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Recovery

Seong Dae Kim', Il Gyu Jeong', Yun Suk Koh?, Hee-Hyuk Lee'

1Depar‘tment of Sports Science, Hannam University, Daejeon, Korea
2Department of Health, Human Performance and Recreation, Baylor University, Waco, TX, USA

Background: The cerebral blood flow velocity (CBFV) and rate pressure product (RPP) have been reported to
benefit hemodynamics more during exercise in the recumbent position than during that in the upright position.
However, it is unclear which angle is of the greatest benefit to hemodynamics during exercise in the recumbent
position. This study aimed to evaluate the effect of the recumbent angle on CBFV and RPP during exercise.
Methods: In a balanced crossover study, 15 healthy volunteers (age, 18.7+1.1 years) were asked to perform
the bicycle exercise four times in the upright and at recumbent angles of 67° (R), 47°R, and 15°R, with weekly
intervals between each condition. The exercise intensity was set initially at 50 W and increased by 25 W every
2 minutes up to 150 W. CBFV in the middle cerebral artery (MCA) was measured using transcranial doppler
sonography. All data were analyzed using two-way repeated-measures analysis of variance.

Results: CBFV at 15°R was significantly higher than that in the upright position and at 67°R at 10 minutes recov-
ery (69+16 vs. 56+7 and 58+10 cm/s, respectively; P<0.05). The RPP was significantly lower at 67°R, 47°R,
and 15°R than in the upright position immediately after exercise (176423, 177+22, and 173126, respectively,
vs. 241442 mmHg><beats/min><1O'2; P<0.001).

Conclusions: At an angle of less than 67°R, exercise increases CBFV and reduces RPP, relative to those during
exercise in the upright position. This hemodynamic effect was most prominent at 15°R, where cerebral circu-
lation was further increased in the recovery phase.

Korean J Health Promot 2019;19(3):155-160

Keywords: Posture, Exercise, Cerebrovascular circulation, Hemodynamics

VR

AEAE I oA 2HE AA of 2a1n]E|(recumbent

= Received: Aug. 1, 2019 m Revised: Sep. 30, 2019 = Accepted: Sep. 30, 2019 bicycle ergometer, RB) 2-5-2] $8/d¢] S7lslaL ek =
= Corresponding author : Hee-Hyuk Lee, PhD A 23R ABko B O3} APYR} 229} APTEL. 20174
Department of Sports Science, Hannam University, 70 Hannam-ro, HielA =Aks et AT APIA] P ATES 20
Daedeok-gu, Daejeon 34430, Korea of| 61,2667, ¢1-+ 108} G 119.6"8 0= 4IAEZA gl ofo]
Tel: +82-42-629-7501, Fax: +82-042-8402 2012 72351900 o]2]3t 2Al= mjd =75t %1\1—4_.2) A]
E-mail: Ihh@hnu.kr _ - -
ORCID: https://orcid.org/0000-0001-5757-2104 AR E o2 op7|| H A HH peak VO,) 9| 71
= This work was supported by 2019 Hannam University Research Fund. L APES W 4o AL A7tk BaEQlh?)

Copyright © 2019 The Korean Society of Health Promotion and Disease Prevention
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/), which permits
unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



156 Korean J Health Promot Vol. 19, No. 3, 2019

E3] n|2AzZ =083 A4 S-S Qg SEA Ao
A QAT - 50] mAS Z7HA7]7] $15] RBE B85
AL AIH o7 Pk ek RBE= A 7187)7} 43
H Wgko 2 AL ExJo] 9lom?) o]gt 127 B4
o] FE1g0] AFAS FAAT} Ao FELGoR
o|E3fof sH= HRulgkS AlRfo @ Hpo 2 AApo] Xk
& vk BT glek? Kim 572 RB £50] Hx15s}

[e]

9
W eSS o= XI3eh AollA RB #-5°] 49
(upright) APAA 250l Hlsl -2 RPP7} Uephd=S 3Hkstoict

I o] Aol A= RBO| #-g-of theh w4
o] bkt Slek” b S5 YU HAFE cercbrl
blood flow velocity, CBFV) ¥ &F5H2 HAI7F9] o+
AAe fAsH=T SlolA s F8AEY] uEoh!

.]
CBEV 12 <15t 34 ¥3]88 op|a 5= 9l8o] 47|
E)917] ujo] Qi) AWHoleta Bt ekt
Kim 57-& 65° o]al2 7] 20j2] 2 e
27713 obee ek R 2ok

N
K1
N
N
Q
!

2}
ol
_C')L
¥ 8

fu ot

Ho
juid)
ox
Q2 @
=
Qﬂ
K3
i
of.
Qﬂ
2
o &
> O
juid)
m
£
N
i
or
ilies
o o=
N

T A=Y AAloflA et o] wAE
(cross-over study) F-41 HiA =] ik At o dAke] AlA1A
ol 542 3 13} Zrh

2

Table 1. Characteristics of participants

Value (n=15)
Age,y 18.79+1.15
Height, cm 172.43+4.63
Weight, kg 69.55+2.73
Muscle mass, kg 31.17+2.72
Body fat, kg 9.93+2.37

Values are presented as meanzstandard deviation.

2 EMTT Y Wy

iy

) HEEEE 24 P

B giel A CBRVE 24517 $lstel Hag 2o}
7|(SONARA Transcranial Doppler ultrasound; VIASYS
Co. Ltd., Conshohoeken, PA, USA)E ©|-83}to] S5
W(middle cerebral artery, MCA)®] dF5 &45I9 ) &
AREe 4 Al AAE A A FAE mRAEA
Ao SRR HE AS 8%t F 5 MCAS A
glslo] Y& F 2377 (transcranial doppler) A<} A2
%l probe (2 MHz)E ©]-&-5to] @ z10|(depth)E 58 mm
2 sl o] Bl tte 75 SAscE?
245 Wl Hyt EF <S5 (mean flow velocity, Mean),
H4=%7] dF<EE(peak systolic velocity, Peak), 2|58t
Z7] HF<4E(maximum end-diastolic velocity, EDV)E 3

shlrt.

o

2) ARE=E 54 9

E Ao RPP= £ AEk(beats/min)x=7]
Z|(mmHg)x107Z o]-g-5to] A= ULk 42%7] E(sys-
tolic blood pressure, SBP)2 Z43}7] $al AA7F A58
=4 7](M30; MEDIANA Inc, Seoul, Korea)E ©]-83}%1
t} Alek<(heart rate, HR)+= Algt4> AllA|(Polar H7; Polar
Electro Oy, Helsinki, Finland)E ©]&3}o] ZA3}% .0,
SAE 4A3e EFFAE E5k] A HUE(VS,
Polar Electro Oy)ell A5 o] A7t 7]12 5 e

3. 2SS TEEE
1) SHUE A d=2iny &
2 dellAe AntE PHHME AR A(SRHI00H;

NanoBioLife Inc, Seoul, Korea)E ©]-&3] 7] 50 W=Z A
Spsto] 150 WA ) 23tvjel 25 Wa 1550w e
= oo F 1021t &5 AT A+ t A=
oA A& HHUE 7]&7]= 54 71=%U(body tilt) 7

o] w2 ARty wsls W] 8] A ATE



Seong Dae Kim, et al. Effects of Recumbent Angle during Cycling on Cerebral Blood Flow Velocity and Rate Pressure Product during Exercise and Recovery 157

Table 2. Changes of Cerebral blood flow velocity

Cerebral blood flow velocity

) Time course
Variable - - F P
During exercise

Rest - - Post 10 minutes
5 minutes 10 minutes

Mean, cm/s
Upright 57.1949.09 63.57+11.08" 69.64+18.17° 56.97+7.92 T: 145.617 <0.001
67°R 55.28+9.87 77.55+14.20* 89.11+19.75" 58.44+10.40 TxG: 6.714 <0.001
47°R 60.3045.90 89.00+18.62"¢ 104.13+19.82%¢ 62.91+15.21 G: 6.635 <0.01
15°R 58.52+9.63 88.01+17.09%¢ 101.02+21.34¢ 69.04+16.50¢

Peak, cm/s
Upright 96.25+13.48 112.00+27.92° 125.55+42.26" 96.16+16.22 T: 81.803 <0.001
67°R 94.08+15.01 123.52+26.75° 141.47+28.33° 100.14+17.55 TxG: 2.943
47°R 98.47+10.65 154.25+35.06" 174.50+27.77% 100.73+23.28 G:2.614 <0.01
15°R 100.46+15.84 144.25+33.41° 175.22+59.50%¢ 109.70+22.10

EDV, cm/s
Upright 38.99+9.18 40.408.65° 45.00+£14.04° 38.72+9.97 T: 74.656 <0.001
67°R 38.71+7.97 49.44+10.08 59.80+14.92"" 42.73+7 48 TxG: 4.292 <0.001
47°R 42.65+5.45 57.54+10.21%¢ 72.07+17.50% 44.51+10.20 G:3.636 <0.05
15°R 43.65+8.44 59.20+11.73% 66.49+12.91% 49.98+12.47

Values are presented as mean+standard deviation.
F-values are calculated using two-way repeated-measures ANOVA.
Abbreviations: 15°R, 15° recumbent group; 47°R, 47° recumbent group; 67°R, 67° recumbent group; EDV, maximum end-diastolic velocity; G,
group; Mean, mean flow velocity; Peak, peak systolic velocity; T, time; Upright, upright group.
“Significantly different from rest (P<0.05).
*Significantly different from the upright group (P<0.05).

Slgnlflcantly different from the upright group (P<0.01).

Slgmflcant y different from the upright group (P<0.001).

‘Significantly different from the 67°R group (P<0.05).
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blood pressure

Time course

Variable F P
Rest Post

Rate pressure product, mmHgxbeats/minx107
Upright 120.29+20.15 241.81+42.77° T:399.032 <0.001
67°R 107.65+18.04 176.24+23.62™° TxG: 6.090 <0.01
47°R 75.02+9.85 177.18+22.40™° G:19.441 <0.001
15°R 77.16+10.89 173.75+26.71™°

Heart rate, beats/min
Upright 97.17+11.45 155.35+16.17° T: 104.785 <0.001
67°R 84.23+10.87 125.00+11.48™ TxG: 18.419 <0.001
47°R 59.33+5.53 124.30+14.02* G: 38.155 <0.001
15°R 77.97+18.52 130.48+6.41™°

Systolic blood pressure, mmHg
Upright 123.35+£10.79 154.88+14.07° T: 214.480 <0.001
67°R 127.53+10.81 140.76+11.23° TxG: 10.187 <0.001
47°R 126.25+9.61 142.50+7.98*° G: 0.866 <0.05
15°R 127.33+9.45 146.33+12.04*"

Values are presented as mean+standard deviation.
F-values are calculated using two-way repeated-measures ANOVA.

Abbreviations: 15°R, 15° recumbent group; 47°R, 47° recumbent group; 67°R, 67° recumbent group; G, group; T, time; Upright, upright group.

*Significantly different from rest (P<0.05).
*Significantly different from the upright group (P<0.01).
‘Significantly different from the upright group (P<0.001).
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