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The effect of treadmill exercise on the circulatory system and body composition using
by reducing weight bearing with the air pressure

Shigeru YAMADA, Kokoro SANO, Saki NAKANO and Hitomi FUJITA

Department of Food and Health Sciences, Jissen Women’s University

Recently, a method to reduce weight bearing by pressurizing the lower body sealed below
abdomen was developed. This method is expected to be used effectively in the fields of medicine
and sports. Hence, we examined the effect and the safety of lifting the body with air pressure on
heart rate during the running.

Experiment 1

Influence of change in air pressure on the circulatory system and body composition. The subjects
were five female college students aged 21 to 23 years. The experiment was conducted from 5
to 20 January, 2015 using an exercise machine equipped with weight bearing reduction system,
DREAM HUNTER (Showa Electric Co., Ltd.). Before the experiment, the subjects were weighed
on the exercise machine at no pressure as baseline, and then at 10, 20, 30, 40 and 50% increase
in the air pressure. Each subject ran for 20 minutes at 50% HRmax intensity, and then at each
air pressure. Ten minutes before, immediately after and 15 minutes after the run, the subjects
heart rate was measured using POLAR RS800X and blood pressure was measured using CH-608
(Citizen Systems Co., Ltd.) Body composition was measured at the beginning and end of the
experiment using INBODY 720 (Bio space, Inc. Ltd.). With the increase of the air pressure, the
mean running speed significantly increased. However, at each pressure neither heart rate nor blood
pressure changed. Compared to baseline, body weight significantly decreased after running at each
air pressure. From the results above, the method of elevating the body by air pressure did not have
an effect on the heart's workload in the short-term.

Experiment 2

The subjects were the same as experiment 1. The experimental period was 12 days. The body
composition was measured at the beginning and end of the experiment using INBODY 720 (Bio
space, Inc. Ltd.). Heart rate was measured at the same three time points as mentioned above. By
day 12, the heart rate immediately after the running at the level of 50% air pressure increase was
significantly lower than the baseline level without the air pressure at all of the running speeds.
The heart rate 15 minutes after the running showed the same only at higher running speed. Our
result suggests at the change in weight bearing with the air pressure may be an efficient exercise
prescription in the long-term but not in a short-term.

Key words : body weight support exercise ({RFESAAHTIESR)), heartrate (LHAED),
body composition (AKHAK)
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+ 15.832 bpm, 120m/ %y 85.9 * 11.689 bpm, 140m/
4y 82.6 * 9.778 bpm. 160m/ 4y 92.1 + 10.213 bpm.
180m/ 4y 86.9 + 4.127 bpm Tl > 7=, T TOHER]
THEHNR A B 2R bR o T,

R 30 12, FaffEE 0% D ELT E % 0D 5 % o B
T LR L7, 80m/ 4y 103.1 + 4506 bpm, 100m/ 4y
118.0 =+ 10.942 bpm. 120m/ 4y 130.2 * 9.611 bpm,
140m/ 45 140.2 = 9.611 bpm, 160m/ %y 149.8 + 10.728
bpm, 180m/ %y 150.1 £ 5.790 bpm T&H -7z, 80m/ 43 &
120m/ 533 FEEAT M. 80m/ 43 & 140m/ 43 38 A2 17 1.
80m/ 7y & 160my/ 4y 3 B 1T [, 80m/ 43 & 180my/ 47 i
BEAEATRE, 100m/ 4y & 140m/ 435 B B TR, 100m/ 4y
& 160m/ 4333 FE EATRI. 100m/ 4y & 180m/ 4y & =1 T
i, 120m/ 53 & 160m/ 43 FE 1T, 120m/ 53 & 180m/
Oy NE N OB ST OB TR B ek
A BTz (p<0.05),

(bpm) . * \
160.0 - ' * '

140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

80m/4% 100m/4% 120m/%* 140m/4%3 160m/%: 180m/%>

30 BT 0% BDRERLHBDEL GETH)

L2>L. 80m/ 4y & 100m/ 73 BT, 100m/ 43 &
120my/ 4y 3 FE AT, 120m/ 45 & 140m/ 45 3 2 £ 4T 1]
2L REDOENDIRNGE TITRE I B R ED
BB oTe, TAUL, RATEEOEWIC K 2T
DVWTOEIFHF LR U< HEDEWIT L DHEFHY
DB OBINE A DAL D DS, HEDZEN DI VGE
(ESA R ORI ] il B A NN N

31 1TIE, Sl ER 0% D EFT 15 oL s
B Z LR LTz, 80m/ 433 C 82.6 &= 5.842 bpm,
100m/ 45 & JE C 84.4 £ 11.482 bpm, 120m/ 4y i JE T
83.3 = 7.357 bpm, 140m/ 433 C 87.5 + 7.575 bpm,
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(bpm) N.S.: Non Significant
160.0

140.0 1 N.S.
1200 - . , , , , ,
100.0
80.0
60.0
40.0
20.0
0.0

80m/%4 100m/%3 120m/4%+ 140m/%> 160m/%> 180m/%3
31 AR 0% BFORERAKOEL (ETI159)

160m/ 4y & FE T 93.6 = 12.976 bpm, 180m/ 4y & & T
91.0 & 5.859 bpm TH o7z, TXTOHEMIZIBNT
WA E B R ZEIIA Do T,

b) SfiE 50% DL &

32120%, St =R 50% D EITRITD LI & EE =
LITR LTz, 80m/ 433 % T 88.4 + 11.879 bpm, 100m/
4YHE T 86.9 & 12.768 bpm, 120m/ 43 FE T 87.1 +
12.242 bpm, 140m/ 4334 T 88.3 = 12.151 bpm, 160m/
433 & T 88.8 &= 14.125 bpm, 180m/ 433 £ T 86.3 =
8.746 bpm TH o7z, T X TOHEM THIN AR
XA DI Do T,

(bpm)

N.S.: Non Significant
160.0 -

140.0 4
N.S.

1200 4

100.0
80.0
60.0
40.0
20.0

0.0

80m/%> 100m/%» 120m/% 140m/4 160m/43 180m/4%

32 SRR S0%XFORERERRBODEL (EITAED

33 1T 1L, Safif =R 50% D 4T O DI EK % EE
Tl U7z, 80m/ 43 iE ¥ C 101.5 % 9.913 bpm,
100m/ 43 ¥ E T 107.9 + 10.465 bpm. 120m/ 4y 1 fE T
110.5 # 11.620 bpm, 140m/ 43 i & < 116.8 + 11.943
bpm, 160m/ %y & B T 127.9 + 11.327 bpm. 180m/ %y
B T 124.7 &+ 7.095 bpm T&H - 72, 80m/ 43 & &
160m/ 43 B, 80m/ 43 i i & 180m/ 43 & FE 1T F5 U T
MEHICHE B RN A Tz (p<0.05),

(bpm) r 1
160.0 r r 1

140.0

120.0

100.0

80.0

60.0

40.0

20.0

0.0

80m/% 100m/4y 120m/% 140m/%> 160m/% 180m/%>

33 RATE S0%EFDRER LHBOEL EITH)

341T %, S # 50 % D EAT 16 0% O LK
ZEEZ LR LTe, 80m/ 4y 38 FE T 81.6 + 12.464
bpm, 100m/ 43 & T 76.8 = 8.988 bpm, 120m/ 43
JEC 80.7 = 12.485 bpm, 140m/ /¥ T 79.9 = 11.180
bpm, 160m/ 43 3 & T 87.5 = 11.167 bpm, 180m/ 43
T 80.3 = 8.841 bpm THh o7z, TXTOEEMIZE
WTHEIHICA BRI A bR o Tz,

(bpm) N.S.: Non Significant
160.0 ~

140.0 4

120.0 4 N.S.

100.0
80.0
60.0
40.0

20.0

0.0

80m/43 100m/%* 120m/ %} 140m/%) 160m/%53 180m/ 53

34 SfaEE 50% ROFER LIBOEL (EfT15 0%

c) RO ILK

35 (TIE, afif R 0% & Safir =€ 50% D EF TR DO
WMEEEEZ LR L (BfEiEX 24, K27 &%
NENFER) . Wb HHNICHEREREZA DN
ot
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(bpm)
N.S.: Non Significant

180.0 +
160.0 +
140.0 +
120.0
100.0
80.0
60.0
40.0
20.0
0.0

80m/4» 100m/4%> 120m/%3} 140m/%3 160m/%y 180m/ 45>

R 35 SFAEICHIOMBOEL ETH)

36 1TiE. e 0% & i 50% D EFTH D0
WA EEZ IR L (BB 29, K32 &2
FIIEEE), 120m/ 4y, 140m/ 4y, 160m/ %y, 180m/ 4y
FINENOBHE DG =R BII A F B B2 E T A3
iz (p<0.05),

N.S.: Non Significant
*:p<0.05

(bpm)
180 £
160 o [
140 - N.S.
120
100 4
80 1
60 +
40 -

20 4

80m/4* 100m/4> 120m/4> 140m/%> 160m/4%> 180m/%

X 36 RAXRRICHLOLBBOEL FETH)

3T 1T, Fafr s 0% & Saff 3 50% D AT 16 53#%
DU A EE Z LR L B 30, 1433 &
ZRENEER), 140m/ 43, 160m/ 53, 180m/ 43 D}
KWICHFHICABERETAA SN (p<0.05),

(bpm) N.S.: Non Significant’
180 ~ *:p<0.05
160

140

120

=2
[
=4
[

100

80

60

40

20

0

80m/43 100m/%3 120m/% 140m/43* 160m/ 43 180m/ %>

37 GfRRlCHZLRBOEL GETI15 9%

d) BT - ETESE - ET 15 RO O K
38 1%, AT 0% DG O ELTHI - EITE -
EAT 16 e O LB E EHE N AR Lis (BUE XX
29, X 30, K31 &ZNEINFEER), 80m/ 43l KFD
EATHES & BT 15 5%, 100m/ 33 FEHE 0O 247 Bl &
EATHEA, 100m/ 7R ERF O EITHE % & EAT 15 /04,
120m/ 433 BE IR D EATRIN & EATE ., 120m/ 43 3 FE I
DEATHES & EIT 16 7%, 140/ 538 FERE O EAT A
LEATE, 140ny 53R BN O EATE % & AT 15 4
%, 160m/ 43l ERF O EITHT & EFTE A, 160m/ 47F
FEWE D EATE S & AT 16 3%, 180m/ SR D &
TRl & EATER, 180m/ 4y RO AT TE S L E1T 15
DRI BWTHEHNCH B R EZD A BT (p<0.05),

N.S.: Non Significant SFETTE
*. _
:p<0.05 uEF
JaETTHR
(bpm) N.S. NS
NS, ———— 2
180.0 4 N.S. — k% % % %
N.S — % %
160.0 1 /1 % ¥ rr
N.S % % I
140.0 4 — ——
120.0 {4 N.S. * L

e U=l M ol M

60.0
40.0

20.0

0.0

80m/%> 100m/4y 120m/%3 140m/43 160m/%> 180m/4y

38 ST 0% DERFDETTA] - EITH - T 15 N&
DLABDZERERZEE
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& 39 1Zi, TR 50% DA DOELTHI EITHE:
AT 16 531% O DI B EERNI R LTz, 80m/ Frd
WE D EATIE % & AT 15 53, 100m/ 43 3 R D AT
Al & EITE . 100m/ 53 3 EERG O EITEL% & E1T 15
Sk, 120m/ 4y EERE O EITRT & EATE R, 120m/ 47
IO ETEE & AT 15 45, 140m/ 43 3 FE B F o
EATHI & ETTES, 140m/ 238 B O BT % & E1T
15 43t4. 160m/ /3 S ERF O EATRT & EITHE, 160m/
53 LI O FEATE R & BT 16 431k, 180m/ 4y & Iy
DELTHT & EITEE, 180m/ 43 # L H D AEITE % —
EAT 15 BBV THEIICHEEREN DT
(p<0.05),

N.S.: Non Significant 4 FEFTHI

*. e
:p<0.05 wabih
o) L3EfTiE
b
pm N.S. N.S.
180.0 - NS, o
NS k%
160.0 - NS — kxR
: * % —r— L
1400 { NS * x —

120.0 { —r
100.0 - [

80.0 A I 1
60.0 -

40.0

20.0 4

0.0 -

80m/4y> 100m/4y> 120m/%y 140m/4y 160m/4> 180m/%y

39 SRiAIER 50% DEFDESTAT - EITH - ET15 0%
DR DZEERZEE

3-2-3.
NARIE TOEERDE(L

SR AARTE . B ORMRTHIE R L 2 T
GF13 ) ETEAT IR AR L b DT
Hb,
a) HICHT 5%

B 40 12 1%, SEARTROIKEOTHIEE R Lz, Jr
N1 5094 =+ 37273k, A% 51.00 = 37303 kg TH D |
SEHMERICITAE R A B EIT A DR D o T,

N.S.: Non Significant
(Kg)
70 N.S.

T AT T A#®

K40 NABIERTOREDOEL

b) HIEHRICHT 5

B 41121, AR OEIEN &% (KE ThR L7,
BB AR LTz, I AR 0.245 = 0.025kg/kg, I Atk
0.235 & 0.031kg/kg T v, FHMEMIILF A 2A
BEXAL LN T,

(ke/ke)
0.300 - NS

0.250 -~
0.200 -+
0.150 -~
0.100 -+

0.050 -

0.000

AR PPN

B 41 AARETORIEHEOZE

c) BREmERICHT 2 ME

420TVE, R R (RE R LI AR LT,
4 AT 0.409 + 0.015kg/kg, I A% 0.414 & 0.016kg/kg
TH O, FRERIITHENREEZILA LN o
72
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N.S.: Non Significant
(ke/kg)
0.500 4

&
& 0.400 -

H

1=
J 0.300 -
D

# 0.200 |
B

0.100 -

0.000
FIPNf T A®

42 NABERTOBIRHEDEL

d) WBHRERICT 2%

B 43120, AR ORGP A KE TR L7
PHIfEZ R LTz, S AT 0.0337 & 0.002kg/kg, St At%
0.0342 = 0.001kg/kg TH Y | FHHEMIITHEA A
BEIEALNNoTZ,

(Kg/kg) N.S.: Non Significant
0.0400 -

1) 0.0200 -

0.0100 -+

FIPN:] TA%

®43 NARRTOERBABDEL

B 44 12 0%, S ARl BE 00 22 T 5 P B oD S A R
L7, I AH10.0327 = 0.003kg/kg. I A% 0.0330 +
0.002kg/kg Tod 0 | FEEMEMIITHEFTHAI 7RG B 2T A
LN T,

(Kg/kg) N.S.: Non Significant

0.0400 -

0.0300 -

0.0000

YN Lf fTA®

® 44 NAREBRTOERHANEDE(L

e) THRRIZNS 5

B 45 Tk, S AR DA IS A & A (R CRR L 72
SEHE AR LTz, A AT 0.118 £ 0.003kg/kg, I At
0.120 & 0.005kg/kg T ¥ | FHMHEMICITHFIAH
BR#mAs sl (p<0.05),

(Kg/kg)

0.160

{* 0.120 -

S e

1= 0.080 -

0.040 -

IS <

0.000

It AR T AR

X 45 NARERTOERBANEDOEL

& 46 (21, AR OEMGREEZ AR TRLE
SEEME R R LTz, AR 0.119 + 0.004kg/kg, it A4
0.122 = 0.006kg/kg T 0 | FEIMERNILAEFAIICH
BamAs sl (p<0.05),



26

(Ke/kg) *:p<0.05
0.160

0.120 -+

0.080 -

0.040 -

B3 IS < i St e BF

0.000 -
AR A%

46 NARERTOERBRAEDNEL

f) EmPARICHT 55

B 47 1iE, S AR O RS F; AR A2 KR TR L7
S A R Lz, AR 0.325 £ 0.007kg/kg, " At
0.326 & 0.007kg/kg T V. FEMEBNIEHEFH T
BEIIA NI T,

(Kg/ke)

0.500 - N.S.: Non Significant

{& o.a00 -
B
? 0.300
Y
% 0.200
2]
= 0100 -
0.000 -
AR AR
47 NARIRTORBRFAZEDEL
4. ER

FER 1128 T 50% HRmax CTZEEAMELREZE X |
== 7t Lo THREREL TS L
WA Lo, ZORKEIE, HEBORIER R b IR &
OB D bDOTHD LHiand, T7Rbb, 2
FEXMERNRR CTIEBERERTHZ L1285
DEZOND, TOEMBEFICOVWTIIARHTH D
. IE S Y, TS LIk o THETESIC
Lo T PHBEOAZERBY ZWE L TW\D, 2D

FRE LTHRAFICE Y R F—JRE L THLRENEN
ZRXOVEZFALIEZZERNEZONDE LTINS, &S
Hl, THEOBEERIEN R > 7R £ T+ % FIHE
PEERE L TWD, FHRAfEITL O, EBRE 50%
HRmax (272 5 BB LB 2 E LB
DB IIRFFRN LB DO T, HWEE DL HEITH
HEICABEIZHEM U L2 Z &0 s, EHENOATR
O EFIENEN LI Z L BAREORBDEHE LD
DEEZLND,

ST SMEBR R OIS T H 5 ML RIETHE G
L7=fE R, ZERINEZE O b O N ZERFO M2 & IE
TREIBZE SN o7, ThbbZEEXNED—
BRI R ZER MBIV T2 & LT, EBIRTO
MEZEZ HIEEORBII IR o7, EIEBE %O
M E TS S A 28 X C b IR e PEARA e ok
ERBCE RS e oTc, ThbbH, BRI, ME
I LEENRE CTH D 50% HRmax [ITIKIF L, EAE—F
RMEENEIRFE LR LK Lz, AL 9 3,
ERIEIC L D50 b Ly RIVBRITICEIT 5 s
LIZOWTHE LT D, FRIC XD &M ZERIE
I K > CTUUEBIRE, JEEMRE S bRE
TNV EZ R LTS, L L7enb MR
BE. KBRS O M1 22 SUENNE OH RIS LR, #EREAY
WHBICHD T2 L 2R L TWD, iz, IRERN
DHEZRARLZBERD D 1R RNLEb-> Th M
ERDABICKRE BB RN EE2RE LTS,
7o, mB Y 3 EFEBNC X B R AT O I
TEERIGE 2 U, 2o CUUEInE ., JLRE M+
DRI E D & RED 0%, 25%. 50%Ffir
ROILMET &, @D SBP, DBP . 1ZIF—
EflEZER Uz, —J7, BRI D SBP FHIMEIL,
50% TSI B LA FICHEEZ R L
7oo F72. DBP O FHIEIL 3 L TICRWT, HEl)
W BN A B U A BEEIIRD Do T,
HR OFHMEIT 3 LMICHFH R A EEZIIRD BN
ootz LTW5A, ZOX I ICEBRFIEIZE > Tl
JECRET BIRE LR 0 . EEIE L BIELETIERA S
Lo Ebihb,

ZEE RIS £ D5 S DaERIC K IE B>
W DEIE 1 43 Z e L, EERT - EEp -
[m18 15 OV H 2R Lz, SaffRaSmEIc &
ET RSB T, SEEIRTO LB O FHEL & D%
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MERIZBNT ORI EEZIIR NS o7z, FH
FRIZEE) 1 O O O BIEIL & ORBAFRIZB VTS
MEHN R EREZIIA Doz, [EIE 15 300
RO EHEIL & OSHAFRIZBON T UM EEZE
AL oTz, L LR BIRERMAIC L D0
BTt 5 WBITHE IR o Ton, EENC LD
BT INTZ, S HITRAEMENGS, EEEN
N 2N LTz, LA EOERZEANEIC X vk
B LCb MER BT L Tidsh L
T EHIA LTz, FER 2 T, TR 0% &t
2 50% O EFTRTO LIHEIT RIS E R 2 E XA 5
g hr o Tz, FTRATER 0% & = 50% DEITE %
ODFEOE 120m/ 4y, 140m/ 4y, 160m/ 4y, 180m/ 4y
OHAEMOEEICHAHNICAERRIKETRA LN
Too S BITHRAME 0% & iz 50% D AEAT 16 73tk D
DAAEE 140m/ 47, 160m/ 43, 180m/ 43 D S 28 f#] D
EEICHERICE B RIRT A BT,
ISP, KESA Ly R IVORESR 100%,
75%, 50%IZI51T DO FEIEE, WE 4km TZ
24110738 +9.04, 102.75 +9.21, 98.13 & 5.96bpm,
R 3 2km C & 1L AU 1E 94.00 = 5.66, 9.00 = 6.87,
85.25 & 7.09bpm Tdh - 7z, LA D Il & 53y
WMOFERIL. SMTHE L WEEORAEMIAETIE
R TH, BITHEE EMBEROFHRIIAE TH-
el eEHELTND,
FTbbZEERGH b Ly KIV ETOHRTIZEN
T, rEREOR T R OHBATHE DR T S Do
WL ERD, FFEORERE R LT, 20 LI, EH
MREEINME T L2, HHWVIIEREE (AR—VE
EHLET), EE. IS L TH, HITHE RO E
REBPIED Z L CHEYREERE COMBT - EIT
HEERMfE T LD LEEZ TV,

ZEH
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