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Abstract

:

The purpose of this study was to compare the validity of three submaximal exercise tests (SMETs) and develop practical predictive models for the VO2max in Korean adults. A total of 541 (287 males and 254 females) adults participated in this study. Their ages ranged from 19 to 64. The VO2max was measured using the maximal-graded exercise treadmill test. The SMETs were performed by a treadmill test, the YMCA step test, and the PACER test. Regression analysis was conducted to compare the validity of the VO2max predictive equations using SMETs. The validity of the predictive models was evaluated using explanatory power, standard error of estimate (SEE), and Bland-Altman analysis. The explanatory power between the measured VO2max and the predicted VO2max was 58.0% (<0.001), 59.2% (<0.001), and 71.7% (<0.001), respectively. The SEEs were 4.545, 4.478, and 3.732 (mL/kg/min). The models were significant predictors of VO2max and had acceptable validity in a large sample of Korean adults. Especially, among the predictive models, PACER had the highest acceptable effectiveness. Therefore, the equations developed in this study are recommended to better evaluate the cardiovascular endurance of Korean adults.
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1. Introduction


Cardiovascular endurance is the ability to indicate how effectively the circulatory and respiratory systems use oxygen and has been reported to influence mortality and chronic disease incidence [1]. Therefore, accurately assessing cardiovascular endurance and performing exercises to improve it is helpful for disease prevention and health promotion [2]. Maximal oxygen intake (VO2max), which is the criterion for cardiovascular endurance, can be evaluated through graded exercise testing, which collects and analyzes exhaled gas in the process of performing maximal exercise by gradually increasing the exercise load using a treadmill or cycle ergometer [3,4].



The graded exercise test (GXT) can be divided into maximal exercise and submaximal exercise tests [5]. The maximal exercise test is analyzed by measuring oxygen uptake using a respiratory gas analyzer when the examiner reaches an all-out state [6]. Therefore, the maximal exercise test is the most accurate and ideal way to directly measure the VO2max, but the respiratory gas analyzer that measures the VO2max is expensive and requires a lot of time and cost to maintain and manage [7]. Furthermore, it is difficult to perform maximal effort during GXT by older people [8]. For this reason, the method of indirectly estimating the VO2max using other graded exercise tests rather than directly measuring the VO2max is widely used in the field. The submaximal exercise test measures cardiovascular endurance while performing submaximal exercise [9]. It estimates maximal oxygen uptake based on the assumption that changes in physiological variables that increase during exercise have a linear relationship with oxygen intake. Typical submaximal exercise tests include the step test [10], the treadmill test [11], and the 20-m shuttle run test [12].



The step test is a widely used submaximal exercise test because it is simple and does not occupy a lot of space. The step test repeats ascending and descending stairs and cardiovascular endurance is evaluated mainly by the heart rate during the recovery period after performing for a certain period of time [13]. In the step test, there are several tests depending upon the height and speed of the stairs [14]. This is because the results may vary depending upon race and physical characteristics such as sex, age, height, and weight [15,16], so an estimation formula should be developed considering these characteristics.



The treadmill test, which estimates the maximal oxygen intake using a treadmill without measuring the actual maximal intake, can be placed in various spaces such as laboratories and fitness centers. The test is easy to manage and exercise intensity can be controlled according to speed and inclination, so it measures and evaluates cardiovascular endurance. Most previous studies that estimated the VO2max using a treadmill developed an estimation formula that included speed and heart rate as major explanatory variables during walking or running on a treadmill [17,18].



The progressive aerobic cardiovascular endurance run (PACER) 20-m multistage shuttle run test, which is performed by running a distance of 20 m back and forth, can estimate VO2max using only the individual’s physical information and the number of round trips without measuring heart rate [19,20]. In addition, multiple people can be measured at the same time, and the occurrence of safety accidents can be minimized because it is not boring, and participants automatically drop out according to ability [21]. Therefore, a formula for estimating the VO2max using the PACER test has been developed through several previous studies. Rugger and Lambert first developed an estimation equation using the PACER test in 1988 and showed a high correlation (0.84) with the maximal exercise test [19].



Unlike the maximal exercise test, these submaximal exercise tests are a relatively safe method for estimating exercise capacity using exercise intensity, heart rate, and the physiological response up to the point when the subject is comfortable exercising [22]. However, the accuracy of cardiovascular endurance evaluation is poor [23,24]. Therefore, it is important to use an appropriate submaximal exercise test method to accurately measure the VO2max and the efficient test time [25,26]. Moreover, as there are still conflicting opinions regarding racial differences in the estimation of VO2max, it is necessary to compare and verify the validity of VO2max estimates through various submaximal exercise tests in Koreans [27].



The VO2max estimation should be accurate, easy to use, have on-site availability, and provide the basis for a scientific exercise test. The purpose of this study was to compare the validity of three different submaximal tests (i.e., treadmill test, step test, and PACER test) and develop an estimation equation by measuring the VO2max, targeting healthy Korean adults.




2. Materials and Methods


2.1. Subjects


The subjects in our study were 665 adults between 19 and 65 years of age from Seoul city. This study was approved by the Institutional Review Board at the related institution. Before beginning the study, we explained the planned measurements to the participants and received their written consent. For the accuracy of our data, we excluded the data on people with diseases in the past six months (cardiac disease, pulmonary disease, any anti-hypertensive medication record, and orthopedic disease) as these could interfere with physical activity. At the first visit, a physical examination was performed. The participants were asked about their health-related habits and daily lifestyles and basic health checkups were conducted. Their height and weight were measured, and body mass index (BMI) was calculated based on these measurements. At the next visit, we conducted three cardiovascular endurance tests separately. Due to the exclusion criteria and invalid measurements, 124 participants (eight with heart disease, 18 taking medication, 18 with invalid VO2max measurements, seven with less than nine minutes on the treadmill test, 20 with invalid PACER results, and 53 with invalid heart rate measurements) were excluded from the analyses. This resulted in a final dataset consisting of 541 adults (287 males and 254 females). The required sample size was calculated using the G-power program (version 3.1 for window) based on the effect size of 0.15, the power value of 0.95, and 5 predictors in multiple regression analysis. The results indicated that 138 participants were required for our study. The physical characteristics of the participants are shown in Table 1.




2.2. Procedures


A total of three cardiovascular endurance tests were conducted in this study, the GXT performed by the Bruce protocol, the Young Men’s Christian Association (YMCA) step test, and the PACER test. A portion of the maximal GXT was used as a method for the submaximal exercise treadmill tests. This was a research design that seeks maximum efficiency, and the GXT, a standard cardiovascular endurance test, was performed to determine the feasibility of the other tests. To minimize the impact between each test, the GXT, YMCA step test, and the PACER test were conducted on different days randomly. All participants took a break of two days or more after each test to minimize the impact of one test on the other. To minimize errors between each measurement, the participants were instructed to refrain from excessive physical activity, smoking, and alcohol consumption the day before visiting the laboratory, and not drink stimulant-containing beverages during testing.




2.3. Measurement of VO2max and Maximal GXT


The VO2max was measured applying a maximal GXT using a treadmill. The subjects wore a wireless heart rate monitor (S610i; Polar Electro Oy, Kempele, Finland) and rested for at least 10 min before the measurement. The VO2max was measured using an expired gas analyzer (K4b2; Cosmed, Rome, Italy) during the test. The maximal GXT was conducted using the Bruce protocol designed for adults [28]. This protocol is the most common protocol among the maximal GXT using a treadmill. It has been reported to produce reliable VO2max values regardless of age, gender, or fitness level [29]. For the safety of the subjects, their condition was continuously monitored during the test using a Borg RPE 10-scale and heart rate monitor. For a precise measurement of VO2max, the subjects were considered to have terminated the test when they met two of the following three criteria: heart rate approaching 95% of the predicted maximal heart rate (220—age), oxygen consumption leveling-off despite an increasing exercise load, or a change in the respiratory ratio (VCO2/VO2) of at least 1.10 [30].




2.4. Treadmill Test


The submaximal exercise (treadmill) test for estimating maximal oxygen uptake used heart rates during the three (stage 1), six (stage 2), and nine-minute (stage 3) treadmill exercises of the maximal GXT. During the treadmill test, the average heart rate for the last 10 s of each stage was recorded, and when the error in each heart rate for 10 s exceeded ±5 beats per minute (bpm), the median value was recorded.




2.5. YMCA Step Test


The submaximal exercise (step) test for estimating maximal oxygen uptake was conducted using the YMCA step test. The participant walked up and down for 3 min on a 30.5-cm high step box at a speed of 96 steps per minute [31]. Before the test, the participants were fitted with a wireless heart rate monitor (S610i; Polar Electro Oy, Kempele, Finland). After the test, the participants were immediately seated on chairs, and the recovery heart rate was measured in the radial artery for 1 min using the palpation method. Metronomes were used to maintain a steady speed for 3 min. In the participants who had difficulty maintaining a steady speed, the tester guided them to maintain an accurate pace. All subjects completed the YMCA step test without withdrawal.




2.6. PACER Test


The PACER test was conducted according to a previous study [21]. The subjects ran from one marker to another marker set 20 m apart, while keeping pace with a prerecorded signal. The signal was set to increase every minute. The initial speed was 8.5 km/h and the speed was increased to 0.5 km/h per minute. The subjects were instructed to keep up with the signal for as long as possible. The test was completed when a subject failed to reach the set marker in the set time twice or could no longer maintain the pace. The number of laps completed was recorded.




2.7. Statistical Analysis


The data collected in this study were analyzed using the SPSS 25.0 statistical program (SPSS, Inc., Chicago, IL, USA). The mean and standard deviation (SD) of the measured variables were calculated and presented. The significance level of all statistical tests was set to 0.05. Multiple regression analysis was performed to develop a VO2max predictive equation using each test value. Consistency between the measured and predicted values was evaluated using intraclass correlation coefficient (ICC) and coefficient of variation (CV). Simple regression analysis was used to examine the accuracy of the VO2max values predicted by the three tests against the criterion-measured VO2max. Bland-Altman analysis was performed to verify the correspondence between the directly measured results and the predicted results to confirm the consistency of the developed estimation equation [32].





3. Results


3.1. Results of Measured Values in Three Submaximal Exercise Tests


Table 2 shows the results of the measured values in the maximal GXT, treadmill test, YMCA step test, and PACER test in this study. The mean total VO2max value was 39.01 mL/kg/min using the maximal GXT, while it was 42.63 mL/kg/min in the male group and 34.90 mL/kg/min in the female group. During the maximal GXT, the total mean heart rate at the time of the third stage was 163.16 bpm, the male group was 157.18 bpm, and the female group was 169.91 bpm. In the case of the YMCA step test, the total mean recovery heart rate was 103.29 bpm, the male group was 99.64 bpm, and the female group was 107.46 bpm. The total mean counts in the PACER test were 40.38, the male group was 50.65 and the female group was 28.78.




3.2. Results of Multiple Regression Model to Estimate VO2max in Three Submaximal Exercise Tests


Table 3 shows the results of multiple regression analysis to estimate the VO2max. As a result of calculating the VO2max regression model for the treadmill test, YMCA step test, and PACER test, the multiple correlation coefficients were 0.762, 0.770, and 0.847, and the explanatory power of the model was 58.0%, 59.2%, and 71.7%, respectively. The standard errors of the estimation were 4.545, 4.478, and 3.732 (mL/kg/min), respectively. Table 4 shows the formula for estimating the results of the VO2max treadmill test, YMCA step test, and PACER test.




3.3. Comparison of the Validity of the Three Submaximal Exercise Tests


The differences between the measured VO2max and the predicted VO2max were 0.108 ± 4.52, 0.020 ± 4.45, and −0.010 ± 3.71 mL/kg/min for the treadmill test, YMCA step test, and PACER test, respectively (Table 5). The ICC between the measured VO2max and the predicted VO2max in the treadmill test, YMCA step test, and PACER test was 0.847, 0.853, and 0.910, respectively. The CV values were 13.68%, 13.78%, and 15.17%, respectively. Figure 1 shows the correlation analysis between the measured and predicted VO2max values in the three submaximal exercise tests. The simple regression analysis results indicated significant relationships between the criterion-measured and predicted VO2max in the three submaximal exercise tests. The R2 was 0.580, 0.592, and 0.717 for the treadmill test, YMCA step test, and PACER test, and the SEE was 4.528, 4.461, and 3.718, respectively (Table 6). Figure 2 shows the Bland-Altman limit of agreement between the predicted and measured VO2max values in the three submaximal exercise tests.





4. Discussion


The purpose of this study was to evaluate the validity of VO2max estimation equations developed using the treadmill test, YMCA step test, and PACER test in the same subjects to more accurately evaluate cardiovascular endurance in healthy Korean adults aged 19–64. The models were significant predictors of VO2max and had acceptable validity in a large sample of Korean adults. Especially, among the predictive models, PACER had the highest acceptable validity.



In a previous study on estimation equations using the heart rate response during the treadmill test [9], a VO2max estimation equation was developed using heart rates during treadmill exercises in 400 adult men and women aged from 18 to 40 years (r = 0.91). George et al., (2007) developed a formula for estimating VO2max during treadmill exercises for 100 subjects aged 18 to 65 years [30]. In a previous study, the multiple correlation coefficient was 0.94, showing highly significant results, but a maximal exercise test was conducted, and the predictors included speed (mph) and the grade (%) of the treadmill test. In our previous study, as a result of developing VO2max estimation equations as variables for gender, age, height, body fat, and heart rate (stage 2) during treadmill exercise, the multiple correlation coefficient was 0.784, and the explanatory power of the model was 61.4% [33]. Previous studies showed a higher correlation than that in our study (r = 0.762). However, the subjects in the previous study were limited to relatively young adults [9], and it is difficult to use in the field by conducting the maximal exercise test during the treadmill test [30]. According to Lambrick et al. (2009), the exercise intensity showing the highest explanatory power in the VO2max estimation equation was 64–75% of the maximal heart rate [34]. In our study, in stage 3 treadmill exercises, the exercise intensity was 90% (163.16 bpm) of the maximal heart rate (178.87 bpm), which was higher than in previous studies.



A previous study conducted a YMCA step test on 97 Germans aged 22 to 77 and reported a high correlation (r = 0.828). Between the measured VO2max value and the predicted VO2max value estimated using age, gender, and recovery heart rate [35]. In our study, there was a correlation of 0.770 between the measured VO2max value and the predicted VO2max value, indicating a lower correlation than in the previous study. However, the previous study was conducted on Germans, and it is difficult to directly compare them with our studies with a different VO2max [36]. Meanwhile, another previous study of 30 Asians showed a correlation of 0.80 as a result of comparing with the actual measured VO2max using the previously developed VO2max prediction equation [37]. In this previous study, Bland-Altman analysis was performed, and the average difference between the measured VO2max value and the predicted VO2max value was 2.26 mL/kg/min, and the upper and lower lines were 7.73 mL/kg/min and −3.21 mL/kg/min. In our study, as a result of Bland-Altman analysis, the average difference between the measured VO2max value and the predicted VO2max value was 0.020 mL/kg/min, indicating a lower average. However, the upper and lower lines were 8.756 mL/kg/min and −8.716 mL/kg/min. This seems to be because more subjects were used than in the previous study. Moreover, the average age of the subjects in the previous studies was 25.7 years (±1.9), lower than that in our study (41.69 ± 12.66).



In our study, the predictors in the PACER estimation equation were age, gender, height, weight, and the number of PACER counts (r = 0.847, SEE = 3.732 mL/kg/min). Although the predictors were different from those in our study, a previous study conducted a validity study in Asian adults [38]. Previous validation studies on Asians were conducted with gender, age, BMI, and PACER counts as predictors (r = 0.88, SEE = 3.0 mL/kg/min). They showed a similar level of effectiveness as that in our study, but the range of age was limited to between 18 and 23 years. Our study was conducted on a wider range of ages. Moreover, in our study, the ICC between the measured and predicted VO2max in the PACER test was 0.910, the highest among the three submaximal exercise tests.



Among the three submaximal exercise tests, the treadmill test showed the lowest correlation in the multiple regression model (r = 0.762). It also showed the lowest correlation between the measured VO2max and the predicted VO2max by the estimation formula (ICC = 0.847; r = 0.762). In the Bland-Altman analysis results, the difference between the measured VO2max value and the predicted VO2max value on the treadmill test was −0.108 mL/kg/min. The upper and lower lines were 8.975 mL/kg/min and −8.795 mL/kg/min. In contrast, the PACER test showed the highest multiple correlation values (r = 0.847). As a result of Bland-Altman analysis, the PACER test showed the lowest difference between the measured VO2max and the predicted VO2max values (−0.010 mL/kg/min). The upper and lower lines of the PACER test were 7.272 mL/kg/min and −7.290 mL/kg/min. The YMCA step test values were 8.756 mL/kg/min and −8.716 mL/kg/min. In our previous study results, the multiple correlation coefficient was 0.784 when measured on the treadmill test, and the multiple correlation coefficient of the YMCA step test was 0.75 to 0.78, which was similar to that in our current study. These results were similar to the results in the current study, which analyzed multiple correlations between the three tests using the same variables and subjects.



The main result of this study was that a valid VO2max predictive model was developed and compared by applying the treadmill test, YMCA step test, and PACER test to the same subjects. The three exercise tests had significant validity as in previous studies. In particular, the PACER test showed the best validity among the three submaximal exercise tests. However, there were some limitations to this study. First, although the results of our study indicated that the equations were suitable for predicting cardiovascular endurance among healthy Korean adults aged 19–64 years, it remains doubtful whether the measured three submaximal exercise tests are useful to subjects of health condition, ages, races, and other risk factors. Three tests may not be appropriable for use in all populations. Second, the three equations developed for VO2max predictions were based on heart rate or PACER counts. Therefore, for subjects in whom heart rate does not respond typically or in unhealthy adults, the equations would not produce a valid VO2max prediction. Moreover, the three tests require reasonable physical fitness for accomplishment. Therefore, it may not be suitable for people in which orthopedic problems (such as knee or hip problems) or exercise is not appropriable. Finally, it is necessary to consider that predictors include height and weight in our study, but being overweight may affect predictive models [39]. Therefore, to develop an accurate estimation model, additional studies are needed considering variables such as body fat ratio and muscle mass.




5. Conclusions


We developed and validated a VO2max estimation formula using the maximal-graded exercise test and submaximal-graded exercise tests in 541 Korean adults aged 19 to 64 years. This study included a sufficient number of Korean adults and developed and validated the predictive model. Therefore, the equations developed in this study are recommended to better evaluate the cardiovascular endurance of Korean adults according to the appropriate circumstances. The three estimation formulas developed by this study may be helpful in physical fitness and cardiovascular management by easily estimating the VO2max and evaluating the aerobic capacity of Korean adults.
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Figure 1. Correlation analysis of the predicted and measured VO2max values in the three submaximal exercise tests. (A): Treadmill test; (B): YMCA step test; (C): PACER: test. 
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Figure 2. Bland-Altman plots between the predicted and measured VO2max values in the three submaximal exercise tests. (A): Treadmill test; (B): YMCA step test; (C): PACER: test. The mean line represents the mean difference (bias) between the measured and predicted VO2max values. The upper and lower lines are limits of agreement between the measured and predicted VO2max values. 
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Table 1. Physical characteristics of the subjects.
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Subgroup (n)

	
Age (years)

	
Height (cm)

	
Weight (kg)

	
BMI (kg/m2)






	
Males (287)

	
19~24 (31)

	
22.68 ± 1.49

	
176.08 ± 6.60

	
71.66 ± 8.73

	
23.16 ± 2.63




	
25~29 (33)

	
27.27 ± 1.38

	
176.06 ± 4.58

	
74.44 ± 10.30

	
24.09 ± 3.24




	
30~34 (34)

	
32.09 ± 1.29

	
175.55 ± 5.96

	
73.61 ± 10.60

	
23.82 ± 3.14




	
35~39 (33)

	
37.15 ± 1.28

	
174.19 ± 6.49

	
77.02 ± 10.90

	
25.24 ± 2.96




	
40~44 (34)

	
41.71 ± 1.34

	
172.28 ± 5.46

	
71.08 ± 8.04

	
23.88 ± 2.23




	
45~49 (34)

	
46.79 ± 1.32

	
172.32 ± 4.74

	
75.14 ± 10.03

	
25.21 ± 2.99




	
50~54 (23)

	
52.70 ± 1.52

	
169.11 ± 5.95

	
71.77 ± 9.31

	
24.96 ± 2.14




	
55~59 (34)

	
56.82 ± 1.64

	
169.32 ± 5.42

	
69.76 ± 8.01

	
24.21 ± 2.19




	
60~64 (31)

	
62.29 ± 1.42

	
169.96 ± 6.25

	
65.35 ± 12.50

	
24.03 ± 2.48




	
Total (287)

	
41.83 ± 12.83

	
172.56 ± 6.46

	
72.27 ± 10.30

	
24.28 ± 2.76




	
Females (254)

	
19~24 (29)

	
22.14 ± 1.58

	
162.69 ± 4.81

	
54.65 ± 6.93

	
20.86 ± 2.62




	
25~29 (26)

	
27.46 ± 1.36

	
163.42 ± 6.02

	
54.41 ± 5.81

	
20.38 ± 1.81




	
30~34 (26)

	
31.77 ± 1.28

	
162.34 ± 5.36

	
56.64 ± 10.70

	
21.35 ± 3.15




	
35~39 (36)

	
36.81 ± 1.45

	
162.35 ± 6.24

	
57.31 ± 7.39

	
21.81 ± 2.44




	
40~44 (31)

	
42.10 ± 1.38

	
161.04 ± 4.51

	
59.97 ± 9.40

	
22.97 ± 3.24




	
45~49 (26)

	
47.04 ± 1.46

	
160.79 ± 5.15

	
57.42 ± 6.04

	
22.00 ± 2.23




	
50~54 (32)

	
52.66 ± 1.58

	
158.10 ± 4.21

	
55.51 ± 6.30

	
22.19 ± 2.16




	
55~59 (27)

	
56.89 ± 1.31

	
157.73 ± 4.85

	
57.57 ± 6.17

	
23.04 ± 2.31




	
60~64 (21)

	
61.62 ± 1.32

	
154.43 ± 5.56

	
56.86 ± 8.17

	
23.81 ± 3.11




	
Total (254)

	
41.54 ± 12.48

	
160.50 ± 5.77

	
56.75 ± 7.64

	
22.01 ± 2.73




	
Total (541)

	
41.69 ± 12.66

	
166.89 ± 8.60

	
64.98 ± 11.99

	
23.21 ± 2.97








BMI: body mass index. Values are means and standard deviation.
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Table 2. Maximal GXT, treadmill test, YMCA step test, and PACER test results.
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	Male (287)
	Female (254)
	Total (541)





	Maximal GXT
	
	
	



	VO2max (mL/kg/min)
	42.63 ± 6.29
	34.90 ± 5.23
	39.01 ± 6.98



	Stable HR (bpm/min)
	73.44 ± 10.10
	77.22 ± 8.88
	75.21 ± 9.73



	Maximal RER
	1.23 ± 0.08
	1.24 ± 0.09
	1.23 ± 0.08



	Maximal HR (bpm/min)
	180.96 ± 13.15
	176.32 ± 13.08
	178.78 ± 13.31



	Treadmill test
	
	
	



	Stage 3 HR (bpm/min)
	157.18 ± 13.55
	169.91 ± 11.96
	163.16 ± 14.30



	YMCA Step test
	
	
	



	RHR (bpm/min)
	99.64 ± 16.24
	107.46 ± 15.03
	103.29 ± 16.14



	PACER test
	
	
	



	Counts (# laps)
	50.65 ± 18.42
	28.78 ± 11.92
	40.38 ± 19.13







GXT: graded exercise test; RER: respiratory exchange ratio; HR: heart rate; YMCA: Young Men’s Christian Association; RHR: recovery heart rate; PACER: progressive aerobic cardiovascular endurance run. Values are means and standard deviation.
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Table 3. Multiple regression model to estimate VO2max using the treadmill test, YMCA step test, and PACER test.
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	Treadmill Test
	YMCA Step Test
	PACER Test





	Intercept
	68.828
	60.400
	43.418



	Sex
	8.428
	9.138
	5.114



	Age (years)
	−0.249
	−0.229
	−0.094



	Height (cm)
	0.071
	0.045
	−0.022



	Weight (kg)
	−0.208
	−0.182
	−0.135



	Stage 3 HR (beat/min)
	−0.137
	-
	-



	RHR (bpm/min)
	-
	−0.120
	-



	Count (reps)
	-
	-
	0.229



	R
	0.762
	0.770
	0.847



	R2
	0.580
	0.592
	0.717



	SEE
	4.545
	4.478
	3.732



	F
	147.801
	155.466
	270.900



	p
	0.000
	0.000
	0.000



	Durbin-Watson
	1.903
	1.900
	1.819







YMCA: Young Men’s Christian Association; PACER: progressive aerobic cardiovascular endurance run; HR: heart rate; RHR: recovery heart rate.
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Table 4. Regression equations for predicting VO2max using the treadmill test, YMCA step test, and PACER test.
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	N (541)
	Regression Equation





	Treadmill

test
	=68.828 + 8.428 (sex; male 1, female 0) − 0.249 (age) + 0.071 (height) − 0.208 (weight) − 0.137 (stage 3 HR)



	YMCA

step test
	=60.400 + 9.138 (sex; male 1, female 0) − 0.229 (age) + 0.045 (height) − 0.182 (weight) − 0.120 (RHR)



	PACER

test
	=43.418 + 5.114 (sex; male 1, female 0) − 0.094 (age) − 0.022 (height) − 0.135 (weight) + 0.229 (counts)







YMCA: Young Men’s Christian Association; PACER: progressive aerobic cardiovascular endurance run; HR: heart rate; RHR: recovery heart rate.
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Table 5. ICC and CV of measured and predicted VO2max values in the three submaximal exercises.
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	Predicted

VO2max (mL/kg/min)
	Measured-Predicted

VO2max (mL/kg/min)
	ICC

(α)
	CV

(%)





	Treadmill

test
	38.90 ± 5.32
	0.108 ± 4.52
	0.847
	13.68



	YMCA

step test
	38.97 ± 5.37
	0.020 ± 4.45
	0.853
	13.78



	PACER

test
	39.02 ± 5.92
	−0.010 ± 3.71
	0.910
	15.17







YMCA: Young Men’s Christian Association; PACER: progressive aerobic cardiovascular endurance run; ICC: intraclass correlation coefficient; CV: coefficient of the variation. Values are means and standard deviation.
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Table 6. Results of simple regression analysis of the treadmill test, YMCA step test, and PACER test results.
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Tests

	
B

	
SE

	
β

	
95% CI

	
R

	
R2

	
SEE




	
Lower

	
Upper






	
Treadmill test

	

	

	

	

	

	

	

	




	
Intercept

	
0.129

	
1.438

	

	
−2.696

	
2.954

	
0.762

	
0.580

	
4.528




	
Slope

	
0.999

	
0.037

	
0.762

	
0.928

	
1.071

	

	

	




	
YMCA Step test

	

	

	

	

	

	

	

	




	
Intercept

	
0.017

	
1.406

	

	
−2.746

	
2.779

	
0.770

	
0.592

	
4.461




	
Slope

	
1.000

	
0.036

	
0.770

	
0.930

	
1.070

	

	

	




	
PACER test

	

	

	

	

	

	

	

	




	
Intercept

	
0.047

	
1.067

	

	
−2.052

	
2.139

	

	

	




	
Slope

	
0.999

	
0.027

	
0.847

	
0.946

	
1.052

	
0.847

	
0.717

	
3.718
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