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Background: The six-minute walk test has been widely used in people with chronic cardiopulmonary disorders as an
outcome assessment with regards to therapeutic or prognostic determinants. This study was undertaken to determine
the six-minute walk distance (6MWD) in a sample of healthy Koreans and to create a reference equation. We also
compared the 6MWD of our cohort with previously published equations.

Methods: Two hundred fifty-nine healthy subjects (95 males) aged 22-59 years performed two walking tests using
a standardized protocol. 6MWD was defined as the greatest distance achieved from the two tests. The effect of
anthropometrics on the 6MWD was also investigated.

Results: The average 6MWD was 598.5+57.92 m, with significantly longer distances by males (628.9+59.51 m) than
females (580.9+47.80 m) (p<0.001). Age, height, weight, and body mass index were significantly correlated with 6 MWD
in univariate analysis. Stepwise multiple regression showed height to be single independent predictor of 6sMWD (1*=0.205,
p<0.001). The reference equations derived in Caucasian and North African populations tend to overestimate the distance
walked by Korean subjects, while Asian equations underestimate it.

Conclusion: The average 6MWD in these Korean populations was 600 m. The regression equation revealed that
individual's height was the most significant predictor of distance, explaining 20.5% of the distance variance.
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Introduction to assist clinicians in evaluating functional capacity, assessing

prognosis, and evaluating response to treatment in patients

The measurement of exercise capacity is frequently used with various cardiopulmonary diseases'”. Maximum oxy-

gen consumption obtained via incremental laboratory tests
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Received: Jan. 12 2014 The six-minute walk test (6MWT) is a simpler and less ex-

Revised: Mar. 20, 2014 pensive tool, and patients are more willing to tolerate it as a

Accepted: Apr. 7,2014 method of assessing the cardiorespiratory fitness". It provides

a valid assessment of functional performance in persons with
chronic cardiopulmonary disorders and has been broadly
used in clinical settings. A variety of reference equations pre-
dicting six-minute walk distance (6MWD) in healthy subjects
has been reported”?, but most studies have been undertaken
in white populations. These equations may not be suitable for
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predicting 6MWD in Asian populations, because the equa-
tions overestimate the distance'"". Although some clinical
studies using 6 MWD as an outcome assessment have been
reported in this country'*"*, so far no study exists looking at
6MWD reference equations for healthy subjects.

The aims of present study were the following: 1) to deter-
mine 6MWD in a healthy sample of Koreans aged between 22
and 59 years, 2) to identify demographic and anthropomet-
ric factors contributing to 6MWD and establish a reference
equation, and 3) to examine the differences between walking
distances observed in our cohort and previously published
equations.

Materials and Methods

1. Healthy subjects

Two hundred fifty-nine healthy Korean volunteers between
the ages of 22 and 59 years were randomly recruited to par-
ticipate in this descriptive, prospective, cross-sectional study.
Subjects were medical students, hospital workers, visitors,
and employees of a local private company. The study was
conducted according to the Declaration of Helsinki and Good
Clinical Practice guidelines. Written, informed consent was
obtained from each healthy subject before participation in the
study, and the study protocol was approved by local hospital
institutional review board (approval number: DFH090T057).
Data from each subject included age, sex, height, weight,
smoking history, medication use, medical history, physical
examination, and spirometry. Any of the following is regarded
as a criterion for exclusion from the study: medical histories
that were indicative of metabolic, cardiovascular, or pulmo-
nary disease, current or ex-smokers with a smoking history of
at least 10 pack-years, upper respiratory tract infections within
the last 4 weeks, conditions that could affect walking, resting
blood pressures higher than 140/90 mm Hg, heart rates higher
than 100 beats per minute, body mass index (BMI) greater
than 35, or evidence of ventilatory impairment as measured
by spirometry (i.e., forced expiratory volume in one second
(FEV,)/forced vital capacity (FVC) values lower than 70%, of
normal predicted value).

2. Six-minute walk tests

Two six-minute walks were performed for all healthy sub-
jects on the same day, with 30-minute rests in between walks.
The 6MWT protocol used was based on published guide-
lines’, and 30 m-long hospital corridor with marks at 3 m
intervals was used. Each 6MWT was supervised by a medical
doctor, who did not walk alongside the healthy subject. A stan-
dard explanation was provided just before the first 6MWT:
“Walk as quickly as you can along the corridor for 6 minutes
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to cover as much ground as possible. You may stop if you have
to, but continue again as soon as you are able. During the test,
oxygen saturation and heart rate were measured by wearable
transcutaneous pulse oximetry (Nonin WristOx 3100; Nonin,
Plymouth, MN, USA). Subjects were allowed to stop if they
developed symptoms of dyspnea, chest pain, leg cramps, or
dizziness, but were encouraged to continue walking as soon
as they could. At the ends of each minute subjects were given
feedback on the elapsed time and standardized encourage-
ment in the form of statements such as “you're doing well,” and
‘do your best” Before and after each 6MWT, pulse rate, blood
pressure, oxygen saturation, and Borg value were recorded.
Subjects were asked to indicate their level of dyspnea percep-
tion using a modified 12-point Borg scale, wherein each score
(i.e, ranging from 0 to 10) is illustrated by a printed figure. The
maximum predicted heart rate (mHR) was calculated as 220
minus age.

3. Spirometry

Height and weight were measured using a calibrated scale,
and BMI for each subject was calculated before spirometry.
Subjects were asked to perform at least three measures, and
the largest value was recorded for analysis as recommended
by the American Thoracic Society guidelines'.,

4. Statistical analysis

All statistical analyses were performed using the PASW ver-
sion 18 (SPSS Inc., Chicago, IL, USA). The greatest distance
covered in 6 minutes by each healthy subject was identified
from among the two 6MWT trials performed and then used
in the following analyses. A descriptive analysis was made to
summarize the population’s demographic and clinical param-
eters. Student's t-tests were used to compare female and male
subjects. Pearson’s univariate correlation coefficients (r) were
computed to examine the association between subject char-
acteristics and 6MWD. A stepwise linear regression model
was used to determine if any of the above variables were
independent predictors of 6MWD. The mean 6MWD mea-
sured of the subjects in our study was compared to the mean
predicted 6MWD derived from the eight previously published
equations”'**’ according to each same age ranges. A p-value
of <0.05 was considered significant for these analyses.

Results

1. Demographic, anthropometric, spirometric, and
6MWT data

Of the 278 subjects recruited for participation in this study,
19 were excluded because of smoking history of over 10 pack-
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Table 1. Characteristics of the study subjects

Characteristic Total (n=259) Male (n=95) Female (n=164) p-value*
Age, yr 36.6+10.83 34.8+9.58 37.7+11.38 0.04
Height, cm 164.5+8.65 173.6£5.21 159.2+5.18 <0.001
Weight, kg 61.0£11.72 73.248.21 54.0+6.44 <0.001
BM], kg/m2 22.4+2.85 24.3+2.40 21.3£2.50 <0.001
FVC,L 3.620.88 4.5+0.64 3.0£0.42 <0.001
FVC, %pred 89.1£10.42 90.2£10.07 88.5£10.60 0.186
FEV, L 3.0£0.69 3.7+0.56 2.6£0.40 <0.001
FEV,, %pred 96.2+11.11 94.1+10.76 97.4+11.18 0.024

Values are expressed as mean+SD.
*p-value between male and female.
BMI: body mass index; FVC: forced vital capacity; FEV: forced expiratory volume in one second.
Table 2. 6MWT measures of the study subjects
Characteristic Total (n=259) Male (n=95) Female (n=164) p-value*

Resting HR, bpm 78.6£9.35 77.1£9.90 79.5+8.93 0.049

Resting SpO,, % 97.9+0.85 97.6+0.90 98.2+0.74 <0.001

6MWD, m 598.5+57.92 628.9+59.51 580.9+47.80 <0.001

Borg after 6GMWT 0.19+0.334 0.3+0.39 0.15+0.287 0.004

HR after SMWT, bpm 115.4+£19.49 112.5+£21.63 117.2+17.98 0.064

% mHR after 6MWT 63.0+10.48 60.7+10.96 64.4+9.97 0.006

SpO, after GMWT, % 97.2+1.21 96.7+1.35 97.6£0.97 <0.001

Change in SpO,, % 0.7£1.22 1.0+£1.50 0.6£1.01 0.025

Values are expressed as mean=SD.
*p-value between male and female.

6MWT (D): 6 minute walking test (distance); HR: heart rate; SpO,: oxygen saturation; % mHR: percentage of the predicted maximum heart

rate.

years (n=13) and high blood pressure (n=6). Characteristics of
the remaining 259 healthy subjects are summarized in Table 1.
The study population was composed of 95 males and 164 fe-
males, with a mean age of 36.6:10.83 years, height 164.5+8.65
cm, weight 61.0+11.72 kg, BMI 22.4+2.85 kg/m? and pre-bron-
chodilator FEV, 96.2+11.11% predicted. Significant difference
was observed in age, height, weight, BMI, FVC (L), FEV, (L),
and FEV, (% pred) between male and female subjects.

The 6MWT data are shown in Table 2. The mean 6MWD
was 598.5£57.92 m (range, 447-761 m) for the group total
and was 628.9+59.51 m (range, 447-761 m) for male and
580.9+47.80 m (range, 454-720 m) for female, with significant-
ly longer distances walked by males than females (p<0.001).
Male and female subjects reached 60.7% and 64.4% of their
maximum predicted heart rates, respectively, at the end of
the test. The mean 6MWD of second walk was significantly
longer than that of first walk (595.0+58.27 m vs. 578.3£55.03
m, p<0.001), suggesting a learning effect. We observed a small
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but significant difference between two groups with regards to
resting heart rate, resting oxygen saturation, Borg values, and
oxygen saturation measured at the end of the test. No clinically
significant oxygen desaturation during 6MWT was observed.

2. Univariate and multiple regression analysis

Univariate correlation coefficients between the 6MWD and
subject variables are presented in Table 3. Significant correla-
tions with age, height, weight, and BMI were observed in the
group total (Figure 1). However, gender differences were ob-
served. While age and height were significantly correlated with
6MWD in male subjects, there was no significantly correlated
variable in female subjects. In the stepwise multiple regression
analysis using age, height, weight, and sex in the group total,
height was identified as a single independent contributing
factor to 6MWD (p<0.001), and the model explained 20.5%
of the variability in 6MWD. The regression equation for esti-
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Table 3. Univariate correlation coefficients for 6MWD

Total (n=259) Male (n=95) Female (n=164)
r-value p-value r-value p-value r-value p-value
Age -0.219 <0.001 -0.508 <0.001 0.006 0.943
Height 0.453 <0.001 0.377 <0.001 0.134 0.086
Weight 0.355 <0.001 0.097 0.351 0.027 0.733
BMI 0.145 0.02 -0.109 0.293 -0.055 0481

6MWD: six-minute walking distance; r-value: Pearson’s correlation coefficient; BMI: body mass index.
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mating 6MWD is as follows: 6 MWD (m)=105.7+2.99xheight
(cm) (r*=0.205). In the group of 20-29 years, sex (p=0.005) and
height (p=0.028) were significant independent predictors and
together explained 42.4% of the variability in 6MWD. In the
group of 30-39 years, height (p<0.001) was an independent
predictor, and this model accounted for 23.9% of the total vari-
ance for the 6MWD. According to the gender, age (p<0.001)
and height (p=0.014) were significant independent predictors
in the group of male and together explained 30.5% of the vari-
ability in 6MWD. No significant independent demographic or
anthropometric factors predicting the 6MWD in the group of
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Figure 1. Relationships between six-minute walking distance
(6MWD) and age (r=-0.219, p<0.001) (A), 6MWD and height
(r=0.453, p<0.001) (B), and 6MWD and weight (r=0.355, p<0.001)
(C). The linear regression line is superimposed, surrounded with
the 95% confidence interval lines for the regression line.

female and of 40-59 years were observed (Table 4).
3. Comparison with published regression equations

Comparisons between the 6MWD measured in our sub-
jects and predicted 6MWD, with a match for the same age
range, from the reference equations derived in Caucasian™",
African® and Asian"" populations are shown in Table 5.
Walk distance for our cohort was overestimated by four out
of six equations derived from Caucasian and African popu-

lations, including Troosters et al.’, who overestimated the
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Group Coefficient Standard error Standardized coefficient p-value
Total Constant 105.7 60.6 0.082
Height 255 0.37 0.45 <0.001

20-29 yr Constant 288.6 167.2 0.087
Sex -47.0 16.39 -0.383 0.005

Height 213 0.95 0.298 0.028

30-39 yr Constant 202 132.84 0.827
Height 341 0.79 0.488 <0.001

Male Constant 265.3 190.86 0.168
Age -2.67 0.57 -0.43 <0.001

Height 2.63 1.06 0.23 0.014

*Reference equations of six-minute walking distance (6MWD) are as follows.

Total: 6sMWD (m)=105.7+2.99xheight (cm); 1°=0.205.

20-29 yr: 6MWD (m)=288.6-47.0xsex (male=0, female=1)+2.13xheight (cm); 1*=0.424.

30-39 yr: 6MWD (m)=29.2+3.41xheight (cm); 1°=0.239.
Male: 6MWD (m)=265.3-2.67xage (yr)+2.63xheight (cm); 1°=0.305.

There were no significant demographic or anthropometric variables predicting the 6SMWD in the group of female and of 40-59 years.

Table 5. Measured and predicted 6MWD, for the same age range, from the equations derived in previous studies

Study Measured (m) Predicted (m) Measured—Predicted (m)
Enright and Sherrill® 582.5+49.89 591.5+37.11 -9.0+59.05
Troosters et al.” 580.5+44.30 665.0+54.42 -84.5+68.08*
Gibbons et al." 598.5+57.92 711.9+51.44 -113.4+58.60*
Camarri et al." 581.4+48.67 682.6+44.04 -101.2+54.41*
Chetta et al.” 601.9+£58.99 608.2+39.17 -6.3£54.06
Ben Saad et al*’ 582.5+49.89 652.9+81.62 -70.4+92.63*
Pohetal." 585.2+48.90 561.2+67.63 24.051.97*
Alameri et al.” 602.8+59.09 462.2+23.03 140.6452.40*
Present study 598.5+57.92 598.5+25.91 0.1+50.98

*p<0.05 by student t-test.

6MWD: six-minute walking distance.

distance walked by our subjects by 84.5+68.08 m (p<0.001),
Camarri etal."’ by 101.2+54.41 m (p<0.001), Gibbons et al."' by
113.4+58.60 m (p<0.001) and Ben Saad et al.”’ by 70.4+92.63
m (p<0.001). However, walk distance was underestimated by
two equations derived in Asian populations, Poh et al."* by
24.0+51.96 m (p<0.001) and Alameri et al.”” by 140.6+52.40 m
(p<0.001).

Discussion

To our knowledge, this is the first study to predict 6MWD
in healthy Korean populations. The average 6MWD in these
Korean populations was 598.5£57.92 m. The regression equa-
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tion revealed that height was the most significant predictor
of distance, explaining 20.5% of the distance variance. The
6MWD in these populations showed a considerable variabil-
ity, ranging 447-761 m, in line with previous studies™'"'*"**’,
However, the average 6MWD measured here was relatively
shorter than those of Caucasian”"' and North African studies™
and longer than those of Asian studies""". It is possible that
this discrepancy reflects differences in how 6MWT protocol
was conducted and differences in racial, demographic, and
anthropometric factors of subjects recruited in each study. In
addition, subjects’ submaximal effort was also considered as
a possibility. In this study, a 6MW'T was performed twice and
the better of the two tests was used for further analysis. In two
studies” consistent with our protocol, despite the fact that re-

273



Tuberculosis and
Respiratory Diseases

TR

AL Kim et al.

cruited subjects were relatively older than ours, their average
6MWD were longer than that of present study. Our subjects
reached an average of 63+10% of their maximum predicted
heart rates, while subjects in these studies reached an average
of 77£15%, 79+13% of their mHRs, respectively. However, in
the middle Asian study by Alameri et al.”’, using single GsMWT
protocol, the overall mean walking distance was 410+52 m,
which was significantly shorter than those in our study. De-
spite possessing similar age ranges as those of our subjects,
the male and female subjects in Alameri et al’s study'’ reached
an average of 44% and 47% of their mHRs, respectively. This is
natural in view of that there is a high prevalence of physical in-
activity among Saudis®'. In addition to a subject’s level of daily
physical activity, attitude or psychological factors may also
influence the degree of submaximal effort™.

Several demographic and anthropometric factors can influ-
ence the 6MWT performance in healthy subjects, showing
34-78% of the variance in the 6MWD*'*'***, Among them,
age, height, weight, and sex were the most common variables
used to predict 6MWD. However, in our model, height was
the only reliable predictor of distance, explaining 20.5% of
the distance variance. This low variability is similar to that of
recent study by Alameri et al."’; wherein twenty five percent of
the variability of 6MWD was explained by age and height. Not
surprisingly, a taller height is associated with a longer stride,
which generates a longer distance”"". In the univariate analy-
sis of our series, age and height were significantly correlated
with 6MWD in male subjects, but no significant variables were
observed in female subjects. In the end, sex and age could
not enter final model in the group total. However, sex was
significant independent predictor in the younger age group.
In the group of female and of 40-59 years, no significant inde-
pendent demographic or anthropometric factors predicting
the 6MWD were observed. As in the case of previous stud-
ies'"", the different level of peripheral muscle conditioning or
physical fitness of the participants in this study, particularly in
female subjects, may be partly responsible for this, because
most of the female subjects in their forties and fifties were hos-
pital sanitation workers who were more physically active than
younger subjects.

In present study, while the reference equations derived in
Caucasian”"* and North African® populations tend to over-
estimate the distance walked by Korean subjects, two Asian
equations'"" underestimate it. The 6MWT has been widely
used in clinical settings as an outcome assessment with
regards to therapeutic or prognostic determinants. Clearly,
these previously reported equations can provide misleading
information when applied to Korean patients. It is therefore
necessary to develop reference equations specific to Koreans.

This study was limited by several factors. First, our subjects
consisted of middle-aged subjects. Therefore, the reference
equation in the present study may predict GMWD in Korean
patients with cardio-respiratory dysfunction at a relatively
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young age. However, since most chronic obstructive pulmo-
nary disease patients are older than the present cohort, there
may be some controversy to apply this reference equation
to wider populations. Second, the sample studied in present
study included medical personnel, workers, medical students,
and visitors at a local referral hospital and may not be repre-
sentative of the entire Korean population. A well-organized
nationwide study is needed to solve this problem. Third, the
study did not attempt to evaluate the degree to which typi-
cal daily physical activity and psychological factors affected
6MWD.

In conclusion, the average 6MWD in these Korean popula-
tions was 600 m. The regression equation revealed that height
was the most significant predictor of distance, explaining
20.5% of the distance variance.
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