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Effects of Isometric Handgrip Exercise versus Aerobic Exercise on Arterial Stiffness
and Brachial Artery Flow-Mediated Dilation in Older Hypertensive Patients

Eun Sun Yoon', Jina Chooz, Jang-Young Kim3, Sae Young ]aeI

'Department of Sport Science, College of Arts and Physical Education, University of Seoul, Seoul,
zDepartment of Community Health Nursing, College of Nursing, Korea University, Seoul,
3Department of Internal Medicine, Yonsei University Wonju College of Medicine, Wonju, Korea

Purpose: Isometric handgrip exercise (IHE) is an easy and accessible form of exercise that has beneficial effects on blood
pressure (BP). However, it remains unclear whether IHE is similar benefits on arterial stiffness and endothelial function compared
with aerobic exercise (AE) in elderly hypertensive patients. The aim of this study was to compare the effects of IHE versus
AE on arterial stiffness and endothelial function in elderly hypertensive patients.

Methods: We conducted a randomized controlled trial with a three-arm design. Fifty-four elderly hypertensive patients (15 men;
mean age, 6916 years; systolic blood pressure, 131.2+14.7; diastolic blood pressure, 80.2+7.9 mm Hg) were randomized to
IHE training (n=18), AE training (n=21), or non-exercise control group (n=21) for 12 weeks. Bilateral IHE training was performed
four times of 2 minutes at 30% of maximal voluntary contraction with three times per week. AE training was performed brisk
walking for 30 minutes at moderate intensity with three times per week. Carotid-femoral pulse wave velocity (PWV), augmentation
index heart rate corrected (Alx@75 bpm) and brachial artery flow-mediated vasodilation (FMD) as indices of arterial stiffness
and endothelial function were measured at baseline and after the intervention.

Results: Following 12-week intervention, resting BP was significantly decreased in both IHE (p=0.001) and AE groups (p=0.002).
Alx@75 bpm and FMD were unchanged in the all groups. However, PWV was significantly decreased in both IHE and AE groups
(IHE, 10.9£2.3 to 9.9+2.1 m/s [p<0.001]; AE, 10.5+2.0 to 9.4£1.6 m/s [p=0.001]), without any change in the control group.
Conclusion: These findings suggest that both IHE and AE trainings were comparable effect in improving arterial stiffness in elderly
hypertensive patients.
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109 Hypertensive individuals

!

Screening

!

60 Randomized
I

18 Handgrip exercise group 21 Aerobic exercise group 21 Control group
1 Withdrew (low compliance) 2 Withdrew (low compliance) 3 Withdrew (personal issue)
v v v
17 Complete the protocol 19 Complete the protocol 18 Complete the protocol i ) .
Fig. 1. Experimental design.

Table 1. Physical characteristics of the subjects (N=54)

Variable IHE (n=17) AE (n=19) CON (n=18) p-value
Age (yr) 67+5 70+6 70+6 0.280
Sex (male:female) 5:12 6:13 4:14 0.633
Weight (kg) 67.3+9.1 64.1+£9.5 65.2+9.4 0.592
BMI (kg/m?) 26.3+3.1 26.0+3.7 26.7+4.6 0.920
SBP (mm Hg) 133.3+14.5 131.7+14.3 128.7+15.9 0.652
DBP (mm Hg) 84.9+7.6 78.6+6.1+ 77.4+8.2« 0.009
HR (bpm) 69.0+10.4 67.8+11.3 67.6+8.5 0.902
Alx (%) 33.7+7.6 35.44+9.1 38.0+7.6 0.293
Alx@75 bpm 27.445.9 27.6+7.9 29.8+7.0 0.509
PWV (m/s) 10.942.3 10.5+£2.0 10.2+1.5 0.622
FMD (%) 7.6+4.0 7.2+4.8 5.8+2.6 0.382
Antihypertensive medication classification 0.688
ARB 5 1 2
CcCB 2 6 5
ARB+CCB 5 7 8
8 -blocker+CCB 2 0 0
ARB+diuretic 1 0 0
B -blocker+CCB-+diuretic 0 1 0
B —blocker+ARB +diuretic 0 1 0
a 1-blocker+CCB-+ARB 0 1 0
ARB+ CCB+diuretic 0 1 0
CCB+ B -blocker+ARB 0 0 1
Unmedicated 2 1 2

Values are presented as meanzstandard deviation. Continuous variables were compared with one-way analysis of
variance. Categorical variable was compared with chi-square test.

IHE: isometric handgrip exercise group, AE: aerobic exercise group, CON: control group, BMI: body mass index, SBP:
systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, Alx: augmentation index, Alx@75 bpm: Alx
standardized to 75 beats per minute, PWV: pulse wave velocity, FMD: flow—mediated vasodilation, ARB: angiotensin ||
receptor blocker, CCB: calcium channel blocker.

*[_east significant difference post-hoc analysis p<0.05 vs. IHE group.
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Table 3. Correlation between change systolic and diastolic blood pressure and vascular function in after intervention
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B p-value B p-value B p-value B p-value
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Adjusted for age and baseline blood pressure.

|HE: isometric handgrip exercise group, AE: aerobic exercise group, 4: the difference between post and pre each data,
SBP: systolic blood pressure, DBP: diastolic blood pressure, Alx: augmentation index, Alx@75 bpm: Alx standardized to
75 beats per minute, PWV: pulse wave velocity, FMD: flow—mediated vasodilation.

QAL F IHCLIL2 ms p<005) BF LEF QMM @ &
gastgom, fla@ #h A5E £ 28 49 0 490
Aolg HolA] BthTable 2, Fig. 3). W WAL 715 E A7k o) THIAE hijon f4ke £53} vlaslol
SA4 ofd 95 W 94k £F 1504 I %S 5A4 o 259 B i © SUANES} WIAE ojgks
RGO BAZOE GOt SlehTable 2, Fig. 3) ©F o WAE E3E Lot Sk A7 A3 S Y
T 29 SUAAE 9 SUYTAL A% Heiele] BAY 53 $Akh 8F BF £3719% oleby] B, PWVE §O
242 99 olot 7 A BURS HAT AAEA A%, A 22AZ0H F 0F 1F 4 8Y ¥ FUAAE 14
QA CERC OF ¥ AUPAS FUAAT W BN ik ASIGT B YA ojgsS S84 o 95
E 7153) elio] ek ggtch el 544 o2 S5 $4kh 95 F BE SR 43S nyon 440z 89
VAL OF T 437 BYT o] BY 74 BE OEY 3 sk golth £ A7 524 05 5 89 daans
FEAS0 GO BeNo] Uehgth$3/8Y #=0399,  Cabon 5°9] HEHLHOIN IS 437] B 677 mm HeRrh
p=0.044; o]%7] Y £=0.507, p=0.019) (Table 3). oF 23 mm Hg A% © 7.om, o]g7] B Qs 220]9jth
427 89 g4 sum Wy At o A ek
ol9 ol BE LFIE RS XA FESt] A

37 AH4E 2019 | 167



ES Yoon, et al. Isometric Handgrip Exercise and Vascular Function

7] hgo] 259 o § &5 &ekt w2 2t e
B o710} QAR &5 TR EZoA S5 EE peak electro-
myographic activity (% EMG peak) T+ peak heart rate (%
HR peak)2 A5 WET %MVCRE73=olA 28] e
RO QYA T ekton”, SHY oY 259 71
T At T4 25 TS vl AFoM 7MY &5
FeoIAE B AATW} LRI S HE, AR} 2
sto] AN Aol folet BUh A BT gy
B L5dEE YR Ao 2 25adE 3] 58

= Rl

o ol
o
e
N
N

]

Mo o
mek o
pas
(o
i
oX,
43
z
Y

1

o)
)
(r
1o,
=L
=
=)
1=}
1=
e
m)
)
Ol
)
oy
&
=
i
S
Y
o
O,
W e

o
"N
o
o el rToox

8

o

X

)

e

o

~

)

=

i

)

re,

rir

T

AN

ol

i

=

EL

>

e

Ol o
rﬂﬁ:ﬁmﬁﬁﬁ
AR
rﬂ“ﬂrlogr\l%

N

or

T
e WS
BT
o> ¥O W
{grl(‘ii
Hﬂmerrzi
w o, 10
SRR
Sk 4,
rt; >
olf ™ =

1)

g &K

lill'molrl ==
o0 (o
N T o
:

mghriJEN—[J
i

T

3

=

Ho

O

55
Mo
>
>,
L
iy

u
il
rd
=)
oy
P o
_o|L

o
7} et 9k, McGowan 579}
oz 837t A 25 AN ¥
A e WIAE oE dolg
o, B 5 A7) FEA RS
S R g A oA gtolgkso
Tl Hugle] met oS3 250 2 7159 A
© a¥te B wEA A ok AEolth
% shear stress] 57h= FHURAIES] Ftolg=ZRl
Aekda 2] 9 Aol 858 e SR SUTA
7152 TP, ols BRBUAT Fast HEo] FPHL
1Mo & A AT 54 259 Y 74 717
ATolN SHAY 25 Al shear stresse & Al vl
o 3-4H] o]} SIS 25 Tl 187 4-58) SRt
AN, 2 dAFoAE a4 o 25 & 34T AR
of maE Hupet £57] Btol {5t S7HIRE =
E701L, 7ML 2] 25 25 § BUAIE 7)ol
Frofd et gloiek ARATet & A7) Aue] wad
TEGEA] SHY £5 E itk £59 B Ak 71HeR
HWIAIZ 715 9 the 89180 EdH s 283 A0R oA
A, SHY 25 F G 750 ¥ F7HQ A 2ad

r_>T ¢
o

Y 2 o o rff R

!

e
=
o

o HT
i
rlo
ox
ro
o
=

jut
N
( l_,>
e
o)

IF o ngt
O
el r—?l" rlO

i)
o T

l-lll‘.

£

%0,

7

=l

o2 r_‘Er d
€
=

=

rigt

o[N
e

7F

2 o

ri
z

168 | CHgtAR=0|5I3|2|

o
baroreflex YIZHE 0] Z4AZ Q5] &5 A =
AEAAT BRSPS 2 4 slon

BEZ Fo] gordd] meh B¢ B4=7} gastel 289

2 179 20 29 S44 £5 ¥ SU4HE AX 3

£ AEQ A5Y 5 dubAnSE of |
mis A% SO AAsigon, SH4 S5 f4ks 25
BATIPE AT Aoltt. olefet ATHs Cahu Rodrigues
5] Q0] S8 Uebidet. 19 A7OIHE BRI
61:24) 19 TEYAE PO 157 SHA o £58
AT A SUSRALE OF 11 ms A2SGM, BB

TR RIS I3t WIS Rolx| isick o 5HA oo
o] SUARE 7o) et AT FESAY, 1Y B9}

+&0] tigt HEgt EXof M2H AAFHoR fAkh 252 5
BAE 24 BT G A Yeht B, sub LA
=5 5 g% a7 gAY &5 7zt 1253 ol A7t
U BS 27] sWARLT} 8 ms oY A9 sHANE AR
7} 9Sg A AT, 2 A9} Cahu Rodrigues 5]

Azp0] 27] EMAREL 7k 105 mss, 9.1 misE
FFolom, 125 o9 257171} &5 & folgt

SIS0t e 2 979] SO 534 ofele
THade FUAAE A9t GOt AAYS H

r2
-+
—n

]

Ql Hir

2 rfo

=
ol
o A

K —lOll
Mo
b
offt
=)
oy, ©
X,
1
1o
ek
S
N
N
B
e
>
Fu
ofN
ko
<t
of,
ol
s

=)
i
s, offt

£ oft

rhe
)
ek

fru

o>~

I

-

v}

el
N
P
rlo
=
T
B
5
A
o
O]
X
i
%
(o]
_O|L
=l
%9
3@,
o
.
9,
iyt
_[O
ot

24 A )] 3
AP, 2] ofA|= 23] L5

glou, RE JUAEE AT
22 WSk e St A,
FHAZES AT 75
% 4 ick A, £ A7
ankehe S

[o ofN &
i)
4‘11
rir
=
=
=

|
~
ar
B
sl
19
)
>

(0]

=)
¥ T
folr s,
B o
S
S~
£
2, 2
iffe}
4>

Lok
e,
N

2y
>

I3 ek
e M
oR.

N~

o
offt
= e r2
r.°£ 1
oX OE
R
%0
¢,
_lo
ln ﬁr‘

= rf
= 5
E
&

N e
2

A

d

™)
g
)
1o
o|r
2
oXx,
o
o]
=)
£4
l‘—._a H.IO
[Pa
&
o]
o (o

=
Mo
o)

=

39, ol

i &
2
=
L
iy
)
1o ol
af
> ol
3O,
O, ox
o, 12
W
o T
HEL 04
e
b
2 [e

O

=5 Lo
o
O

)
re
-
(r
—d
42
(o}
=
N
>
el
e F
-4
it
of
ol
|
&
ox
12
I

ce o rm

gk
=)
o,
o3
fol

~{
i
1]
ol
=l
Y
rO{t
Hd
=
ot
re,
-4
K
rlr

-4

a2
o =T
1o Y
N

N
%0,

o
>,

o

u

ox,
43
rdk
lu)

m Mo
2, o
>, 1o g



250 SUHNE Y YgolYs o) DAl w3} vl

[

olo] 4t Z7H4al 71344 A7}

gk

Conflict of Interest

No potential conflict of interest relevant to this article was

reported.

ORCID

Eun Sun Yoon  https://orcid.org/0000-0001-9059-8808
Jina Choo https://orcid.org/0000-0001-9271-3689
Jang-Young Kim https:/orcid.org/0000-0002-0813-7082

Sae Young Jae https://orcid.org/0000-0003-0358-7866

References

1. Chung K. 2017 National survey of older Koreans: findings
and implications. Sejong: Korea Institute for Health and
Social Affairs; 2018.

2. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC
Guidelines for the management of arterial hypertension: the
Task Force for the management of arterial hypertension of
the European Society of Hypertension (ESH) and of the
European Society of Cardiology (ESC). J Hypertens 2013;31:
1281-357.

3. Pescatello LS, Franklin BA, Fagard R, et al. American
College of Sports Medicine position stand: exercise and
hypertension. Med Sci Sports Exerc 2004;36:533-53.

4. Millar PJ, McGowan CL, Cornelissen VA, Araujo CG,
Swaine IL. Evidence for the role of isometric exercise
training in reducing blood pressure: potential mechanisms and
future directions. Sports Med 2014;44:345-56.

5. Carlson DJ, Dieberg G, Hess NC, Millar PJ, Smart NA.
[sometric exercise training for blood pressure management: a
systematic review and meta-analysis. Mayo Clin Proc 2014;
89:327-34.

6. Cornelissen VA, Smart NA. Exercise training for blood
pressure: a systematic review and meta-analysis. ] Am Heart

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Whelton PK, Carey RM, Aronow WS, et al

Assoc 2013;2:¢004473.

2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA
/PCNA Guideline for the prevention, detection, evaluation,
and management of high blood pressure in adults: executive
summary. A report of the American College of Cardiology/
American Heart Association Task Force on clinical practice
guidelines. Circulation 2018;138:e426-83.

. Inaba Y, Chen JA, Bergmann SR. Prediction of future

cardiovascular outcomes by flow-mediated vasodilatation of
brachial artery: a meta-analysis. Int J Cardiovasc Imaging
2010;26:631-40.

. Anderson TJ. Arterial stiffness or endothelial dysfunction as

a surrogate marker of vascular risk. Can J Cardiol 2006;22
Suppl B:72-80.

Sun Z. Aging, arterial stiffness, and hypertension. Hyper-
tension 2015;65:252-6.

Badrov MB, Freeman SR, Zokvic MA, Millar PJ, McGowan
CL. Isometric exercise training lowers resting blood pressure
and improves local brachial artery flow-mediated dilation
equally in men and women. Eur J Appl Physiol 2016;116:
1289-96.

Millar PJ, Bray SR, McGowan CL, MacDonald MJ,
McCartney N. Effects of isometric handgrip training among
people medicated for hypertension: a multilevel analysis.
Blood Press Monit 2007;12:307-14.

Ash GI, Taylor BA, Thompson PD, et al. The antihyper-
tensive effects of aerobic versus isometric handgrip resistance
exercise. J Hypertens 2017;35:291-9.

Pescatello LS, MacDonald HV, Lamberti L, Johnson BT.
Exercise for hypertension: a prescription update integrating
existing recommendations with emerging research. Curr
Hypertens Rep 2015;17:87.

Wallen MP, Gomersall SR, Keating SE, Wisloff U, Coombes
JS. Accuracy of heart rate watches: implications for weight
management. PLoS One 2016;11:¢0154420.

Van Bortel LM, Duprez D, Starmans-Kool MJ, et al. Clinical
applications of arterial stiffness, Task Force III: recom-
mendations for user procedures. Am J Hypertens 2002;15:
445-52.

Wiley RL, Dunn CL, Cox RH, Hueppchen NA, Scott MS.
Isometric exercise training lowers resting blood pressure. Med
Sci Sports Exerc 1992;24:749-54.

Farah BQ, Rodrigues SL, Silva GO, et al. Supervised, but not
home-based, isometric training improves brachial and central
blood pressure in medicated hypertensive patients: a
randomized controlled trial. Front Physiol 2018;9:961.

37 AH4= 2019 | 169



ES Yoon, et al. Isometric Handgrip Exercise and Vascular Function

19.

20.

21.

22.

23.

24,

Badrov MB, Horton S, Millar PJ, McGowan CL. Cardio-
vascular stress reactivity tasks successfully predict the
hypotensive response of isometric handgrip training in hyper-
tensives. Psychophysiology 2013;50:407-14.

McGowan CL, Levy AS, McCartney N, MacDonald MJ.
Isometric handgrip training does not improve flow-mediated
dilation in subjects with normal blood pressure. Clin Sci
(Lond) 2007;112:403-9.

McGowan CL, Visocchi A, Faulkner M, et al. Isometric
handgrip training improves local flow-mediated dilation in
medicated hypertensives. Eur J Appl Physiol 2007;99:227-34.
Green DJ, Cable NT, Fox C, Rankin JM, Taylor RR.
Modification of forearm resistance vessels by exercise
training in young men. J Appl Physiol (1985) 1994;77:1829-
33.

McGowan CL, Levy AS, Millar PJ, et al. Acute vascular
responses to isometric handgrip exercise and effects of
training in persons medicated for hypertension. Am J Physiol
Heart Circ Physiol 2006;291:H1797-802.

Dauphinot V, Kossovsky MP, Gueyffier F, et al. Impaired

170 | CHEtAZ=O[5k5||

25.

26.

27.

28.

29.

baroreflex sensitivity and the risks of new-onset ambulatory
hypertension, in an elderly population-based study. Int J
Cardiol 2013;168:4010-4.

Montero D, Roche E, Martinez-Rodriguez A. The impact of
aerobic exercise training on arterial stiffness in pre- and
hypertensive subjects: a systematic review and meta-analysis.
Int J Cardiol 2014;173:361-8.

Cahu Rodrigues SL, Farah BQ, Silva G, et al. Vascular
effects of isometric handgrip training in hypertensives. Clin
Exp Hypertens 2019:1-7.

Ashor AW, Lara ], Siervo M, Celis-Morales C, Mathers JC.
Effects of exercise modalities on arterial stiffness and wave
reflection: a systematic review and meta-analysis of rando-
mized controlled trials. PLoS One 2014;9:¢110034.

Lind L, Granstam SO, Millgard J. Endothelium-dependent
vasodilation in hypertension: a review. Blood Press 2000;9:
4-15.

Spieker LE, Noll G, Ruschitzka FT, Maier W, Luscher TF.
Working under pressure: the vascular endothelium in arterial
hypertension. J Hum Hypertens 2000;14:617-30.



