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Respiratory Gas Exchange and Ventilatory Functions at Maximal Exercise

Yong Keun Cho, M.D. and Tae Hoon Jung, M.D.

Department of Internal Medicine, School of Medicine, Kyungpook National University, Taegu, Korea

Background: Although graded exercise stress tests are widely used for the evaluation of
cardiorespiratory performance, normal standards on respiratory gas exchange and ventilatory
functions at maximal exercise in Koreans have not been well established. The purpose of this study
is to provide reference values on these by sex and age, along with derivation of some of their
prediction equations.

Method: Symptom-limited maximal exercise test was carried out by Bruce protocol in 1,000
healthy adults consisting of 603 males and 397 females, aged 20~66 years. Among them VC,
FEV, and MVV were also determined in 885 cases. All the subjects were members of a health
center, excluding athletes. During the exercise, subjects were allowed to hold on to front hand rail
of the treadmill for safety purpose.

Results: The VO, max/mz, VCO, max/m2 and Vg max/m2 were greater in males than in females
and decreased with age. The RR max in men and women was similar but decreased slightly with
age. The Vr max was markedly greater in men but showed no significant changes with age in
either gender. The mean of Vr max/VC, Ve max/MVV and BR revealed that there were consider-
able ventilatory reserves at maximal exercise even in older females. The regression equations of the
cardinal parameters obtained using exercise time(ET, min), age(A, yr), height(Ht, cm), weight(W,
kg), sex(S, O=male; 1=female), VC(L), FEV (L) and Vg max{L) as variables are as follows: VO,
max/m’(L/min)=1.449+0.073 ET—0.007A+0.010W —0.006Ht—0.209S, VCO, max/m’(L/min)=
1.6724+0.063ET —0.008A +0.010W —0.005Ht —0.319S, VE max/m’(L/min)=58.161+1.503ET—
0.315A—9.871S or VE max/m’(L/min)=47.87346.548 FEV,—5.715 S, and VT max(L)=1.497-+
0.223VC~0.493S.

Conclusion: Respiraiory gas exchange and ventilatory variables at maximal exercise were stu-
died in 1,000 non-athletes by Bruce protocol. During exercise, the subjects were allowed to hold
on to hand rail of the treadmill for safety purpose. We feel that our results would provide ideal
target values for patients and healthy individuals to be achieved, since our study subjects were
members of a health center whose physical fitness levels were presumably higher than ordinary
population.
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Table 1. Physical Characteristics of Subjects

Male Female
Number 603 397
Age (yr) 38.4 +10.47 37.5 +11.40
Height (cm) 1707 + 530 1587 + 5.09
Weight (kg) 687 + 855 552 + 6.06
BSA (m%) 1.80 + 0.12 1.56 + 0.09
BMI 236 + 2.58 219 + 232

Values are mean + SD. BSA: body surface area.
BMI: body mass index.



Table 2. Major Ventilatory Functions

Age Group No. vC FEV1 MVV
Male (n=541)
20~24 48 573 £ 0.765 492 + 0.647 204.19 + 33.710
25~29 58 5.63 + 0.580 4.61 + 0.521 199.07 + 31.091
30~34 63 5.18 £ 0.850 422 + 0715 181.72 £ 35504
35~39 101 5.14 + 0814 4.04 + 0.626 173.88 + 35452
40~44 101 493 + 0.670 3.78 + 0495 166.17 + 29.768
45~49 93 475 + 0.746 3.53 £ 0.588 15340 + 31316
50~54 47 457 + 0.726 3.39 + 0.576 151.57 + 34.088
> 55 30 453 + 0672 3.25 + 0536 13342 £ 22422
Female (n=344)
20~24 66 3.88 + 0.526 335 + 0495 135.60 + 19.515
25~29 27 3.85 + 0.408 3.35 + 0.303 133.00 £+ 19.307
30~34 19 385 £ 0.215 3.16 + 0.279 12473 + 15512
35~39 71 3.68 + 0.489 2.99 + 0407 12391 x 19.792
40~44 53 3.56 £ 0457 2.81 + 0.380 118.62 + 19.900
45~49 43 3.40 + 0.352 2.62 + 0.258 106.18 + 15.038
50~54 36 3.32 + 0.488 2.58 + 0.385 10523 + 20973
> 55 29 3.02 + 0.436 229 + 0.390 94.33 + 17.166

Values are mean +

committee on pulmonary nomenclature™.

SD in liter. Definitions of pulmonary symbols in this and following tables are as in ACCP-ATS
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Fig. 1. Maximal oxygen uptake by sex and age.
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Fig. 2. Minute ventilation at maximal exercise by sex and age.

Table 3. Exercise Times on the Treadmill by
Bruce protocol

Male (n=541)

Female (n=344)

Age Group
n Exercise Time 1n Exercise Time

20~24 48 1734234 66 139+1.47
25~29 58 16.6+2.63 27 137+1.44
30~34 63 153+2.18 19 134+135
35~39 101 149+2.17 71 129%1.56
40~44 101 14.6+1.87 53 12.6+1.59
45~49 93 1441175 43 1241172
50~54 47 14,1%181 36 11.8+205

= 55 30 1264198 29 1184191

Values are mean+SD expressed in min.
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Table 4. Respiratory Gas Exchange and Ventilatory Variables at Maximal Exercise

Age Group No. VOym’(Ljmin) VCOym’(Ljmin)  VE/m’(L/min) RR/min VT (L)
Male (n=603)
20~24 77 233 +£ 0280 247 £ 0300 76.1 +10.97 541 + 8.11 2.57 + 0417
25~29 63 212 +£ 0239 234 + 0261 743 + 9.98 519 + 8.69 262 + 0377
30~34 69 20t + 0279 226 + 0313 716 +11.32 498 + 823 2.64 + 0.480
35~39 104 196 + 0309 217 + 0332 693 +11.88 492 + 8.00 2.59 + 0.404
40~44 107 192 4+ 0304 212 + 0318 674 +11.37 48,0 + 7.30 2.58 + 0420
45~49 98  1.89 + 0251 208 + 0274 64.7 +10.44 452 + 607 2.59 + 0.408
50~54 53 181 + 0240 197 + 0264 60.8 +£10.73 42 + 6.14 249 + 0.385
> 55 32 169 + 0223 1.88 + 0285 579 + 9.08 431 + 534 239 + 0.304
Female (n=397)
20~24 79 169 + 0217 179 + 0.245 61.9 + 9.06 548 + 7.23 1.78 + 0279
25~29 40 164 + 0263 176 + 0.289 60.8 + 8.98 528 + 592 1.75 + 0.286
30~34 28 160 + 0182 174 + 0223 557 + 8.65 492 + 7.36 1.82 + 0.307
35~39 79 153 + 0192 163 + 0217 549 + 837 492 + 7.86 176 + 0.248
40~44 56 151 £ 0162 163 + 0.187 540 + 6.68 475 + 629 1.81 + 0292
45~49 47 151 £ 0198  1.59 + 0.208 523 4 828 468 + 6.71 177 + 0.226
50~54 38 150 + 0229 159 + 0229 52.0 +1049 451 + 650 1.85 + 0.308
> 55 30 134 + 0148 143 + 0.187 472 + 640 456 + 6.01 1.63 + 0.191

Values are mean+SD. RR:

respiratory rate.

Table 5. Ventilatory Variables related to Ventilatory Reserve at Maximal Exercise

Age Group No. VT/VC VE/MVV BR (L)
Male (n=541)
20~24 48 0.45 + 0.076 0.67 £ 0.135 71.22 4+ 36.588
25~29 58 047 + 0058 0.68 + 0.148 66.54 + 34.799
30~34 63 0.52 + 0.076 0.74 + 0.169 51.73 £ 37416
35~39 101 051 £ 0.071 0.75 + 0.166 47.15 + 33.563
40~44 101 0.53 £ 0.082 075 + 0.155 4498 + 31.182
45~49 93 0.55 £+ 0.086 0.78 + 0.166 37.46 L 30.256
50~54 47 0.54 + 0.082 0.74 £ 0.171 43.80 + 34.121
= 55 30 0.54 £ 0.064 0.78 + 0.117 31.32 £ 18.284
Female (n=344)
20~24 66 0.46 + 0.069 072 + 0.144 40.02 + 22.984
25~29 27 047 + 0.074 071 + 0.125 39.96 x 20478
30~34 19 0.44 + 0.066 0.68 + 0.139 41.11 + 20.661
35~39 71 048 * 0.067 0.71 + 0.147 38.08 + 22.714
40~44 53 0.50 + 0.060 0.73 = 0.141 3423 + 21.141
45~49 43 0.52 £+ 0.069 0.78 = 0.164 2446 + 18.542
50~54 36 0.56 + 0.085 0.80 + 0.184 2321 £ 21.552
> 55 29 0.55 + 0.082 0.80 + 0.171 20.53 + 17.694

Values are mean £ SD. BR : breathing reserve(MVV-VE max).
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Table 6. Regression Equations of Parameters Relating Gas Exchange and Ventilatory Function at

Maximal Exercise, using Age with or without Sex as a Variable(s)

Variable Sex Regression Equation R SEE
VO,/m’® (L/min) M&F 2448 - 0012 A - 0436 S 0.70 0.253
M 2570 - 0.015 A 0.50 0.277
F 1.860 - 0.008 A 042 0.202
VCOym® (L/min) M &F 2.650 - 0.012 A - 0536 S 0.73 0.273
M 2756 - 0.015 A 0.47 0.298
F 1.982 - 0.009 A 0.40 0.225
RR (/min) M &F 60.172 - 0.303 A + 0.648 S 0.42 7.183
M 60.802 - 0.319 A 0.41 7.352
F 60.031 - 0282 A 0.42 6.919
VT (L) M & F 2.663 - 0.002 A - 0801 S 0.74 0.362
M 2.698 - 0.003 A 0.08 0.410
F 1.818 - 0.001 A 0.05 0272
VE/m’ (L/min) M&F 85.689 - 0.447 A - 13280 S 0.62 9.963
M 87.772 - 0501 A 0.44 10.823
F 69.797 - 0377 A 0.45 8.439

M: male, F: female, A: age in years. S: sex coded O for males and 1 for females.
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Table 7. Regression Equations for Respiratory Gas Exchange at Maximal Exercise

Variable Sex

Regression

Equation R SEE

VOy/m* (L/min)

M & F 1.449 + 0.073 ET - 0.007 A + 0.010 W - 0.006 H - 0.209 S 0.80 0.215

M 1.803 + 0.074 ET - 0.008 A + 0.010 W - 0.008 H 0.68 0.237
F 0.457 + 0.063 ET - 0.005 A + 0.009 W 0.63 0.173

VCOym® (L/min)

M & F 1672 + 0.063 ET - 0.008 A + 0010 W - 0.005 H - 0.319 S 0.79 0.246

M 2.050 + 0.061 ET - 0.009 A + 0.009 W - 0.006 H 0.59 0.272
F 0.527 + 0.064 ET - 0.006 A + 0.010 W 0.60 0.198
VCOym® (Lymin) M & F 0.838 + 0011 VE max - 0.127 S 0.85 0.209
M 0.868 + 0.011 VE max 0.72 0.234
F 0.644 + 0.012 VE max 0.74 0.164

ET: exercise time in min, W: weight in kg, H: height in cm, S: sex coded O for males and 1 for females.

Other abbreviations are as in Table 6.
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Table 8. Regression Equations for Ventilatory Variables at Maximal Exercise

Variable Sex Regression  Equation R SEE
VE (1L/min) M&F 28581 + 2873 ET - 0590 A + 1.084 W - 16341 S 0.79 16.585
M 32628 + 2.831 ET - 0653 A + 1070 W 0.58 18.712

F 11.406 + 2749 ET - 0.521 A + 1.082 W 0.59 12.703

VE (L/min) M&F 69928 + 13.147 FEV, - 22.341 S 0.75 17.817
M 69.438 + 13.270 FEV, 0.47 20.055

F 48.701 + 12.771 FEV, 0.45 13.957

VE/m’ (/min) M & F 58161 + 1.503 ET - 0.315 A - 9.871 § 0.66 9.555
M 59.948 + 1462 ET - 0.346 A 0.51 10.393

F 46.581 + 1.534 ET - 0.280 A 0.52 8.127

VE/m® (L/min) M &F 42157 + 6458 FEV, - 5715 S 0.61 9.978
M 43.019 + 6.243 FEV, 0.42 10.799

F 34484 + 17.119 FEV, 041 8.651

VT (L) M&F 1497 + 0223 VC - 0493 S 0.81 0318
M 1.468 + 0.229 VC 0.50 0.361

F 1.071 + 0203 VC 0.46 0.241

FEV,; and VC in liters. Other abbreviations are as in Tables 6 and 7.
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