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Abstract

Purpose To develop accurate and practical prediction models of maximal oxygen consumption (VO,max) using the Young
Men’s Christian Association (YMCA)-step test in South Korean adults.

Methods In total, 568 adults (2066 years) were included in this study. To develop and cross-validate prediction models of
VO,max, the total sample was divided into 80% training and 20% testing using a simple random sampling method. VO,max
was measured using the maximal-graded exercise treadmill test. Sex, age, 1-min recovery heart rate, body weight, and
height were measured as potential predictors. Each test was conducted within a 2- to 3-day interval, ensuring sufficient rest.
Preliminary prediction models were developed from training datasets, which were cross-validated using regression analyses
and/or repeated-measures analysis of variance. The accuracy of prediction models was evaluated using R, standard error of
estimate (SEE), and mean difference (MD) against a criterion-measured VO,max.

Results The average age and VO,max were 43.5 +12.9 years and 39.1 7.5 ml/kg/min, respectively. For model develop-
ment, three practical models with acceptable accuracy were developed (R*>=0.56-0.61; SEE =4.74-5.01). For model cross-
validation, significant relationships between the criterion-measured and predicted VO,max were observed in all three models
(R*=0.56-0.61; SEE =4.62-4.88). The difference between criterion-measured and predicted VO,max was not significant
in the models (MD =—0.03 to —0.14).

Conclusions The prediction models included 3-5 variables as significant predictors of VO,max and had acceptable accuracy
in a large sample of South Korean adults. The selected models provide a simple and practical method to estimate VO,max
using the YMCA-step test for South Korean adults.
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meta-analysis indicated an inverse relationship between CRF
and coronary heart disease (CHD) or all-cause mortality in
healthy participants (Kodama et al. 2009). Thus, accurately
measuring CRF is important for diagnosis of health-related
risk and evaluation of an intervention to improve health.

In general, measuring a participant’s maximum oxygen
uptake (VO,max) is considered a “gold standard” for assess-
ing cardiorespiratory endurance. Methods for measuring
maximum oxygen intake include the maximal exercise test,
which analyzes expiratory gas collected from the participant
while he or she performs maximum intensity exercise with
a gradually increased load, and the submaximal exercise
test, which estimates the maximum oxygen intake through
heart rate during submaximal intensity (Santo and Gold-
ing 2003). Maximal exercise tests may provide accurate
measurements of VO,max reflecting people’s cardiorespi-
ratory endurance, but they require full cooperation from the
participant because the exercise must be performed until
exhaustion, and they are also associated with a relatively
high risk of accidents due to the nature of maximal effort
exercise. Moreover, these tests require various equipments
and continuous monitoring by an experienced assessor, and
present difficulties in multiple participants.

For these reasons, many researchers have designed vari-
ous types of tests that indirectly estimate maximum oxygen
intake by using submaximal exercise (Margaria et al. 1965;
Kasch et al. 1966; Astrand 1976; Lakomy and Lakomy 1993;
Sartor et al. 2013). Submaximal exercise tests can be divided
into laboratory tests, such as treadmill or bicycle ergometer
tests, and field tests, such as running, walking, and step tests
outside of the lab setting. While submaximal exercise test
methods produce less accurate results than maximal exercise
tests, they have a lower risk of accidents, require less time
and less expensive equipment, and allow assessors to meas-
ure multiple participants at the same time.

Among the several submaximal exercise tests, the step
test is widely used because it is simple and easy to admin-
ister. Margaria step test consists of stepping up and down
a 30- to 40-cm bench. They reported that the variability
of the data obtained is within + 7% with those directly
determined (Margaria et al. 1965). Since then many
step tests have been developed. In particular, the Young
Men’s Christian Association (YMCA) step test can be
applied more broadly due to its relatively low step height
(30.5 cm), compared to other step heights (41.3-50.8 cm).
Although previous studies have developed equations that
estimate maximum oxygen intake by using the YMCA step
test (Santo and Golding 2003; Jacks et al. 2012; Beutner
et al. 2015), there are limitations of such findings because
these studies included a small number of participants
with limited age range, and they did not cross-validate the
equations. Moreover, some previous studies used recovery
heart rate, sex, and age as explanatory variables (Beutner
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et al. 2015), but it is necessary to consider physical char-
acteristics, such as height, weight, and body composition.
This is because the same step box height and testing speed
may produce huge differences in relative load due to indi-
vidual’s physical characteristics such as height and weight
(Shahnawaz 1978). Therefore, considering such character-
istics would be appropriate to develop more accurate equa-
tions for predicting maximum oxygen intake. In addition,
previous studies were carried out in Europe and US, but
not in Asia.

Hence, the present study was conducted with a suffi-
cient number of Korean adults to develop a practical and
accurate estimation model for predicting maximum oxygen
uptake using the YMCA step test.

Materials and methods
Study sample

We recruited 665 adult participants between 20 and
66 years of age from Seoul. We divided the participants
based on their sex and further subdivided them into age
groups of 5-year intervals, with 20 participants in each
group. This study was approved by the Institutional Review
Board at the authors’ affiliated institution. Before begin-
ning the study, we explained the planned measurements
to the participants and received their written consent. To
ensure accuracy of the study, we excluded people with
cardiac disease, pulmonary disease, any anti-hypertensive
medications record in past 6 months or orthopedic disease
in the joints of lower limb as these could interfere with
physical activity. Due to the exclusion criteria and invalid
measures, 97 participants (i.e., heart disease = 8, medica-
tion= 18, invalid VO,max measure = 18, and invalid heart
rate measure =53) were excluded from analyses. This
resulted in a final dataset consisting of 568 adults. Physi-
cal characteristics of participants are shown in Table 1.

Measurements

Physical examination and YMCA step test were performed
on the first visit. VO,max was measured on the subsequent
visit. All participants had 2-3 days of rest to minimize the
influence of one test on the other. In order to minimize
errors between measurements, we instructed the partici-
pants to refrain from excessive physical activity, smoking,
and alcohol consumption on the day before their visit to
the laboratory, and not to eat or drink beverages containing
stimulants during or around the time of tests.



European Journal of Applied Physiology (2019) 119:1245-1252

1247

Table 1 Participants characteristics

Total Training dataset Testing dataset

Sample size (n) 568 454 114
Age (years) 435+129 433+129 44441238
Male (n) 294 (51.8%) 236 (52.0%) 58 (50.9%)
Height (m) 1.66+0.1 1.67+0.1 1.65+0.1
Weight (kg) 649+11.8 652+11.8 63.8+11.7
Body mass index 23.3+3.0 23.4+3.0 23.2+3.0

(kg/m?)
Treadmill test

VO, (ml/kg/ 39.1+£7.5 39.1+£7.5 38.8+7.4

min)

RER 1.2+0.1 1.2+0.1 1.2+0.1
Step test

RHR (beat/min) 104.1+15.9 104.2+16.0 103.7+15.5

Data are presented as means + standard deviation

RER respiratory exchange ratios, RHR recovery heart rate

Demographic variables: age, sex, weight, height

During their first visits, participants were surveyed on their
health-related habits and daily lifestyle, and a basic medi-
cal examination was conducted. Participants whose survey
results did not meet the conditions required for the study
were excluded. We measured the participants’ height, body-
weight and calculated BMI.

VoZmax

VO,max was measured through a maximal-graded exer-
cise test using treadmills, and the detailed protocol is out-
lined below. Participants wore a wireless heart rate monitor
(S610i; Polar, USA) and relaxed for at least 10 min before
starting the test. While participants performed the exercise,
their VO,max was measured using an expired gas analyzer
(K4b2; Cosmed, USA). In the maximal-graded exercise test,
we used the Bruce protocol designed for adults (Bruce et al.
2004). Bruce protocol has shown to produce valid VO2max
value irrespective of age, sex or underlying fitness levels
(Hamlin et al. 2012). It is the most common protocol used
during treadmill exercise stress testing and also used for fit-
ness evaluation. Also, measurement time of Bruce proto-
col was relatively short (10:41 min by Buchfuhrer et al.
1983). So, we used Bruce protocol in present study because
of large number of subjects (n=586) in this study. The par-
ticipant’s condition was continuously monitored during the
maximal-graded exercise test by perceived exertion (Borg
RPE 10-scale) and heart rate. For accurate measurements of
VO,max, participants were considered exhausted from max-
imal exercise when they met two out of the following three
criteria: oxygen uptake leveling-off despite the increasing

exercise load, a change in respiratory ratio (CO,/O,) of at
least 1.15, or heart rate approaching 95% of the predicted
maximum heart rate (220 —age) (Howley et al. 1995). After
the completion of tests, invalid cases in which reversal of
steady state heart rate at successive phases was observed and
cases in which the maximal values could not be measured
due to withdrawal were excluded from analysis.

YMCA step test

Participants walked up and down for 3 min on a 30.5-cm-
high step box at a speed of 96 steps per minute (Golding
2000). After the test, participants were immediately seated
on chairs, and recovery heart rate was measured using the
palpation method from the radial artery for 1 min. Metro-
nomes were used to maintain a steady speed for 3 min. In
participants who had difficulty maintaining a steady speed,
the tester guided them to maintain an accurate pace. All par-
ticipants completed the YMCA step test without withdrawal.

Statistical analyses

In order to develop and cross-validate a practical VO,max
prediction model, the total dataset (n=568) was divided into
80% training (n=454) and 20% testing (n=114) using a
simple random sampling method. Descriptive statistics of
the main variables were calculated for the total, training,
and testing datasets.

Prediction model development procedures

The outcome variable was VO,max measured by the max-
imal-graded exercise treadmill test, following the protocol
established by Bruce et al. (2004). Sex, age, 1-min recovery
heart rate (RHR), body weight and height were chosen as
potential predictor variables based on the results of previ-
ous studies (Shahnawaz 1978; Francis and Feinstein 1991;
Francis and Brasher 1992; Santo and Golding 2003; Jacks
et al. 2012; Beutner et al. 2015) and ease of measurement.
Pearson correlation coefficients were computed to examine
the relationships between the outcome variable and potential
predictor variables.

Multiple regression analysis was used to develop a
VO,max prediction model using the training dataset. A
backwards-selection regression approach was used to iden-
tify the most parsimonious prediction VO,max model. The
initial model included all candidate predictor variables such
as dummy coded sex (i.e., male =1, female =0), age, RHR,
body weight, and height. At each step, the least significant
variable was removed from the model. The least significant
variable was determined by comparing the ¢ value for each
variable. The smallest ¢ value was considered the least sig-
nificant. To determine the accuracy of each model, R? was
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calculated. Our goal was to create a simple prediction model
that maintained R? similar to the original model. Therefore,
for each successive model, the least significant variable was
removed and the consequent change in R* was determined.
The best model was determined with the fewest variables
and no significant change in R? (i.e., R? change <0.01).

In order to develop a valid regression model, assumptions
for regression analysis were verified. Scatter plots examined
the linear relationships between the outcome and predictor
variables. Kolmogorov—Smirnov test evaluated the normal-
ity of residuals (i.e., criterion-measured VO,max — pre-
dicted VO,max by the VO,max prediction models). The
homoscedasticity and independence of the residuals were
evaluated graphically using scatter plots between the pre-
dicted VO,max and residuals. Lastly, multicollinearity was
checked using a variation inflation factor (VIF).

Cross-validation procedures

For cross-validation purposes, the VO,max prediction mod-
els were compared to the actual VO,max using the testing
dataset. The developed VO,max prediction models were
also compared to a previous VO,max prediction model,
which comprised sex, age, and RHR, developed by Beutner
et al. (2015). Repeated-measures (RM) ANOVA and simple
regression analyses were conducted to evaluate the predic-
tion models. The RM ANOVA examined if the averages
of predicted VO,max from the developed models and the
Beutner et al. (2015) model were significantly different
when compared to the criterion-measured VO,max. A sim-
ple regression analysis examined the accuracy of predicted
VO,max by the two models against criterion-measured
VO,max. Standard error of estimate (SEE) was calculated
for evaluating the accuracy of VO,max prediction models.
SEE was calculated as SY\/ 1 — R*YY', where Sy is stand-
ard deviation of the criterion-measured VO,max, Y is the
criterion-measured VO,max, and Y’ is predicted VO, max; a
smaller SEE is preferred in the comparison.

All statistical analyses were performed using SPSS ver.
20 (IBM, USA). Statistical significance was set at an alpha
level of 0.05.

Results

Participant characteristics are presented in Table 1. Aver-
age age was 43.5 +12.9 years (range 20-66 years). Approx-
imately 52% of the participants were men. The average
VO,max was 39.1+7.5 ml/kg/min. Overall, no significant
differences were identified in participant characteristics and
measured variables between training and testing datasets
(see Table 1, p <.05).

Development of a VO,max prediction model

In the training dataset, all predictor variables had a lin-
ear relationship with criterion-measured VO,max, except
for RHR. A slight curvilinear relationship was identified
between RHR and criterion-measured VO,max. Thus, the
inverse of RHR (i.e., I/RHR), which shows a linear rela-
tionship with VO,max, was considered as another potential
predictor variable.

All potential predictor variables were significantly cor-
related with the criterion-measured VO,max (r>0.20 or r
< —0.37, p<.001, see Table 2). The highest correlation
was found between the criterion-measured VO,max and sex
(r=0.56), and the lowest between the criterion-measured
VO,max and weight (r=0.20). Because the correlation
between inversed RHR and the criterion-measured VO,max
(r=0.46) was higher than that of RHR (r = — 0.44), the
inversed RHR was included in the VO,max prediction model
instead of RHR.

Model 1 included all potential prediction variables (i.e.,
sex, age, inversed RHR, weight, and height). All variables
in the model were significant predictors of VO,max, F(5,
448)=139.31, MSE=22.49, p <.001 (see Table 3). Model 1
was the most accurate with R>=0.61, SEE=4.74. Although

Table 2 Correlations between

. ' Variables 1 2 3 4 5 6 7
VO,,.x and predictor variables
in training dataset (n =454) 1. VO, 1.000
2. Sex 0.558* 1.000
3. Age —0.366% —0.016 1.000
4. RHR —0.444% —0.292% —0.094° 1.000
5. Inversed RHR 0.463? 0.301* 0.096° -0.978* 1.000
6. Weight 0.200? 0.683* —0.029* —0.099° 0.106° 1.000
7. Height 0.485% 0.723* -0311* -0.176* 0.176* 0.699* 1.000

RHR recovery heart rate, BF% body fat percentage

4Correlation coefficient is significant (p <0.001)

bCorrelation coefficient is significant (p <0.05)
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Table 3 Summary of developed VO,,,.. prediction models in training
dataset (n=454)

Table 4 The results of repeated-measures ANOVA in testing dataset
(n=114)

Model 1 Model 2 Model 3
Intercept 25.22° 40.31% 28.80%
Sex 8.97° 9.77% 6.48°
Age (years) -0.21% -0.23% —0.24%
Inversed RHR (beat/min) 1592.328 1611.60% 1747.45°
Weight (kg) -0.21° -0.19°
Height (m) 9.99"
R 0.78 0.78 0.75
R? 0.61 0.60 0.56
R? change —0.004 —0.044
p values for R? change 0.028 <0.001
SEE 4.74 476 5.01

RHR recovery heart rate, SEE standard error of estimate
Coefficient is significant (p <0.001)
bCoefficient is significant (p <0.05)

all variables were significant predictors, height and weight
were removed from model 1 in order of their respective sig-
nificance to identify the model with most parsimony and
good accuracy. Height (r=2.21, p=.028) was removed first
(model 2) and weight (f = — 7.05, p <.001) removed sec-
ond (model 3). Model 2 was comparably accurate compared
to model 1 (R? change = — 0.004) while model 3 was not
when compared to model 2 (R? change = — 0.044). Model
2, which included sex, age, inversed RHR and weight var-
iables, was chosen as the best model due to its accuracy
and simplicity, F(4, 449)=171.45, MSE =22.68, p <.001,
R*=0.60, SEE=4.76.

For the developed VO,max prediction models, all regres-
sion assumptions were satisfied. The Kolmogorov—Smirnov
test indicated that residual was normally distributed
(p>0.05). No pattern and shape were found in the scatter
plot between predicted VO, max and residuals. There was no
multicollinearity among the predictor variables (VIF ranged
from 1.01 to 3.20; desirable VIF < 10) (O’Brien 2007).

Cross-validation of the chosen VO,max prediction
models

The averages of criterion-measured VO,max and predicted
VO,max from varying models were significantly differ-
ent, F(1.94, 219.26)=40.77, MSE=25.22, G-G p <.001,
n*=0.27 (see Table 4). The differences between criterion-
measured and predicted VO,max among the three models
were not significant (i.e., 95% CI includes zero). However,
there was a significant difference in the predicted VO,max
when using the Beutner et al. (2015) model (model 4: mean
difference = — 4.69, 95% CI = — 6.66 to —2.72).

Mean SD of mean MD 95% CIt
Lower  Upper
Criterion 3895 7.34
(measured
VO2max)
Model 1* 38.98 6.09 -0.03 —127 1.21
Model 2° 39.09 6.06 -014 —-137 1.10
Model 3¢ 38.83 5.75 -0.12 -—1.18 1.42
Model 4¢ 43.64 5.65 —4.69° —6.66 —272

CI confidence interval for mean difference, MD mean difference (cri-
terion-measured VO,max-predicted VO,,,..), SD standard deviation

#Model 1 includes sex, age, inversed recovery heart rate, weight, and
height

®Model 2 includes sex, age, inversed recovery heart rate, and weight
“Model 3 includes sex, age, and inversed recovery heart rate

9Model 4 is Beutner et al. 8 model, 78.2-4.2xsex —0.38xage
—0.15 X recovery heart rate

®Mean difference is significantly different from zero (p <.05)

fSidak adjustment is applied for multiple comparisons

The results of the simple regression analyses indicated
significant relationships between criterion-measured
and predicted VO,max by the three developed models,
R*=0.56-0.61, all p values <0.001, SEE=4.62 to 4.88
(see Table 5). For the three models, the slopes of predicted
VO,max were not significantly different from one (i.e., 95%
CI includes one), and the intercepts were not significantly
different from zero (i.e., 95% CI includes zero), which
indicate no proportional bias of predicted VO,max against
the criterion-measured VO,max. Model 4 overestimated
VO,max in participants with lower criterion-measured
VO,max while it under estimated VO,max in participants
with higher criterion-measured VO,max (slope =0.49, 95%
CI=0.27-0.72; intercept=17.44, 95% CI=7.54-27.34).
The R* and SEE of model 4 were 0.14 and 6.82, respectively.

Discussion

The aim of this study was to develop a practical and accurate
estimation model of the YMCA step test among Korean pop-
ulation. This study included a sufficient number of Korean
adults and performed validation tests after developing the
equation. Also, to our knowledge, this is the first study on
prediction of VO,max using YMCA step test in the Korean
population.

The best model from this study includes sex, age, inversed
RHR, and weight variables. These predictors are consist-
ent with those used in previous studies (Santo and Gold-
ing 2003; Beutner et al. 2015) that developed VO,max
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Table 5 The results of simple Model B SE 5 95% CI R R? SEE
regression analyses in testing -
dataset (n=114)* Lower Upper
Model 1°
Intercept 2.45 2.82 -3.15 8.04 0.78 0.60 4.63
Slope 0.94 0.07 0.78 0.80 1.08
Model 2°
Intercept 2.13 2.84 -3.49 7.74 0.78 0.61 4.62
Slope 0.94 0.07 0.78 0.80 1.08
Model 3¢
Intercept 1.81 3.13 —4.40 8.01 0.75 0.56 4.88
Slope 0.95 0.08 0.75 0.80 1.12
Model 4°
Intercept 17.44 5.00 7.54 27.34 0.38 0.14 6.82
Slope 0.49¢ 0.11 0.38 0.27 0.72

SE standard error, SEE standard error of estimate
Criterion-measured VO, is regressed by each predicted VO,max
®Model 1 includes sex, age, inversed recovery heart rate, weight, and height

“Model 2 includes sex, age, inversed recovery heart rate, and weight

9Model 3 includes sex, age, and inversed recovery heart rate

“Model 4 is Beutner et al. 8 model, 78.2—4.2 x sex —0.38 x age —0.15 X 1 min recovery heart rate

fCoefficients are significantly different from zero (p <.05)

£Coefficients are significantly different from one (p <.05)

prediction models using the YMCA step test. These previous
studies reported that sex, age, and 1-min resting heart rate
from the step test are significant predictors of VO,max. In
addition to these three predictors, weight was identified as
a significant predictor in the current study. A similar find-
ing was reported in a previous study (Shephard et al. 1991)
that developed a VO,max prediction model for Canadian
Home Fitness Test, which is a type of step test. In that study,
weight was one of the significant predictors in the VO,max
prediction model for the step test. However, there are a few
limitations in comparing the results of this study with those
of previous ones because very few studies have developed
the VO,max prediction model using step tests. Moreover,
some of the previous studies (McARDLE et al. 1972; Santo
and Golding 2003) only used RHR to estimate VO,max.
As compared to the previous VO,max prediction model
(Beutner et al. 2015) (R?=0.74; SEE =5.50), which
included sex, age, and RHR from YMCA step test, the pre-
diction model from the current study provided better SEE
and lower R? in the VO,max prediction for Korean adults
(R2:0.60; SEE =4.63). In terms of cross-validation, the
prediction model from this study provided better accuracy
(R=0.78; SEE=4.62; mean difference = — 0.14 ml/kg/min)
compared to other prediction models based on the maxi-
mal exercise tests on field (Noh et al. 2014) (mean differ-
ence =11.63 ml/kg/min) and laboratory (Im and Jeon 2013a,
b) (R=0.62-0.79; SEE =4.54-5.70; mean difference =
—1.61 to 1.74 ml/kg/min) settings. Although our prediction
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model was developed based on the submaximal exercise test,
its accuracy was either comparable or better than the previ-
ously developed VO,max prediction models using maximal
exercise tests. Therefore, the prediction model from this
study can be useful to estimate VO,max in Korean adults.

In addition to model 2, which is the best model from
this study, model 1 and model 3 may be used as alternative
methods to estimate VO,max in Korean adults. Although
model 1 requires an additional predictor (height), it seems
to be comparable to model 2 in VO,max prediction. The
most accurate model in the development stage was model
1, and height and weight variables were typically measured
together in the field and research settings. If height data
are available without much effort, we can use model 1 to
estimate VO,max. Model 3, which included sex, age, and
inversed RHR, had relatively less accuracy, but it was the
most parsimonious model as compared to others. The dif-
ference in the accuracy indices (AR2 =0.05; ASEE=0.26)
and mean difference (0.26 ml/kg/min) was small between
model 3 and 2, and the accuracy of model 3 was much higher
than the previous model developed by Beutner et al. (2015)
(R*=0.14; SEE=6.82). The accuracy of models 1 and 3
were moderately good when compared to the previously
developed VO,max prediction models (Im and Jeon 2013a,
b; Noh et al. 2014) for Korean adults.

The model developed by Beutner et al. (2015) showed
good accuracy in a cross-validation study for German adults
(R2 =0.74; SEE=5.50), but had poor accuracy for Korean
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adults in this study (R*>=0.14; SEE =6.82). This discrep-
ancy in accuracy of the model developed by Beutner et al.
(2015) may be due to the difference in BMI between the
samples of two studies (25.20 +4.3 and 23.35 +3.03 kg/m?
for Beutner et al. (2015) study and this study, respectively).
BMI could cause changes in the heart rate during the same
step test (Ko and Seo 2007). In other words, those with high
BMI may have higher changes in heart rate during the same
intensity exercise test than those with low BMI (Ko and
Seo 2007). The difference in BMI between the two studies
may explain the discrepancy in accuracy of Beutner et al.
(2015). prediction model. Another possible reason for the
difference in accuracy is a different body size between the
populations. Leg length and standing height could influence
the physiological response in the same step test (Shahnawaz
1978; Culpepper and Francis 1987; Beutner et al. 2015).
For instance, because Asian adults have relatively short leg
length and standing height when compared to European
adults, (Rush et al. 2007, 2009; Stanfield et al. 2012) the
physiological response (i.e., heart rate or reserved heart rate)
in the same exercise test (i.e., YMCA step test) could be dif-
ferent between the two populations. It may imply that valida-
tion studies should be performed before the application of a
VO,max prediction model based on step tests for different
populations who have different physical characteristics.

Mitochondrial muscle oxidative capacity and oxygen
delivery capabilities, as determined by submaximal oxygen
pulse, account for most if not all of the ethnic differences
in VO,max (Roy et al. 2006). Although there are studies
reporting differences in the maximum oxygen uptake by eth-
nic (Lai et al. 2012; Mcmurray et al. 2002), research is still
lacking to identify ethnic differences. Differences in aerobic
capacity according to sex are reported to be due to differ-
ences in the ratio of muscle to body weight and hemoglobin
levels (Perez-Gomez et al. 2008). Assuming that these physi-
cal conditions are equal, there remains considerable differ-
ences in the cardiovascular response to exercise according
to sex, the reasons for which remain less clear (Charkoudian
and Joyner 2004).

There are some limitations to this study. First, old PO
Astrand’s maximal heart rate prediction formula was used
as a criterion for verifying the measured maximal oxygen
uptake in present study. This formula (220 — age) is believed
to underestimate maximal heart rate as the age increases.
So new formula (208 — 0.7 * age) were reported to be more
accurate and recommended people over age 40 (Tanaka et al.
2001). However, we were not able find significant differ-
ences in the results when we replaced with new formula in
present study. Even though lactate can provide important
information as one of the subsidiary criteria (> 8—10 mM)
to measure VO,max during the exercise (Astrand et al. 2003;
Ferretti 2014). We were not able to measure lactate concen-
tration at the end of exercise in present study.

Participants of this study were adults aged 20-66 years;
therefore, readers need to be cautious about using the equa-
tions for other populations such as children and the elderly.
In addition, our findings may not be applicable to people
who are psychologically sensitive or who take medications
that affect heart rate because the YMCA step test is based
on heart rate. Further research is required to develop more
accurate estimation models by adding a measurable variable
such as percent body fat and muscle mass. There is also a
need for studies on more diverse populations.

Conclusion

We developed and cross-validated the three prediction
models to estimate VO,max from a large sample of Korean
adults. The three models are easy and practical to use in the
field and laboratory settings. It showed comparable accuracy
to the previously developed models for estimating VO,max.
These models could be used in large-scale epidemiologic
research because they can easily measure many individuals
with lower costs and time (i.e., less than 5 min) than other
field and laboratory methods. In addition, these models can
be embedded in a smart phone health-related app so that
individuals with no special knowledge can easily estimate
their VO,max at home, school, as well as health-related
organizations and facilities. Further research will be required
to develop a prediction model of VO,max for Korean chil-
dren, adolescents, and elderly, as well as models that are
more accurate for Korean populations.
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