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Estimation of VO, from walk exercises with heart rate and accelerometer
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[Purpose] The purpose of this study was to develop the new indirect method assessing maximal
oxygen uptake (VOoma) using heart rate (HR) and accelerometer during walk exercise. [Methods] One
hundred seven participants (55 male, 52 female) performed a graded exercise test to determine VOjmax
and two types of 1,600 m walk exercises (fast walk and pace controlled walk). The equations for
estimating VOumax Was developed by stepwise multiple regression. The validity of developed equations
tested through the correlation between measured VOim.x and estimated VOoma, was assessed by predicted
residual sum of squares, and Bland-Altman plotting. [Results] VO,m.« was correlated with time, and
HR/activity count per minute (ACM) measured in pace controlled walk exercise at all distance (400 m, 800
m, 1,200 m, 1,600 m). The equations were valid significantly and their multiple correlation coefficients or
standard estimated error were similar to that Astrand-Rhyming cycle ergometer test or Rockport 1 mile
walk test. Using HR/ACM in pace controlled walk (400 m), it was possible to estimate VOoma (R?
0.675, %SEE: 10.7). The equation was: VOumax=121.659+6.656xGender-0.865xAge-9.540xTime-2460.952xHR/ ACM
(Gender, O=female, 1=male: Time, hundredth of a minute: HR, heart rate: ACM, activity count per
minute). [Conclusion] Estimation equations developed in this study are considered to estimate VOamax
through a shorter distance, or a lower intensity of walk exercise. It is required studies to target a wide
range of ages or to develop walk test on a lower bpm.
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Table 1. Characteristics of subjects (Mean+STD)

Total Women Men

(n=107) (n=52) (n=55)
Age (yrs) 24.9+2.6 24.8+2.8 25.0+2.5
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body fat (%) 21.6+5.4 24.3+4.6 19.0+4.9
VOymax(ml/kg/min) | 43.6£7.8 38.745.3 48.2+6.9

BMI, body mass index; VOonax, maximal oxygen uptake
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Table 3. Correlation between VO2max and pace controlled
walk’s variables

Time HR HR/ACM
400 m -0.528*** -0.390%** -0.383***
800 m -0.548*** -0.386%** -0.409%**
1,200 m -0.548*** -0.338*** -0.375%**
1,600 m -0.543%** -0.325** -0.369%**

{05, p(.01,"**p(.001: HR, heart rate:
ACM, activity count per minute
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Table 4. Multiple regression models with VO,nx and HR/ACM from pace controlled walk

Distance VO2max prediction models (ll:z) adjR® SEE  SEE% Cp (Il{{ZI;)) SEEP
i VOmTRLEOEGA NS I w4 07 00 s
gy VORI G0N 02 gy s e o 0% s
o VOB G 0N 03 s a5 s
Lo O sy 004 431 03 s 0%

HR, heart rate; ACM, activity count per minute; Gender, O=female, 1=male; Time, hundredth of a minute: adjR?
adjusted R?, Cp, Mallow's Cp: SEE, standard error of estimated: SEE%, calculated as SEE/mean of measured
VOomaxx100: Rp, PRESS multiple correlation coefficients; PRESS, predicted residual sum of squares: SEEp, PRESS SEE

a.400m b. 800m
60 r=0.822*** . o 8501 r=0.841***
% 600 ° o 60.0-
E . 80 =
ON.E 55,07 o ° CSE 8501
> E o ° o —
T 5 5007 W > Esoof
22 o T 5
5 ko fo oo )
2 E ! o e 5 = 401
o~ 40,01 Q e® o 0g ,© o g E
s 00 < 2% % o o Q ~—a0.0
o8 e o 8 =
w8 0% ®/Oo| |
& g
30.07 ° 30.04
00 3800 4000 4500 5000 6600 6000 6500 3000 3500 4000 4500 5000 500 6000 6500
Predicted VO ..« (Ml/kg/min) Predicted VO 4« (ml/kg/min)
c. 1,200m d.1,600m
807 r=0.841* s ° 850 r=0.835*
60.0-1 % o 60.07
3 o 8o 3
E = %0 o 9 fg. =850
o £ W o e o £
> E 50,01 o ®5Fo > Esa.o-
T " 5°.79 T 5 o
o 9 °0 5 G0 0 9
35 0 5@ © o 5 X680
% £ 89 %08 e = o % £ ° 2%
O ~— 4007 o % §, o8 U 400 o B S
2 %o 05} E G0 © o .
BO °f g 30 o o f 9%
-] -] Lo
9 9 LS
30,0 ° 30,0 o
3000 3500 4000 4500 5000 6500 6000 6500 3000 3500 4000 4500 6000 5500 6000 6500
Predicted VO ,,,,, (ml/kg/min) Predicted VO ,,,,, (ml/kg/min)

Fig. 1. Correlation between the measured and predicted VOux with HR/ACM from pace controlled walk.
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Fig. 2. Bland-Altman plot of the measured and predicted VOyu.x with HR/ACM from pace controlled walk.

Table 5. Comparisons of %HRy.x between fast walk and
pace controlled walk

fast walk (%HR o) pace controlled walk

(%HR )

400 m 73.949.2 69.3£9.0 <0.001
800 m 77.449.2 71.848.8 <0.001
1,200 m 79.049.7 73.249.4 <0.001
1,600 m 80.810.2 74.049.9 <0.001

(Sartor et al., 2013).
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T tgk HR(HR/ACM) = ]88t VOonaE %
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T 7K 3H4 L Astrand-Rhyming AP Ao 211n
B HAE, Rockport 17FY A7E|2~E9} v]=8 R,
SEE, 223 %SEE7} Vel

27| Al 72ZHE HR, ACM, AlZh Hlm 24
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