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Abstract:

[ Objective | To assess the relationship among heart rate (HR), minute ventilation (VE), and oxygen uptake (VO,), and choose an

optimal fitting function to find simple indicators for the evaluation of physical workload in plateau.

[ Methods | Seventy-eight healthy males working at different altitudes were recruited in the study. An incremental cycle ergometer
test until volitional fatigue was performed on all participants. Physiologic parameters, including VO,, VE, and HR, were recorded in a

computerized test system. The optimal regression equation was chosen from fitting curves between VO, and VE and between VO, and HR.

[ Results | Under the same physical workload and at varied altitudes, VO, (P=0.505) and heart rate (P=0.306) did not show
differences, but VE were significantly different (P<0.001). At the same altitude and under varied physical workloads, VO,, HR, and
VE were statistically different among the workers (P <0.001). The optimal regression equation showed that the relationship between
VE and VO, (R>=0.903) was stronger than that between HR and VO, (R?=0.583), which indicated that the power function of VE and

VO, was the best in data fitting. Further analysis found that VE under standard temperature and pressure, dry (VEsrpp) was better
fitted with VO, than VE. The resulted fitting function was yy,=0.06xy:" | R*=0.930.

[ Conclusion | VEswp could replace VO, to assess physical workload in plateau. The established function may supplement and
improve existing national standard of physical workload.
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Table 1 Demographic characteristics of study subjects
K (m) (4 G (em) A (kg) IR (kgfem? ) ARRIRE(m?) e T AR ] (4 )
Altitude Age( Years ) Height Weight Body mass index Body surface area Seniority in plateau( Years )
500 9 26.0£4.1 172.7+4.7 66.0£9.6 22.1+£3.0 1.7+0.1 —
2000~ 35 358+7.8 168.5+5.4 659+11.4 232+3.7 1.7+£0.2 1.8+ 1.1
3000~ 19 32.1+7.3 168.7+4.4 64.4+8.2 226+22 1.7+0.1 1.1+£0.7
4000 15 37.1+7.5 1683 +54 63.7+£9.0 22.5+3.1 1.7+0.1 1.8+1.2
F 5.572 1.751 0.216 0.349 0.323 2.182
P 0.028 0.164 0.885 0.790 0.809 0.124
[ J#: 500m T & F&E.
[ Note J#: An altitude at 500 m is not plateau.
R2 AEEBHMAEZEEER VO,. HR, VE [LE&
Table 2 VO,, HR, and VE at different altitudes and under different workloads
Wi dh ( Altitude. m) 57 358 (Workload, W) p
0 30 60 90 120 150
VO, ( L/min ) F=466.922, P<0.001
500 0.49 £ 0.06 0.63 £ 0.06 0.91 +£0.08 121 +£0.14 1.51+0.11 1.84 £0.11
2000~ 0.52 £ 0.08 0.63 +0.08 0.89 +0.09 1.19+£0.10 1.50 £ 0.13 1.85+0.18
3000~ 0.51 £0.06 0.62 +0.05 0.87 £0.04 1.18 £ 0.06 1.49 +0.10 1.86 £0.12
4000 0.51 +0.07 0.62 + 0.06 0.88 + 0.06 1.20 £ 0.09 1.53+0.11 1.82+0.12
Fip F=0.866, P=0.505
HR( bpm ) F=43.065, P<0.001
500 78 £21 95+8 106 + 8 119+ 15 126 27 147 £ 34
2000~ 98+ 17 106 + 12 119+ 12 135+ 14 151 £ 15 166 = 17
3000~ 101 =11 107 = 11 120+ 13 137+ 15 149 + 28 162 27
4000 85+25 91 £26 103 £29 120 + 34 137 £ 39 147 + 48
FiP F=1.206, P=0.306
VE( L/min ) F=64.264, P<0.001
500 149+2.5 17.3+2.2 23923 320+28 425+5.8 575+7.6
2000~ 184+34 22.0+3.5 30.7 3.8 43.0+5.6 58.0+7.9 779 +10.4
3000~ 18.1+24 22.0+2.8 30.7+3.1 454 6.0 62.4+8.3 855+12.3
4000 19429 23.0+24 33.1+3.0 48.5+5.9 69.7+9.5 94.6 + 13.8
FIP F=39.081, P<0.001

%3 VE.HRE VO, XRHHMLELE(R)
Table 3 Curves fitting between VE & VO, and HR & VO,

%4 VEstens VEsteomsa 5 VO, KRR MZEIE (R?)
Table 4 Curves fitting between VO, & VEgrpp and VO, & VEstenssa

PRECEA ( Function type ) VE & VO, HR& VO, PR ( Function type ) VEsien & VO, VEsipomsa & VO2
254k ( Linear ) 0.852 0.564 24k ( Linear ) 0.904 0.867
X5 ( Logarithmic ) 0.757 0.552 X5 ( Logarithmic ) 0.799 0.770
KR (Quadratic ) 0.854 0.582 R ( Quadratic ) 0.907 0.870
= ( Cubic) 0.857 0.583 — W ( Cubic) 0911 0.873
% (Power ) 0.903 0.518 % ( Power ) 0.930 0.907

5% ( Exponential ) 0.883 0512 15450 ( Exponential ) 0.915 0.891
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