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(Whelton et al., 2018; ©]3l <, 2018a).

Table 1. Criteria for deninition of hypertension by organization

SBP/DBP INC 7 (2003 ESH (2013)  KSH (2013)  ACJAHA (017 ESH (2018)  KSH (2018)

<120/80  Normal Optimal Normal Normal Optimal Normal
120-129 . Prehypertension ~ Elevated Elevated
Prehypertersion . Normal Normal
/80-84 stage 1 (DFP < 80 nmtp) (DBP<80 mmHg)
130-139 . ) Prehypertension ) Prehypertension
Prehypertersion . High normal Stage 1 High normal
185-89 stage 2 (DBP 80-89 mmtg)
140-159
Stage 1 Grade 1 Stage 1 Stage 2 Grade 1 Stage 1
/90-99
160-179
Stage 2 Grade 2 Stage 2 Stage 2 Stage 2
/100-109
>180/110 Grade 3 Stage 3

SBP, systolic blood pressure; DBP, diastolic blood pressure; JNC, Joint National Committee; KSH, Korean
Society of Hypertension, ACC, American College of Cardiology; AHA, American Heart Association; ESH,
European Society of Hypertension.
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5o wrsow AH¥EIFxHFF(cardiovascular control center) &

_g - JJ '.C':" 1_'_” ';j]l_ 7



o

el

2@,

2007).

S FtH(Powers & Howley,

R4

3kt (Arakawa et al., 1995; Véronique A

A

Ely
Cornelissen & Fagard, 2005).

2 A

o

w

—

N

el

ToR

6171 2]

2012).

Ogah et al,

2003;

o o 71th(Flack et al.,

o4 100
SBP¢} DBP7} 115/75 mmHg7}A] &= Ab

40~ 694

il
o
i

¥+ DBP7} 10 mmHg

thael A SBP7F 20 mmHgel

)

%

0

ol

B

W

(Prospective Studies Collaboration, 2002), =] Ao A= t}

B

W

&
=

A0l 17]
4.4~5.3%7}+A]

mmHgo| o=

9.8~11%7}+A

[e3]
BA

Aol

130

50t e]ZdellA  SBP7}

Z7tR e,

o

why
mo

B

—

)
X
gon!
ol

™
™

;OL
=3

_10_



) of @ o 9 R E ~ g oMo X o P F
e w W R ER®E oo E N Mo o —
ofp wﬂ%@_i@ SO L e 2
" P o N & M = C %
o Nl 5 ot S o W o W —
! M W T o5 G N L
= SEE N - tre
o o ) ]Jl_'
oy gﬂAzT]%E mownﬂévotlli _MMMAWL
2 T = of ot W W g 7, o
n m ,.;L i L 0#“E EE - = H.t ﬂ.ﬁ_ —i ZT_ e ,._f
S L O NECHE. B I gl = o)
; = e
[N K HO T o ° =) noAK
£ o B\ o S B 5
g ﬁzm_4 e Ee Bt T oo o
. X B H - N Ty
gw % B T.T saa 53
CH P pE Y LT R v <R
=F T 2 EEe T3 e P
Fo PESETER T $Fn oo X
G COIEN] S ,ﬁo@.uﬁr%/?\mm w2
w9 W@%Wﬂlnﬂ %ﬂ%ﬂo]w@% @ T M
4 o N m T oo 0 WS EX G LA
352 I RO e W o ﬁli eg(]L FCIRTS
g,mo. z%ﬂaNmu%mﬂMgmwﬁ%:&T Loa T
— _ = ~ = N - 0 SN
&Ow__ waé,ama,_%%mwwaﬂmﬂ%nw ) %wﬁo@r
B X o N~ - — - o — | ~
LT owTg ¥ gxABESE -
_.70 LHNR,IFLZ.#QO_/L N O/m)AO ‘Aluﬂ ‘a_ZTT
< @ o o T ® 28 m K N D R o - T
,Llﬁ ol M E.#onu_u,.ml E“ML ol ﬂﬂ_&A
Y wEM® T oy R EF B g
= B No ® o = mﬁ%,%mo my oF ™ Bouy o
o =Moo %r W) 2] M B RS TR 3 M o=
¥ 5 TRT T M 2 kR W o

=3
a

A

A

-
R

90~"70%

ok

=

_11_

29l A+ 130/80 mmHg 4= o] thH(Lee

J

j=4

mmIg "%, DBP 90 mmHg "] ®to] a1,



> 9w o
~ o NI eyl oy
= w oo N N )| T
T ETZIZEZURLIRZ ZoH e n
LA HEm B X R R T
s P = _ w .
mwmg_déEﬂA oA - Q%dﬂoﬁA%%# ooy @ 4o
7 S K om0 B N 20w X " = N oo g oo N[l o "o Ho N oF
<o i AT T R R 1e T g o
o < o2 R 5 o H = Fo o L wm X ? w °
S S i NS = 0 o ju G oF = i, A, T i
R S o o T o= No ) = o m R m-pg m iy Q= o
w.mmm%uw%%ﬂ R Fhoa e ﬂﬁ D%ﬂ%ﬂ
5 2 o} — oF = o . . T o ° T
W,MME%ATM_OM% W),ED,%@C&%%@% M%NE%MM
] 4 _ = . " © O w0 - 0 o an <R
S 3 .. X2 X T D o~ ~ X < = By " [ ) o
&cmw_ﬂcmaﬂ%xmx% St TEw L s w =W L
5 2%%%%%%&%%%Am¢wagﬁg% By T
% Uﬁb =) : i X =) .0 o” T’ sz N AL
e B - o < N o — 94 = 7 ~ B =
ﬂ.ﬂmammmimmw%mrﬂua?d%%%ﬂﬂoﬁﬂﬂmwﬂﬂ w Nox S
o = ) \ T Jo— r J)Al o
armn?uy]@wnw_ crnT . BT T THRET
& = = mh o ~ N S B coAn T jod = 00 of % 3 - TI o< - a
R I . T o =% M&dl% = AR N
E 85 e lﬂm@_%_sulﬂu% Mo B 4o m
mmenﬁ]}%m:z P T 5 Eed DH T
L 2 g o a5 N D Y il T P T mo . g o iy
TEEEORD B X Pk Z TR 2P E
T 5T 2 _ W — oy = X p W= N i ~
I S = = ‘mﬂ_ ,.lv_od T = oK = B ol :i &E ‘._f - \;Io_ﬁ — W — Q0 ﬂ T o
.,OL«TIT.,@lﬂﬂxlﬁE(% of W X 8 zgoz,xar,gz
BK S 5 W - Awo A L) o g o W i w2 &
gSEEgEEL T TN % ® moE%qoﬁEt%M_s%
D= : o ol B o - G - 8 B MR Ho O IR X or |
mESSLE 5D P2 s =M (S I
o =5 © X B e Mo &3 W N _ g do @ o N R
woe e X ! ol = X o7 o3 = T A it )
z © N i~ M o X o = oo L ol — K = v o m ~ T
E,w&k%}ul_xulﬂmum_,iﬂdwmﬂhﬁ du_/u_meuuduﬂ,_HLImﬂ_m%
N - 0 o ) T
Meﬁ&ﬂﬂ%%&,%_Elﬂ%%moJT%%ﬂn_s
CL S ﬂﬂ%%oiﬂo_;%dua
w22 = ooy g O X
22| o nw S of of Moo
Mo

- 12 -



stz 9 150 o]/

Fal A thHLee et al., 2019).

A
o

o)

™
o)
o

%0

ﬂrwo

I

_%

e

=K

bEAE uge o F FRolA

R4

k]

ol el

9
Aot} (Borjesson, Onerup, Lundgvist, & Dahléf,

g

=2

P
2016; Kelley & McClellan, 1994).

TAH R

H

Exa g

o

ol
=

1=

%

]

A

= A4
A48

R

St

°

9] 5] o]

o —

L R I Bt g 1
%g}olo

il

el

B

1

1 7,

[e]
2

whebd, A

4
il

el

2l tH(Howley, 2001).

A4 A B

Z A 71t Howley, 2001).

No

_13_



W, AR $ES WAE B84 @ UAS FHEsHe Ak
GAZE wASE SBoE 1% Pl gFstel LaFel dojubs
$EL ouste] Fata 5o s WU Pyl wolss BuAE
BEES FAN dEd 2Ys 28 Fbd EAH £%

223 = 0] Bl

sl A= 71d T skl

n| =+ 5 = 0] 8 3] (American  College of Sports medicine; ACSM) el A]
1

a8 FAAE e 95 AW slol=gele ol [Table 2]}

2t} (Riebe, Ehrman, Liguori, Magal, & Medicine, 2018).

[Table 2] FITT recommendations for hypertension patients (ACSM, 2018)

Aerobic exercise Resistance exercise
Frequency | 5~7 days a week 2~3 days a week
60~70% of 1RM;
Intensity Moderate intensity Gradually 80% of 1RM
: 40~59% of heart rate reserve | Older people and beginners
start at 40~50% of 1RM
Continue for at least 30
Time minutes or do at least 10 minutes | 2~4set, 8~12 repetition for
to ensure the total is at lest | each large muscle groups
30 minute
Continuous and rhythmic ) .
.. . Resistance  machine, free
Type activity u31.ng large .muscles weight, and body weight
(e.g. walking, cycling, and )
swimming) exercise
Abbreviations: FITT, frequency, intensity, time, type; ACSM, american
college of sports medicine
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AA7HA & s Al B FrF AgdFA oAt JF wEEA 2
RCTAF A ZAE R 348 &5 %2 Isometric
handgrip¥} Isometric leg extension 2o T2 4~10F &<+ F
3~53], HAUTFHHY 30~50% T FARRE 2HE ge ute=
13] &5 Al 1~4i Alol= AA= A (Carlson et al, 2014; Physical
Activity Guidelines Advisory Committee, 2018; Millar et al., 2014).
e 52 A7 fAe ZREZE AdgHu oy AAbA
SHY *E ZEREZO AAA Hrie dRHA &Fgoen, oy
AolA AREE ZEREZO AHAQ AMRS FE A7 AIdAT
Axe] "t A ade 71 x5t A& =

AA Aol A THE Wol HAAE FHAE EEF AT Isometric
handgrip &% 22 Mark B. Badrov(2013)¢] &7to w2, AA gt
Ae R F 8F HAuETEeY 30%E 21 43] Isometric
53] l%oi Zkzy ol AAlstle o F

tS 459 3 mmHg, 8F°] 6 mmHg
B AFA 57 dY=
mmHgE ZHAAA SEWL7) 457HA &=
Zou 8F o]Fo= ZIrt WSz A,
AFsHAl YEbs tHBadrov, Bartol, et al., 2013).
A =
/\VSJ Mark B. Badrov(2013)¢] ¢4+ Isometric handgrip
A Bt e] E¢he 85 mmHg 74 AlZ 2™ (Badrov, Horton,
et al, 2013), Andrea C. TAYLOR(2003)¢] dFoAdE oizxa3
Hlastel 5 & °F 6575H F9% olE WUEHAT(TAYLOR,
McCartney, KAMATH, & WILEY, 2003)
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College of Sports Medicine; ACSM)®] 2018 Physical Activity
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2 oA AR AAls FERY wxkd g AAI(A randomized
Crossover Design)2 3352 3 ®HA wWEste] so9i4 A4 2
ARAZAE HAA & A 3 =AE%E wAsty] 98 ILEZ THG, IS,
223 Usual care(UC) < 37FA Aol F4d &3 (Random
assigned)ste] & 471522 FAtt [Figure 1]. 7t 1E v Zojshs
+E A SAE ERAT A Pt BRE AT FARES T
45 st F 13 AA UrtA sHA &F A BT 3
stom, FA WA AA"E 5 TA oY &I (Carryover

=
effect) & A A7) A3 24 553 7+ 1YL 9 washout 713HS F11

A group B group C group D group

- - 3 =
Iz KN

Figure 1. Sequence of intervention modality. All participants were
randomly assigend to start with either Isometric leg extension(ILE),
Isometric handgrip (IHG), Isometric squat (IS), or Usual care (UC).

After randomization to the first intervention, each participant followed

4t week

the intervention sequence as indicated in the figure. Intervention

modalities were assigned in such a manner that each modality was

applied once on each week day.
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IRB approval
|

Selection & recruitment of subject

aged 25~45 male, pre—hypertensive & hypertensive

!

Pre test

Consent, Questionnaie, Clinical examination(height, weight, body composition
& blood pressure), maximal voluntary contraction, Incremental isometric
squat test, exercise intensity(subjective & objective), energy expenditure,
physical activity, arterial stiffness, and %omaximal voluntary contraction

duration

!

Isometric exercise interventions (4weeks, lintervention once a week)

All subjects participate in all 4 interventions & randomly assigned

with 1 week washout period per intervention

!

Post test

Measurement blood pressure (during exercise
& ambulatory blood pressure, physical activity, and arterial stiffness

(post-exercise)

|
Data processing
|
Analysis

Figure 2. Experimental design
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FHH YT =HL H19 5AZ4%=(Borg’s Rating of
Perceived Exertion; RPE)E AF&3te] ® 1% w#ioh AF-3o] 29
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Table 3. Isometric handgrip, Isonetric leg extension, and Isometric squat protocols

30% of maximal

- Alternating hand (Camry,

Isometric 8~12 min .
handgi voluntary (2min*4set) china)
&tb contraction (MVC) - 1 minute rest between set
- Uplight position with 90°C
flexion at the hip
Isometric le 8~12 min Thigh supported & medial
B 3006 of MVC . E1 Subb
extension (2min*4set) borders of the knee place
together
- 1 minute rest between set
Specific angles b . .
. P . & Y . - Perform isometric squat at
Isometric incremental 8~12 min .
. . . the specified angle
squat isometric squat (2min*4set) .
- 1 minute rest between set
test
Maintain daily life style & measure blood pressure at the same
Usual care

time as the isometric interventions
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[Table 4] Baseline characteristics of the participants

Mean+SD (n=13)
Age 32.2+14
Sex male (100%)
Height 175.3+1.3
Body weight 86.5+3
% Body fat 27£2.1
Resting SBP 136.8+1.3
Resting DBP 91+2
Resting HR 71.8+2.2
Medication use -

Data are expressed as meantstandard error or number (percentage).
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood

pressure; HR, heart rate

Fojxbg o] Wt vho] 322:144, A BEF dAdoR W A%

I
175.3+1.3, =5FAl 86.5+3kg, AAHES 27£21%RoH, F57] <
136.8+1.3 mmHg, o] ¢t7] &<F 9142 mmHg, HHAl Ak 3 71.8+2.23],
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o go] Folgh 1398 FoREL B AFA AFsts 47FA FA
(IHG, ILE, IS, Z18]aL Usual care)ol]l 25 ottt o5 A9 oA avte}
oldENE AA ] fd F 138 3o }E 19 1FOE o
O A =AE UEA TS FAE AAEd e, 153 d9H
TAA 1YL o} [Figure 319} #t}.

A group B group C group D group
(n=3) (n=3) (n=4) (n=3)

-0 K N

I I

Figure 3. Sequence of intervension modality. Participants were randomly
assigned to start with either ILE, IHG, IS, or UC. After randomization to

the first intervention, each participant followed the intervention sequence

as indicated in the figure. Intervention modalities were assigned in such
a manner that each modality was applied once on each week day.
Abbreviations: IHG, isometric handgrip; ILE, isometric leg extension; IS,

isometric squat; UC, usual care
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FHE ZE7FAEX7)(K5 portable analyser, Cosmed Germany
GmbH, Germany), A¥}A(Polar Team Pro, Ploar Electro, Finland) %
E AREete] AdgdAqelN 23 HS5E ILE 43 1S9

), olyuAl ARE, SEnEE, a2dal %
< vlagk Ay o (3 5]¢F 2T

[Table 5] Comparisons of respiratory quotient, heart rate, borg scale of
perceived exertion, energy expenditure, and % MVC duration between

isometric exercise protocols

30% MVC

ILE (n=13) IS (n=13) P
Respiratory Quotient 0.9+04 0.8£0.3 0.285
Heart Rate (beat/min) 100.8+3.9 109.8+3.8 0.118
Energy Expenditure (kcal/min) 2.7+0.3 4.4+0.4 0.047
% MVC duration (s) 148.546.1 144.6£8.1 0.708
Borg Scdle of Perceived Exertion (1min) 6.4%1.3 6.7£1 0.337
Borg Scdle of Perceived Exertion (2min) 9.5+0.2 9.7£0.1 0.502

Data are expressed as meanz*standard error.
Abbreviations: MVC, muscle voluntary contraction; ILE, isometric leg

extension; IS, isometric squat

30%MVCE 8% ILE S35} 1S 529 281k Faold T Szt

SEFAHED ARE GMVC ALAZL T80 $EARENE A

o2 Fel@ Aoz} vehiA ergkd HJ&, oA iﬂl%“ﬂ/ﬂ—t— ILEo
] o

W8] 1S9] oA Mol 523

1 )
- 50 - M =1



4 2F FA L AN FAT ANAAS 0, 25 F 557

%_
gete] W3l [Table 6]3 #t}.

Table 6. Mean SBP differences among interventions according to time

. SBP during SBP during
Resting SBP ] ) ] )
exercise (1 min) exercise (2 min)
IHG (n=13) 136.8+1.3 157.2+3.7° 170.2+3.4"
ILE (n=13) 136.8+1.1 170.7+4.3* 19345.1*
IS (n=13) 136.8+1.3 173.1+4* 204.9+4*
UC (n=13) 138£1.8 137.9£2 138.8£1.8

Data are expressed as meantstandard error. "p<.05 compared with UC,
*p<.05 compared with IH, ¥ p<.05 compared with ILE. Abbreviations: SBP,

systolic blood pressure; min, minute; IHG, isometric handgrip; ILE, isometric

leg extension; IS, isometric squat; UC, usual care

H
| vl BAAHCR fostA dNS S7IAH T (p<.05). T3 ILE
B BE AHA HGO Hv8) =7 ¢S

2 =
A 74712 Aoz YERETHp<05).
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A4 % A L WA FAE ANHAL W, £F F o9
Z

%_
& eto] W3li= [Table 7]3 v}

Table 7. Mean DBP differences among interventions according to time

) DBP during DBP during
Resting DBP ] ) ] )
exercise (1 min) exercise (2 min)
IHG (n=13) 91+2 109.7+2" 114.9+3.7
ILE (n=13) 90.6£2.4 120.6£3.8" 133.7+5.4*
IS (n=13) 90.3£2.6 1185+3.3" 139.1+3.8*
UC (n=13) 90.3+3 91.5£2.6 91.1£25

Data are expressed as meantstandard error. "p<.05 compared with UC,
*p<.05 compared with IH, ¥ p<.05 compared with ILE. Abbreviations: DBP,
diastolic blood pressure; min, minute; IHG, isometric handgrip; ILE, isometric

leg extension; IS, isometric squat; UC, usual care

A ol dtel A, A7HA A EFolA Feldk 2kl 7k filent

A3 55 o] G vuwddA MR SHAA &F BT dA4E
= HOﬂ Hlg] AR fosA IS S/ A THp<05). =3 ILESH
=A<

-, 2% AJHAATE THGo Hl38] o]l%r] s FolsH
© 2 YERSH(p<.05).
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4) AL +& T 4 AR BE +F AE9 ¥

THA 5 A 2 HHA FAE AAEAS W, &5 T AT
2 2zt o] W3l [Table 8], [Table 913 2t}

Table 8. Mean HR differences among interventions according to time

) HR during HR during
Resting HR . . . .
exercise (1 min) exercise (2 min)
IHG (n=13) 71.8£2.2 81.8+2.4" 83.9+7.7
ILE (n=13) 72.7+3 93.4+3.7 105.7£4*
IS (n=13) 72.9+3 97.8+2.6 116.9+5.5%
UC (n=13) 71.6£2.1 69.9£2.4 70.8+1.9

Data are expressed as meantstandard error. "p<.05 compared with UC,
*p<.05 compared with IH, ¥ p<.05 compared with ILE. Abbreviations: HR,

heart rate; min, minute; IHG, isometric handgrip; ILE, isometric leg

extension; IS, isometric squat; UC, usual care

AN AukEe] A9 A7 TA Bl f-2)e zlolz) gidloy A 3A]
Z Ak Hlalo| A Al7FA] SHA 5 BT dAAET Ao H S|
% T2 ZIMNATHP<.05). T3 ILES IS =49

133 2% RE AFA HG w8 Au5E fo8 74417
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Table 9. Mean RPE differences among interventions according to time

. RPE during RPE during
Resting PRE . . . .
exercise (1 min) exercise (2 min)
IHG (n=13) 1 4.7+0.3" 75+0.3"
ILE (n=13) 1 6.4+0.4" 9.5+0.2*
IS (n=13) 1 6.7+0.3* 9.7+0.1*
UC (n=13) 1 1 1

Data are expressed as meantstandard error. "p<.05 compared with UC,
*p<.05 compared with IH, ¥ p<.05 compared with ILE. Abbreviations: RPE,

rating of perceived exertion; min, minute; IHG, isometric handgrip; ILE,

isometric leg extension; IS, isometric squat; UC, usual care

LI 2ET Ao Hlaol A AZHA A &E BT 24 E
SAl B& FAACE FSA FEAAEE ST THP<05). 7

3 " R
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© FoARtEo] vl 7HA FAlel EF FAg & g 5] s
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Hl gk A 3= o}g| [Figure 4], [Table 10], [Table 1119} 2T},
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[Figure 4] Changes in ambulatory SBP pre and post intervention

Table 10. Comparisons of mean SBP during 8 hours in each intervention

Resting SBP 1-2h SBP 3-4h SBP 5-8 SBP
IHG (n=13) 136.8+1.3 1285+1.2 134+1.9 136+1.7
ILE (n=13) 136.8+1.1 127.4+0.9° 128.3£0.9" 1355%1.5
IS (n=13) 136.2+1.3 126.4+1° 129.5+1.4 136+1
UC (n=13) 138+1.8 136.4£1.3 135.5+2 135.8%1.5

Data are expressed as meantstandard error. "p<.05 compared with Resting
SBP. Abbreviations: SBP, Systolic blood pressure; IHG, isometric handgrip;
ILE, isometric leg extension; IS, isometric squat; UC, usual care
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Table 11. Mean ambulatory SBP differences among interventions according to period

Resting

SBP 1h SBP 2h SBP 3h SBP 4h SBP 5h ABP 6h SBP '7Th SBP 8h SBP

IHG (n=13) | 136.8+1.3 | 1286+1.3" | 1284+1.1" | 131.7¢1.4 | 136.3+25 | 136.8+24 | 136.2+2.1 | 136.2+1.7 | 136.9+14

ILE (n=13) 136.8+1.1 | 1265+1.1° | 1284+0.9" | 1269+09% | 129.8+1.1 | 133.2+1.8 136£1.7 136.2+1.8 | 136.7+1.7

IS (n=13) 136.2¢1.3 | 1263+1.2% | 1264+1% | 1276+1.3% | 131.4+1.6 | 133.7+0.9 | 1354+1.1 | 137.3+1.3 | 137.9+2.1

UC (n=13) 138£1.8 136.3+1.5 | 136.5+t1.2 | 135.2+1.7 | 135.8+2.4 135.242 1354419 | 136.8+16 | 1356£1.9

Data are expressed as mean+standard error. *p<.05 compared with UC, *p<.05 compared with IH, ¥ p<.05 compared with
ILE. Abbreviations: SBP, Systolic blood pressure; ABP; ambulatory blood pressure; IHG, isometric handgrip; ILE, isometric
leg extension; IS, isometric squat; UC, usual care

T

~~

w

Azbel WE %7 @erel wlael A THGE A9, S vlaste] £% F 2417k [LES 1S9 4% g s
|l £5 F ANNAA $E7] 2 FolaA 224 ATHP<.05) [Table 101

7 Aol WE FA 3 £57] dete] madA, 471 FAl BF A "ol AE freld Aol7h glglont
p>.05) THGe] 74 UCS} vlaske] $5 & 3 2417 5ok, ILESH 1S] 4% UCS vlasto] 3 3417 Sk 537
UL fol3A BaAATHP<05). T, 159 A%, HGT vlwske] 3 34170 ek, ILES] 4% HGS} v she]
A7 5%7) Aol A frold 7aasE e thp<.05) [Table 111
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[Figure 5] Changes in ambulatory DBP pre and post intervention

Table 12. Comparisons of mean DBP during 8 hours in each intervention

Resting DBP 1-2h DBP 3-4h DBP 5-8 DBP
IHG (n=13) 91+2.1 84.8+1.7° 87.3t1.9 89.2+2.1
ILE (n=13) 90.6+2.4 84.3+1.5" 85.8+1.4" 88.3t1.5
IS (n=13) 90.3+2.6 83+4+2.4° 84.9+1.9" 88.5t24
UC (n=13) 90.3+3 89.1+2.5 88.8+2.7 88.3+2.3

Data are expressed as meantstandard error. "p<.05 compared with Resting
DBP. Abbreviations: DBP, diastolic blood pressure; ABP; ambulatory blood

pressure; IHG, isometric handgrip; ILE, isometric leg extension; IS, isometric

squat; UC, usual care
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Table 13. Mean ambulatory DBP differences among interventions according to period

Resting
DBP

1h DBP 2h DBP 3h DBP 4h DBP | 5h DBP 6h DBP | 7h DBP | 8h DBP

IHG (n=13) 91+2.1 83.9+1.7 85.7£1.9 86.6£2 88+2.4 86.9£3 88.9£2.1 89.5£2.5 91.4+2.1

ILE (n=13) 90.6+£2.4 83.611.6 85%1.7 85.3£1.8 86.3t1.2 85.212.1 90.512 87.7£1.7 89.6+1.7

IS (n=13) 90.3£2.6 83.2+2.4" 83.7+2.3" 83.6£1.9° 86.2£2.1 87+2.6 87425 | 89.21+2.6 90.6+2.7

UC (n=13) 90.31£3 88.9£3 89.3+2.1 88.312.2 89.3t3.4 87.212.1 88.3t25 | 88.5%2.9 89.312.6

Data are expressed as meantstandard error. “p<.05 compared with UC, p<.05 compared with IH, ¥ p<.05 compared
with ILE. Abbreviations: DBP, diastolic blood pressure; ABP; ambulatory blood pressure; IHG, isometric handgrip; ILE,

isometric leg extension; IS, isometric squat; UC, usual care

& ¥ 2A1Zh ILES}F 1S9 -5 b8 A<
A A (p<.05) [Table 12].
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(p>.05), ISe] A=t UCSF H
Y oHp<.05) [Table 13].
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A 3}

EE FoAsel vl A sl EF Fd ¥ ewid AR A%
T opuel WMo dESEEE Nk Ak ofF [Table 1419 2

Table 14. Changes in arterial stiffness from pre to post-intervention

(m/s) Pre Post APWV P
IHG (n=12) 13.5£1.3 13.2+1.4° -0.3+0.1"
ILE (n=12) 13.3£1.0 12.7+1.0° -0.6+0.1"

0.001*
IS (n=12) 13.5£1.2 12.7+£1.1% -0.7+0.1
UC (n=12) 13.3£1.0 13.4£1.07 0.1£0.1

Data are expressed as mean#standard error. *p<.05 compared with Pre,
*p<.05 compared with UC, *p<.05 compared with IH, ¥ p<.05 compared with
ILE. Abbreviations: PWV, pulse wave velosity; IHG, isometric handgrip;

ILE, isometric leg extension; IS, isometric squat; UC, usual care

d3gom THAY 5 A AX F 4 FAER s FAES Ai

% WMelaFs vwst A3} Isometric handgrip,
Isometric leg extension, 12|31l Isometric squat E-ollA A3 S =)
Hlg] WaltddSee] Fost a7t e AS= Yo (p<05), 7t

A +E TA T ol Aol dEA &k tH(p>.05).
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8) THAR & ¥ FAE AAGFH v
SHY 0% FA L APAT FA F BB YL 2HSE 5
FAl SA4E AAGEEFS gt Ayt ot [Table 15]¢F 2T},
Table 15. Comparisons of Physical activity level during 8 hours in each intervention
Light Moderate Vigorous
Sedentary intensity intensity intensity Total wear
time (min) PA time PA time PA time time (min)
(min) (min) (min)
IHG (n=12) 345.8+9.4 118.2+7.4 41.1£5.9 0 505.1£6.7
ILE (n=12) 339.8+10.3 118.7+7.7 46.4+7.1 0 504.9+4.8
IS (n=12) 338.7+9.9 121+6.8 43.7+6 0 503.4+4.9
UC (n=12) 337.8+9.1 127.2+6.6 39.2+5 0 504.2+5.4
Data are expressed as meantstandard error. “p<.05 compared with UC, *p<.05
compared with TH, ¥ p<.05 compared with ILE. Abbreviations: IHG, isometric

handgrip; ILE, isometric leg extension; IS, isometric squat; UC, usual care

(p>.05), 7I1&5 =

(p>.05).

NABFEFS Aol w7
]

Ash, BE FAAA felF Aozt YEA @grorn
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4. = 9

2 dge AgdTelN ma H5E sHAY 2 H4S
Isometric leg extension(ILE) & 2Ztoll <A 3te] FASE 57 %, oYy
vl 9 2] FAAIRS YER = Isometric squat®] S2PE91E 9
3far, Mg Aol 37 H5H Isometric handgrip(HG) 2 1 2}

Hl L ske] Isometric Squat(S) &5 & @Y S7He &5 ¢ 4

ARG F B Z ASADE Hass 3 HA Aot

2 Ao Ao A ISE ILEH} Hluwste] oyA] A& &Fs {28t
Zo7)E Ao® ol sgwIE, Aus 30% AqesEy
(Maximal voluntary contraction; MVC)e] A %715 AlZF 28]lal &%
242} %= (Borg scale of perceived exertion) SolAl Zfo]7} fle o=
Uetgtow &5 & F4s7tE g FA8e AR ok Edh
5

5
Ao g [HGH ILE, 18)a ISE AA & &% = gt Z71 ¢

HER 1 g
F 89 P4 598 S99 4%, UC FA9 Wlaste] MG, ILE, 183
IS HE 534 FAE $F F A9S G5 2713, $F Folt
Age Folal gaArE Ao degon, ot 2% A A5
%9 ool wet AGF b Al Eol ths vhebu

Ao F2 AH (Static) EE FHAY $Fol nAY EE HPARS
A AEAN FEe] e WG g, oiAWZ Fo AnE z7)
5 dnE olf SoE A FANE A%l AYou(. H
Mitchell, 1975) 2ol oje] AFol4 44 £ 544 25 ¥ 94
®oohUe AR, delw A 2ATHE AAsE PHoE Aol

M#Uﬂ(BeVﬂaqua Grossi, Felicio, Simdoes, Coquelro, & Monteiro—Pedro,
1
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AN TEdME EAdEd Bl ske] A
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© 2 YEhyi=d(Baross, Wiles, & Swaine, 2013), ¥ AFoA &5
TEAE o B bdAd Feks fE F T dUS 1w HFeE F
9B 7 Hole =A% Ay G, ILE, 28 i IS %% UCH wls) 89rs

A AsA#HI, 7+ FAHEZ SBPe DBP7F IHG 170/114mmHg,
193/133mmHg, 28] 31 IS A] 204/133mmHg o 2 YEY 1oAY =
0] 8} 3] (American college of sports medicine: ACSM)oll A A A3t
A %ol AE F87]5¢ SBP>250mmHg *+ DBP>115mmHg
=0 = Ao YeEt ey, ol #at
Al 5 AANY AdA T8 VIR FHA +EY A, A
d 508 5 Algte] AET 272 W
& % SBP¢} DBP X455 i el b4 ~
oz uwg HEY —’F J= Aoz Yyt Millar, McGowan,
Cornelissen, Araujo, & Swaine, 2014). &3k A sidAFo A F=xH o7
AALES] FFE ATolA THA 5 250003 o] /o] 5 AlA A
AA A Edoly A ow {FoFk FAbE o] TAEA] e Zi 2 B
o

o okHs o=z L‘:‘rﬂ‘ﬂ(l\/{ﬂlar et al, 2014)
A X

LUB VA O

Ay

H
EEZ
2
e
22

R gy Adeds
AHE A=A A7 ofd lnj—x—}%E LERLEA] kTt
+E T % TV gEo LA E AeolE AAe mARAE
A& THGol H] H A s 7S AFEStE ILE(GE#E)d 1S
(s#4d) FANAN &5 T a3 A, 2891 &5 A4 57 719
Al = Ao® YUegon, ol FHA &5 sdE +59 A7)
Hlglste] et AurerF =4 Yehdoia 233 ] H. Mitchell 59
AFAet FAE A3E YeEAATH(]. Mitchell, Payne, Saltin, &

Schibye, 1980; Somani et al., 2017).

£F F 9AL S WY gaE Ande EF

Ak 28 B9, wE Aw AR Pk, wABA B ANEG
A soE Qs ARt # deA loew(Halliwill, 2001
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Jonathan D. wiles (2010) <] A2 79} FAS FFS BT
T3k Sam Liu(2012), ¢+ Moreira(2016), 28] 311 Somani(2018) %2 <1+
NA A3 & F ALY WsF AV 2F A AL E S
st=d A& AdAAA7 Aok Badk vl ¢l (Liu, Goodman, Nolan,
Lacombe, & Thomas, 2012; Moreira, Cucato, Terra, & Ritti Dias,
2016; Somani et al., 2018), Gill, kyle F(2015), Jonathan D. wiles
(2010), Jonathan D. wiles (2017) & 3FA <59 U5 F9= 53HA
o AT A 3~4F ol F9F dtAh B e Gl
et al, 2015; Jonathan Derek Wiles, Coleman, & Swaine, 2010;
Jonathan D. Wiles, Goldring, & Coleman, 2017) 7] W EEA oA F&
8T AE=Z a3t i g IHGel vls] @7]|ted o wE ZAg a7}
S Aoz Arsdd(Inder et al., 2016; Lopez—Valenciano, Ruiz—Pérez,

Ayala, Sanchez-Meca, & Vera-Garcia, 2019).
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Aoz &4 A o™ (Anderson, 2006; Inaba, Chen, & Bergmann, 2010;
Sun, 2015), fFAba &E9 A5 A7t B ooy U3 5 Ed v
BAEE HaA7= ASRE Yy dddgdd ods & 7 dSe Al
Abelk vl lth(Ashor, Lara, Siervo, Celis—Morales, & Mathers, 2014;
Mutter, Cooke, Saleh, Gomez, & Daskalopoulou, 2017). & j7}#] 3] A
SHA Ao T AAE A o] #d 2= v

ATl Fake wEd AR dEY S *5olA
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Figure 6. Sequence of intervention modality. All participants were

randomly assigned to start with either Isometric squat (IS), Aerobic
exercise (AE) or Usual care(UC). After randomization to the first
intervention, each participant followed the intervention sequence as
indicated in the figure. Intervention modalities were assigned in such a

manner that each modality was applied once on each week day.
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IRB approval
!

Selection & recruitment of subject

aged 55~69 female, pre-hypertensive & hypertensive

!

Pre test

Consent, Questionnaie, Clinical examination(height, weight, body composition
& blood pressure), Incremental isometric squat test, exercise

intensity (subjective & objective), physical activity, arterial stiffness

!

Isometric exercise interventions (3weeks, lintervention once a week)

All subjects participate in all 3 interventions & randomly assigned

with 1 week washout period per intervention

!

Post test

Measurement blood pressure (during exercise
& ambulatory blood pressure, physical activity, and arterial stiffness

(post-exercise)

{
Data processing
{
Analysis

Figure 7. Experimental design
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Table 16. Isometric squat & Aerobic exercise protocols

Intensity Time Content
Aerobic .
. Warm up & cool down (each 5 min)
exercise Heart rate reserve . . .. .
. 30 min Main exercise: jogging &
(Jogging & 40~60% ) )
. running for 20 min
Running)
Specific angles b . .
. peg ! & Y 8~12 - Perform isometric squat at
Isometric incremental . .
t . otric squat min the specified angle
squa isom . .
d test d (2min*4set) - 1 minute rest between set
Maintain daily life style & measure blood pressure at the same
Usual care . . .. .
time as the isometric interventions

5 A7 AH

AT S AHTE7] fske] AEelM Aol EE dHolH=
Windows SPSS 180 &4 ZZ 1S o]§3le] &4 3Fgom, o]
o FAAR] SAAYE e 2o

= -
(Repeated measures ANOVA) 2 Bonferroni AF$7 % (Post hoc)
AR5

3) TAA FoTFTE p<0b FELE AP
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2ol d B A A9e & 2gelglont B ey ol
& Fxax 2d Folaix 2@ 502 A F 1690 HEA
Aol Felstarh. ¥ ATl FlF F 139 ABge] BAL
DAY AWA E= ndY Foedd clgom Folge Sy
[ 171} e}

[3 17] Baseline characteristics of the participants

Mean+SD (n=16)

Age 62+4.1
Sex Female (100%)
Height 154.3+4.2
Body weight 59.7£7.1
Resting SBP 128.3+7.2
Resting DBP 80£6.8
Medication Classification(n) 8

- ARBs 2

- Diuretic 1

- CCB 2

- ARB + CCB 1

- ARB + Diuretic 1

- ARB + CCB + Diuretic 1

- Unmedicated 3
Isometric Squat angle 97.5£5.8

Data are expressed as meantstandard errorr or number (percentage).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure;

ARBs, Angiotensin II receptor blockers; CCB, Calcium caannel blocker;

ACE, angiotensin converting enzyme

Felxgel B

154.3+4.2cm,
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128.3+7.2 mmHg, 80+6.8 mmHg, &% dH of
HoZ yelykow Aol FosteE HF =
39t} Isometric Squat®] Hir 3 Z e+ 975+58°% EFYT

2= AT g 169 FAARES 2 AFelA Ak 37HA FA
(Aerobic exercise, Isometric squat, and Usual care)ol] =5 o] sttt
wes A wAEHe oldaHE A fl8 T 168 FAAE 3
Mol aFow Wiyl IFE FA oAE HEA A SAE AA

shaien, O g9E A dd2 obd [Figure 8]1¢F 2ttt

A group B group C group
(n=5) (n=6) (n=5)

15t week

2nd week

Figure 8. Sequence of intervention modality. Participants were randomly

assigned to start with either Isometric Isometric Squat (IS), Aerobic
exercise (AE), or Usual care(UC). After randomization to the first
intervention, each participant followed the intervention sequence as
indicated in the figure. Intervention modalities were assigned in such a

manner that each modality was applied once on each week day.
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[Figure 9] Changes in ambulatory SBP pre and post intervention

Table 18. Comparisons of mean SBP during 8 hours in each intervention

Resting SBP 1-2h SBP 3-4h SBP 5-8 SBP
AE (n=16) 128.3£1.8 122.4+15 123.9+1.7 127.7£1.5
IS (n=16) 128.8+1.6 120.4+1.4 124.2+1.5 128.6£1.5
UC (n=16) 127.77+£1.7 128.3+1.5 128.7+1.4 129+1.4

Data are expressed as meantstandard error. "p<.05 compared with Resting

ABP. Abbreviations: SBP, Systolic blood pressure; AE, aerobic exercise; IS,

isometric squat, UC, usual care
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Table 19. Mean ambulatory SBP differences among interventions according to period

Resti
(;SBllilg 1h SBP | 2h SBP | 3h SBP | 4h SBP | 5h ABP | 6h SBP | 7h SBP | 8h SBP
AE (n=16) | 1283+18 | 122.1415° | 122.61.5° | 123.141.6° | 1247417 | 126+1.8° | 1278415 | 1285+15 | 128.7+1.4
IS (n=16) | 1288+16 | 1202+15% | 1206+1.4% | 1228+16° | 1257415 | 1278414 | 1288416 | 1295:1.6 | 128417
UC (n=16) | 127.7+17 | 1283+16 | 1282+15 | 1284+14 | 1289+15 | 1293+14 | 1282415 | 1294413 | 129417

ILE, isometric leg extension; IS, isometric squat; UC, usual care

Data are expressed as meantstandard error. “p<.05 compared with UC, *p<.05 compared with IH, ¥ p<.05 compared
with ILE. Abbreviations: SBP, Systolic blood pressure; ABP; ambulatory blood pressure; IHG, isometric handgrip;
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Rest

Mean Diastolic Blood Pressure (mmHg)

1h 2h

3h 4h

Time (hours)

5h 6h

7h 8h

[Figure 10] Changes in ambulatory DBP pre and post intervention

Table 20. Comparisons of mean DBP during 8 hours in each intervention

Resting DBP 1-2h DBP 3-4h DBP 5-8 DBP
AE (n=16) 8112 75.8+1.9" 773419 80.6£1.8
IS (n=16) 80+1.7 75.9+1.8" 77.8+1.8" 81.1£1.6
UC (n=16) 78.4+2.3 80.3+1.8 80.2£1.7 80.3+1.7

IS, isometric squat; UC, usual care

Data are expressed as meantstandard error. "p<.05 compared with Resting
ABP. Abbreviations: DBP, Diastolic blood pressure; AE, aerobic exercise;
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Table 21. Comparison of ambulatory DBP levels after AE, IS, and UC in prehypertension and hypertension adults

Resti
Ie)SBlgg IhDBP | 2hDBP | 3h DBP | 4h DBP | 5h DBP | 6h DBP | 7h DBP | 8h DBP
AE (n=16) | 81+2° | 755+19° | 755+19° | 767+18° | 778+2° | 7962 | 809+21 | 808+18 | 805+1.8
IS (n=16) | 80+17 | 75717 | 75718 | 778+17 | 777+19 | 80117 | 799+19 | 822+15 | 81.9+2
UC (n=16) | 78423 | 80+18 80+19 | 802+18 | 802416 | 803+1.6 | 80.3+18 | 799+16 | 80.5+2.2

DBP, diastolic blood pressure; AE, aerobic exercise; IS, isometric squat; UC, usual care

Data are expressed as meantstandard error. *p<.05 compared with UC, *p<.05 compared with AE. Abbreviations:

4%

IS¢]

(p<.05) [Table 21].
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RE FoldEol vl 4 FA BF Feld F FUgAre] A%
F shtel WRAGEES Wwg Avhs obd) [Table 22)9h 2ok,

Table 22. Changes in arterial stiffness from pre to post-intervention

(m/s) Pre Post APWV P
AE (n=16) 15.7£2 15£2.1% -0.7+0.2"

IS (n=16) 15.2+1.7 14.4+1.7° -0.8+0.1 0.001"
UC (n=16) 15+1.8 15.3+1.9° 0.6£0.3

Data are expressed as mean#standard error. *p<.05 compared with Pre,
*p<.05 compared with UC, *p<.05 compared with AE, ¥ p<.05 compared with
IS. Abbreviations: PWV, pulse wave velosity; IHG, isometric handgrip; ILE,

isometric leg extension; IS, isometric squat; UC, usual care

3174 AE, IS sA A & =
Ef vk (p<.05), UClA =

9
o
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1o,
o
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(&) Ij}i
[
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o
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L e

AIYOoR SHY ¥ FA HA F, 2 FAE ¥ 4] A%
3 el WS ARLEel MHTE Mud Ao, AR, 15 ZEAA UG
Ao ekt o (p<.05), AESH

IS &4 1+ F9% Aol EhdA] ek krhp>.05).
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Table 23. Comparison of Physical activity levels after isometric handgrip,
isometric leg extension, isometric squat, and usual care in prehypertension and

hypertension adults

Light
intensity PA

moderate vigorous

sedentary Total wear

time (min)

intensity
PA time

(min)

intensity PA

time time time (min)

(min) (min)

AE (n=12) 264.8+14 145.1+£10.9 61.3+7.9 0 471.3+9.4

IS (n=12) 277.6+14 1377 61.7£10.5 476.8+3.6

UC (n=12) 279.4+12.2 148.8+7.2 59.4+7.6 0 487.6+2.9

*p<.05 compared with Usual care, "p<.05 compared with Isometric handgrip,

¥ p<.05 compared with Isometric leg extension
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A=t & Ao AR E FAAL FE5e Tl
Hl & oF 5A]7F F<t @%L% 7+ A7 Kimberly A. Brownley(1996) % 9
ATAdet FAREE 23S vEsiew, of= 7 Aol 2RdE A3 Ak
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3] AT 2014 ~TmmHg7FA] AA&A7]1E Aoz HiHEJa(K
Goessler, Buys, & Cornelissen, 2016; K. F. Goessler, Buys,
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1) a5 24

a8 53
Shol Eakesl B WAl RAE] AT AR Aot
PRISMA (Preferred Reporting Items for Systematic review and
Meta-Analyses) o] A A4 &A1z Hux 3o wel 7]4&3 H(Moher,
Liberati, Tetzlaff, Altman, & Group, 2009).

FAAA FH AAH 2HS PICO-SD (Participants, Intervention,

Comparisons, Outcomes, Study Design)& X 3$F38} it}
O A7+

7} A+ A (Participants)

L DEY AeA B ndg] APsHE 184 oo Yom
A shsint

1) =7 (Interventions)
2 Ao FTA= d3ldoezr Syt THA AR

Isometric handgrip(IHG), Isometric leg extension(ILE, knee

extension 27 ) 183 Ve XA FAE 2]
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t}) tZ+ (Comparison)

Y AdA e a¥gel sEets 189 ol ARlo=
TS A e A e 5 A Z2 &% °lF Wash out
7N13rs 7HA AL AR AT dEdew Foste wxd A
(Crossover design)®] 127 TAE Hxdoz AHsAT

2} A4} (Outcome)

F2 A3 (Primary outcome)t F%7] 3<% (Systolic  blood
pressure; SBP)¥} ©]¢t7] A<t (Diastolic  blood pressure;
DBP)o. = MAstdomn, F7A<Ql AI(Secondary outcome)
st

uh) A4 F38 (Study designs)
2k xa+ A3 A (Randomized controlled trial;, RCT) <}
=l

il
WA A A (Crossover design)¥ A+ Z2 2o x 35319

7h "zl gl Y AgdA A A4S
) BF29] 279+ (non-randomized controlled  trial),

FHY, DT, ARIAT L AHAT Sl AP A9
]

o T8 H7tE w4 @2 A =8 (25, 22, g9=D)

2h) gojiu} kool zt obd A -

v A EETAt dae e FAE Al AAEE
Ateg. SHA 5T & AFx® x2dE SAE AT
FTA) B 771 &%
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THAAME 29 o] AFAE 242 dHlolgHol s FHA SR HAsta
e 2132l Microsoft Excel 2016 2132 o] g3le] FTHH
TS AT 132 AR 255 dAste]l AA7IEH vjAl 71
wet s = AdEern, ol =7 Advs HESY A7l
Fete £3ds AR w3 AN Eddedd Ads FA F%
o Az} glolg o] 2ol AlFsE WEFEH 2020d7H4] E23E A=
& AAstad

7b A9
DAY A e HAYd “Pubmed”, “Science of
Direct”, “Google scholar”, “Web of science”, 71231 “Cochrane
Library” s& S #AAssen, =W A¢ = <=
go]g o] ~(Korean Studies Information Service System,
KISS),  3St=r8t&A B A ]~ (Research  Information  Sharing

Service, RISS)Z %3 A3t}

AT Fo JdelE =Fste] ZF dojrt AR H= dHE
AEstel feojol, duga, weEA 2 dgduAE A4s
Fgstol  FAsY. #AAS fd AHeE Fa A=

8
PICO-SD% el 4] P(participants)®} I(Intervention), % A2 ¥} outcome)
TS ¥ 3sle] HASR ™ Pubmede] MeSHAA WolA F2
Al S HA G FAtolgt FoolE AT ol & HI®O®
=2 dlo]E o] =AM tl/dA= “hypertension” OR “high blood
pressure” OR  “hypertensive” OR  “pre-hypertension” OR
“pre-hypertensive” OR  “mildly hypertensive’o|3, A&

“isometric exercise” OR “isometric intervention” OR “isometric

¥ i e, |
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handgrip” OR “isometric leg extension” OR “static exercise” OR

“static intervention” %2 HAAEF T ATF3H(Study designs)
T2 gz A AP (randomized controlled trial, RCT)<}

2=} A Al (Crossover design) o & A| gkt A o} =)
golg o] 2o A gt ‘mE, ‘m Y AGAR s,
FTA= “THA F7, sAHY FA, AH &7, “TEHA I

TR AR FEEE 58 7
R, <ol o7t A& A%, A 39 AAsl dA ARARE BWA
A 59

5) Publication bias®] H7}

Publication biasE #<lsl7] 918 o27HA] W T 2 dAFolA= 7H
BAE = 9ol Funnel Plot¥ Trim and Fill 2714 WHS AF&3)o]
Publication biasE #2413}t Funnel plote X552 3372 Y5
EE AR AAsle] EunpAr|e B JRE AZH o Yehlt Wyow
Publication bias®] QA+ A%, sid F3x o] HFL2 H]
Hol:=d Trim and Fill& Funnel plotel] A 7
HA e BHAVE FAS B¥5oEA o
R I

T
HA &=

=
o
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E oAgodE dEREA d8 A2ZEYo]el CMA (Comprehensive
meta-analysis) Version3< A} th o]9le HIA FHEL Ao
7153 SPSS 18.0& o]&3dte] #Astdtt. AR 419 Axpel AR
&2 o5 2o [Figure 111.

o

oo
ol
—_
22

A, 2] Fo we A Fosta, FdA4 oRE HSE]
HEbEY REgS 24

A, ZH1A4 7P o] 4 X (outlier)E s on, dEaREHE S
E3 AA A 937 L AF FGdAolE AAerg T

A, A9 A H35E 918 Publication biass A3}, A5 &
A 2] skt vt

oA, W
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h¥ .4

Calculating effects sizes

Standardized mean-change difference,

]

| Hedges' g
To apply weighed mean ES, -
homogeneity test(Q test), o Q-value, P-value, I2(I-squared)
Determining effect model \

N\

Calculating overall effects sizes , To
manage independent assumption L

Shifting unit of analysis

N\

To manage publication bias, outlier A Funnel plot and Trim and Fill

N\

To investigate sub-group analysis
and Mean difference analysis

Figure 11. Data analysis procedure and contents

BoATE Fogad AR g@Asdel 4%, 7
AQe FAE gEEoR BH)} EFARE 0§t mAA/ES
Astarh, dUAes BARG AAE gAe] Gvas] Axe
<FH 1> AEAQ S 2 AW AAAAe BEAdely T
Auel  msasle  AgPad  gAMd BAP9d ge
A3 o) = FERAATE. FVASIE AT maEA e

Lol Becker(1988)2} Cooper(2010)7F A A3tE 052 A5t
Al o™ (Cooper, 2015; Heater, Becker, & Olson, 1983), &
E}

BAol XE ATES AT i AY Py, 47 B9 5ol
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(Table 24) Interpretation of effect size

. Standardized  mean Correlation .
Effect size . Odds ratio
difference (d) (r)
Small 20 .10 1.50
Medium .50 .30 2.50
Large .80 50 4.30

Cohen(1988): Littell, Corcoran, & Pillai.(2008).

7] ol¢t7] dste] =Av|e= 3
°l & u#ste] 7l it x}o](weight mean difference, WMD)}
FT7H95% confidence interval, CDOo= 7]&3F9 3, 95%
= A=k 5 oskek g3 e gk Alolol] AIE(0) grol EFHE o

g Bakel EuprlY Folge HeH

Ast wsd At BA% A

R4

1y

H
5)

O

e K P 4

=
o o

?.

A

s

Publication bias< A9 €37F 231 FAHCRE Fo& uf ¢ ©ol
bias® &= A& onistH, /M AFES TFsI] B4 8= WEREA oA =
A Ayte] elgAlS #HESHZ] 98] Publication bias 415 A8t}
B Ao A= Funnel plote & HHA FHS Aoz dAdsie]on,
Publication biase] ¢JA1= 7%, Student residual #t¥} Jacknifed residual

%, 2283 trim and fill YHo = §337] ApolE F}etst T

i e )
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272

D23 A% 2%

=dAN A7 %u% dlojEfwo] 2~ HAMS 3l 3439, =9 dHlo|EHo]E
2,375, A F 27260 AF7F HAEFEAL 2,726 F A A 7
Z2 W excels o] &ste] FEHE AFE ALste] 1,022H9] =Eol
whokth @2 1,02299 ATE AsAA 9 A9 e uhEt 2% ARt

A& 252 TAoE HAESY 828Ho] A%l 194Ho] A =)

T3NS AP ot A A FUF w3o] gtk A E
1943 9] #32 AiEs IRl o, 1 FolA Ay FA e 3
52, 5T A7 FA A =] 28W, A ylAIClo] HAH A =70l
629, Isometric A HEY & FTAE £33 =Fo°] 3¥(eg

Isometric handgrip¥ &5 FA), 28la dtol 0}\/1_ e 4=
B o=Fol 34 T F 180H S ALE T 14702 =
o 1 F 8F ot st =% 293} Publication bias FAelA]
Aol afjFote =i 18-S F7H o2 Afete] F 11749 &3de] HF
A=A [Figure 12].
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International DB (2,378)
Pubmed (266) Domestic DB (348)

c Web of Science (530)

2 Science direct (324) - KISS (127)

é Google Scholar (980) - RISS (221)

£ Cochrane library (278) ]

: I

‘ Records identified through database search (2,726) |

] !

£ ‘ Records after duplicates removed (1,022) |

§ ", ‘ Records Excluded on title & abstract review (828)
i ‘ Records Screened (194) |
; ¥ Full text articles excluded (180)

3 Studies included in qualitative synthesis ) :2:2;[22;:::2 f;?;?n(t?ﬁs (28)

i%’ Systematic review (14) - Inappropriate study design (63)
(S t - Additional intervention (3)
E=l - Improper outcomes (34)

o . - P .

2 Studies included in quantitative synthesis

§ (Meta-analysis) (14)

[Figure 12] PRISMA flow chart

2) ARE =389 EA

FHE veRE Al 23E A9 F 3BHoE MAW
&3} 2t} [Table 25] [Table 26]. A7+ 25 F37
A ATrelm, Ao WA E 20039 E 20201 E71A]
AL BE AFE0] 20129 ©o]F Rud AFALh THAF AT £3
Z 7R BF5 %=1, Isometric handgrip £A17F SAC® 7P &k,

2H o] Isometric leg extension, 1#] 3l 1% o] Isometric bench press<%t

Squats 233k dEje] 5ot

ALY ol e St A ARES ddeR ¢ A7k 29, 1¥EY
de e RE g A7k 69, el ymA 33 nEsE ddA ¢
g AdE A A ATA

F29] FA AFEAE-= 7012 A5+ Randomized controlled trial €31+

Gom 370¢ 47} Randomized controlled trial & crossover design,
Urx gme] A7} Crossover designell 3= vk zF Z=A19 #H
AH = 40t)7F 24, 50t 7F 3H, 60t 7 434, 28] 32 707} 2 o] Tk
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[Table 25] Characteristics of Included acute studies

. Acute& .. . . -
Study ) Participants Design Exercise characteristics
chronic
Hypertensive ) ) )
) . Isometric handgrip(IHG) bilaterally
Luiz R. Souza Men & Women ] . )
acute ] Crossover 30% maximal voluntary contraction(MVC), 2~4 set, lmin
(2018) (Mixed, n=10),
rest
mean age 73.2+2.2
) Pre ~hypetension 3 groups (high intensity interval training = 15, IHG = 15,
2. Elham Shakoor .
(2020) acute women (n=45), RCT and control 15), 30% MVC, 2~4 set, 1lmin rest,
mean age 4515 non-dominant hand unilaterally
Pre-hypertension
3. Karla Goessler . & hypertensive RCT & IHG bilaterally
acute
(2016) men (n=21) Crossover | 30% MVC, 2~4 set, lmin rest
mean age 68.4%7.0
) Hypertensive ) ) )
4. Rafael Reis Olher ; RCT & Isometric bench press and isometric leg press
acute Mixed n=14 . :
(2019) Crossover | 30% MVC, 8set (each 4set) * 1min, 2min rest
mean age 35.9%8.1
Pre-hypertension
5. Tim van . & hypertensive RCT & IHG bilaterally
acute
ASSCHE (2017) Mixed (n=15) Crossover | 30% MVC, 2~4 set, Imin rest

mean age 48%7.1
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[Table 26] Characteristics of Included chronic studies

Acute& .. . . ..
Study ) Participants Design Exercise characteristics
chronic
) Hypertensive IHG (n=25), control(CON, n=25), Aerobic exercise(AE, n=25)
6. Nikolaos Pagonas . ) . .
(2017) Chronic Mixed n=75 RCT IHG bhilaterally, 12weeks, 5 times weekly
mean age 58.8%10.6 30% MVC, 2#4 set, Imin rest
Hypertensive IHG (n=12), control(CON, n=12),
7. Mark B. Badrov . . . .
(2013) Chronic Mixed n=24 RCT IHG bhilaterally, 10weeks, 3 times weekly
mean age 65%7 30% MVC, 2#4 set, Imin rest
Pre-hypertensive Double leg isometric (knee extension / n= 10, CON= 10 )
8. Anthony W Baross ) .
(2013) Chronic older men n=20 RCT Total 8weeks, 3 times weekly
mean age 5H%6 85% peak heart rate, 2#4 set, 2min rest
) High intensity isomtric leg extension(ILE) n=10, low intensity
Hypertensive
9. Anthony W Baross . ILE n=10, CON n=10
Chronic men n=30 RCT .
(2012) Total 8weeks, 3 times weekly
mean age 53.4%b . .
14% MVC (high), 8% MVC (low), 2+#4set, 2min rest
Hypertensive IHG n=9, CON n=8, bilaterally
10. Andrea C. Taylor . . .
(2002) Chronic Mixed n=18 RCT 10 weeks, 3 times weekly
mean age 67.5 30% MVC, 2#4set, 1min rest
Hypertensive [HG (n=17), AE (n=19), CON (n=18), bilaterally
11. Eun Sun Yoon . . .
(2019) Chronic Mixed n=54 RCT 12 weeks, 3 times weekly
mean age 696 30% MVC, 2#4set, 1min rest
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3) Publication bias #4

A kil
Fetiitt [Figure 1315 B Ae] A7 39 tidS o] F4 &
%_

Funnel Plot of Standard Error by Hedges's g
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[Figure 13] Results of publication bias analysis using funnel plot
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[Figure 14]3= Publication biasol 3t e AL Azfo|t},
oS HAHsy] 3 v|FoR AgH Student residual

Jacknifed residual ko] Adizto]l 21} 25014 <Y 749 Publication bias®

| AR AN

= =
G
Diagnostics for Model 1, Random effects (MM), Z-Distribution, Std diff in means
Study Observed Predicted Residual Leverage Student Jacknifed Cook's DFFits Variance Taur2 Sum  Weight PctWt Petwt
Residual Residual Distance

Elham Shakoor | 1 | SBP 1.4201 0.8736 0.5465 0.0360 0.7283 0.0198 0.1395 0.1669 0.4172 0.5842 1.7118 D.DSGDI
Elham Shakoor | 2 | DBP 0.8529 0.8736  -0.0207 0.0373 -0.0281 0.0000 -0.0054 0.1455 0.4172 0.5627 1.7771 0.0373 I
Karla Goessler | 1 ‘ SBP 0.1540 0.8736 -0.6796 0.0410 -0.9690 0.0401 -0.2001 0.0957 0.4172 05129 1.9496 D.MIDI
Karla Goessler | 2 ‘ DBpP 0.4564 0.8736 -0.3772 0.0408 -0.5364 0.0122 -0.1092 0.0982 04172 05154 1.9402 D.MDBI
Rafael Reis Olher ‘ 1 | SBP 1.3379 0.8736 0.4643 0.0355 0.6144 0.0139 0.1165 0.1748 0.4172 0.5921 1.6890 0.0355 I
Timvan ASSCHE | 1| SBP 0.1305 0.8736  -0.6831 0.0381 -0.9382 0.0349 -0.1864 0.1339 0.4172 0.5512 1.8143 D.DSSII
Timvan ASSCHE | 2 | DBP 0.0395 0.8736  -0.8341 0.0382 -1.1462 0.0521 -0.2297 0.1334 0.4172 0.5506 1.8162 D.DSBZI
Tim van ASSCHE | 5 | SBP 0.7926 0.8736  -0.0810 0.0332 -0.1035 0.0004 -0.0188 0.2157 0.4172 0.6329 1.5799 0.0332 I
Timvan ASSCHE | 6 | DBP 0.7692 0.8736  -0.1044 0.0333 -0.1335 0.0006 -0.0243 0.2143 0.4172 0.6320 1.5822 0.0333 I
Anthony W. Baross(2012) | 1| SBP 1.6419 0.8736 0.7683 0.0307 0.5431 0.0282 0.1675 0.2674 0.4172 0.6846 1.4606 0.0307|
Anthony W. Baross(2012) | 2 | DBP 0.2027 0.8736  -0.6709 0.0340 -0.8681 0.0265 -0.1621 0.2010 0.4172 0.6183 1.6174 0.0340|
Anthony W. Baross(2012) | 3 | SBP 0.6373 0.8736  -0.2363 0.0335 -0.3035 0.0032 -0.0556 0.2102 0.4172 0.6274 1.5939 0.0335 I
Anthony W. Baross(2012) | 4 | DBP 0.3446 0.8736  -0.5290 0.0339 -0.6835 0.0164 -0.1268 0.2030 0.4172 0.6202 1.6124 0.0339 I
Andrea C. Taylor | 1 | SBP 11319 0.87306 0.2583 0.0235 0.3109 0.0029 0.0534 0.2340 0.4172 0.7112 1.4000 0.0235 I
Andrea C. Taylor | 2 ‘ DBP 0.3860 0.8736 -0.4876 0.0311 -0.6026 0.0117 -0.1067 0.2586 0.4172 0.6759 1.4796 D.0311|
Andrea C. Taylor | 3 ‘ SBP 0.8232 0.8736 -0.0504 0.0304 -0.0615 0.0001 -0.0107 0.2751 04172 0.6924 1.4443 D.DEMI
Andrea C. Taylor | 4 ‘ DBP 0.3860 0.8736 -0.4876 0.0311 -0.6026 0.0117 -0.1067 0.2586 0.4172 0.6759 1.4796 0.0311 I
Nikolas Pagonas | 1| SBP 0.0870 0.8736  -0.7366 0.0423 -1.1398 0.0573 -0.2408 0.0801 0.4172 0.4973 2.0108 0.0423 I
Nikolas Pagonas | 2 | DBP 0.3393 0.8736  -0.5343 0.0422 -0.7733 0.0263 -0.1610 0.0812 0.4172 0.4934 2.0065 D.MZZI
Mark B. Badrov | 1 | SBP 0.5285 0.8736  -0.3451 0.0356 -0.4576 0.0077 -0.0867 0.1725 0.4172 0.5897 1.6957 D.DSSE'I
Mark B. Badrov | 2 | DBP 0.5262 0.8736  -0.3474 0.0356 -0.4606 0.0073 -0.0873 0.1724 0.4172 0.5897 1.6958 0.0356|
Anthony W Baross(2013) | 1 | SBP 1.7234 0.8736 0.8498 0.0304 1.0379 0.0333  0.1840 0.2743 0.4172 0.6915 1.4461 0.0304|
Anthony W Baross(2013) | 2 | DBP 0.3333 0.8736  -0.5403 0.0339 -0.6981 0.0171 -0.1295 0.2028 0.4172 0.6200 1.6129 0.0339 I
Sergio L. Cahu Rodrigues | 1| SBP 3.1254 0.8736 2.2518 0.0306 0.2406 0.5645 0.2693 0.4172 0.6866 1.4565 D.DSDGI
Sergio L. Cahu Rodrigues | 2 | DBP 3.5000 0.8736 2.6264 0.0290 0.2932  0.6597 0.3069 0.4172 0.7242 1.3809 D.DZEDI
Eunsun Yoon | 1 | SBP 0.4933 0.8736  -0.3743 0.0333 0.0111 -0.1042 0.1179 0.4172 0.5352 1.8685 0.0333 I
Eun sun Yoon | 2 ‘ DBpP 0.6053 0.8736 -0.2683 0.0391 0.0057 -0.0742 0.1196 0.4172 0.5369 1.8627 D.DEEII
Luiz R. Souza ect | 1 ‘ SBP 3.5088 0.8736 2.6352 0.0227 0.1786  0.4871 0.5078 0.4172 09250 1.0810 D.DZZ?‘
Luiz R. Souza ect | 2 ‘ DBP 1.3235 0.8736 0.4499 0.0318 0.5624 0.5554 0.0104 0.1006 0.2438 0.4172 0.6610 1.5128 D.DEIBI

[Figure 14] Dignostics for model of random effect
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[Figure 1512 o] (outlier)® 1#H =+ 3719 A+ HolHE A <3
T A 7S Yepdh [Figure 1518 2W AlZ-H o2 A9 S o] F
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[Figure 15] Results of publication bias analysis using funnel plot (excluding outlier)
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Duval and Tweedie's trim and fill

Fixed Effects Random Effects 2 Value
Studies Point Lower Upper Paint Lower Upper
Trimmed Estimate Limit Limnit Estimate Limnit Limit
Obzerved values 0.55466 033135 071797 055441 038552 080231 238907
Adjusted values 0 0.55466 033135 071797 055441 038552 080231 238907

[Figure 16] Analysis results of funnel plot and trim and fill (excluding outlier)
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B oo F=7] dgte ayaar] AEd T ATdE F I0ME S5 1661, hERT 1639 o] At
d ] ool AA a3=a7)E 0763 (95% CI 0.386; 1.140)= el o F327] &9t
n 2= PGt atolE - 7.15 mmHg(95%ClL -5.25; -9.04)o1low EA o2 F38ttHp<.05)[Table 27].

[Table 27] Effect of isometric interventions on systolic blood pressure reduction

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value

In means error limit limit
Elham Shakoor (2020) 6.590 1.632 2.664 3.391 9.789 4,037 0.000
Karla Goessler (2016) 1.900 3.041 9.246 -4.060 7.860 0.625 0.532
Rafael Reis Olher (2019) 8.860 2.640 6.970 3.686 14.034 3.356 0.001
Tim van ASSCHE (2017) 2.000 4.170 17.386 -6.172 10.172 0.480 0.631
Anthony W. Baross (2012) 10.600 2.674 7.152 5.358 15.842 3.964 0.000
Andrea C. Taylor (2003) 11.000 4772 22.772 1.647 20.353 2.305 0.021
Nikolas Pagonas (2017) 1.400 5.167 26.697 =-8.7127 11.527 0.271 0.786
Mark B. Badrov (2013) 9.000 6.506 42.333 -3.752 21.752 1.383 0.167
Anthony W Baross (2013) 10.900 3.178 10.100 4671 17.129 3.430 0.001
Eun sun Yoon (2019) 6.700 4918 24.191 -2.940 16.340 1.362 0.173
Random model 7.153 0.967 0.935 5.258 9.048 7.398 0.000

Difference in meanat< AP gkl A AFFE S Wl ZS o)1
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534 £%0] ogty] WG Fael WAL £H

S

19471 dte a3=37] AbEFo] E3HE A= 10MER S5 1449, thEoE 1439 o]t
A L% FA7F o)y ddd AA A 7E 0467 (95% CI 0.237; 0.696)% LEFYEow o]ghr] &gt
n X = HiFatol= - 258 mmHg(95%CL -1.62; -4.08)0|R o™, EA A o2 235t tHp<.05)[Table 28].

[Table 28] Effect of isometric interventions on diastolic blood pressure reduction

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value

In means error limit limit
Elham Shakoor (2020) 2.130 0.869 0.756 0.426 3.834 2.450 0.014
Karla Goessler (2016) 3.500 2.142 4.589 -0.699 7.699 1.634 0.102
Tim van ASSCHE (2017) 0.300 2.849 8.115 -5.283 5.883 0.105 0.916
Anthony W. Baross (2012) 1.500 3.591 12.894 -5.538 8.538 0.418 0.676
Andrea C. Taylor (2003) 4.000 5.150 26.524 -6.094 14.094 0.777 0.437
Nikolas Pagonas (2017) 3.500 2.950 8.700 -2.281 9.281 1.187 0.235
Mark B. Badrov (2013) 6.000 4518 20.417 -2.856 14.856 1.328 0.184
Anthony W Baross (2013) 1.900 4.528 20.500 -6.974 10.774 0.420 0.675
Eun sun Yoon (2019) 5.600 2.972 8.833 -0.225 11.425 1.884 0.060
Luiz R. Souza (2018) 4.500 1.521 2.312 1.520 7.480 2.960 0.003
Fixed model 2.858 0.628 0.394 1.628 4,088 4554 0.000
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el whEk ekl Aol WAl a¥ar] AbEel] xohE
A, 85 o] A7k 6w Zhzbe] a3ar]= 0.73(95% CI, 0.08;1.37), 0.80(95% CI,
028 1.3 = 1«}5}%%‘3}. A3 Fo det A B -569 mmHg(95%CL, -2.73; -865) 2= WEME S (p<.05),
A &Y%+ -9.31 mmHg(95% CI, -6.15; -12.47) SAIA S 2 {28} tH(p<.05)[Table 29].

[Table 29] Effect of isometric intervention on systolic blood pressure reduction according to intervention period

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value

In means error limit limit
Elham Shakoor (2020) 6.590 1.632 2.664 3.391 9.789 4.037 0.000
Karla Goessler (2016) 1.900 3.041 9.246 -4.060 7.860 0.625 0.532
Rafael Reis Olher (2019) 8.860 2.640 6.970 3.686 14.034 3.356 0.001
Tim van ASSCHE (2017) 2.000 4.170 17.386 -6.172 10.172 0.480 0.631
Random model (acute) 5.696 1.510 2.281 2.736 3.657 3.772 0.000
Anthony W. Baross (2012) 10.600 2.674 7.152 5.358 15.842 3.964 0.000
Andrea C. Taylor (2003) 11.000 4772 22.772 1.647 20.353 2.305 0.021
Nikolas Pagonas (2017) 1.400 5.167 26.697 -8.727 11.527 0.271 0.786
Mark B. Badrov (2013) 9.000 6.506 42.333 -3.752 21.752 1.383 0.167
Anthony W Baross (2013) 10.900 3.178 10.100 4671 17.129 3.430 0.001
Eun sun Yoon (2019) 6.700 4918 24.191 -2.940 16.340 1.362 0.173
Random model (chronic) 9.311 1.611 2.596 6.153 12.469 5.779 0.000
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2% /LAY EE 8F ool uhel Biael AolE wmAl HipAs] AEe] L

A, 85 o] A7k 6w ZH7be] aaar]= 059(95% CI, 0.13;1.06), 0.39(95% CI,
0.09; 069)°2 Uewtth d3d 59 It A4 &3+ -265 mmHg(95%Cl, -1.30; —4.00) 0= YERE O™ (p<.05),
8F ol +E9 ot A4 &+ - 381 mmHg(9%5% Cl, -0.88; -6.78) TAIA &= /9] 3} tH(p<.05)[Table 30].

[Table 30] Effect of isometric intervention on diastolic blood pressure reduction according to intervention period

Difference Standard . Lower Upper
Study ] variance o o Z—-value P-value

In means error limit limit
Elham Shakoor (2020) 2.130 0.869 0.756 0.426 3.834 2.450 0.014
Karla Goessler (2016) 3.500 2.142 4.589 -0.699 7.699 1.634 0.102
Tim van ASSCHE (2017) 0.300 2.849 8.115 -5.283 5.883 0.105 0.916
Luiz R. Souza ect (2018) 4.500 1.521 2.312 1.520 7.480 2.960 0.003
Random model (acute) 2.654 0.691 0.477 1.300 4.007 3.843 0.000
Anthony W. Baross (2012) 1.500 3.591 12.894 -5.538 8.538 0.418 0.676
Andrea C. Taylor (2003) 4.000 5.150 26.524 -6.094 14.094 0.777 0.437
Nikolas Pagonas (2017) 3.500 2.950 8.700 -2.281 9.281 1.187 0.235
Mark B. Badrov (2013) 6.000 4518 20.417 -2.856 14.856 1.328 0.184
Anthony W Baross (2013) 1.900 4.528 20.500 -6.974 10.774 0.420 0.675
Eun sun Yoon (2019) 5.600 2.972 8.833 -0.225 11.425 1.884 0.060
Fixed model (chronic) 3.831 1.506 2.267 0.880 6.781 2.544 0.011

- o]dAdo] =vta AdHE 4, Random model, 2+l #E5 = 7 Fixed modeldl Al AA S g& 48
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©® THAE +5 TAY FHI =57 € #AEo WA= &F (7]t BE B

2 AFelA 5 ZIIHAE I e 8F ool wet fETAE dditAe] AolE: Hluwd Ay d3

74 $-, Isometric handgrip(IHG) ¢1-77} 3%, Isometric bench press & leg press(IBL) &7} 1 ]3]

IBL #d A7F 149 ddAdTo]7] o] &5 o B A5 F3o] TasAv d3]4d HG &37]
0.55(95% CI, 0.17; 1.28), ¥¥4 IBLe] &3=a7]+ 1.29(95% CI, 0.50;2.09) =2 YEFSETE

A3 5 TAE A BluolA THGY 4%, &% 5 57 €<= - 457 mmHg(95%CI, -1.48;

-8.03) #AaA7le= ALE YEEOH(p<05), IBLe A&3 ddAdToM s &5 F 57 94 -886

mmHg(95% CI, -357; -8.30) #4&A171= A= YEsth(p<.05)[Table 31].

[Table 31] Effect of isometric exercise type on systolic blood pressure reduction (acute studies)

Difference Standard ) Lower Upper
Study ) variance o o Z-value P-value
In means error limit limit
Elham Shakoor (2020) 6.590 1.632 2.664 3.391 9.789 4.037 0.000
Karla Goessler (2016) 1.900 3.041 9.246 -4.060 7.860 0.625 0.532
Tim van ASSCHE (2017) 2.000 4.170 17.386 -6.172 10.172 0.480 0.631
Random model (IHG) 4.757 1.671 2.792 1.482 8.032 2.847 0.004
Rafael Reis Olher (2019) 8.860 2.640 6.970 3.686 14.034 3.356 0.001
Random model (IBL) 8.860 2.640 6.970 3.686 14.034 3.356 0.001
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8F ol AT A4+,

A%
290l ILE #&d A7
0.05; 0.74), IBL®] & 3=A7]

(

=4
o

I

rr

14 oF2 (Isometric handgrip; IHG) A7+ 43, Isometric leg extension (ILE) 177}

2ol FF ¥ w2 ARe

ol dastAvt HG &3 =7]+= 0.39(95% CI,

1.61(95% CI, 0.92;2.30)= }EFSE

87 o4 BHA % F AW Agwa wudd MG A9, £F F F%7 4T -7.00
mmHg(95%CI, -1.88;, -12.12) #TA&A7|&= Aoz Yeygom(p<0b), ILEY HY, &5 F F57]
d9kS - 10.72 mmHg(95% CI, -6.71; -14.73) #AA17]& Ao 2 YEFSTHpP<.05)[Table 32].
[Table 32] Effect of isometric exercise type on systolic blood pressure reduction (chronic studies)
Difference Standard . Lower Upper
Study ] variance o o Z-value P-value
In means error limit limit
Andrea C. Taylor (2003) 11.000 4772 22.772 1.647 20.353 2.305 0.021
Nikolas Pagonas (2017) 1.400 5.167 26.697 -8.727 11.527 0.271 0.786
Mark B. Badrov (2013) 9.000 6.506 42.333 -3.752 21.752 1.383 0.167
Eun sun Yoon (2019) 6.700 4918 24.191 -2.940 16.340 1.362 0.173
Random model (IHG) 7.005 2.614 6.834 1.881 12.129 2.680 0.007
Anthony W. Baross (2012) 10.600 2.674 7.152 5.358 15.842 3.964 0.000
Anthony W Baross (2013) 10.900 3.178 10.100 4.671 17.129 3.430 0.001
Random model (ILE) 10.724 2.046 4.187 6.714 14.735 5.241 0.000
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ATl £F JZHAAAY EE 8F ool e LEFAM Aguad AolF wad
[HG 9+ 482 g3ar]l= 05995% CI, 0.12; 1.06)°1H, &5 £ Hitxlo] H|li
o]¢7] detks - 265 mmHg(95%CI, -1.30; -4.00) T4&A7]+= ASZ YEFSTH(p<.05)[Table 331.

[Table 33] Effect of isometric exercise type on diastolic blood pressure reduction (acute studies)

=EERE)

oA THGE &

o o

Difference Standard ) Lower Upper
Study ] variance o o Z—value P-value

In means error limit limit
Elham Shakoor (2020) 2.1300 0.8693 0.7557 0.4262 3.8338 2.4502 0.0143
Karla Goessler (2016) 3.5000 2.1422 4.5890 -0.6986 7.6986 1.6338 0.1023
Tim van ASSCHE (2017) 0.3000 2.8486 8.1147 -5.2832 5.8832 0.1053 0.9161
Luiz R. Souza ect (2018) 4.5000 1.5205 2.3120 1.5198 7.4802 2.9595 0.0031
Fixed model (IHG) 2.654 0.691 0.477 1.300 4.007 3.843 0.000
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8F oA Ao AS, IHG 97+ 49, Isometric leg extension (ILE) A7} 28 o|dth ILE #d A7}
|

29 A 7] wiitel FF o B2 AR ol dasA 85 oY IHG Ed=7]+= 0.44(95% CI, 0.09;
0.78), 85 ol ILEY &¥ =7+ 0.25(95% CI, -0.34; 0.85)= FEbSE

8F ol THAE TEF TAE A mluelAd IHGE Ag, &F F o] dsks -470
mmHg(95%CI, -1.21; -819) FéstA A Aoz yetskow(p<05), ILES 45, && F o7

7
s - 1.66 mmHg(95% CI, -7.16; 3.86) HaA7]= Ao= yepg oy SAH SR #FoakA] 2 AtHp>.00)[Table 341.

[Table 34] Effect of isometric exercise type on diastolic blood pressure reduction (chronic studies)

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value

In means error limit limit
Andrea C. Taylor (2003) 4.000 5.150 26.524 -6.094 14.094 0.777 0.437
Nikolas Pagonas (2017) 3.500 2.950 8.700 -2.281 9.281 1.187 0.235
Mark B. Badrov (2013) 6.000 4518 20.417 -2.856 14.856 1.328 0.184
Eun sun Yoon (2019) 5.600 2972 8.833 -0.225 11.425 1.884 0.060
Fixed model (IHG) 4.704 1.782 3.176 1.211 8.197 2.639 0.008
Anthony W. Baross (2012) 1.500 3.591 12.894 -5.538 8.538 0.418 0.676
Anthony W Baross (2013) 1.900 4.528 20.500 -6.974 10.774 0.420 0.675
Fixed model (ILE) 1.654 2.813 7.915 -3.860 7.169 0.588 0.556
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aE wAlel wE FF7] doF g zelg vud A A3y AT T Y AA 2 n¥89
ARJAES dide=z g d7 38, 18 AJAES ez 3 A7 18 EA4 dlen, 13t ddAe}
18 AES E3d 3He dAFelAE &3AV 7 048(95%CI, -0.17; 1.28), 13 AHJAETS o=
3 o Aol M= 1.29(95% CI, 0.50; 2.09) 2 YEbRTh

a3t A e} Y AJES T dAFdAME dIA THA Fol FF7] Ye -475
mmHg(95%CI, -1.48; -8.03) #Ha AIH o™ (p<.05), ALY AIErts tdom AAg dd dolMs 34 +50]
F%7] dS - 8.86 mmHg(95% CI, -3.68; -14.03) ZAA7]l= Ao 2 YEtHp<.05) [Table 35].

[Table 35] Comparison of systolic blood pressure reduction of isometric exercise by hypertension phase (acute studies)

Difference Standard ) Lower Upper
Study ) variance o o Z-value P-value
In means error limit limit
Elham Shakoor (2020) 6.590 1.632 2.664 3.391 9.789 4.037 0.000
Karla Goessler (2016) 1.900 3.041 9.246 -4.060 7.860 0.625 0.532
Tim van ASSCHE (2017) 2.000 4.170 17.386 -6.172 10.172 0.480 0.631
Random model (Mixed) 4.757 1.671 2.792 1.482 8.032 2.847 0.004
Rafael Reis Olher (2019) 8.860 2.640 6.970 3.686 14.034 3.356 0.001
Fixed model (Hypertension) 8.860 2.640 6.970 3.686 14.034 3.356 0.001
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8% ol ATE F 1Y AAEL PO F A7E 4%, 1¥Y AW HAES BHoR & ATE
oMo 7t awpav)E ek 49 okl 03095% CL 0.05; 0.74), L8 AwkA A<l el 161(95% CI,

0.92;2.30) = FEFYE
8F olde THA e LIS} AJY 7] d¥= - 700 mmHg(95%CI, -1.88; -12.12) #HAA7I=
& o (e}

o
 AdA AdRlel =7 ¢S -1072 mmHg(95% CI, -6.71; -14.73)

Ao YEom(p<.05), 13
AaA7E A2 YERGTH(p<.05) [Table 36].

[Table 36] Comparison of systolic blood pressure reduction of isometric exercise by hypertension phase (chronic studies)

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value

In means error limit limit
Andrea C. Taylor (2003) 11.000 4772 22.772 1.647 20.353 2.305 0.021
Nikolas Pagonas (2017) 1.400 5.167 26.697 -8.727 11.527 0.271 0.786
Mark B. Badrov (2013) 9.000 6.506 42.333 -3.752 21.752 1.383 0.167
Eun sun Yoon (2019) 6.700 4918 24.191 -2.940 16.340 1.362 0.173
Fixed model (Hypertension) 7.005 2.614 6.834 1.881 12.129 2.680 0.007
Anthony W. Baross (2012) 10.600 2.674 7.152 5.358 15.842 3.964 0.000
Anthony W Baross (2013) 10.900 3.178 10.100 4.671 17.129 3.430 0.001
Fixed model (Pre-hypertension) 10.724 2.046 4187 6.714 14.735 5.241 0.000
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adst g wmE olehy] "ot Ao AolE MR Ay dIA A T undd AdA 2 ud<t
Ades ez 3 A7 349, gt Adentes e 3 A47F 18 E4 shdley, gt ddA e
DS ANES 3% 399 A= EHA7I7F 044(95%CT, 0.06; 0.83), LY ARJAERS o= 3t
ATl M= 1.26(95% CI, 0.34; 2.19)2 YEFSET

]t AdA Shapel ndeh Al S

e TR dvelMe LA Eol oler]l €= -217 mmHg(95%Cl,
-065; -369) A AF oM (p<.05), ALY FRJAETS tdoR AAE @l ATers 5 F o] dts
7 L}

- 4.50 mmHg(95% CI, -1.52; -7.48) FA&AI7]+= Ao 2 YEFSTHp<.05)[Table 37].

[Table 37] Comparison of diastolic blood pressure reduction of isometric exercise by hypertension phase (acute studies)

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value
In means error limit limit
Elham Shakoor (2020) 2.130 0.869 0.756 0.426 3.834 2.450 0.014
Karla Goessler (2016) 3.500 2.142 4.589 -0.699 7.699 1.634 0.102
Tim van ASSCHE (2017) 0.300 2.849 8.115 -5.283 5.883 0.105 0.916
Fixed model (Mixed) 2.174 0.775 0.601 0.655 3.693 2.805 0.005
Luiz R. Souza ect (2018) 4.500 1.521 2.312 1.520 7.480 2.960 0.003
Fixed model (Hypertension) 4.500 1.521 2.312 1.520 7.480 2.960 0.003
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[Table 38] Comparison of diastolic blood pressure reduction of isometric

= H [e] H
Aoz Yelhom(p<05), ndd AdA Aole] o]k
g Ao dehdot BAHOR 98 2%rhp>.05) [Table 38,

-1.65 mmHg(95% CI, -7.16; 3.86)

exercise by hypertension phase (chronic studies)

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value

In means error limit limit
Andrea C. Taylor (2003) 4.000 5.150 26.524 -6.094 14.094 0.777 0.437
Nikolas Pagonas (2017) 3.500 2.950 8.700 -2.281 9.281 1.187 0.235
Mark B. Badrov (2013) 6.000 4518 20.417 -2.856 14.856 1.328 0.184
Eun sun Yoon (2019) 5.600 2972 8.833 -0.225 11.425 1.884 0.060
Fixed model (Hypertension) 4.704 1.782 3.176 1.211 8.197 2.639 0.008
Anthony W. Baross (2012) 1.500 3.591 12.894 -5.538 8.538 0.418 0.676
Anthony W Baross (2013) 1.900 4.528 20.500 -6.974 10.774 0.420 0.675
Fixed model (Pre-hypertension) 1.654 2.813 7915 -3.860 7.169 0.588 0.556
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Aol we w57 ot #Fae] Aols nlud Ay I AT T 40~-500 AFES e 3 A4t
39, 60~70t APFe o= 1He dddgrt =4 skew, 40~-50t dAPe o= 3 39
A= BH=A7]7F 0.93(95%CL 0.45; 1.32), 60~70t] AF S o= & oY A7olA = 0.1995% (I,

-0.40; 0.78)= YtEFGE
- 6.69 mmHg(95%CI, -4.11; -9.27) #Aa

] o

Aol @ Aol F 5 757 s - 1.90 mmHg(95%
S| o }
-1 T

[Table 39] Comparison of systolic blood pressure reduction by ages (acute studies)

Difference Standard ) Lower Upper
Study ) variance o o Z-value P-value
In means error limit limit
Elham Shakoor (2020) 6.59 1.632 2.664 3.391 9.789 4.037 0.000
Rafael Reis Olher (2019) 8.86 2.640 6.970 3.686 14.034 3.356 0.001
Tim van ASSCHE (2017) 2 4.170 17.386 -6.172 10.172 0.480 0.631
Random model (40~50) 6.69701 1.317 1.735 4.115 9.279 5.084 0.000
Karla Goessler (2016) 1.90 3.041 9.246 -4.060 7.860 0.625 0.532
Fixed model (60~70) 1.90 3.041 9.246 -4.060 7.860 0.625 0.532
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8F ol AFE T 40~50u] AHE ez & A= 29, 60~70d] AHES e R I AFE 4HoR
7 g3A7)E 40~50t d#o] 1.61(95% CI, 0.92; 2.30), 60~70tH & o] 0.39 (95% CI, -0.05; 0.74)Z }EFE

40~50t) AHS thgo s g 2He] A A 5L 57 d4S -10.72 mmHg(95%Cl, -6.71; -14.75)
e NAHOoH(p<.05), 60~70t] AHS o s AXE 4He] AFoxE &% F £=7] ¢S - 7.0 mmHg(95%
Cl -1.88; -12.12) #2A7]= Ao &2 ey tH(p<.05)[Table 40].
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[Table 40] Comparison of systolic blood pressure reduction by ages (chronic studies)

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value
In means error limit limit
Anthony W. Baross (2012) 10.600 2.674 7.152 5.358 15.842 3.964 0.000
Anthony W Baross (2013) 10.900 3.178 10.100 4.671 17.129 3.430 0.001
Fixed model (40~50 Ages) 10.724 2.046 4.187 6.714 14.735 5.241 0.000
Andrea C. Taylor (2003) 11.000 4772 22772 1.647 20.353 2.305 0.021
Nikolas Pagonas (2017) 1.400 5.167 26.697 -8.727 11.527 0.271 0.786
Mark B. Badrov (2013) 9.000 6.506 42.333 -3.752 21.752 1.383 0.167
Eun sun Yoon (2019) 6.700 4918 24.191 -2.940 16.340 1.362 0.173
Fixed model (60~70 Ages) 7.005 2.614 6.834 1.881 12.129 2.680 0.007
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UHERSE T

40~50th AF = o= 299 AyelM A3y e o] &
ARALH(p<.05), 60~70t) AFe ez AARE 259 AgoM= &
-1.73; —6.59) #AaA7l= Aoz YERHH(p<.05)[Table 411.
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[Table 41] Comparison of diastolic blood pressure reduction by ages (acute studies)

Difference Standard ) Lower Upper
Study ) variance o o Z-value P-value
In means error limit limit
Elham Shakoor (2020) 2.130 0.869 0.756 0.426 3.834 2.450 0.014
Tim van ASSCHE (2017) 0.300 2.849 8.115 -5.283 5.883 0.105 0.916
Random model (40~50 Ages) 1.974 0.831 0.691 0.344 3.604 2.374 0.018
Karla Goessler (2016) 3.500 2.142 4.589 -0.699 7.699 1.634 0.102
Luiz R. Souza ect (2018) 4.500 1.521 2.312 1.520 7.480 2.960 0.003
Random model (60~70 Ages) 4.165 1.240 1.537 1.735 6.595 3.359 0.001
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8% ol AFE F 40~500 AL PoR & ATE 28, 60~700 AP WHoR & ATE 4HoR
7t Zaar)E 40~500) Aol 0.25(95% CI, -0.85; 0.34), 60~70¢] 1ol 0.44(95% CI, 0.09; 0.78)% LFERR:

oz g 2ol AFeld U £FL o] FYS - 165 mmHg95%CL ~7.16; 386)
s NZo FelalA @ AS® UERon(p>.05), 60~70t AR tow AA 471e] Mt £E T
9] e - 470 mmHg(95% CI, ~1.21; -819) a7 207 LRt (p<.05)[Table 421,

[Table 42] Comparison of diastolic blood pressure reduction by ages (chronic studies)

Difference Standard . Lower Upper
Study ] variance o o Z-value P-value
In means error limit limit
Anthony W. Baross (2012) 1.500 3.591 12.894 -5.538 8.538 0.418 0.676
Anthony W Baross (2013) 1.900 4.528 20.500 -6.974 10.774 0.420 0.675
Fixed model (40~50 Ages) 1.654 2.813 7.915 -3.860 7.169 0.588 0.556
Andrea C. Taylor (2003) 4.000 5.150 26.524 -6.094 14.094 0.777 0.437
Nikolas Pagonas (2017) 3.500 2.950 8.700 -2.281 9.281 1.187 0.235
Mark B. Badrov (2013) 6.000 4518 20.417 -2.856 14.856 1.328 0.184
Eun sun Yoon (2019) 5.600 2972 8.833 -0.225 11.425 1.884 0.060
Fixed model (60~70 Ages) 4.704 1.782 3.176 1.211 8.197 2.639 0.008
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FEow ZAasitE Taylor(2003)
Kamath, & Wiley, 2003), =—1&]iL
-10.9/-6.2mmHg= 2 A2 39} FAlSHA a37F Had
S ARt THA FFY o] 7IRbe] FUbEhel w9 —’F%W}X]
st HAaAEHI 9 AA UeE F Udes

Smart, 2013).

Ay 9Ee AGpat o

Z17ve] Wl FAE gt v A AR AR 92 AlgEE o
514 524 o9 (Isometric handgrip; THG) ¢F 4 o2 SBP9} DBPE

]
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Abstract

The Effect of Acute Isometric
Exercise on Adults and Elders’
Blood Pressure Suffering

Prehypertension or Hypertension

Kim, Joonsik

Doctor of Philosophy in Sport Science
Department of Physical Education
The Graduate School

Seoul National University

Purpose : The purpose of this study is to identify the proper
exercise intensity of isometrics squat, which can be performed
without tools, and to idenfy post exercise hypotension effects of
1sometric squat compared to isometric handgrip, isometric leg
extension, and aerobic exercise which the most recommended exercise
in pre-hypertension and In existing studies. In addition, through

meta—anlaysis, this study aim to investigate the effect of acute
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1sometric exercise on resting blood pressure reduction effect and to

detect any differences in effect of long—-term isometric exercise.

Method : In order to achieve the purpose of this study, three
detailed studies were conducted, and each study method is as follows.
The first study was a randomized crossover study design. 13
pre-hypertensive and hypertensive adult males were assigned to 4
interventions(isometric handgrip, isometric leg extension, isometric
squat and usual care) in random order. To eliminate the carryover
effect of exercise interventions, all participants had a 1-week washout
period between exercise interventions. All patricipants had a practice
period to become familiar with the isometric exercise protocols and
visited the laboratory for total 5 weeks at 1-week intervals. Resting
blood pressure and arterial stiffness were measure befor exercise. and
then blood presure, heart rate and rating of perceived exertion during
exercise. Lastly, arterial stiffness was measure after exercise. after
that, ambulatory blood pressure and physical activity level were
measureed for 8 hours thereafter. An independent t-test was used to
compare energy consumption between exercise interventions, and
repeated measures ANOVA and Bonferroni post hoc were performed
to verify the effectiveness of each exercise intervention and period.
The Second study was a randomized crossover study design. 16
pre-hypertensive and hypertensive middle-aged and elderly women
were assigned to 3 interventions (isometric squat, aerobic exercise
and usual care) in random order. To eliminate the carryover effect of
exercise interventions, all participants had a 1-week washout period
between exercise interventions. All patricipants had a practice period
to become familiar with the both exercise protocols and visited the

laboratory for total 5 weeks at 1-week intervals. Before exercise, all
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participants were measured resting blood pressure, arterial stiffness.
And then we measured arterial stiffness after exercise. After that,
ambulatory blood pressure and physical activity level were measured
for 8 hours thereafter. Repeated measures ANOVA and Bonferroni
post hoc were performed to verify the effectiveness of each exercise
intervention and period.

The third sutdy is a meta—analysis study. the acute and chronic
effect of isometric exercise on blood pressure in prehypertensive and
hypertensive adult and elderly. RCT and crossover design studies
published in Korean and English were selected by searching through
the “Pubmed”, “Science of Direct”, “Google scholar”, “Web of
science”, and “Cochrane Library”, which are search source for foreign
journal and “Koranstudies Information Service System”, “Research
Information Sharing Service” which are search sources for domestic
journals. Comprehensive Mete—-Analysis version 3 was used for
analysis of the 11 finally selected literatures. The corrected effect size
(Hedges's g) and the average difference value was calculated. For
the evaluation of publication bias between studies, the final analysis
was performed after evaluation using the Funnel plot, the values of
the Student residual and Jacknifed residual, and Trim and Fill

methods.

Results : First, as a result of performing acute isometric exercises in
13 prehypertensive and hypertensive men, the acute isometric
exercises significantly increased heart rate and blood pressure
compared to Usual care. In addition, as the muscle area used for
exercise increased, the heart rate and blood pressure increased more,

but side effects did not occur. In the comparison of the blood
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pressure reduction effect of isometric exercise by interventions, it was
shown that acute isometric exercises reduced post-exercise blood
pressure and arterial stiffness. Also, the larger the muscle area used
during exercise, the greater the post-exercise blood pressure
decreased.

Second, as a result of acute isometric squat and aerobic exercise in
16 prehypertensive and hypertensive middle and elderly women, both
exercise decreased arterial stiffness significantly. In addition, Isometric
squat reduced ambulatory blood pressure for 4 hours and aerobic
exercise for 5 hours, and there was no difference between
interventions.

Third, as a result of analyzing randomized controlled experimental
studies and crossover design isometric exercise studies conducted in
prehypertension and hypertensive adults and the elderly, both aute
exercise and chronic isometric exercise for more than 8 weeks
represented significant effects on blood pressure reduction. In addition,
the longer the exercise period and the larger the muscle group was

used, the greater the blood pressure reduction effect appeared.

Conclusion : In the meta—analysis results, it was confirmed that the
1sometric exercises for prehypertensive and hypertensive adults and
the elderly had a significant blood pressure reduction effect when
acute exercise as well as chronic exercise was applied. In addition, in
the experimental study, the acute isometric squat, which can be
performed without tools and used many muscle groups, has a similar
or greater post exercise blood pressure reduction compared to the
1sometric handgrip and isometric leg extension exercises that required
tools in previous studies. Also, it has been shown to effectively

reduce blood pressure in a short time compared to aerobic exercise,
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which is the most commonly recommended intervention for blood
pressure reduction. ‘Therefore, acute isometric squat can be
recommended as one of the effective interventions to reduce blood

pressure in pre— or hypertensive adults and the elderly in the future.

keywords : Isometric exercise, acute exercise, meta—-analysis
pre-hypertension, hypertension, ambulatory blood

pressure
Student Number : 2016-30438
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