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2021d U AtEel 29 3 AE Astow 1 T A ¥y
AAZ, U Aol YEES AAst JuH(EAH, 2022). ¢

115/75 mmHgS 7|22 20/10 mmHg7} =78 wjnjc} A g A4s3k

({3

ogh

WES 7 WlE F718kH (Prospective Studies Collaboration. 2002; %=

-, 2013), AAAE, HES, A8 Y g s ds Hdadeoe
ZQIE AP 50% ool 1o Qg Ao® HuEITHLevy et
al., 1996; Forouzanfar et al., 2017, Whelton et al 2017; Campbell et
al., 2019). AdaAste] Fo Ygdesred ¥ (Stanaway et al.,
2018) S wrow sgA ofz Tl Hek=4 ARE W sk A
ol7] wiZel ergo]l FFHolw (274, 2003; Conde T. G. et al,
2017), =71 LA A5E A&sHA 4 A, d A a7k 79

SHAl & Ao Z &4 A (Julius et al., 2004) 7] Ao] FQstt}y. 18}

el 45 WHA FEs D WA AzEel g el muste)
P AL 46%E Aol mFSe] YLk APIEA AXHA % e

Aoz eyt (vred ) 2003; Heba Kandi et al.,, 2020; WHO, 2021).
adete] o 4 7] A Y& AFEHT e v W F sk

FO"

SERSAAE QuAoR Edsue B FRHV, gAHoR Fe



AR (ACSM, 2018) wsHatdAl #4 + 9o I S4FFolH
(Pinkstaff et al, 2010; Luan et al, 2019), &% gt 4] A4 A
g SARY dBA Fs T S wdets d o] ¢ sivha A4
31 Qt}(Pickering et al., 1982; Franz et al.,, 1983; Loaldi et al.,
1983; Thomas et al., 1999).

2003), °l& ¥&
exercise; HRE)ol2ta stk HRE® Hd &5 & 571 d¢o] A
SBP>210mmHg, ©14d> SBP>190mmHg® &% & +57] dsto] H=s}
A Asst 22 onjstt}(Lauver et al, 1995; Allison et al., 1999; Shim
et al., 2008; Schultz et al., 2013; AHA, 2013; Percuku, et al.,, 2019).
HRE 458 Adu 9daxrt gla gdaddoew obg Al 449 dgtol

el ® BTHL QPT w= AABE F JIRAC] 2ol

g SEA

=™ (Allison et al., 1999), %7} Zropal A9 Ao F+x W 7|52 o]
o7 oot} o]& ] FF 5-10d ol 1S, HET, AFHY g
A A oolgE Bl vd Add ApheR QA AFtEe]l Sk

HRE:= Adads 2o o5dxzA Abg€nh. (Kohl et al 1996;
Mundal et al., 1996; Allison et al., 1999, Kjeldsen et al,. 2001; Kurl
et al., 2001; Vriend et al., 2004; Laukkanen et al., 2006; Lewis et al.,
2008; Weiss et al., 2010; Skretteberg et al., 2013; Schultz et al,,
2013; B4, 2013).
Lima 5(2013) &< 3.5d9 4 @& 73bet sundshol 444
= &

AR ndet Ay Ee] 2.4



A 9

o] 1.49] ¢ EH Ao ® YeRtH(Schultz et al., 2013; Karsten et al.,

2017).

o

3]
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T3t Takamura

= =

Folet7l 52 A5

e

]
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=

Aow e} HRE $49

(2020) &) AT A
7} S5 18T 127.45+13.01g/m? , AAF LT 79.8+15.75¢/m? = &

Iy

=
]

t}. Hemati

&

s

Hl 2 o= ey

S

AAF7} §9)

E/A Ratio

%] 3£Q1
6.81%+18.27cm/s, A4dYT 1.08+0.17cm/s=
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1 (p<05b),

AT (p<01).
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5. & A¥

B Qo] A E g0 Holt thgw gtk

1) <}t (Blood pressure, BP)

A Hx AGor el mA= Ao dHomEN A ol
mmHg @92 FA4HH, +£57] 4 (Systolic Blood Pressure; SBP),
o] ¢+7] &< (Diastolic Blood pressure; DBP) 0. ®F% ).

2) % 5 AN Y v-2 (Normotensive Response to Exercise)

$E F AN A WOIW, +F F £V Agol FSH, HHL

ek

210mmHg 7%, A2 190mmHg "|Wo. 2 fA T ojof sl o] gh7]

e A Al SR GdelM FAEAY ot Aasks AE v Eth

3) €% & ¥ys= 18 ¥ (Hypertensive response to exercise, HRE)

$% F WS UG wgold 259 WIoR £57) Aol Hx
7

dl 58" Hi 57 9ol FEe 4% 210mmHg ©17, o149 A+

5) S5 X3 HA(Treadmil exercise stress test)
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3} (Echocardiography)
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olm

A% =
5 Ak =

{ zateltt,
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=

M—mode

3} (Exercise stress echocardiography)
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=
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1. 8¢

gelolgdt A9 2Zhg o7 Yo mA= A 4HS ulsi
gdetAlo 98] mmHg 992 FAHY, F%7] d<L(Systolic Blood
Pressure; SBP), ©]¢+7] &< (Diastolic Blood pressure; DBP) 0.2 &7

o,
[l

HAsts dae x4 9 V] F wWEte] 7|l@th(Denker et al,.
8 2017974 1271 =7Fe] 12-79A4 <14+ 526,336
o M AAANARE EAS A, dFo] Tl wet 57 9 =
g B AHH 0w Frhete] wdr]el e Edets Zo® yEbwT
(Zhou et al., 2019; Suvila et al., 2020).
FHT AT w2, 4044 894 AFelA %7 o] 20mmHg
o]¢t7] ¥t 10mmHg 712 wivtth s dd A4S U HEFo0=
A Sl - oulE FUhete AR BT (AHA, 2022).
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[e)
Cha

A9 A9e WashA got JuEFe Fh RIWAGE Fkol 9

A4, A8 alo] ok (Williams et al.,, 1991; <kA1 &, 2011). 20034

A7 HaAeA
120/80mmHg ©]atz &tar, ol d7kA w2 A4 9 WAdd #5771 &
o] 130—-139mmHg = o]¢h7] d¢to] 80-89ImmHgE 1 A
2 et 189y HE w5443 (American Heart Association;
AHA) &= nEsh &4 maAql dotaels =7 55 Sl 719 €
& 5 Vs WAskeT 2 Al FF7] 9D ool 9t
120mmHg$} 80mmHg "9 W& Axdd Ao ey fglo] 7
HAIPQ AAEY v &

7] dsto] 120-129mmHge]H A o]¢k7]det 80mmHg v|vks F2
, #F7] dsbe] 130-139mmHg E= o]¢7] ¢ 80-89mmHg ©]

H n¥sto=m #Fokslnh
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L L™

]

7

=
T

1 43939 g2

&
(mmHg)

ol

el

A
-

]
(mmHg)

i
g

o

<80

™

A=)

<120

A=t <80

120~129

o}
H

S}

130~139 = 80~89

17]

=90

11

=140

27]

oI

™

A <90

=140

American Heart Association, 2017

;Qn_

Do

N

# wAo] Atk (Verma, N. et al., 2021).

5L A~
g5

¢

@7}

7hahe

2T

4z o
= 1

Tk A

ol
,

gl
™

BAFA ]

At 18 ¥k (Hypertensive Response to Exercise)

WS- (Hypertensive Response to Exercise,

A=l

)

—_
fiTe)
Gl

Nlo

o

HRE) ©]

o1

210mmHg

[e)
Chy

3t} (Lauer et al., 1995;

ul-
=

o =
B2

T

A= 5
el

|

&+

=

Ao 7

190mmHg ©]
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Allison et al., 1999; Shim et al., 2008; Schultz et al., 2013; AHA,
2013; Percuku et al., 2019). &&FstgdAteA Hu & 9k oyt
Hdst solAe] dot whg Eg AFAAS oS AAEA T 1o
w, Hojst 52 AR AR AASEE o Aot fFAeH] "ol $

A7F QAo r wEHe g d9e ¥t Rusit(Lewis et

HRE®] &S vjxe 29lozE w3l7F 3th Trinity 5(2018)2
Hol| wet Fd(18-284), T (35594, =91 (60-80A4) A 1Fo=Z
ol 2% & g9 wheg wEet Ay, dde] FUHE 4 S HRE ¥ E
7F ndsk BEo] AW FAA AF 104 ©]
Hl& #2384 HREE Hol: Zoz i
EbttH(Claudia et al., 2015; Gokmen et al. 2020).

A AdAAE WI 7Nt A#ET. Tzemos 5(2015) 2 A+
oA e oEA g 75l HRE A= 2.81+2.29%, A4 gzs=
T77TE5.14%% oA AstEH%l= Ado® uERor (p< 0.05),
HRE #2t= B tate] vls &5 5 QAL N7E JE8HA 578t
Ao 2 YEFY(Shim et al. 2008; Tzemos et al. 2015) W3 7]5&4
T % HEd ekxedAl 9 At NO &/44%=7F HRES #HHQIthal B
13}t (Chang et al., 2004).
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A9 71,

ars Bt

5

1

ZO

Al
=

2=

to

ha

k(M ot d, 2022).

st

Bl H)H 7k
2EZO] 43 ol AHgHY B4 &

ZEFo|Y Naughton L2 EF

25Well A

R
=3k 3k

7l 7

d=1 HAAF= Bruce

=
]

I

=9l

5

hya

+

B

oo

X
el

Ava

w2} Modified Bruce

o

o}

gt

<7t

2~3&vtek 25WH

A 2 8tod

[e)
ks

v E &

=

(Pellikka et al., 2007; Quah et al., 2019).
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AR, WA, Ak EIE Z47), vpaaE Bl Hga)

o
Motion Abnormality, RWMA) 2] 3&|&go] v mw=42=2
=& 9 F 60% ojdlel Axga AAE Aok Ftt(Sicari et al,
2008). +FHstdx2g9 A ¢ B2 A¥ AE S8 AL A5
Hoomw Ho 97% Y FFgE=E Hth(Armstrong et al.,, 1987; Crouse
et al.,, 1991; Marwick et al.,, 1992; Quinones et al., 1992; Hecht et

VY
=
@
s
o
5
=
=
=

al., 1993; Roger et al.,, 1994; Beleslin et al., 1994; Roger et al.,
1995; Marwick et al., 1995; Luotolahti et al., 1996; Roger et al,,
1997; Baruddin et al., 1999). &3t HALY A5 B &3 T F3)

HESv i 3 dd G 5 A% 29 2y W udsty 7
2
-

=
2

=<l zo] - (Olmos et al.,
1998; McCully et al., 1998; Marwick et al., 2001; Armstrong et al.,
2005).
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3. £% % BASE DU AW7)%

Al 5 W o] Folgt Ao 53 ojgko g A FAol
2y S0y = AS gujsit. A £EV]eE T2 A uE
(Left Ventricular Ejection Fraction; LVEF)¥ A2 o]¢h7]w

(Left Ventricular end Diastolic diameter; LVEDD) 2} FHAA +==7

o
~

U7 (Left Ventricular end Systolic diameter; LVESD) ® %7}t A%
9] o7 xF =9 A %53 (pulsed—wave  Doppler
echocardiography) & ©l&sto] 549 x7] ol¢b7] SEI FdEF &
(Early diastolic mitral inflow velocity; E) & Z7] o]2+7] %

2A%E ()] W&, B9 AW £F07 Ad F7] o]

||\

H
% (Late diastolic mitral inflow velocity; A)2 vH|&, E9 £% 7

_ll~> _i>4

)

=
aT

b

Al

Y

(Deceleration Time; DT), E%&H o|t27] S5 (a') FAANAH
A9~ (Left ventricular mass index; LVMI) 59 A %E& Fgslo] Hr7pg
4= A (Kim 2016; Choi et al., 2017; °]u]&, 2017).
T e vheliA = sbEo] He AoE olyd HHZF A&EHW
| T3 4" Faivr stalA AAFE A el E
Ao ® olgkd 9ol F7Fet(Milad et al. 2017). <
o] FArtt & 4l dis FHFaAokt k= FHE, o]
o® 3 Aol FolHa uHo] FAAAE FAHA A

b3 =g], A, 2013).

o
o
2
BT
W

ol W=w HRE €Abe] A8 724 74 |y 3 &
5(1992) & Eudshwel gy

HAAN S NA g, AL AZFAFTE T w2 AoR B
8

o
o
a4
s
Y
lo
!
=
Su)
%

)
g}
=
o

=

[ab)
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1% F BASRE nYGH W

HiRtolgt Awpeo]l AHA4RT ¥ wWel 4% AHE, AAFA s (Body

Mass Index, BMI) 7} 25kg/m? o|AFS H|wto 7 X ukstt)(u)shn|wieh 3],

2 olojx]7] wlEolth(Litwin & Kultaga, 2021). T3 Hlgke] ol 7}
g 45 Fgee nAANAAE AgAsste] s 7RI T (Rowe et
al., 1981; Hausberg et al., 1995; Landsberg et al., 2012). v|= =H
BAGAAMNE ] A7 Aol w2 BMIZE 25kg/m? w9kl Abge] 11¥
ok FHEES 15.3%, BMIZ} 25-29.9kg/m?* 1 Abge] n¥et FHES
27.8%, BMI7} 30kg/m? o]l Abghe] 18t ¥ ES 42.5%% BMIZE
S7beel wel ndEst FHE EI FUbete 2lS Bastith(Wang &
Wang, 2004; Landsberg et al., 2012).

H sk AbgrS 9 A] ok Abghol] wls d ek i o] oF ouf A&

Zokekel, A4l 10% F7kshd $%7] Pehe SmmHg, o9 Fhe

7] 8% Aes

(2008) ¢l oJatd I YT AFol 9119 kg, FFIAT AF

o] 77£13 kg® HRE tl’date] #AFo] FolstAl & 2oz vehgon

(p<.001), Cote 5(2019) ¢ A+ HRE A2l Q2 &4 Az, AAF

Arg S Ed7F HRE 29 5374 7o) 2<19l& Hiatlth. Huang
5(2021) 9 Aol WEW Bwsta AHo] BEFE &% F FF7] Y

o] }mA FrksH: Aoz nusth F uwe g 4 SHHQ

O

o
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AT el WA B4 <E 3>3 gk

E 3. 47 ddAY BEy 54

" R =i TErdEdT  EHAdnIEST

T (N=30) (N=24) (N=20)

Age 554 mlvt  16(53.3) 11(45.8) 4(20)
5541 o] 14(46.7) 13(54.2) 16(80)

Sox Male 22(73.3) 14(58.3) 16(80)

Female 8(26.7) 10(41.7) 4(20)
Never 20(66.7) 18(75) 17(85.0)

Smoke Ex 4(13.3) 1(4.2) 1(5.0)
Smoker 6(20) 5(20.8) 2(10.0)
Dyslipidemia N 24(80) 19(79.2) 7(35.0)
A= 6(20) 5(20.8) 13(65.0)
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2. 47 717 A A=}
AT 7|7k 9 Aabe <E 4>9 P
X 4. AT 71 D AR
A =2f 713
THAZAL 2 FAAA 2021. 12 - 2022. 02
A A 2022. 03 - 2022. 04
oy F% 4 749 2022. 05 - 2022. 06
2} 5 2] 2 2022. 07 - 2022. 08
=i 24 2022. 09 - 2022. 11
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3. a7 24

2 ATe 4AE v gk

2021.12-2022.02

=2 A

2022.03-2022.04
o 24

2022.05-2022.

Hloly == 8

C|
]

N &

2022.07-2022.08
N=RSE]

2022.09-2022.11

=2 Y

g s
¢ -
. = .

L = .
. = -
. = i
¢ = .
¢ = a2
¢ = s

.
¢ -
.

I8 1. A A
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4, 57 7H]

B oaTold AeR 29 BuE <E 559 2
E 5 A Ay
T 4 g 7]
Height (cm) D5-102
Pysique (JENIX,
Body weight (kg) KOREA)
Body
Body composition BMI (kg/m?) weight (kg)/
Height (m?)
Exercise Duration(min)
Max METs
Max age predicted HR (%) CASE
(GE
. Blood Pressure (mmHg) Healthcare,
. esting
E USA
xereise Heart Rate (bpm) )
stress test Tango M2
Blood Pressure (mmHg) (SunTech
Peak Medical,
Heart Rate (bpm) USA)
Blood Pressure (mmHg)
Recovery

Heart Rate (bpm)
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LAD (mm)

IVSd(mm)
LVEDD (mm)

PWd (mm)
LVESD (mm)

LVEF (mm)
LVMI(g/m? )

E velocity (cm/s)

A velocity (cm/s)
E/A Ratio (cm/s)
DT (m/s)
Sepatal e’ (cm/s)

Base line

Sepatal a’ (cm/s)

Sepatal s” (cm/s) Vivid E95

E/e’ Ratio(cm/s) (GE

E velocity (cm/s) Vinggmed

A velocity (cm/s) Ultrasound

E/A Ratio(cm/s) AS,
DT (m/s) Norway)

Sepatal e’ (cm/s)

Echocardiography

Peak

Sepatal a’ (cm/s)

Sepatal s’ (cm/s)
E/e’ Ratio(cm/s)
E velocity (cm/s)

A velocity (cm/s)
E/A Ratio(cm/s)
DT (m/s)

Recover
Y Sepatal e’ (cm/s)

Sepatal a’ (cm/s)

Sepatal s’ (cm/s)
E/e’ Ratio(cm/s)
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6. AHEA ¢

2E 28 AHdg = SPSS win (version 29.0) 24 X E 132 o

o, FAAL BA gL Bt P

o

R4

ar

HAH(SD) & At=Esld o, Aok
one—way ANOVA)S AA3$ T}

f\

o

.

2 A

Olt

Ak 7k v Wole Kruskal-Wallis A8 A A8t

Jﬂ

E& p.05% A st
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1. A7 54 ¥4 23
D 1848 A7 54
2HAd 18 5 U % T 8¢ Hge mE AFEE EAS A
- B AatsE <E 6>, <™ 2-8>3 o}
E 6. A783 EA
Ad TEIEUT EHH IS
TE (N=30) (N=24) (N=20) D
m=*SD m=*=SD m=*SD
Age (yr) 50.7*+14.6° 53*+13.2 60.7£9.62 042"
Height (cm) 167.7*+8.2 165.7*x10.6 164.8£7.7 .34
BW (kg) 66.8£9.8 67.7£10.9 71.8%€11.1 25
BMI ~ b koK
2 23.6L£2.° 24.5+t1.7¢ 26.3+2.7% <.001
(kg/m
SBP
116.2+£19.9 128.4+21.6 114.2£22.2 .05
(mmHg)
DBP
69.8+14.4 74.6£17.2 68.1+18.9 .39
(mmHg)
HR (bpm) 7551144 78.3%£13 71.9£11.4 .28
“p<.05, "p<.01,

“p<.001.

R TAC:

M



&L 53£13.24,

A4dsT 50.7114.64,

AH

)

1

7_]1—

™

Aoz YESTH(pL.05).

EAU =

2l

167.7*8.2cm,

164.8£7.7cm® 1%

il

™ol

= H

+EadstTe]l 67.7£10.9kg,

66.8£9.8kg,
71.8+11.18kg= =EH|A

)

o
g

24.5+1.7kg/m?, EEiA

T

LZ= et

23.64+2kg/m?,

26.3+2.7kg/m? =,

FE T 116.2+219.9mmHg, &

g A

Yok (p<.001).

FEST 128.4+121.6mmHg, 2| ST 114.2+522.2mmHgo| ¥,

o}
5

ERSARES

Ho

2 38U 68.1+18.9mmHge| ™,

74.6£17.2mmHg,

TE LT 78.31133) /4,

P 75.5F14.43] /%,

[e)
=}
TS T 71.9+11.43)/F0o)n

3
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35
30
25
20
10

_3‘]_




(mmHg) (mmllg)

160 100
150 r 90
140 80
130 70
120 60
110 50
100 40
90 30
80 R ERT P E LAY m R AT
a9 6. 29 7. R A elgkr] A
(BPM)
100
90
30
70
60
50
40
30
20
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7>, 1H<9-11>7

3T

eERs A 24 A

hs

st A= <

2.
23
S

o

o
of

.05
.038"
.06

m=ESD
8.6E2
10.3+22
95.3£13.8

m=ESD
95*1.6
11.2£1.7
103.2£8.3

m=ESD
9.8%x1.7
11.7£1.8°¢
99.6£10.5

“p<.001.

“p<.01,

Exercise
Duration (min)
Max METs
Max age
predicted
HR (%)

"p<.05,

.1,#0

TEALEAT

11.7£1.8METs,

11.2+1.7METs, 284 184+ 10.3E2METsZ ZE4
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Ao ® YERTH(p<05).
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<+ 99.6%£10.5%, <F1EYTF  103.2E8.3%,
95.3+13.8% =2 ¥ mdgTo]l 7HE Ekoy, 1

e .
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(METs)
16

% 10. Hd EFHAME

14
12
10
8
6
4
2
0

a8 9. F &% A7

(min)
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O o o o o o o =)
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8>, 1#<12—14>9} 7t}

v
ar
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T

ZE]

T

ksl
er

olo
or

3r
ol

o
o

22

[e)
R

<.000™"
.69
.004™
o
IO

Aow vEw

77.9*16mmHg,

m=ESD
2™y 81%£18.9mmHg, ¥HAY ndST 77.3E12.7mmHg=

o 172.5£21mmHg,

77.3112.7
et 213.9£12.4mmHg, 28 8¢ 169.7+20.7mmHg= &

169.7+20.7°
=L

152.+23.4%

gl

[<]

9

m=ESD
81*£18.9
_](_)l_

173.5+16.1°
Vg

213.9*t12.4%

gstol

m=*SD
172.5+£21°
77.9%16
167.9£21.5¢
“*p<.001.

“p<.01,

Max SBP
(mmHg)
Max DBP
(mmHg)
Max HR
(bpm)
*p<.05,

al

(p<.001).

5

T

_36_

HEA 13T 152.6+23.43)/Fo07 51

A =& Aoz Yebyth(p<.01).

ot 173.5+16.13]/%,



(mmHg) (mmHg)

240 Fhk *k%k 1()(‘)
| I |
90
220
‘ 80
200
180

(BPM)
200 ,

*k

180

160

140

120
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=
oX,
=
gk
3
Jo
-

i)
Mo
offt
of\
ek
2
rE
olo
2
=
rlu
)
J
~
ek
12
19
rE
olo
o

PHAGT  eERAYT  EHYRIGT
T57 (N=30) (N=24) (N=20) D
m=*SD m=ESD m=ESD
Recovery
SBP 117.6+17° 137.7%118.2¢% 129.8+23.2 <.001™
(mmHg)
Recovery
DBP 62.8+9.5° 72.5£13.3% 68.8E12.8 013"
(mmHg)
Recovery
HR 89.7£14.2 95.3£13.7 86.8£15.3 .075
(bpm)
/JH]—Z,E
355 42.9+14.6 37.5+9.9 40.2+13.1 .323
(bpm)

Zb 19 3H7] 57 d9 A4EYT 117.6E17mmHg, #5113
e 137.7*T18.2mmHg, VA 123U 129.8F23.2mmHg®E 3513
Hol vE IsEY 571 ddol 44 fosA w2 Ao® UeHt
(p<001). 3] &7] o]¢kr] 2 AU 62.8£9.5mmHg, ++51L
T 72.5%£13.3mmHg, 284 18T 68.8E£12.8mmHg= 518
of BtE IFET 3&H7] olekr] dsto] A FoHA w2 Ao E UE
TH(p<.05). 2E57] Avtaes Addds 89.7X14.23)/%, *E1d

al
95.3£13.73]/%, XA mdett 86.8E15.33]/FH o2 Y o]



357

LFERLEA] SE kT
Yobd 42.9*14.63)/%, SFuFYT, 37.5+£9.9

Ao] =

s

.

iy

o

~L
o8
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I% 16. 3 E7] o|¢7]

(mmHg)
90
80
0
0
0
40
30

*%

160
150
140
130
120
110
100

(BPM)

(BPM)

60

110

100

a3 17. 3 E7 A
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3. SERFAFEETH 24 Az
1) I8E a4 Al AF7]5 &4
2HAd 28 57 ¢ 25 T ¢ Hbsol mE kY Al AV sE A
- FBA AyE <E 10>, 1¥<19-33>7 Zrt
£ 10. ¢ Al 4375 24
R = TErEST EUHdEST
TR (N=30) (N=24) (N=20) D
m=ESD m=ESD m=*SD
LAD (mm) 33.1E£4°¢ 35.£3.5 37.5*£5.1% .003™
IVSd (mm) 7.77+1.66° 9.19£1.5 8.34*£1.81 01"
PWd(mm) 8.2+1.2° 95*+1.1° 9+1.8 .006™
LVEDD (mm) 48.4+t3.9 48.7t4.4 50.4t4.9 .28
LVESD (mm) 29.5+3.3 31.6£3.5 30.7£3.8 Nl
LVEF (%) 64.6=*5 62.4%5 62.2+3.7 .13
LVMI(g/m3 74.2+15.6° 91%+19.2° 88.1£30.1 01"
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<.001™
15

<.001™
.98
01"
13
02"
45

61.6£11.1
68.3+15
0.9%x0.2¢
188.3+37.1
7.1+1.8°
8.7t1.7
6.1+1.2%
9+2.4

=

55.5+9.1%
0.8x0.1%
7.3+t2.1°
9.5*1.5
7.3%£1.9°
8.1£2.2

66*t11.4
187.1+44.5

69.4+15.8°

61.5+11.2

1.1+0.4"

189+55.4

9+2.8

8.61.8

7.3£1.5°

8.2+2.4

A & Aoz YeEbg o (p<.01).

p<.001.
[}

“p<.01,

2717F 9

E (cm/s)
A(cm/s)
E/A
DT (m/s)
septal e
(cm/s)
septal a’
(cm/s)
septal s’
(cm/s)
E/e'

"p<.05,

T 8.3£1.8mm=

= ety

Ao

A FAR

—_
file)
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_gq_

(p<.05).

—_
file)

(€]

48.4+3.9mm,

50.4+4.9mm=E FEj

= H

SFvdU¢+ 31.6E3.5mm,

29.5*3.3mm,

30.7£3.8mm=

AO

O

A

64.6+5%, SH1EUdT 62.415%, EElH YT 62.2E3.7T%E

B

et 74.2+£15.6g/m?, &

)E)]—

J_,NO

ERSAREY
ENELE 91£19.2¢/m?, Bejy wBLT 88.1£30.1g/m? 2

ol=

HA 2 2o ® YERtH(p<05). ¢+ A

S

AYAZIE Fo)

al

T 69.4+15.8cm/s, %

61.6T11.1cm/s=

A=

ol 555+9.1cm/s, A

Yo

A7) o] gh

7

oL]:

H =& 202 Yeuth(p<.001).

T3

T E T

66+11.4cm/s, EejA

e ek

Frol e Abol i

_43_



189+55.4m/s,

Ao 7 YESTH(p<.001).
SE g 187.1144.5m/s, el mEUE 188.3+£37.1m/s=E

o
pu

AO

O

s

B

UERLER] ¢Skt Septal e

| —
R

Fel

o 7.3%t2.1cm/s, el pdU¢SL 7.1+1.8cm/sE A

x

.

JA, 5L

)

Ao 2 Ve th(p<.01). Septal a’ &

8.7t1.7cm/sO. &

BT i

9.5+1.5cm/s, +EA

T

o}
H

SFE1ESdT+ 7.3£1.9cm/s,

gkt 7.3+ 1.5cm/s,

6.1t1.2cm/s® HHA

)
>l

O} &

Aoz ERRTH(p<.05).

Al S

S

o] 1Y #9
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(cm/s)

(cm/s)

*%

90

1% 26. & Al F7] o]¢7]

a3 27. k3 Al 7] o]¢hY)

I
4r

4r

] o O
= m & —
E N ™
*® —_—
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_
2]
E®© © <t ~N — e © < ™
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(cm/s)

(cm/s)

12

10

0

14

QA A] Septal a’

a3 31.

a3 30. ¥ A] Septal e’

(cm/s)

(cm/s)
12

12

10

10

a9 33. &+ Al E/e’

% 32. M Al Septal s’
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2) 15 48 &%
EHA 28 77 9 % F 9 vhSe e &EFekEA A% A
A7)%5e vm - B A <E 11>, 298<34-41>7 2
% 11. > FsdA AF A37s &4
AE AT TELIST EEHAEA ST
Eae (N=30) (N=24 (N=20) b
m=ESD m=*SD m*SD
E (cm/s) 104.6£23.9° 881+ 14.4% 91.9*t17.7 007"
A(cm/s) 105+24.8 110.8*16.2 102*+21 .30
E/A 1+0.3° 0.8*0.1% 0.970.2 .035"
DT (m/s) 137.91t33.8 136.1£35.5 134.5+t34.2 .94
septal e’ 4+ q =be +9 qa +oa -
(cm/s) 11.8£3.5 9.1+2.8 9412 .005
septal a’ + + n .
(cm/s) 13+3.6 15.41+3.1 12.74.5 .03
septal s’ c + 4+ q aa .
(cm/s) 13.1£2.8 12.9T2.6 11+3.3 .03
E/e' 9.1+2.2 9.712.5 10£2.5 .38
p<.05, "p<.01 p<.001.
A= dAT, b= FLEYT, c=E U TIE ST
Z+ 2w Al 27 ol SE¥ 4 R SEve AAIET
104.6£23.9cm/s, &1 dUT  88F1d.4cm/s, EEHAY I UT
91.9117.7cm/s2 A3A, £ LddT, TsnddT T2 ¢



S RAoR yehgon, AdgTe] e dYT Ry Fo5H w2 Ao

2 YRt (p<.0D). Hd §7] ol¢r] FRI dF FY SEv NI

T 105+24.8cm/s, &5 1E¢T 110.8£16.2cm/s, ZEH ndIT

102£21cm/s2 51T, A4S, 20 18U soE =%

ovk, % F o ztol= dERA ¢ksith Al E/AE RIS

1£0.3, +&5ds 0.8+£0.1, #HiA dSdT 0.9+0.2%8 1Y
o

gt
2
M
)
o2l
0%
et

- 137.9£33.8m/s, E1dY¢T 136.1E35.5cm/s, EEHAE G

gtou}, 1F 2 9@ Aol Ut ehgtrh Ayl Septal e & A
*2

8cm/s, ¥EIAH 1SS

k|
e T (p<.01). HH Septal a’ & A4S 13£3.6cm/s, 5Lt
+3.1cm/s, 2l YT 12.714.5cm/sE +F5 g0l 7}
& EXoY a5 P o Aols YEhu A kskv. Hof Septal 8T & A
A 13.1+2.8cm/s, w5 XY 12.9F2.6cm/s, e YT

Bem/sZE EEHA 18T, ST, ANEYT FoF wgko
o, e gkl AAddshel vl fosAl w2 Ao ® uE
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ABSTRACT

Comparative study of exercise ability and cardiac
function according to hemodynamic response during

exercise stress echocardiography

Lee Jin-Joo

Dept. of Physical Education
Graduate School of
Sungshin University

This study compared and analyzed demographic characteristics, motor
ability, stability, and hemodynamic response and heart function during
exercise in the exercise hypertension group (n=24), normal blood pressure
group (n=30), and essential hypertension group (n=20) who visited the
cardiology department at K University Hospital in S from July 2017 to
June 2022.

1. As a result of comparing and analyzing demographic characteristics,
age (p<.05) and body mass index (p<.001) found that the essential
hypertension group was significantly higher than that of the normal blood
pressure group. There were no significant differences between groups in
height, weight, systolic blood pressure at rest, diastolic blood pressure, and

heart rate.

2. As a result of comparing and analyzing exercise ability, the maximum
motor metabolic equivalent was found to be significantly lower in the

essential hypertension group than in the normal blood pressure group

_89_



(p<.05). There was no significant difference between the groups in the

total exercise time and the maximum heart rate.

3. As a result of comparing and analyzing hemodynamic reactions during
exercise, the maximum systolic blood pressure during exercise was found
to be the most significantly higher in the motor hypertension group
(p<.001). The maximum heart rate during exercise was found to be
significantly higher in the exercise hypertension group than in the essential
hypertension group (p<.01). There was no significant difference in

maximum diastolic blood pressure between groups during exercise.

4. As a result of comparing and analyzing the hemodynamic response of
the recovery period, the recovery period systolic blood pressure (p<.01) and
the relaxation period blood pressure (p<.05) showed that the exercise
hypertension group was significantly higher than that of the normal blood
pressure group. There was no significant difference between groups in the

recovery period heart rate and heart rate recovery rate.

5. As a result of comparing and analyzing the results of
echocardiography at rest, the left ventricular diameter was significantly
larger in the essential hypertension group than in the normal blood
pressure group (p<.01), and the thickness of the ventricular septum at the
end of the diastolic phase (p<).05), left ventricular posterior wall thickness
(p<.01), and left ventricular mass index (p<.05) showed that the motor
hypertension group was significantly thicker than the normal blood
pressure group. Early diastolic mitral valve inflow blood flow rate (p<.001),
at rest, E/A (p<.001), and Septale’ (p<.01) showed significantly larger
normal blood pressure groups than motor hypertension groups, and Septals’
showed the least significantly smaller essential hypertension groups
(p<.05). There were no significant differences between groups in the left
ventricular diastolic end diameter, left ventricular systolic end diameter, late

diastolic mitral valve inflow blood flow rate at rest, and DT, Septala’ and
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E/e’ at rest.

6. As a result of comparing and analyzing the results of Treadmil
ecocardiography, it was found that the maximum early diastolic mitral
valve inflow blood flow rate (p<.0l) and maximum E/A (p<.05)
immediately after exercise were significantly lower than the normal blood
pressure group. The maximum septal e’ was found to be the most
significantly large in the normal blood pressure group (p<.01). The
maximum Septal s’ was found to be significantly lower in the essential
hypertension group than in the normal blood pressure group (p<.05). There
were no significant differences between groups in the maximum posterior
diastolic mitral valve inflow blood flow rate, maximum DT, maximum

septala’ and maximum E/e’.

7. As a result of comparing and analyzing the results of the
echocardiogram after the exercise load test, there was no significant

difference between groups in all items.

Taken together, the results of this study showed that the exercise
hypertension group was older and obese than the normal blood pressure
group, and the cardiac relaxation function decreased during rest,
immediately after exercise, and during recovery. In particular, heart
relaxation function decreased significantly immediately after exercise. There
was no difference in heart contraction function when the exercise
hypertension group and the normal blood pressure group stabilized, but
immediately after exercise, the exercise hypertension group showed lower
heart contraction function than the normal blood pressure group. Therefore,
patients with hypertension reactions, including high blood pressure, are at
high risk of cardiovascular disease, so it is essential to conduct exercise
prescription studies using various exercise programs in the future to
reduce obesity and improve heart rate recovery, heart relaxation, and heart

contraction.
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