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Abstract

Hypercapnic and hypoxic ventilatory responses were compared in 21 Judo athletes and 24
control subjects with similar degrees of moderate obesity. Mean body weight and percent of
ideal body weight in the Judo athletes and the obese controls were 100.2 + 14.8 kg and 94.4 +
5.33 kg, and 142 + 17 percent and 142 + 13 percent, respectively. Mean body fat in the Judo
group was 16.2 = 13.9 percent, whereas the control group measured 25.3 + 7.7 percent, a
significant difference (p<{0.01).

The experimental design utilized the carbon dioxide rebreathing method and progressive
hypoxia test.
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Hypercapnic responses, measured in terms of the carbon dioxide ventilatory response slope
(S) normalized for a 70kg body weight (Sy), were higher for the non-athlete controls than
for the Judo athletes. These findings were also verified by the carbon dioxide occlusion
pressure responses. Slopes S and Sy in the obese controls were significantly correlated with
body weight and percent body fat. However, no positive correlation was found between body
weight and S or Sy in the Judo athletes. In addition, there was no correlation between lean
body mass and S or Sy in the obese control. The carbon dioxide occlusion pressure response
slope S was higher in the controls than in the Judo group (p<0.02).

Hypoxic responses in terms of the end tidal PO, ventilation hyperbola slope (A) and its
normalized value (A,) were not significantly different between the groups. Hypoxic
ventilatory response slope A and Ay were found to increase with increasing percent body fat
in both Judo athletes and obese controls.

This paper concludes that respiratory compensation to mechanical limitation due to fat
accumulation may be one of the possible factors to enhance hypercapnic as well as hypoxic
ventilatory chemosensitivities in moderate obesity.
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Table 1 Physical characteristics of the subjects.
Judo athlete Obese control P-value
n=21 n=24

Age (year) 20,6+ 2,31 21,0+ 4,34 ns
Body height (cm) 176,84+ 4,82 173.8+ 5,12 ns
Body weight (kg) 100, 2414, 81 94,44+ 5,33 ns
Rohrer’s index 176, 623, 68 181. 218, 62 ns
% of ideal body weight 142, 3+16. 68 142,212, 83 ns
Body fat in kg 16.3+14.13 24,1+ 8, 40 P<0, 05
Body fat in % 16.2+13. 88 25,3+ 7.67 P<0, 01
Lean body mass (kg) 83.8+14.51 70.3+ 5.63 P<0, 001

SEHME RS v — L VRS R (ke) BRS (em) X107, IR (%) @ {BW/(BH—100) X
0.9} X100, Broca $a# % 0B ARNIC A b 28R L 72, BRI - F=(4,570/D—4,
142) X100 % M. D, AEETD : 1, 0913—0. 00116X,ic & Y sKeb7z, Xk, FBIEESE 08 5
FETOETIREOWEIC & 2, HIEHR (ke) @ %R X AKE, BIRHEE | KE—RIRL
BThHb, POz ThZnoFEAERRL, nsid, FEKES BLUTF25RT,

Values are mean =+ SD. ns : difference is not statistically significant. Rohrer's index : BW (kg) /
BH? (em) X107% of ideal body weight: {BW/(BH—100) x0.9}x100. This equation is the
modified Broca’s equation adapted for the Japanese by Katura. Body fat in %, F: (4, 570/D-
4.142) X100 where D is estimated body density. Body fat in kg : body fat in % XBW (kg).D:
1. 0913-0, 00116X, where X, =sum of the skinfold thickness in mm in the upper arm and the
back. Lean body mass: BW-body fat in kg.
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Table 2 Ventilatory responses to hypercapnia and hypoxia.

Judo athlete Obese control P-value
n=21 n=24
Hypercapnic ventilatory response
S (£ - min~ - mm Hg™") 1.83+ 0.625 2,74+ 0,991 P<0.01
Sy (£ «min~' * mm Hg™!) 1,40+ 0,471 2,21+ 0,784 P<0,01
B (mm Hg) 42,5 = 3.99 44,4 £ 4,11 P <0, 05
Pirco,at rest (mm Hg) 41,1 = 2.80 39.8 £ 2.71 ns
Vi (at Pyrco,60mmHg) (£ - min~') 28,7 + 9,91 43,4 + 24,73 P<0. 02
Hypoxic ventilatory response
A (& -min™ - mm Hg™') 533.2 +367.91 755,9 £501.19 ns
Ay (€ »min~ - mm Hg™') 408.7 +285,30 602, 1 +394, 42 ns
C.I (mm Hg) 13,6 5 53 10,3 £ 7.02 ns
Vo (£ - min) 26,8 = 9.10 23.5 £ 10,98 ns

MR, S I, R ARIEIC L 2 MERGEER R T AT — 7T, Perco, & AR & DEMRIC
L BIGEMMAE R, AL, SRR L 2 MAREEL R T A0 —7"T, Pero, & #5000 & DR
1ok BIEEMB AR SUBRU Ay, KB % 70kl AL L 220 S RUADERRT, BI3, #HL
Vet 2w iz % BRED Pipeo, P fille ClE, JGEHIMRDER AN %% - 72§D Pero, DR R L, Vol
Paro, A HEIRKIZ 7% » 1o RFO R & DM % R T,

Values are mean +SD. ns: difference is not statistically significant. S: hypercapnic sensitivity
indicating the slope of linear Pgyco,~ventilation response curve. A : hypoxic sensitivity indicating
the slope of hyperbolic Pgro,~ventilation response curve. Sy and Ay : normalized S and A for 70kg
body weight. B : horizontal intercept of the CO, response line. C and \.’rg : vertical and horizontal
asymptotes in Pgqo, and in \./', respectively, calculated from hypoxia response line.

METH 5,
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(1) COHI BN IREAIE

CO Mz £ 2HAIEBEMFE AT Av—7"S O Tk, OBEAY, 2.74+0.991 (£ - min~! - mm
Heg™) T, J#1.83+0,625 (£ -min~l-mmHg™?) &9 P<0010KETHREICEI -2, 7,
MEZNENONREIC OV REICE 2252 0 TOIEER70kg I L 72fATH R
o—7"Sylt, J A1 4040, 471 (£ o' omHg™Y) &, OFfD2,2140,784 (£ -min~'-amHg™?)
&0 P<0. 010KHETHBEIED - 72, COJMMAMELRT BOfiix, ORD™4, 414,11 (om
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Fig. 2 An index of hypercapnic ventilatory response, S and Sy, are plotted against body weight.
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Significant correlation was seen in the obese control but not in the judo athletes.
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Fig. 3 The relationships between normalized hypercapnic ventilatory response, Sy, and % of body
fat.
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Significant correlation was seen in the obese control but not in the judo athletes.
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Fig. 4 An index of normalized hypoxic ventilatory response, A,, is plotted ageinst body weight.
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No significant correlation was found in either the control group or the judo athletes.
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Hg &<, P<LO.2THELZEIRBDOLNL. L, COMEiz & 2 P.oMiE%7T Bofl
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Table 3 Occulusion pressure responses to hypercapnia and hypoxia.

Judo athlete Obese control P-value
n=13 n=16

8 (emH,0 - mmHg™") 0,914 0,214 1,33+ 0.531 <0,02
B’ (mmHg) 45, 824 5, 459 45, 45+ 6. 223 ns
Perco, at rest (mmHg) 42,0 + 2.65 40.2 £ 2.38 ns
Vv, (at PRTCDZBOmmHg) (£ - min™") 29.2 + B.66 44,6 +18.95 <0,02
A (cmH,0O + mmHg) 478.2 £19.97 510.6 +44.93 ns
[uf (mmHg) 19.8 +12,35 20,8 +18.88 ns
P.o (emH,0) 1,8 =% 121 5.7 = 6,89 <0, 05

TFHE - BRMERSE S, ek ZMBIC & B AL E R TEMD A 0 —7"T, Prrco, & O EHASUG
B2 RT. AR, RERRMBIC L AREREEZRT A0 —7"T, Pur, & DHENIE & ORI &
BISBHIRE R, B, FHEE VAt uic % 050 Perco, MMl Cl, IHEHS MBI 7 > 725
D Piro, DWHEARZ IR L, Pagld, Pero, W HERKIC % - 12K DN & OWHLRE R T, Paid, 4B
W80, 200 R PG D P £ 5 L 7z,

Values are mean *+SE, ns: difference is not statistically significant. S": hypercapnic sensitivity
indicating the slope of linear Pgrco,~0cclusion pressure response curve. A’: hypoxic sensitivity
indicating the slope of hyperbolic Pgyo,-occlusion pressure response curve. B’ : horizontal intercept
of the occlusion pressure response line. C’ and P, : vertical and horizontl asymptotes in Pgro, and
in P,, respectively, P, : occlusion pressure measured at 0. 2 sec from the beginning of inspiration.
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