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Abstract: Frailty and age-related conditions are associated with morbidity and mortality. The 6-minute walk test
(6MWT) has been recommended by the American Thoracic Society to measure exercise capacity, but it is
time-consuming for the investigator and exhausting for frailty elderly. This study aims to investigate the
validity and reliability of 2 minutes walking test (2MWT) as measurements of physical performance. A
cross-sectional study was performed. Each subject performed 6MWT as a gold standard and two trials of
2MWT in two consecutive days at approximately the same time. The walking test was performed in the
same corridor with the same starting point. The subject was allowed to used ambulation aid. Frailty was
measured using the Cardiovascular Health Study score. The final subjects included sixty elderly (26 men, 34
women with mean age 73.40 years old). Pearson's r correlation of VO2max between 6MWT and 2MWT
was strong (r= 0.791, p=0.000). The 6MWT and 2MWT showed excellent reliability (ICC=0.926, p=0.000).
The 2MWT was shown to be a reliable and valid test for assessment of exercise capacity following
rehabilitation in frailty elderly. It is practical, simple, and well-tolerated by frailty Elderly.

1 INTRODUCTION

Frailty is a typical health condition associated with
the aging process that is when the body's system
gradually loses its ability to work. About 10% of
people over 65 years experience frailty, increasing to
between a quarter and half of those aged over 85
years (Clegg, 2013). Frailty can be a cause of
disability in some patients (BGS, 2014). Decreased
mobility, functional capacity and/or basic activities
of daily life (ADL) such as bathing, dressing, and
walking occur in 20-30% of the elderly population
over 70 years (Manton, 2000).

Mobilization ability is one of the most important
factors for assessing the level of health and well-
being in the elderly. Functional mobility and
independence are the main objectives of the
rehabilitation program. Functional capacity reflects a
person's cardiorespiratory capacity. Assessment of
cardiorespiratory ability was generally assessed by
measuring maximum oxygen uptake (maximal
oxygen uptake/VO2max) (Sykes, 2004), but the
measurement of VO2max directly requires complex

equipment and laboratories, specific and expensive
equipment, supervision of a professional medical
team, and also consideration of the motivation and
physical effort of the subject to carry out the training
test. Therefore an alternative test is needed to
estimate VO2max with the submaximal training test
(Katch, 2011).

The 6-minute walking test (6MWT) is a test
standard developed by the American Thoracic
Society in 2002 (ATS, 2002). However, this test has
limitations on the elderly, especially the elderly with
frailty. A 6-minute walking test (6MWT) is too
tiring, takes longer and increases the risk of falling
for elderly frailty, 2-minute walking test (2MWT)
can be an alternative. The 2-minute walking test is
considered to have the ability to assess exercise
tolerance (Hiengkaew, 2012).

At present, there are no research data on the
validity and reliability of 2MWT in elderly with
frailty, and 2MWT is an easy, inexpensive and safer
walking test for frailty elderly people. Researchers
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are interested in researching the validity and
reliability of 2MWT in the elderly with frailty.

2 METHODS

This study was an observational analytic study with
a cross-sectional study to determine the correlation
between the values of anthropometric parameters of
body weight, height, age, and gender from 2MWT
with VO2max from 6MWT. Besides, an assessment
of 2MWT reliability (test-retest) was also carried out
by measuring 2 times (1 consecutive day) by the
same examiner (interrater). We hypothesize that the
2-minute walking training test (2MWT) has validity
and reliability on the assessment of functional
training capacity compared to 6MWT in frailty
elderly.

The research will be conducted at Griya Wreda
Jambangan Surabaya and carried out in November
2018. The target population of this study was Frailty
Elderly with a sample size of 60 subjects taken
based on simple random sampling, which was,
calculated accordingly the following formula:
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In this study, inclusion and exclusion criteria
were applied. Inclusion Criteria are: 1) Age more
than or equal to 60 years. 2) Frailty criteria based on
the Cardiovascular Health Study. 3) Good hearing
function. Checked with a modified whisper test and
said to be normal if you could hear 80% of all the
items tested according to the procedure. 4) Good
vision function. Judged by a visual inspection using
Snellen u cards at a distance of 6 meters. 5) Can
understand and follow verbal instructions well. 6)

Independent ambulation with or without walking
aids. 7) Willing to participate in this study by
signing an informed consent sheet after obtaining an
explanation.

While the exclusion criteria used in this study
were 1) Being undergoing a routine physical
exercise program that aims to improve walking
speed and lower limb muscle mass in the past month.
2) Severe cognitive impairment was assessed using
the Mini-Mental State Examination questionnaire
(MMSE <23). 3) Having dementia. 4) Suffering
from severe cardiorespiratory disorder 5) Having
acute-severe knee OA according to clinical
appearance, 6) Chronic illness / that causes other
long-term disabilities (eg. ambulation disorders due
to stroke, uncontrolled diabetes, balance disorders
due to intracranial or extracranial processes, visual
disturbances, etc). 7) Falling risk is assessed by the
Timed Up and Go Test, for risk fell in the elderly
population ≥ 13.5 seconds.

Data from the results of the examination of
anthropometric response parameters are displayed
descriptively in table form. For correlation analysis
between the values of weight, height, age and
walking speed when 2MWT with VO 2max when
the 6MWT training test is used the Pearson
correlation test. If a good correlation is obtained,
then it will be followed by linear regression between
each parameter of 2MWT and multiple regression
with VO 2max when the training test runs for 6
minutes to obtain the prediction (formula) of VO
2max prediction. The interclass correlation
coefficient (ICC) test was used for reliability
analysis (test-retest reliability) of VO 2max 2MWT.
Data analysis was performed using SPSS 22 and
Lisrel.

3 RESULTS

This research was conducted by setting a place at the
Jambangan Surabaya nursing home. The number of
elderly who can be ambulated is 102 elderly.
Twenty-two elderly were included in the exclusion
criteria due to 8 dementia disorders, 5 elderly with
visual impairment and 8 elderly with hearing
impairment. Sixty elderly subjects who met the
inclusion and exclusion criteria completed the
2MWT I (first) and II (second) tests, as well as the
6MWT test. The characteristics of the research
subjects are shown in Table 1.
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Table 1: Characteristics of Research Subjects.

Variable Min Maks Mean ± SD
Age (years) 60 96 73.40 ± 8.928
Weight (Kg) 33 78 51.70 ± 10.617
Height (cm) 130 175 153 ± 0.103

BMI
(Kg/m2)

14.84 33.32 21.93 ± 3.918

Nb: SD = Standard Deviation, Min = Minimum Value, Max = Maximum Value.

Table 2: Percentage of Frailty.

Sex Frailty Pre frailty Total
L 7 (26.9 %) 19 (73.1 %) 26 (100 %)
P 16 (47.1%) 18 (52.9 %) 34 (100 %)

Total 23 (38.3 %) 37 (61.7 %) 60 (100 %)
Nb: Sex = Gender, L = Male, P = Female.

Table 3: Correlation of VO2max 2MWT and 6MWT

Parameter VO2max
6MWT

VO2max
2MWT

VO2max
6MWT r 1 0.791**

p 0.000
N 60 60

VO2max
2MWT r 0.791** 1

p 0.000
N 60 60

Description: r = Pearson correlation coefficient, p = p value, N = number of subjects. Significant correlation at p <0.01 (2-
tailed)

Table 4: Test-retest reliability of Vo2Max 2MWT.

Parameter ICC CI 95%

VO2max 0.925 0.874 –
0.955

Description: ICC = Interclass Correlation Coefficient, CI Confidence Interval, TDS = Systolic Blood Pressure, TDD =
Diastolic Blood Pressure
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Based on the Frailty score Cardiovascular Health
Study (CHS) Table 3.2 found 26 research subjects
male 7 (26.9%) including frailty and 19 (73.1%) pre-
frailty people. For female subjects, 16 (47.1%) were
frailty and 18 (52.9%) were pre-selected frailty.

To calculate the VO2max correlation from
2MWT and 6MWT, then carried out the 2MWT
validity assessment. The vo2max value obtained
from the equation calculated using Confirmatory
Factor Analysis. Table 3.3 illustrates the relationship
between the VO 2max value of the 2MWT and
6MWT submaximal load training tests. From the
calculation of the Pearson correlation coefficient the
strong correlation was found (r = 0.791; p = 0.000)
between the VO value of 2max. The training test
was two minutes and six minutes.

2MWT reliability (test-retest) assessment was
carried out by comparing VO2max values on two
measurements (between 2MWT I and 2MWT II)
within a span of 1 day carried out by the same
examiner (interrater), at the same hour and place.

4 DISCUSSION

In this study, 60 elderly subjects met the inclusion
criteria and were not included in the exclusion
criteria and were willing to take part in the study
after signing informed consent. The age of the
subjects in this study was 60-96 years (mean 73.40
years). The body mass index of the subjects in this
study ranged from underweight to obese, namely
14.84 - 33.32 Kg/m2. The normal value of the
Indonesian body mass index is 18.5 - 25 Kg/m2

(Harahap, 2005). All research subjects completed
the 2MWT I (first) training test and 6MWT training
test at the first meeting, as well as the 2MWT II
(second) training test 1 day after the first. Before
carrying out the training test the subject's
cardiorespiratory parameters were measured. The
mean resting heart rate at the first meeting (before
2MWT I) was 77.20 beats/minute. The average
resting heart rate is not much different when
compared to the average resting heart rate during the
second meeting (before 2MWT II), with an average
of 77.30 beats/minute. From the paired t-test there
was no significant difference between
cardiorespiratory parameters (heart rate, systolic
blood pressure, diastolic blood pressure, and pulse
blood pressure) pre-2MWT I and pre-2MWT II with
p values for all parameters >0.05. With this, it can be
said that the conditions or cardiorespiratory
parameters break the subjects between the first and
second meetings in this study are the same. In this

study, the VO2max equation is calculated using
Confirmatory Factor Analysis.

Prediction of VO2max values can be done using
anthropometric parameters. This, of course, can be
done if the anthropometric parameters have a good
correlation with the VO2max value when the
submaximal stress test measured using 6MWT. The
statistical analysis used for this purpose is linear
regression. From the linear regression analysis, a
regression equation will be obtained which states the
relationship of the variable you want to predict with
the measured variable (Tumbelaka, 2014). In this
study, the predicted variable is the value of VO2max
and the measured variable is the anthropometric
parameter namely age, weight, height, and walking
speed (m / min). The regression equation for
VO2max prediction is shown in Table 4.

Table 4: Regression equation for prediction of VO2max.

Equation VO2max

I (R2= 71.4 %) - 116.244 + (1.17 x umur)

II (R2= 66.6%) 18.164 – ( 0.918 x BB)

III (R2= 62.4%) 105.432 – ( 0.878 x TB)

IV (R2= 93.6%) - 0.854 x Running speed
Description: BB = Body Weight, TB = Height, R =

Coefficient of determination

From the regression equation above we can see
that the highest r-value (r = 1.00) is obtained if all
four parameters (weight, height, age, sex, and
walking speed) during the 2MWT training test are
included in the calculation. The higher the R-value
of a regression equation, the higher the accuracy of
the equation (the prediction results are getting closer
to the actual value with a smaller error rate). Thus,
the best equation from the 2MWT training test for
the prediction of VO2max:

The submaximal training test developed in this

study is a 2-minute walking training test (2MWT).

VO2Max (mL/KgBB/minute) =
2.809 + (0.868xU) – (0.0412 x BB) –
(0.382 x TB) – (0.474 x Walking speed) (2)

Nb:
- U = Age (Years)
- BB = Weight (Kg)
- TB = Height (Cm)

- Running Speed (m/minutes)
- Estimation of Error Standart = 0.119

Validity and Reliability of 2 Minutes Walking Test in Frailty Elderly

245



These submaximal training test subjects were asked
to walk for 2 minutes in a 30m corridor. Unlike the
6MWT submaximal test as the gold standard, 2
minutes test in this study was chosen to minimize
muscle fatigue, especially in untrained subjects.
Besides, the cardiorespiratory physiological
condition remained (steady-state) when the exercise
test was reached after 2-3 minutes (Prentice, 2011).
So that 2 minutes was sufficient to obtain the
cardiorespiratory parameters of the condition during
the training test. Maximum oxygen consumption
(VO2max) is the largest amount of oxygen that can
be inhaled during a training test, which involves a
large part of the total muscle mass. This is
considered the best measure of cardiovascular
fitness and aerobic capacity.

This study found that there was a significant
increase in walking distance in the 2MWT repeat
trial in frailty elderly. According to a study
conducted by Brooks in 2007 found an increase in
walking distance in amputee patients and heart
surgery patients who did not experience
improvement after three trials. Repeated trials in
pediatric patients with cystic fibrosis revealed no
significant difference in walking distance. In
contrast, repeated trials in pediatric patients with
cystic fibrosis revealed no significant difference in
walking distance (Upton, 2015). Guyatt et al.
Showed that, in repeated trials of patients with
limited chronic airflow and/or chronic heart failure,
there was a stable training effect after two trials. An
interesting finding from this study is that walking
distance in 2 minutes increased during the two trials.

VO2max value generally decreased according to
age. Decreasing VO2max 8-10% per decade in both
mobile and inactive populations (Pin, 2012). In VO
2max women are lower because muscle mass is
smaller than men. Because both of these affect VO
2max (Tumbelaka, 2014), anthropometric
parameters are used to find out VO2max. In this
study, 2MWT validity was assessed by analyzing
anthropometric parameter correlations (age, weight,
height, sex, and walking speed) at 2MWT against
VO2max values measured using equations
calculated using Confirmatory Factor Analysis.
From the calculation of the Pearson correlation
coefficient, we found a significant correlation (r =
0.791) between the VO2max value at 2MWT and
6MWT.

Based on the interpretation of the Pearson (r)
correlation coefficient by Tumbelaka et al, the
correlation is stated to be good if the value of r =
>0.8; medium if the value of r = 0.6 - 0.79; weak if
the value of r = 0.4 - 0.59; and very weak if the

value of r = <0.4. Correlation values obtained in this
study indicate that the 2MWT submaximal training
test has quite good validity in the assessment of
cardiorespiratory capacity in frailty elderly.

The VO2max correlation value in this study is
not much different when compared with the VO
2max correlation value in a study conducted by
Bohannon et a1 and Bernstein et a1 both evaluated
concurrent validity in individuals with respiratory
disease and reported that the running distance at
2MWT was highly correlated with walking distance
in 6 and 12 minutes running test (r = 0.892–0.995).
Bernstein examined the validity of individuals with
COPD and reported that walking distance in 2
minutes was moderate to maximal correlated and
strongly correlated with submaximal oxygen
consumption (r = 0.45; r = 0.55; respectively).
Furthermore, Upton et al. Concluded that, in
children with cystic fibrosis who have a near-normal
respiratory function, 2MWT is a measure that is
more discriminatory than the peak expiratory flow
rate. In individuals with lower limb amputations, a
distance of 2MWT correlates with measures of
physical function and prosthetic use.

Reliability Test is a fundamental measurement
property that is relatively easy to determine and
quantified in terms of the level of consistency and
repetition when managed properly in similar
circumstances for certain populations. Assessment
of reliability (test-retest reliability) of 2MWT in this
study was conducted by comparing the parameter
values of age, weight, height, gender and walking
speed with VO 2max using the prediction formula
on two measurements (between 2MWT-I and
2MWT-II) in the 1 consecutive day by the same
examiner (interrater).

The 2MWT reliability for age parameters is quite
good with a value of R 2 = 71.4% (SE = 0.151).
2MWT reliability for weight parameters is quite
good with a value of R 2 = 66.6% (SE = 0.135).
Reliability for the Height parameters is quite good
with an ICC value of 62.4% (SE = 0.145).
Reliability for the sex parameter is quite good with
an ICC value of 58.1% (SE = 3.132). If the four
parameters (weight, height, age, gender, and walking
speed) during the 2MWT training test are included
in the calculation, the ICC score is very good at
92.5%. The higher the ICC value of an equation, the
higher the reliability. This shows that the 2MWT
submaximal training test has good reliability in the
assessment of cardiorespiratory capacity.
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5 CONCLUSIONS

The 2-minute walking exercise test (2MWT) has
good validity where anthropometric parameters of
weight, height, age, sex and walking speed when
2MWT have a significant correlation with VO 2max
values during the 6MWT submaximal training test.
The 2-minute walking test (2MWT) has very good
reliability (test-retest reliability).
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