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Abstract High-intensity interval exercise (IE) leads to greater improvements in the arterial
function than continuous exercise at moderate intensity (CE). However, few studies have been
performed on the effects of the repetition exercise (RE) on the vascular endothelial function.
The purpose of this study was to compare the effects of CE vs. IE vs. RE during aerobic ex-
ercise on the vascular endothelial function determined by flow-mediated vasodilation (FMD).
Ten healthy male subjects randomly performed 3 trials as follows: CE (20-min cycling at
50%Wax), IE (10 X 1-min intervals cycling at 75%W .« interspersed with 1-min intervals
cycling at 25%W 1), and RE (30 x 20-sec intervals cycling at 100%W ,,.x interspersed with
20-sec intervals at rest). FMD was assessed at rest and 30 and 60 min after each exercise, and
then the normalized FMD (nFMD) was calculated from the peak shear rate. The nFMD (a.u.)
significant increased 30 min after IE (1.2 = 0.2 to 3.0 = 1.0, p<0.05) and increased 30 min after
CE (1.0 £ 0.2 to 1.4 + 0.2, n.s.) and returned to baseline at 60 min after both exercises, while
the nFMD decreased 30 min after RE (1.3 £ 0.2 to 1.2 £ 0.1, n.s.) and was sustained at 60 min.
The nFMD value at 30 min after IE was significantly greater than that at 30 min after RE (3.0 +
1.0 versus 1.2 + 0.1, p<0.05). These results suggest that RE may lead to a less improvement in
the vascular endothelial function than CE and IE.
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Fig. 1 A schematic representation of the 3 exercise trials.
CE was 20min at 50%W.x, IE was 10 X 1-min intervals at
75%W nax Interspersed with 1-min intervals at 25%W .x, and
RE was 30 X 20-sec intervals at 100%W ., interspersed with
20-sec intervals at rest. Wy, Peak power output.
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Fig. 2 Typical Changes in VO, and HR during each trial.

Value are mean + SE.
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Table 1. Cardiovascular variable before and after CE, IE and RE trials.
CE 1IE RE
Pre Post 30 Post 60 Pre Post 30 Post 60 Pre Post 30 Post 60

SBP (mmHg) 119.0+22 1193+24 1179+26 1175+15 116.8+15 116.7+t2.1 121.3+23 120.7+23 117.7+£28
DBP (mmHg) 70.0+1.9 720+1.9 704 +£2.1 67.1+1.5 70.2+2.1 70.6 £1.8 68.3+3.0 721+1.7 703+1.7
HR (beats-m) 59.1+1.7 685+£21* 63.0+1.7% 602+18 729+3.0* 65.7+29* 585+1.8 747+27* 65.0+2.0*
Dipase (mm) 3.8+£0.1 3.8+0.1 3.7+£0.1 3.8+£0.1 3.8+0.1 3.7+£0.1 3.7+0.1 3.8+£0.1 3.7+£0.1
Dipeak (mm) 4101 41+£0.1 40£0.1 4.0+£0.1 41+0.1 40+£0.1 4.0+£0.1 4.0+£0.1 4.0+£0.1
FVpase (cm-sec?) 102+09 11.3+08 120+09 104+09 113+1.7 99+14 10612 15429 112+%12
FVpeak (cm-sec?) 394+£32 361+£3.0 404+£3.0 364+34 301%£40 368%52 376+48 383+37 399+£50
PSR (s7) 7.7+0.8 6.6+0.8 7.7 +0.6 6.9+0.7 51+1.0 74+1.3 73+1.3 6.1+0.6 7.7+1.0

Value are mean * SE.
*p<0.05 versus at Pre.

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; Diyse, brachial artery baseline diameter; Dipea, brachial
artery peak diameter; FVy,e, brachial baseline flow velocity; FV e, brachial peak flow velocity; PSR, peak shear rate
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Fig. 3 Changes in FMD and nFMD during each trial.

Value are mean + SE.

CE, continuous exercise; IE, interval exercise; RE, repetition
exercise.

*: p<0.05 versus Pre in CE and IE trial.

T: p<0.05 versus Pre in the IE trial.

# : p<0.05 versus the RE trial.

52 DS TS S0 95, KiF%eo PSR I, MEFE,
MIEHEEASHEB L TBY, MERIZOWTIESEMHT
HEREDR WO, MEREOEENIRKEVEEZ
SNA. T/, MRHEEAPSR 2 ikET 5 HFTHIL,
MFHED FFIZL72h55 T, PSR, & 5ICFMD A3
BILTHRT S Z D FHISNLAH, AFEDOPSRIZ 3
e, EET 300 I T @, 604 I
[T 5%, FMDIZCE B L OIESMT, EHHTE
g L GEBR T 300 %ICEZIC LR L, REL&MHTIZ
XFER %27~ L, PSR ORI LA L 72 FMD O ZA1bix
BoOLNLho7z. T2, PSR%HWTFMD % iZ#(l
T52 LT, IELMIE, EEhaT & B L CESHE T 30
SRICEEICERL, S5I1EBRT 305012 IE &4
EREGMEDMICHERENBO LN, Lzh- T,
RE &3+ 2 MfEE ST ) IS 255 2 13T

& 7278, ROS B X UIME N RIE SIS A A - 7272 12 1L
EYENT ORI S ol EAOND.

— O H RO B EMEE) 23S S FMD O K
Jold, EEEE, R, B X OTRE F 73R o R
REWCEVEZY, EBREIZO W TIE VO D50%
6 80% 5 FE 0 E B T 1 FMD (2 EB)HT & Mo L ¢ E&-
L, 80%i&E LI EDES TIIME T 32560555 2 &8
WESNTWEY, $72, FEEEREHICL Y TR
HILHET 5 2 LT, eNOSATEMEAL S L, NO DLW
BRI FRED S - L, MR R 25§ 5 2 L 1d 5
MZENTHY P KBTI, CEB L IE&MT,
EEIHT & e L CGEB T 300 R ICEE 2 LAY
SNz E512, EEISEMFOE W% E R L TPSR 7 H 1%
#AL L 72nFMD (&, CE $&f 13 EShar & Lk L CESh%
T30 HIEEIMER TH Y, IE S TIEEB)RET & Hg
L CEBI T 300 RICEE R AR SN EFA
fHEEIB L O v & — 2 NVIEROEE) % H V724 ABFZE
T, A ¥ &=V OEB) W A HES) & i L
TNOXEA L VT 2 2 LS A SR TEB YD,
AFZEIZ BT, CEB L OIE &40 nFMD OB &8
BRI, NOOIEEDEWSEEL /-2 &
PRI NL, —F, RESKMIE, IE &0 & &8~
HULL TWAIZOEHLSTFMD B X U nFMD & b 123
PEMTH o7 HHE LT, REFUOEIZL )Mo
25 L RBRICNO & 384 Uz Retid A58, FEH)
BT BE T & $EBREE O E F AR RS IR
Tho/zZ hb, ROSB L UINFE P JAE UG 7S 52
L, NOD#EZZ, ROSH L MENERERIGIZ L - T
M ENTZEEZ 5N,

WIZSBP B LU DBPIZoWTIE, &£5&M4NE L%
FHHICBWTENTENEELREZNPRDOD LN Do 72
5, SBPIZ DWW Tk &R AT & bl L, EEf T 30407 T
IXIEB L URE&MT, EEHE T 6052 Tk 3 &ML D
WA 2 R LT AL Z OB R I & I E
MOV LBRELTHENTH D Z &GS
NTWB Y KIFZeTHENM L 72 EB) i< & 5 hE
YAH 5. F72, HRICOWTITEBHT & LT, &
BT 3008 L6052 3 L bAER LAN
A BNz — IR ICA U 2 02 L2 o n T,
PERDHE L FRETH > 725,

K722 B VT, CEB X WIE S &R UHFHETRE
L7-RE&MCld, FEBIAMAE 2 B EIC R o 7272
DIZ, MO L ) S ROSE L UKIEID Z 38E S 4,
MAESLIER T &2 RS S 72T et 5. —F, A~
& — VB OB B AER) & LT, D hn
HHECHIRBEE AU S 2 2 L REShTB ) ¥,
RIFFECTHEM L 72 RELUEL ST T VIS %255 2
ENTELZEREETHE, THEBOAN T 72I13EH)



LT Y 3 RO BB & IR A IR G 443

e & KB ORE A RIE 2 & T, BIRIESEIZARD
LT AT a VEBARETE LWL H L. T 72,
AWFZE T FMD 7%, CE 3B X OVIE &4 CEB) Al & Lk
L CEBIR T 300 BICAEZEICEA L, nFMD X, IES
T 303 PR BB AT & LI L TR E R EARO LN
7z, TSI L R TH Y MY BIRKERE % T
S LGEOFMmEEER L LCT1 v ¥ — " VERD
EEHAENTHDLI IOV THET R E o7,
INSOMRIZ, BEEEZSFRICEIRFELOFRE I
b AR EER T EIRT BB EICT LI ENTES
THr).
RIFFEDORFEE LT, BEEPEFEDOBMEIZRE S
TWh DI, ik, KLV, BERRIRI 2 & H B 7
BYERE DRI T L LEDH L. Tz, HEESK
HoftHEEE X OEBBGD ST £ TORM % F—
EH 5728, RESMNZ 2080 0 VO I OB & 55
ERE TR L 72 R AEENC 2 ), AN R R RE L3
LB BB AN X OB OREII o722 258
HIF L. B A 205 IS E L7228, FEEH)
B AZEET 52 &C, EHRELHP ST LT 1
Ta YR OEEZENTRETH ), 2055 MIZRE L2
EEAMEB LA vy —  OVEROES) & BHHE
PR SR HICHED B o7 Lohto T, MEBEEE
MrERL, EEMEL D T5 2 LT, BIREREICR)
B LT 4 v a Y RRO— B EE AR ETEX ST
REMEH 5. F72, AWMEOERTS K L7ZFMD D%
IEDOREIZHEET L2 EDE 2 505 N0, ROS%K &I
DWTIE, BfLFEHEEZ L TWwihnizd, Fo5R
HTH L., EifiL7z3&MF0ERICLL NS DIAER
ETHZ LT, TNENOEERNFEDO A D = A L%
JOHLNZTHIENTELTHAH. 36, K
FElE— BB AT N R REIZ 5 2 2 B A MGt L 72
B, ML == U I K BN ADIME RIS ST )
BIZOWTOLHS DT LB D 5.

O

K TIE, LT 1 ¥ a YR o EB) A P B
BEIC T T BEZHO 2T 572010, ERATNB L
A28 = NOVEROEE) &AM EEZF— S8, L
7oL ZhH, MOBAOER L ITELY, LT ay
TEXOEELIME N LR TLE SR W LAVREN
7. Lo T, KgECitE L7z L T 4 v a VX
OBEET ML —=r 73554, MENEEREOUEEIC
DO R W REMEATRIE S 7.

FBERECHE - HE TN DR L

2 E XM

D) EEGEEHhS BREEOBN - B4 OFE, WA
ENIRR AL, B8R, 62-70, 2014.

2) Kubo M, Kiyohara Y, Kato I, Tanizaki Y, Arima H,
Tanaka K, Nakamura H, Okubo K, Iida M. Trends in
the incidence, mortality, and survival rate of cardiovas-
cular disease in a Japanese community: the Hisayama
Study. Stroke 34: 2349-2354, 2003.

3) Kitamura A, Sato S, Kiyama M, Imano H, Iso H, Okada
T, Ohira T, Tanigawa T, Yamagishi Y, Nakamura M,
Konishi K, Shimamoto T, Iida M, Komachi Y. Trends
in the incidence of coronary heart disease and stroke
and their risk factors in Japan, 1964 to 2003: the Aki-
ta-Osaka study. /] AmColl Cardiol 52: 71-79, 2008.

4) Miura K, Nakagawa H, Ohashi Y, Harada A, Taguri
M, Kushiro T, Takahashi A, Nishinaga M, Soejima H,
Ueshima H. Four blood pressure indexes and the risk
of stroke and myocardial infarction in Japanese men
and women: a meta analysis of 16 cohort studies. Cir-
culation 119: 1892-1900, 2009.

5) Hata J, Ninomiya T, Hirakawa Y, Nagata M, Mukai N,
Gotoh S, Fukuhara M, Tkeda F, Shikata K, Yoshida D,
Yonemoto K, Kamouchi M, Kitazono T, Kiyohara Y.
Secular Trends in Cardiovascular Disease and Its Risk
Factors in Japanese Half-Century Data from the Hi-
sayama Study (1961-2009). Circulation 128: 1198-1205,
2013.

6) Safar ME, Balkau B, Lange C, Protogerou AD, Czer-
nichow S, Blacher ], Levy BI, Smulyan H. Hyperten-
sion and Vascular Dynamics in Men and Women With
Metabolic Syndrome. /] Am Coll Cardiol 61: 12-19,
2013.

7) Okada Y, Galbreath MM, Shibata S, Jarvis SS, Van-
Gundy TB, Meier RL, Vongpatanasin W, Levine BD,
Fu Q. Relationship Between Sympathetic Baroreflex
Sensitivity and Arterial Stiffness in Elderly Men and
Women. Hypertension 59: 98-104, 2012.

8) Tzamou V, Kyvelou SM, Karpanou E, Petras D, Vys-
soulis G. Aldosterone Levels, Aortic Stiffness, and
Wave Reflection in Essential Hypertensive Patients.
Am J Hypertens 28: 852-857, 2015.

9) Sun Z. Aging, Arterial Stiffness, and Hypertension. Hy-
pertension 65: 252-256, 2015.

10) Brandes RP, Fleming I, Busse R. Endothelial aging.
Cardiovasc Res 66: 286—-294, 2005.

11) El Assar M, Angulo J, Vallejo S, Peiro C, Sanchez-
Ferrer CF, Rodriguez-Manas L. Mechanisms involved
in the aging-induced vascular dysfunction. Front
Physiol 3: 132, 2012.

12) Taddei S, Virdis A, Ghiadoni L, Salvetti G, Bernini G,
Magagna A, Salvetti A. Age-related reduction of NO
availability and oxidative stress in humans. Hyperten-
sion 38: 274-279, 2001.

13) Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN,
Franklin BA, Macera CA, Heath GW, Thompson PD,
Bauman A. Physical activity and public health: up-



444

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

HAr, =i, i, 3R AR Al

dated recommendation for adults from the American
College of Sports Medicine and the American Heart
Association. Circulation 116: 1081-1093, 2007.
Kingwell BA, Berry KL, Cameron JD, Jennings GL,
Dart AM. Arterial compliance increases after mod-
erate-intensity cycling. Am J Physiol 273: 2186-2191,
1997.

Goto C, Higashi Y, Kimura M, Noma K, Hara K, Na-
kagawa K, Kawamura M, Chayama K, Yoshizumi M,
Nara I. Effect of different intensities of exercise on
endothelium-dependent Vasodilation in Humans Role
of Endothelium-Dependent Nitric Oxide and Oxidative
Stress. Circulation 108: 530-535, 2003.

Seals DR, DeSouza CA, Donato AJ, Tanaka H. Ha-
bitual exercise and arterial aging. J Appl Physiol 105:
1323-1332, 2008.

Nickel KJ, Acree LS, Gardner AW. Effects of a Single
Bout of Exercise on Arterial Compliance in Older
Adults. Angiology 62: 33-37, 2011.

Rakobowchuk M, Tanguay S, Burgomaster KA, How-
arth KR, Gibala MJ, MacDonald M]J. Sprint interval
and traditional endurance training induce similar im-
provements in peripheral arterial stiffness and flow-
mediated dilation in healthy humans. Am J Physiol
Regul Integr Comp Physiol 295: R236-R242, 2008.
Siasos G, Athanasiou D, Terzis G, Stasinaki A, Oikono-
mou E, Tsitkanou S, Kolokytha T, Spengos K, Papavas-
siliou AG, Tousoulis D. Acute effects of different types
of aerobic exercise on endothelial function and arterial
stiffness. Eur J Prev Cardiol 23: 1565-1572, 2016.
Ciolac EG, Bocchi EA, Bortolotto LA, Carvalho VO,
Greve JM, Guimaraes GV. Effects of high-intensity
aerobic interval training vs. moderate exercise on he-
modynamic, metabolic and neuro—humoral abnormali-
ties of young normotensive women at high familial risk
for hypertension. Hypertens Res 33: 836-843, 2010.
Guimaraes GV, Ciolac EG, Carvalho VO, D’Avila VM,
Bortolotto LA, Bocchi EA. Effects of continuous vs. in-
terval exercise training on blood pressure and arterial
stiffness in treated hypertension. Hypertens Res 33:
627-632, 2010.

Mohr M, Nordsborg NB, Lindenskov A, Steinholm H,
Nielsen HP, Mortensen J, Weihe P, Krustrup P. High—
intensity intermittent swimming improves cardiovas-
cular health status for women with mild hypertension.
Biomed Res Int 2014: Article 1D 728289, 9 pages, 2014.
W], e KRR IR AR O R, TpE R, L, 3-55,
2001.

American College of Sports medicine position stand.
The recommended quantity and quality of exercise
for developing and maintaining cardiorespiratory and
muscular fitness in healthy adults. Med Sci Sports Ex-
erc 22: 265-274, 1990.

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

Corretti MC, Anderson TJ, Benjamin E]J, Celermajer D,
Charbonneau F, Creager MA, Deanfield J, Drexler H,
Gerhard-Herman M, Herrington D, Vallance P, Vita J,
Vogel R. Guidelines for the Ultrasound Assessment of
Endothelial-Dependent Flow-Mediated Vasodilation of
the Brachial Artery A Report of the International Bra-
chial Artery Reactivity Task Force. ] Am Coll Cardiol
39: 257-265, 2002.

Genta FT, Eleuteri E, Temporelli PL, Comazzi F, Tidu
M, Bouslenko Z, Bertolin F, Vigorito C, Giannuzzi P,
Giallauria F. Flow-mediated dilation normalization
predicts outcome in chronic heart failure patients. J
Cardiac Fail 19: 260-267, 2013.

Cai H, Harrison DC. Endothelial dysfunction in cardio-
vascular diseases: The role of oxidant stress. Circ Res
87: 840-844, 2000.

Bloomer R], Goldfarb AH. Anaerobic Exercise and
Oxidative Stress: A Review. Can J Appl Physiol 29:
245-263, 2004.

Cote AT, Bredin SS, Phillips AA, Koehle MS, Glier
MB, Devlin AM, Warburton DE. Left ventricular me-
chanics and arterial-ventricular coupling following
high-intensity interval exercise. J Appl Physiol 115:
1705-1713, 2013.

Pyke KE, Tschakovsky ME. The relationship between
shear stress and flow-mediated dilation: implications
for the assessment of endothelial function. J/ Physiol
568: 357-369, 2005.

Dawson EA, Green D], Cable NT, Thijssen DHJ. Ef-
fects of acute exercise on flow-mediated dilatation in
healthy humans. / Appl! Physiol 115: 1589-1598, 2013.
Cosio-Lima LM, Thompson PD, Reynolds KL, Headley
SA, Winter CR, Manos T, Lagasse MA, Todorovich JR,
Germain M. The acute effect of aerobic exercise on
brachial artery endothelial function in renal transplant
recipients. Prev Cardiol 9: 211-214, 2006.

Tinken TM, Thijssen DH, Hopkins N, Black MA, Daw-
son EA, Minson CT, Newcomer SC, Laughlin MH,
Cable NT, Green D]J. Impact of shear rate modulation
on vascular function in humans. Hypertension 54: 278-
285, 2009.

MacDonald JR. Potential causes, mechanisms, and im-
plications of post exercise hypotension. / hum Hyper-
tens 16: 225-236, 2002.

Carpio—Rivera E, Moncada-Jiménez J, Salazar-Rojas
W, Solera-Herrera A. Acute effects of exercise on
blood pressure: A meta-analytic investigation. Arqg
Bras Cardiol 106: 422-433, 2016.

Currie KD, Mckelvie RS, Macdonald M]. Flow—medi-
ated dilation is acutely improved after high-intensity
interval exercise. Med Sci Sports Exerc 44: 2057-2064,
2012.



