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Exercise intensity and cardiovascular responses during and
after exercise on Pilates basic exercise program
in comparison with those brisk walking

Ryoko Tango, Takahiro Mukaimoto, Hisashi Ueda, Ill-young Han,
Miyuki Yamaguchi, Makoto Ohno

Abstract: The purpose of this study was to investigate exercise intensity and cardiovascular responses during
and after exercise on Pilates basic exercise program. Subjects were eleven women (age 38.3 6.3 years, height
160.1 +5.4 cm, body weight 51.6 5.4 kg). They performed the following two exercises for 30 minutes on
separate days; 1) Pilates basic exercise, 2) brisk walking (95 m/min). Oxygen uptake (VO,) was measured by
breath-by-breath with monitoring of the heart rate (HR) during the exercise sessions and for 90 minutes
subsequently. Exercise intensity is expressed in metabolic equivalents (METs), which were calculated as VO,
during exercise. VO,, HR and energy expenditure during brisk walking were significantly higher than those in
Pilates basic exercise. Exercise intensity of Pilates basic exercise (3.1+0.5 METs) was significantly smaller than
that of brisk walking (4.9 0.4 METs). At fifteen minutes after finishing of Pilates basic exercise, HR decreased
below the resting level and this low HR continued from 35 to 90 minutes after the exercise, however, HR didn’t
decrease below the resting level after brisk walking. These results indicate that Pilates basic exercise may be a
moderate-intensity physical activity which exceeds 3 METs by devising contents of exercise program.
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Table 1. Physical characteristics of subjects (n=11)
Variable Mean =SD

Age (yrs) 38.3+6.3
Height (cm) 160.1+5.4
Body weight (kg) 51.6*5.4
Body mass index (kg/m?) 20.1%1.7

% body fat (%) 262+4.7
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Experiment Rest on chair
1 (50 min)
Experiment Reston | Pilates Pilates Rest on chair
2 Chalf' Warm-‘up mam-exqrcnse (90 mm)
(10 min)| (10 min) (20 min)
Experiment Rest on Brisk walking Rest on chair
3 chair (30 min) (90 min)
(10 min)
1 | l 1 »l
(min) -1l0 0 I 30I(0) %
@®BP @BP 3BP
®RPE ~ QRPE
P Expired gas collection R
h Heart rate measurement -
Fig. 1. Exercise protocol
BP: blood pressure, RPE: rating of perceived exertion
Table 2. Pilates basic exercise program
[Warming up)
No Exercise Comments
1 Breathing Y57 4 A THW IS OME
2 Imprint NG & > T & Bl o5 X ¢k
3 Hip Release BRI OB & %245 522 HilH)
4 Spinal Rotation e mlhE L, RS0 5 EE)
5 Cat Stretch T2 MEL, HEoEz i 5,27 5EH)
6 Hip Rolls 5LmULC, HHAMIL, FKICE»3EH)
7 Arm Raise Lo G
8 Scapula Isolation JHHRE D) O & KIS 5 EE)
9 Elevation and Depression 4
10 AB prep P BT D MR & 22 B T 7 A4 X
[10~20 min]
11 Breast Stroke B % Bt 2 5 i)
12 Shell Stretch I Clio7zWEA MLy FL, T 288
13 Hundred A= ENY Y FE2 L9 ICT4 100 W) &, JEG % 82 % 0EH)
14 One Leg Circles B BB OE) & % 4T S 003 S E)
15 Spine Twist BEEH & PG S, WE & e S % )
16 Rolling Like a Ball R—=VD XD, B &2 FIKRICT 5 HEE)
17 Single Leg Stretch NEL13 % 8B 2 % S BY
18 Obliques W (R IERRE) 2R 5 EE)
19 Double Leg Stretch JEL13 % 8B 2 % S BY
[20~30 min]
20 Roll Over JEi % $ 2 % )
21 Half Roll Back JE & I & BT KA, B 2 i S A S B9 E)
22 Obliques Roll Back Wi (RRCHERNGRE) & R % LT <AV, JEHE & 3 © 2 (2 Bh 23 B
23 Side Kick BB Bl L 2035, ¥ v 73580
24 Single Leg Lift JBe A £ N i B & MR e & AL 3 A s
25 Leg Pull Front Wiz THREDIRRET, Lx i bd % EH)
26 Side Bend prep i % JE 5 % il
27 Roll up TR LT EH S0 EE)
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BIRILF—HEE (¥ EE)

HEYH O VO, METs, # EE % Table 3 128 L
72, €95 4 A2 X % FH V0,13 10.8+1.7 ml/kg/
min, #TIX17.3 1.3 ml/kg/min TH Y, F&EDJ
HETTF 4 AL BHEEICEMER L (p<0.01).
LA VO, % 3.5 ml/kg/min & L CHIL7ZE 5 7 4
A DOIEEYREIX 3.1 0.5 METs, #ADZN134.9+0.4
METs TH ), Hi# &R THRECABIIHMEZRL
72 (p<0.01). BHBRATR T L1218 5 N2 15 VO,
(€9 7 4 A :43+0.7 ml/kg/min, #4308
ml/kg/min) % b L IZHM L2 EHRETIE, ¥
74 AH32.6+0.7 METs, #4%74.1+0.8 METs T& >
72. 20 MOEEIE, ¥ J 7 4 A$%50.5+6.9 keal,
HAA383.7+9.7kcal TH D, HMIIE T T4 A LD
bABICEEZR L (p<0.01).

%3, EHTO VO, X U METs D% 2L % Ta-
ble4 /R L7z, WIHH &3 555 MoPHfE4HM LIt
BL7:. WINORETYH, WEs)e b ICLiREL Y
DAEBICEMEZR L (p<0.01). 2B, WEHOL
BIZBWTIE, £2TORMTET T4 AL b#ko
FHARICEMEZR L (p<0.01).

Table 3. Average oxygen uptake, exercise intensity and
energy expenditure during exercise

. . Exercise intensity Energy
Exercise ~ Average VO, N
. (ml/ke/min) (METs) expenditure
sessions ml/kg/min
& /3.5 ml/kg/min  /Rest (kcal)
Pilates 10.8+1.7 3.1%0.5 26*0.7 50.5*6.9
Brisk walking  17.3+1.3 4.9%0.4 4.1+0.8 83797

Values are mean + SD. VO,: oxygen uptake. * p<0.01
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Table 4. Changes in oxygen uptake and exercise intensity during exercise

. Execirs intensity (METs)
Oxygen uptake (ml/kg/min) /3.5 ml/kg/min /Rest
Pre exercise Pilates 43%0.7 Pilates 1.2£0.2 1.0+0.0
Brisk walking 43+0.8 Brisk walking 1.2+0.2 1.0+0.0
. Pilates 8.7+24' } Pilates 25+0.7" } 2.0+0.6' }
5 min . . + K . + * +
Brisk walking 16.4=1.5 Brisk walking 45+04 3.8%£0.3
, Pilates 11.5=1.9" Pilates 33+0.5' 27+04'
10 min . . } . . + ] * + }
Brisk walking 18314 Brisk walking 5.1%£0.4 43+0.3
: Pilates 10.6=2.1" Pilates 3.0£0.6' 25+3.1"
15 min . . T } ; i f } : ' }
Brisk walking 16.5+1.9 Brisk walking 4.6*0.5 3.8+04
_ Pilates 12.4%2.0" Pilates 3.6+0.5' 3.1£0.2'
20 min . . i } : i * } * f }
Brisk walking 18.1+1.3 Brisk walking 5.0%0.4 42+0.3
Values are mean +SD.
* p<0.01 between two exercise, ' p<0.01 compared with pre exercise.
Table 5. Heat rate and respiratory exchange ratio during exercise
Heart rate (beats/min) Respiratory exchange ratio
Pre exercise Pilates 76.6+7.5 Pilates 0.76 +0.05
Brisk walking : 76.2%6.7 Brisk walking 0.77+0.07
5 min Pilates ©90.3+19.2" } . Pilates 0.77%0.10
Brisk walking : 116.5+13.2" Brisk walking 0.80+0.04
10 min Pilates : 9742317 } . Pilates 0.78+0.07
Brisk walking : 118.5%13.9" Brisk walking 0.78 £0.04
15 min Pilates : 981251 } . Pilates 0.82=0.11"
Brisk walking : 116.6%13.3 Brisk walking : 0.75%0.04
. Pilates : o 96.4=18.17 Pilates 0.79+0.05
20 min . . + } * . . } *
Brisk walking : 120.0+15.0 Brisk walking 0.73%0.05

Values are mean + SD.

* p<0.05 between two exercise, ' p<0.05 compared with pre exercise.

Table 6. Rating of perceived exertion (RPE) and blood pressure during exercise

RPE Systolic pressure (mmHg) Diastolic pressure (mmHg)
Pre exerci Pilates : Pilates : 105.8+8.8 Pilates : 72.0%6.3
© EXEECE | Brisk walking : Brisk walking : 104.2+7.7 Brisk walking : 72.5+7.5
10 mi Pilates : 12.0+0.9 } . | Pilates ¢ 114.8%8.0 Pilates 1 73.9%79 } N
i Brisk walking : 11.1%1.4 Brisk walking : 113.4+82 | Brisk walking : 81.0+7.6
20 min Pilates 11514 Pilates : 113.6%9.7 Pilates : 72.5%58 } N
! Brisk walking : 12.1+1.8 Brisk walking : 113.2%9.0 Brisk walking : 78.4+9.1
Values are mean + SD. * p<0.05
2. A% (HR) &MREHRLL (RER) DBARICEMEZ R L2 (p<0.05). #HAb X Ui
HEEH O HR B X O'RER % Table 5 1Z/R L7z, WIH KT, RHOFHEE & HIZRERAMET L7225, AHF
HEb5aHo Pzt LIt 7z, HRICBHL  SECTHWAZY I T4 20707 I ATHETEY,

TI3,

=2

NP

WINOKEETYH, WHEBE D ICEEREL VA
#3120 beats/min, ¥ 5 7 4

213 90~100 beats/min Z #EFF L, HR2VH I EE

Zm L7z (p<0.01).
5T, €I T 4 AWK
SEBR T (20) 1

<0.05),

RERIZDOWTIX, EBFALGEE 15
Wiy & A=

mfEERL (p
JFE T T4 AN

A &

BypIGETR 155
ﬁ:&ﬁ:

3. BRME

EfE %R L7z (p<0.05).

B8 (RPE) &IME
JE@ o RPE & IfilJ+ % Table 6 1275 L 7-.
LT, ¥©5 51 ZADEBBHIEE 105

THALD

ORI &), TR TR0 & R T

RPE (2
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-+ Pilates
- Brisk walking
-&~ Rest (pre exercise)

L

Oxygen uptake (ml/kg/min)
o =2 N W A OO O N O ©

Pre 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 (min)

Fig. 2. Changes in oxygen uptake after each exercise session.
Values are mean * SD.
* Significant difference (p<<0.05) between Pilates and Brisk walking.
" Significant difference (p<0.05) between Pilates and Rest (pre exercise).
¥ Significant difference (p<0.05) between Brisk walking and Rest (pre exercise).

130 -
I -+ Pilates

120 A —& Brisk walking

110 -&~ Rest (pre exercise)
100
90 A
80 +
70 4 }
60
50 A
40

Heart rate (beats/min)

Pre 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 (min)

Fig. 3. Changes in heart rate after each exercise session.
Values are mean = SD.
* Significant difference (p<<0.05) between Pilates and Brisk walking.
" Significant difference (p<0.05) between Pilates and Rest (pre exercise).
¥ Significant difference (p<0.05) between Brisk walking and Rest (pre exercise).

HICHEEZ R L7z (p<0.05) 25, JEB)HE TR0 E
BMICH B LIRS N Lo 7 EBHR10550% &
JEEIH TR OPRMIE X, HTE S T4 2L DD
AR E R L7z (p<<0.05) 2%, WUk I 12 135
BB L EIADN Lo 7.

B. EHROEENRIG

1. ERIEWE (VO,)

K OEE % 90 751 D VO, DFEWFNZE(L % Fig. 2
IR L7, €97 4 AUk EENE 114 10 411X
VO, VW RZEHDOL NV X ) bz His Lz p<
0.05) 7%, ZORBRIILEHIFLABLREIAON R >
Too Wk E RN, E5 5 4 A TIHEBK T 56~60
5y, 76~80 5 DKM TVO, A EICEMZRLE (p
<0.05).

2. 1A% (HR)

HIEB O FEB) 1% 90 53 K] © HR D#%WE9ZE (L % Fig, 3
WRL7z. ¥9 54 ATIE, EHR T 155%5 5 HR
HEHFRELUFICACT L, 35545 90 45014 F Cilkhi L

18

THEERE LD AR E R L7z (p<0.05). #Hk
T, HRIGEBF T 8550 TRER L D I EZ R L
72 (p<0.05) 25, 90X BRICIIHOHEEITA LN
otz ¥I 74 ATIRERK TIPS 1559FTL,
51~55%F, 66~807%F, 86~90 4 DI T HR A%k
L0 OH B AR L7z (p<0.05).

3. [FMR3cHaLE (RER)

#3BE) O JEE £ 90 57 © RER O FEREIYZEAL % Fig.
41ZR L7z, €95 1 AORERIZ, EHE 157 5 90
FETREHRFLAALVLI)OABEICKMERL (p<
0.05), #H4x RERILEEN% 105575 90 75 F CTHGHEE
LAV I ) RIS Z /R L 72 (p<0.05). X7z, Tl
JEENC BT S RERICIE, EEHRTHI0OSM LT, A
BhEEASNLE D72 (p<0.05).

4. EEHETEIOSEDEIRILF—HES (FSEE)
EEI T 90 MOBEEIXEY 55 4 AA7101.6+
7.7 keal, #A9101.1+9.7 kcal T 0, WiEBIE A
HhREEALN Do 7.
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-+~ Pilates
-# Brisk walking
-4~ Rest (pre exercise)
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Respiratory exchange ratio (CO2/Oz)

1
~

Pre 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 (min)

Fig. 4. Changes in respiratory exchange ratio after two exercise sessions.

Values are mean = SD.

" Significant difference (p<0.05) between Pilates and Rest (pre exercise).
¥ Significant difference (p<0.05) between Brisk walking and Rest (pre exercise).
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Ainworth et al. 23t #5 L 7z “2011 Compendium of
Physical Activities” 124 % &, —INZE T T4 AD
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7 4 ADEBIRIEIZ 2.6 0.7 METs, 384k 0 58 B 5 15
134108 METs L HE SN, AEAGREDNA LN R
METHRHA LS T4 ADZ 74 X7 r 5 A
FHDE TN ORRIE D IR T 7 4 AT a7
FTUHThot=Z bk, ZHIEVO, DENEDE T i
THotzled, SMETSICIZES o2 bR
5. F7, AMEOHLOBERENFHI-T2Z LD
Y, HAEOEBIREO A EEE R Lz RS h

B —7, BRI B B SR OREREAL (Table
2) A THDE, FEBFFE 10 75 IS THE
RV ECRICEMEEEH T 288 TH > 727
®, 3.0METSIZIXEDS b o 7225, %0105 ik
BN F 721D AB VO LR TIETELEH OO
PRCHEIE SELRETCTRA IR Y A F 3 v 7 128)
PTEBNE TH o 72720, THEB) 15~20 45O [ 1%
BRED3OMETS L Ea R Lz Ex b5, T4
bbb, €954 AT I 20MHICE>THY
L AHMEFREELLT OFEPHN TOEBRE 2t T& %
WREMEDSH B L) —HIZ T A I LN TELD.
200 DEH PO EE X, #RFEITTF 4 ALY
LAEICEMEZ/R L. RPEIZEBIG 1045 T, ¥
FAADREEIEMEZRL, ETRIZIETWES R CH
BhrEIAONEDP o EIFF 4 AIZEBI R
F—iHBEEIIHEA L QUMEZ R L2, RPEIEE
iR L7z, SEBIBIAG 10 0 DR S TY 5 5 4 2D RPE
N, EEERLZBEE LT, ZOMETITo7Ty
A 27025 L (Table 2) (ZIEBIBHIERA 5 10 55
£ T, MBI TE ISIEMTEZ - 72588535 < HL
DANSNTEY, K707 5 ADHTERHTES)
AMPEWZ ER—HELTEZONDL., L2LAEDY
5, AWFIETIZ &SN % RPE 23 li L7272, €5
F 4 AHDRFTE % RPEIZOWTEHMICE L5 2
LIIWEETH B2, S, EMAETRTTINTED
ZHORPEIED & X0, IHEIFHICHBIT 280 RPE I
DWTE HIZFEHINCRET T 2 LB H B L b/,
HRICBIL T, EEFAG 55, 104, 1547, #&T
B (2047) OWThoRETH, BkIIEI 54 2 &
DAHBICEMEEZR L. ZHEAIR TRV #ED
WERES R P72 b Y, T, B EET
74 ZADOMEE " 130 o < ) ELATH 7250, 1P -
TEERADMHEESENEN LD EZONL. T
SOERPEHL T, KIRIIBITLETT 4 AHFD
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Y554 ADHMEBEHI 7 ¥4 X707 5 2 OEEERE L EE B X OSEBI# OIS RIS

HR 2SHABR I AR 2 R L2 et h 5 L E 2 S
N7z, PHRIHIME BT, WSy A 5 2 25 3 4
o 72, WLIRMIIE O &, SEENBIAG 10 55 & 4 T I
WCHBERE T T4 AL D S ARICEMERL. L7z
WoT, TOWETHALIZYT T4 AT 7444
A 780275 L (Table 2) 1&#ik & LT, ME FHIC
W BBL LW ERHLNIRY, TUS T A
ONERPHEONAEB X OIHFZ2EICLRT L 12
LX), WLHEREHANLEOPTEBREICE 5T, BEC
1TV 9 2388 TH 5 etk RIE S 7z,

B. EENHRTHODEEMINZICOWVNT

5742 EHFEOVTNROEHIHE T VO,
&, B TEED S 10505 F TRERE L D D EEEOR
L7z MBS 5 X B EACHATTHEL, VO, 2Lk
XD LWL Z2RES BB T 22 22D
D ZUEB) % AR SRS 2 excess post-exercise
oxygen consumption (LL'F, EPOC) & IFiZhTw 5
B3, ARWFFECTERH L 7z 2 Fi%H &%) Tk EPOC 2510 45
FfkAE L7z, EPOCIE, EHFE LIy = ba v b
=) b= 7 7ar7 7818V TERHENRT
WADS, R AREES L Th v, AT
ZECIE, EB)IREE & EB)RF A L T EPOC YK &
B EFREENTVE Y Ly 2y v Z5EH)
I2B1F 5 EPOCIZOWT O L LTIE, EiREDR
MR TAL YRSV AEBIZ L 5T, 2L
b 725 TEPOCHH STz & § i % 38 M %
BV T LR L) AEICVO, N ElE R L L
WIOBEY DB H. LaLAENS, NS OKITIE
I, AREFZECIEMESR) & D IEBRESDH F )
R, EEIRFR S EREMTH o722 & EOERIZ
£ 0, EPOC DHKHGERE A 2> - 72 W GEME A S h
5. 51 €554 AT YA AT 0 s 5 L0
WEEZT, SHICRHLTALLENHLEEZS
nr.

Y'I 7 4 AXBWT, BEHET %12 HR AYLHEHFO
LAV T 3 2 BIR 25 BI4E S 7z TR R v
LRbNS. T—HIHT ALY Tk, I
PRI - D6 BR &R O AR BB e & F AR R 12
IR L, MEZERMCECL, DI OEEMERRE
FILEIRBICE S S XiC k), I —FIPRE T HIC
HR, WH, MO, B FA G
FEREDIIHINIC X 2 1M DILIR) SFAAR b7 Z & 25
HENTWD., F72, AR LY, FEks)hEE
EHE B SR B H AR E ST Al 5 5 ratio of
leukocytes and the time-domain (%RR50) A3 EIfEREIZ
TR L D 35% AL, IR V7 FL ) iR
SRR D 16%, F—733 VHRIERIE29% DA %
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AT EPMEINTVE., TRO5OWMELY, I—
AR B AR RE 2 L, V7 k—Ta vk
R\ W EEE MR S Tw B 7,

Y55 4 AOMNE Y &, MEE 2 EERICE LD
DRLTDEV) LI R, W EMEZEH#RNIC
FLEETW-L ) EfFoTWL. LarL, I—HE
FRRIC—IFIRAEIC W > L D E R AT TWw . 2o
LIZXY, F—H W L) BT CHAMRRE
LT, HROKTF% 725 L fEtkriEgtishs.
L2 LA s, ARUFZECIIIRA Lz —BmcEii s h
TV Ak E YT 7 1 23BN RE & BN AT R 7
5720, ¥77 4 ATEDHO HR B LHHRELUT I
T LRI oW TIIANIZE TR HHETE L
W, L7255 T, TOEIZOWTIRSH S SIZEEIC
M REPETH L L Bbh:.

V. 8 1=

REFFECTIE, 30~40 RO 11 %2 RHIC, ¥
TTAADUMER 70 7T ZIBT LT
(METs) OMEAEZ W S22 5 LI, Zo7Fas
T AL —EMICERS N TV A ARIC BT 5 EEh B
L OB O RIS B IS AT T RBEICOWT, [
FEER- (VO,) B X VL% (HR), MEOE A S M
W - R L 22RER, DT MRS S /.

1. % VO, % 3.5 ml/kg/min % b L 1B M L7z
Y55 4 AOMEEFREE, 3.1%0.5 METs, sk
DEFENIZ49+04METs TH D, HiH & HRT
BENEEICEMER L2, SEBIR eI
55N VO, 2 & 18I L7 E B
X, ¥5 5 1 AH%2.6+0.7 METs, #idd4.1=
0.8 METs T& - 72.

2. 954 AE BT ANTF—lHERIZAS LY
AT, RPEIZE W &V D FEEASH & 202
ol LA L, HRRME LS 55803
LhnZers, ¥€I7 14 ARALERLEEA
JHEOPEBREICE T, 70275 L0NERH
EONEBLOHEFE*FIZTRTLZ LICK
D, BRI HEETH D W REEATRIE S
nz-.

3. ¥4 AL A EHKR 7105 M3 VO,
DWEHREO LNV XY b EE A b L7228, £
DIFITLHING LB R EIA DN h o7z,

4. ¥'I 74 ATIZHEEE T 15 5% 5 HR 25%H
RULTIIRT L, 354945 90 557 F THkif L
TR TOL XL 2R L7208, #dkTid
HRIEFFFELLTMET L e hr o 72,
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