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Development and Cross-Validation of Non-exercise — based Prediction Equations for
Estimating Cardiorespiratory Fitness in Korean College Students

Inhwan Lee', Kwonseok Han', Munku Song"z, Hyunsik KangI

'College of Sports Science, Sungkyunkwan University, Suwon, 2Samsung Training Center, Yongin, Korea

Purpose: Non-exercise-based estimation of cardiorespiratory fithess (€CRF) is not available for Korean young adults.
This study was to develop an eCRF regression equation and to validate its accuracy in Korean college students.
Methods: Subjects were undergraduate students (n=1,319; female, 219) who participated in the assessment of physical
fitness and risk factors at our institute. Using a random sampling method, 70% of the subjects were selected and
used to develop prediction equations for estimating CRF, and 30% of the subjects were used to verify the accuracy
of the equations for CRF. Body mass index (BMI), percent body fat, waist circumference (WC), physical activity,
smoking, and resting heart rate were measured as covariates. CRF was assessed as minute volume of maximal oxygen
consumption (VOazmax) With @ graded exercise test. Prediction equations for CRF were derived using stepwise linear
regressions. The differences between measured and estimated VO.max values were verified by using paired t-test and
Bland-Altman plots.

Results: The coefficients of determination (R2) of BMI, % body fat, and WC-based regression models were 0.502,
0.514, and 0.518, respectively. The standard errors of estimate for BMI, % body fat, and WC regression models
were 5.55, 5.48, and 5.46, respectively. In the validation study, no significant differences between estimated and
measured VO2amax values were found in BMI (p=0.971), % body fat (p=0.877), and WC (p=0.817)-based regression
models.

Conclusion: The current findings of the study suggest that CRF can be estimated from non-exercise healthrelated
parameters with an acceptable accuracy in Korean college students.
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Table 1. Characteristics of the study subjects

Characteristic Total Derivation Cross—validation p-value
No. of subjects 1,162 815 347
Female sex 311 (26.8) 219 (26.9) 92 (26.5) 0.900
Age (yr) 23.7+2.2 23.7+£2.2 23.8+2.2 0.660
Height (cm) 171.248.0 171.248.0 171.14£8.3 0.958
Weight (kg) 66.1+12.1 65.8+11.9 67.0£12.3 0.104
Body mass index (kg/m?) 22.443.1 22.3+3.1 22.7+3.0 0.031%*
Body fat (%) 21.0£5.6 20.7+£5.6 21.6%£5.5 0.011+
WC (cm) 80.2+8.2 79.8+£8.2 81.0£8.3 0.029+
Lean mass (kg) 52.0£9.1 51.94£9.0 52.3+9.2 0.483
RHR (beat/min) 76.1£11.6 76.4+£11.7 75.3£11.3 0.121
VOomax (mL/kg/min) 43.5+7.9 43.5+7.8 43.3£7.9 0.739
Physical activity (MET/wk) 1,308.7+£1,137.3 1,284.2+1,128.4 1,366.0+£1,157.7 0.262
Physical inactive 827 (71.2) 581 (71.3) 246 (70.9) 0.892
Smoking 286 (24.6) 207 (25.4) 79 (22.8) 0.242

Values are presented as number only, number (%), or meanzstandard deviation.

WC: waist circumference, RHR:

equivalent.
*p<0.05.
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Table 2. Stepwise multiple regression analysis for estimation of VOamax from BMI in derivation subjects (n=815)

Unstandardized

Variable coefficients t p-value  Tolerance VIF R SEE
B SE
Constant 61.219 2.922 20.949 <0.001 0.502 5.55
Sex 12.912 0.531 24.328 <0.001 0.684 1.463
BMI —-0.673 0.070 —9.676 <0.001 0.833 1.201
Physical activity 3.866 0.445 8.695 <0.001 0.935 1.069
Age —0.387 0.098 —3.945 <0.001 0.779 1.284
RHR —0.049 0.017 —2.840 0.005 0.937 1.067
Smoking —1.376 0.478 —2.879 0.004 0.875 1.143

Durbin—-Watson, 1.750; F=135.648, p<0.001

VOomax: Volume of maximal oxygen consumption, BMI: body mass index, SE: standard error, VIF: variance inflation factors,

SEE: standard error of estimate, RHR: resting heart rate.
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Table 3. Stepwise multiple regression analysis for estimation of VOamex from % body fat in derivation subjects (n=815)

Unstandardized

Variable coefficients t p-value  Tolerance VIF R? SEE
B SE
Constant 55.780 2.683 20.793 <0.001 0.514 5.48
Sex 9.031 0.548 16.491 <0.001 0.626 1.597
% Body fat —0.411 0.038 —10.789 <0.001 0.814 1.228
Physical activity 3.513 0.441 7.975 <0.001 0.929 1.077
Age —0.308 0.098 —3.152 0.002 0.764 1.309
RHR —0.048 0.017 —2.852 0.004 0.938 1.066
Smoking —1.389 0.472 —2.945 0.003 0.875 1.143

Durbin—-Watson, 1.722 F=142.477, p<0.001

VOomax: Volume of maximal oxygen consumption, SE: standard error, VIF: variance inflation factors, SEE: standard error

of estimate, RHR: resting heart rate.

Table 4. Stepwise multiple regression analysis for estimation of VOsmax from WC in derivation subjects (n=815)

Unstandardized

Variable coefficients t p-value  Tolerance VIF R SEE
B SE
Constant 68.126 3.104 21.949 <0.001 0.518 5.46
Sex 13.161 0.523 25.163 <0.001 0.680 1.470
WC —0.287 0.026 —11.170 <0.001 0.826 1.211
Physical activity 3.522 0.438 8.033 <0.001 0.930 1.076
Age —0.356 0.097 —3.689 <0.001 0.776 1.289
RHR —0.047 0.017 —2.764 0.006 0.939 1.065
Smoking —1.373 0.470 —2.924 0.004 0.875 1.143

Durbin-Watson, 1.772 F=144.983, p<0.001

VOomax: Volume of maximal oxygen consumption, WC: waist circumference, SE: standard error, VIF: variance inflation
factors, SEE: standard error of estimate, RHR: resting heart rate.

VOomax (mL/kg/min):

55.780+9.031 (sex [male=1, female=0])-0.411 (% body fat)+
3.513 (physical activity [active=1, inactive=0])-0.308 (age)-0.048
(resting heart rate)-1.389 (smoking [no=0, yes=1])
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Table 5. Correlation analysis of measured and estimated
VOomax in derivation subjects (n=815)

Equation model r p-value
BMI model 0.708 <0.001
% Body fat model 0.717 <0.001
WC model 0.720 <0.001

VOomax: VOlume of maximal oxygen consumption, BMI:
body mass index, WC: waist circumference.

HeEA AAE 344

o3t 2.

rlo

VOomax (mL/kg/min):

68.126+13.161 (sex [male=1, female=0])-0.287 (waist
circumference)+3.522 (physical activity [active=1, inactive=0])-
0.356 (age)—0.047 (resting heart rate)-1.373 (smoking [no=0,

yes=1])
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Table 6. Analysis for comparison of measured and estimated VOomax in cross—validation subjects (n=347)

. . Difference
Equation model VOzmax (ML/kg/min) (mL/kg/min) r t p-value
Measured VOamax 43.344+7.92
BMI model 43.32+5.74 0.01+£5.90 0.670 0.037 0.971
% Body fat model 43.294+5.75 0.05+5.78 0.685 0.155 0.877
WC model 43.26+5.81 0.07+£5.97 0.660 0.232 0.817

VOomax: Volume of maximal oxygen consumption, BMI: body mass index, WC: waist circumference.
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Fig. 1. Scatter plots for correlation between measured and
estimated volume of maximal oxygen consumption
(VOomax). (A) Body mass index model, (B) % body fat mod—
el, and (C) waist circumference model using the derivation
subjects.
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