

ables statistically significant (Table 4(d),(e) and (f)), model
(d) had the largest adjusted R2 (96.23%). In this also, only
WHR among all the obesity indices was found included in
the model with a uniquely contribution of 1.44% of the total
variance (96.23%) in 6MWD over and beyond those contributed by HT, WT and PAR. However, in the equation with
both general (%BF) and abdominal obesity indices (WHR),
%BF contributed more unique variance out of the total variance (95.82%) in 6MWD than WHR (4% vs 1.44%), after
controlling the overlapping effect of HT, PAR, WHR and
each other (Table 4(e)).
In all the models, height uniquely accounted for the largest share of the total variance in 6MWD (exception: Table
4(g) and (h)), even though it was not a significant correlate
of 6MWD (Table 2). This was followed by weight, except
in Table 4(f) and (g); and PAR. Among the HRR variables,
only HRR-2 was found included in the regression equations
in which it contributed uniquely and significantly .36% and
1.44% of the total variance in 6MWD after controlling the
overlapping effect of other independent variables, including

International Journal of Contemporary Medical Research
Volume 3 | Issue 1 | January 2016

ISSN (Online): 2393-915X; (Print): 2454-7379

Sharma et al.

Cut-off

Prediction of Six-Minute Walk Performance

6MWD (m)

HRR-1 (bpm)

Parameters (Mean±SD)
HRR-2 (bpm)
rHR (bpm)

BMI
(Kg/m2)

rSBP
(mmHg)
121.33±7.21
125.94±4.97
.03*
121.53±6.84
127.39±3.16
.004**
122.27±6.45
128.11±2.32
.001**
121.00±7.63
125.88±4.90
.03*
123.71±6.10
127.67±3.89
.05*
120.29±6.74
127.38±3.19
.002**

rDBP
(mmHg)
79.78±5.70
81.61±4.42
.31
79.06±4.53
82.78±4.30
.01**
79.91±4.64
82.78±4.45
.05*
79.75±6.09
81.56±4.36
.34
80.07±4.63
83.83±3.95
.02*
78.71±4.81
82.54±4.18
.01**

≤22.9 (n=9)
694.33±31.71
21.44±1.81
43.33±1.73
80.89±3.79
≥23 (n=31)
620.77±49.52
19.00±1.39
39.13±2.64
84.71±5.07
p-value
<.001**
<.001**
<.001**
.04*
≤24.9 (n=17)
682.59±30.67
20.88±1.76
42.35±2.12
81.76±5.09
≥25 (n=23)
603.87±44.59
18.57±1.04
38.39±2.44
85.39±4.49
p-value
<.001**
<.001**
<.001**
.02*
%BF
≤25 (n=22)
675.41±31.84
20.59±1.68
41.82±2.20
82.36±4.88
(%)
>25 (n=18)
590.78±39.97
18.28±.89
37.94±2.51
85.67±4.72
p-value
<.001**
<.001**
<.001**
.04*
WC
<90 (n=8)
701.38±25.28
21.50±1.93
43.50±1.77
80.25±3.49
(cm)
≥90 (n=32)
621.31±48.81
19.06±1.41
39.22±2.65
84.75±4.99
p-value
<.001**
<.001**
<.001**
.02*
<102 (n=28)
660.86±39.79
20.14±1.72
41.18±2.36
83.00±5.16
≥102 (n=12)
582.42±47.61
18.17±1.11
37.50±2.91
85.83±4.28
p-value
<.001**
.001**
<.001**
.1
WHR
<0.9 (n=14)
690.71±26.13
21.36±1.60
43.00±1.66
80.71±4.36
≥0.9 (n=26)
608.58±44.31
18.58±.95
38.50±2.34
85.54±4.60
p-value
<.001**
<.001**
<.001**
.003**
Unpaired t-test.*p–value≤0.05:significant;**p–value≤0.01:highly significant.SD=Standard Deviation
Table-3: Comparison of six-minute walk distance, heart rate recovery, resting heart rate and blood pressure among the studied subjects based on various cut-off values of obesity indices.
Sl.
No.

Regression equations

(a)

6MWD=-232.29+5.77(HT)-2.13(WT)+24.59(PAR)299.81(WHR)+3.46(HRR-2)+1.05(rHR)

96.54

(b)

6MWD=-230.47+5.76(HT)-2.12(WT)+24.62(PAR)299.98(WHR)+3.46(HRR-2)+1.05(rHR)-.03(Age)

96.43

(c)

96.25

(g)

6MWD=-37.73+5.84(HT)-2.26(WT)+24.42(PAR)330.59(WHR)+1.46(HRR-2)
6MWD=10.52+6.06(HT)-2.4(WT)+26.87(PAR)358.84(WHR)
6MWD=329.83+3.66(HT)-3.15(%BF)+25.77(PAR)364.32(WHR)
6MWD=293.15+4.66(HT)-557.22(WHR)1.61(WT)+4.43(HRR-2)
6MWD=-421.21-5.57(WT)+8.31(HT)+1.01(Age)

78.41

Semi-Partial correlation R2(%) for significant predictors
HT(12.96),WT(2.89),
PAR(2.25),WHR(1),
HRR-2(.36)
HT(11.56),WT(2.56),
PAR(2.25),WHR(1),
HRR-2(.36)
HT(12.96),WT(3.24),
PAR(2.25),WHR(1.21)
HT(16.81),WT(4.41),
PAR(3.61),WHR(1.44)
HT(14.44),%BF(4),
PAR(3.24),WHR(1.44)
HT(10.89),WHR(4.41),
WT(1.96),HRR-2(1.44)
WT(56.25),HT(47.61)

(h)

6MWD=429.66-5.67(Age)+2.44(HT)

20.06

Age(15.21)

(d)
(e)
(f)

Adjusted
R2 (%)

96.23
95.82
93.74

F-value
(df)

p-value

182.20**
(6,33)

<.001

151.46**
(7,32)

<.001

201.15**
(5,34)
249.65**
(4,35)
224.46**
(4,35)
147.05**
(4,35)
48.23**
(3,36)
5.89**
(2,37)

<.001
<.001
<.001
<.001
<.001
.006

Multiple linear regression.** p–value≤0.01:highly significant.df=degree of freedom.
Table-4: Regression models for predicting six-minute walk distance (m).

rHR (Table 4(a),(b) and (f)).
Hence, HT, WT and PAR were the most important significant
variables for predicting 6MWD. The obesity indices (WHR
and %BF) per se only contributed very small unique variance of the total variance in 6MWD.

DISCUSSION
Our study showed highly negative association of 6MWD

with obesity indices (Table 2), which was also reported earlier.6 Among the many causes of reduced 6MWD associated
with increased adiposity include relative decrease in skeletal
muscle strength and cardio-respiratory capacity, and increase
in walking-gait inefficiency and prevalence of co-morbid
conditions which might be hindrance to walking.17 In our
study, only WHR and %BF were found as the significant
predictors of 6MWD among all the obesity indices, even
though the unique variances they contributed out of the to-
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tal variance in 6MWD were relatively small (Table 4(a)-(f)).
Instead the significant unique contribution of HT, WT and
PAR were much higher (Table 4(a)-(g)). It is obvious from
our study that decreasing weight, WHR and %BF would result in improving six-minute exercise performance (Table
4), and hence appropriate interventions should be directed
in this regard.
There was also highly significant negative correlation of
6MWD with age, resting heart rate and blood pressure in
our study (Table 2). Similar finding was also reported earlier.18 Our study also indicated that subjects with more obesity indices also had higher resting heart rate and blood
pressure (Table 3). The association of higher resting heart
rate and blood pressure with increased adiposity was reported earlier,19 and might be due to increase in sympathetic activity, total blood volume, cardiac output, peripheral
vascular resistance and renin-angiotension-aldosterone
activity.20,21
In our study, those who reported higher physical activity, as
indicated by PAR12, were also found to have more 6MWD
(Table 2 and 4). Hence increased involvement in regular
physical activity and exercise is advised. There was also
highly significant positive correlation between 6MWD and
HRR variables (Table 2). Similar finding was reported earlier.22 Our study also showed that HRR-1 and HRR-2 were
highly significantly lower among the studied subgroups with
increased obesity indices (Table 3). The association of lower
heart rate recovery with increased adiposity was also reported earlier.7
In our study, Table 4(d) regression model accounted for
96.23% of the total variance in 6MWD. All the predictors in
this equation were statistically significant also. Earlier study
in healthy North Indian adult males reported an equation with
age and height as predictors, explaining 63.9% of total variance in 6MWD.9 Similar equation in our study had adjusted R2 of only 20.06% (Table 4(h)). Similarly, another study
in healthy Indians, reported a male specific equation with
weight, height and age as predictors, having R2 of 28.8%.10
Similar equation in western healthy adult males, accounting
for 40% of the variance in 6MWD, was also reported.11 In
our study, the equation with weight, height and age accounted for 78.41% of the total variance in 6MWD (Table 4(g)).
However, generalization of the regression equations generated in this study for obtaining non-exercise 6MWD for
healthy North Indian adult males should be avoided. The
sample size of our study was relatively less. Neither the
sample was chosen randomly from all strata of the society or age or physical activity groups, nor other appropriate
blinding method used to avoid bias. Our study was confined
to an age group of 28-40 years, consisted only of males who
performed regular modest physical activity of 10-30 min
per week (PAR=2)12 to heavy physical exercise of less than
30 min per week (PAR=4).12 Nevertheless, our study did
highlight important anthropometric and other predictors of
six-minute exercise performance, and served the foundation
180

platform for future large scale study in this field which addressed our shortcomings.

CONCLUSION
6MWD had significant negative correlation with age,
weight, obesity indices, resting heart rate and blood pressure;
and positive correlation with heart rate recovery and physical activity. Among the subjects, those who were having
increased obesity indices had lower 6MWD, heart rate recovery; and higher resting heart rate and blood pressure. The
equation 6MWD=10.52+6.06(HT)-2.4(WT)+26.87(PAR)358.84(WHR) accounted for 96.23% of the total variance in
6MWD.
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