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ABSTRACT

The purpose of this study was to clarify the effects of weekly high-intensity interval
training on the feedback control function of the respiratory chemoreflex feedback
system and cardiac morphology. Seven healthy subjects were characterized separately

for respiratory controller and plant (subsystems) by changing inspiratory CO» fraction
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and by changing minute ventilation (Vg) at rest and during low and high-intensity
exercise, respectively. HIIT affected Voomax (+ 95 * 75%, p = 0.008) and left
ventricular posterior wall thickness (+ 17.9 + 8.6%, p = 0.002), and affected both

subsystems during high-intensity exercise, but not at rest and during low-intensity

exercise. During high-intensity exercise, downward shift of respiratory controller

characteristics mainly attributed to lower Vg after HIIT. In conclusion, weekly high-

intensity interval training attenuates respiratory drive during high-intensity exercise via

desensitization of the respiratory controller, including left ventricular hypertrophy and

maximal cardiorespiratory function.
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Exercise training program
High Intensity Interval Training (HIIT)
Each subject completed a bout until volitional fatigue

Total 3 set Once a week for 8 weeks.
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Respiratory Chemoreflex Feed-back System
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Experimental protocols

Pre-training Rest & Exercise (Low- and High-intensity) ———=
First day

1) Hypercapnia test

Second day
2) Hyper/hypoventilation test

Post-training

Rest & Exercise (Low- and High-intensity) ——

First day
1) Hypercapnia test

Test procedures
1) Hypercapnia test

Base line—

Second day
2) Hyper/hypoventilation test

Spontaneous breathing

- 3Fico trials ————
21% Fio H Venous blood

i sampling
V0% Ficoo (24min) : \2 H

0% Ficoz
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0% Fuooz__ 5.0% Fiooa(8min)
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(5 min) ( 8min)
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2) Hyper/hypoventilation test (3 trials)

Base line—»+———Hyper/hypoventilation trial——»,
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L) 26— % M U CTiTo 72, T A50HT
T =6, HEENOATIMET L 7% 5 Prrcoz &,
ZOWMIIMET L B Ve &Ko, Bl O &R
X EHIRFEIZ BT % Percos — VEMRD S, Vg
=S (Pgrcoz-B) O— kB Hx HwCEmfbL (1K
2B), ML —Z V7RI THERE L 2B,
FA B OIFIREIVE L, 0% O CO2 A A AW
ABFIZBIT 2 BB P ORITTH LN VE L
Percoo D EFIREEME L CTEFR L. T84
7= D64 B S Hi IR 2> S M & BRI L
FLEE 45 HT 2% 18 (YSI1-2300 Yellow Springs, OH) %
FI TR R OEBY R O i FLER (LA) R %
H5E L7z,

1. 4. 3. 2 772 b (FIHMRE) 0T

EFHE (Ve — PercozER)

2REHOMR T v b u— VERSE (EIRE
BIRR) HHWTC, AR (1340H) + R

SE) (S57H) + SIS (857H) %900, At
205 ORsEE o7 (B3). ZHHMEREAS 5

B & BRI A N E IR 2 1TV, VE&
A7y TR S 72, EERIE S A0 B 5
IS5 — O HTHIRC & 5 X9 B _E 1 — [
EOLANVERL, FEIZEZS —IZB LIS
72H S QIR MFLOMRIFEEZ A b1/ — A DN
HHETHERNIZT 4 — FNY 72 FEEE v
7. W R O B L B FIRAE I BT B VE —
Percoz B4R % Percoz = A/VE + C O BRI B %
AwcERL (K2C), hL—=r 7Hii Tl
AT L7z,

TH Y AR—YEE Vol. 42

— 237 —

1. 5 #hEHLIE
FTRTOT—F TP+ EERFETR L. &
INT XY —DENDFHHEIZESE, TODIE
L o> A7 4 % Shapiro-Wilk test % V> TREZE L 72
2, BEIZIE UC LR F 7213 22K/ 0 53§ it
(ANOVA) %5 L7z, HRIZS U CT1ERF 72
X 2N OG5 HGHT (ANOVA) = FERL 72, A
KH#EIF5% & L7z

2. & R

2. 1 HITIC&L 2 \mATRUTmAEENREF DR
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T B 28—/ b L= = SR B B S OB o IR R A 0 o
Pre-training Post-training ANOVA(P-value)
(n=7) (n=7) Main effect  Interaction effect
Exercise Exercise Pre vs. Rvs.L Prevs.Post
RestR) 1 owt)  High) RS T00) High() Post vs.H xRvsLusH
Vg (L/min) 126+3.0 462+11.1 702+104 126*=16 432%=105 63696 0.03 <0.001 0.01
Percc (mmHg) 37233 450%57 442=*52 379+18 459+57 46255 ns  <0.001 ns
Vr (mL) 796+125 1714+208 2302+285 788+119 1750+165 2213+214 ns  <0.001 ns
RR (breaths/min) 17.2+25 271+54 308%+24 166*2.0 249+52 289+36 ns  <0.001 ns
Voo (mL/min) 382*78 1618289 2343+218 390+66 1557+261 2297+206 ns <0.001 ns
Vcoz (mL/min) 34681 1571283 2355%+223 360+66 1506274 2274+197 ns <0.001 0.05
HR (beats/min)  75.0+8.7 124.0+14.1 166.1+114 746+9.8 127.1+16.5 1614+85 ns  <0.001 ns
LA (mmol/L) 08*0.1 18+05 3.3%0.6 0601 13%03 26*08 <0.001 <0.001 ns

Values are means *=SD. ** P<0.01 vs. UT
VEg,minute ventilation; Perco2, end-tidal pressures for COg;Vr.tidal volume; RR, respiratory rate;
Voz,0xygen uptake; Vcoz, carbon dioxide output; LA, blood lactic acid concentration.
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FSRIEA ¥ 5 =/ b L — = 2 TR T O, L (A), RSRELERR (B) K Ui EBF (C) 1251 5COy

(Ficoz2=0%, 2%, 5%) W AR OIS GEEIERGN T — & L3 » s a—F (HIEER) $:E (Percoz — VeRIFR) oK

FH Y R AK— VR Vol. 42



— 239 —

K2 EWEA VY =NV N L= Y TRIRICBIT D ZE R OEB R OIRALERET 7 4 — NNy 7 Y AT AD
HEEERE e OV > b a—F — (HIEE) RO7T > b (IR GE) B o
Pre-training Post-training
(n=7) (n=7)
Exercise Exercise
Rest Low High Rest Low High
Controller
S (mL-min"'-mmHg™) 17+10 36=15 26+16 16+1.0 2709 14+05
B (mmHg) 26.5+9.5 30279 6.5+£23.1 26.5+9.7 29.0£8.3 1611 *
Plant
A (mL-min’! -mmHg) 238+85 1522+ 385 2548 +418 308+ 35 1923 £ 761 2922 +555 *
C (mmHg) 15.6+8.5 98+5.6 72*4.1 126+25 2.7+10.1 0.7£59*
Gp (mL-min"! mmHg) 1.7+1.2 0804 05+0.2 20£05 1.0+£0.2 0.7£0.2
Total loop Gain 3.3+34 28+1.1 14+10 34+2.1 28+1.1 1.0+0.3

Values are means = SD *P<(.05 Pre-training vs. Post training
Central controller, Vg =S - (Pgrcoz - B); Peripheral Plant, Percoz = A/ Vi + C; Gp, Peripheral plant gain at operating point

B5 X ZHEEE (A), [KIREESE (B) RUE
SRESEIE (C) 2BV 2O T v M u—
Vo (RIRAR, BIRR) 24T o 72 ORGSR =
DIALNT=AT =8 EZFMETTRDLTT

v (B ER) 4REMAR (Percoz — VeBHR)
%, TNENHITHIH CHIELHERTH .
HITIZ X o CT7 7 ¥ MEHEOAMBEIT L —= >
TR & L CEBREE RIS BV T OAH EIC

Plant

A Hypoventilation ~ Hyperventilation B Hypowentilation ~ Hyperventilation
80 7 (Fic02=0.00) - (Fico2=0.00) 80 7 (Fic02=0.00) - (Fico2=0.00)
8% 60 1 3% 60 1
o' £ 40 . o' € 40+ E
E " E S Onaste
20 T T 1 T T 1 20 T T 1 T T 1
90 - 90 o
WE 60+ . WE 60+ .
£ E PYASE SV P
3 30+ . 73 30 oMAIane
I W
0 T T 1 T T 1 0 T T 1 T T 1
3000 ~ - 3000 ~
552000 . 552000
o= o=
> £1000 ~ 1 > £1000 —M
~ e P PN M ~
0 — — 0 —
3000 - 3000 -
2000 - 4 22000 -
SE SE
> 21000 - > 1000 -M
E — . E
0 T T 1 T T | 0 T T 11 T T |
5 6 7 8 5 6 7 8
Time (min) Time (min)
Rest Low-intensity Ex.
60 60
3 50 B 50
€ £
E 40 £ 40
8 8
8 30 8 30
{m i
o 20 o 20
10 10

0 20 40 60 80 100

VE (Umin)

X 5

T b AR—=EE Vol. 42

FEBRIEA 7 — NV b L= = FHIR T O, L
KOS R OISR R T — & /O

0 20 40 60 80 100

VE (Umin)

7

C

80 -
60
40 -

Petcoz
(mmHg)

Hypoventilation
(Fic02=0.00)

Hypenentilation
(Fic02=0.00)

20
90

(L/min)

30
0

60 AR~

3000
£2000 A
1000 -

0

mil

o
o}
o

>

ml/i

(

3000 -
2000 -

SE

> 1000 -

PeTco2 (mmHg)

Time (min)

High-intensity Ex.

= N W » O
o o o o o

0 20 40 60 80 100

VE (Umin)

(A), (RiREEEB R (B) f ORI (C) 12517 2R
> b (R 5ER) FHE (Percoz — VERIFR) O ILEL



— 240 —

A) Rest
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B) Low-Intensity Ex.

C) High-Intensity Ex.
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Equilibrium Diagram
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