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Current Status and Limitation of High-Intensity Interval Training of
Untrained Subjects with Cardiac Disease and/or Lifestyle-related Disease

(E 3¢ i

F — « 7 — K ! cardiac rehabilitation, chronic heart failure, coronary artery disease, high-intensity interval train-

ing

DR NEY F—2a v, B

TERECE, EEEAS vy =V L=V T

(BE) mwmEA( >y — UL L—= ¥ 27 (HIT) I3,

o R0 2R T B B b B S MR 72,

WEBFEENE LT, KANOSMER RIS SN EHWMERT Fe T I v A, Z4&eto b
E0Tld v, EERIE, B, HEICL L2 DMAEDLEORTREND 7T b 3=V RHTH
B, AR TIRONENE R AEiE E R H BR 2 R A B JEREE ~  HIIT OB % Wk o —# T h Ah

HI7z 4 53 x4 [ HIIT % OIS LARFECOMMBICET 2 FH2MFET 5

1. EU®IC

AR =V EFEOFEFTIIEBREAL » 7 =200 b
L — = ¥ Z (high -intensity interval training :
HIIT) B3 &MEBR T M INTE Y 2D FED
s Twa., =%, BELEEOAE
(chronic heart failure ; CHF) R 5& Bk & (coro-
nary artery disease ;: CAD) ZD.[Mifise X 7 R
Vo ZIEGERE A G & 3 5 AT IS B R R
K LCo HIT bR EmE (BRI
VEZE RS anaerobic threshold ; AT L N)V) OF
lEFMEEE) (moderate-intensity continuous train-
ing : MCT) & 0 ixEMBFEEIE (VOuew), O
HE, BT COMEF R RE DU BRI LI EH
EEXMEHEBOTW DY, EEpD:, SRR,
WYHLEE 2 ZO UL NEY) T — T 3
¥ (LIN) ORTHREER L LIS VX
==Y 73R Z2THOTHY, XA
MPORER N —=Z v 7 Tu s TANRELENTY

* o EEEA SR SR B B A R

BARERR XK — VEFRE

B, DUNTIE, EREHT & AR — YV EFOR
A, MHEOLFERENEETH L EE R 5.
eSS E 1203 5 HIT o @i icovwCix
IVF U ADBERHREINSDOH L —FT, 72 b
I—)VIEREE, SRR, TeKEDH B\ ILRES)
KRB DRER, %, BB X ) oM AED
ENEZOLNL. AFTIE, FCROMEEIC TREAE
At a » b a— )V Ek (randomized controlled
trial ; RCT) THRHEZLDIET Y ADD 5 Hik
FEEE) 4 5 L REEINIKE 3 0% 4 I D R 7 1
M= (4x455) ZHUIS, FEEIE, R
SNBHEBE AN =X L, SHEOMESE 2RI
5.

2. DIERXERTBREERBREN
DY) NTOESHEEDENR
BAE, MAROIIZEALDL) NERIZBIT A
WEREFHOEE T Fa—VigHh AL K54 T
IR SND MCT TH Y. W], RIzhEe%w4
HOLETF Y APETHAET DI OHELY
v, —T, Bkow oo 7 v— 7T,

Vol.25No. 1, 2017. 79



HIIT % DBREE e A & R v 7 JE BT 1T
DANTE 7z, diEEEo7a s a— VT, %)
R, wEW MAS (L) 239N Y ARLR
TeNbHZENLETHL (R1). TheT7I U A
VEVWEPHEETMCT I YTy 2 3B E2H
B ChaE R CMAKRICIRIF S, —F, HIT
BEEAHVHHLSE LD S LT 52MEDDH 5
A0 H OB oW TR EE A5 < SEBRE

benefit

fun

safety

X1 Three factors that are important when
considering an exercise training method.
This is a well-balanced triangle that is
necessary to maintain the acute and
chronic effects as well as to establish

long-term adherence to exercise training.
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# 1 HIIT Protocol and Superiority of HIIT over MCT in terms of VOzpeak Improvement
. Studies Showing

Protocol No. of studies Superiority of HIIT
Coronary artery disease 10x 1 min 1 0/1 (0%)

8% 2 min 1 1/1 (100%)

7 %X 3 min 1 0/1 (0%)

4 X4 min 7 5/7 (70.2%)
Chronic heart failure 40 x 30 sec 3 1/3 (33.3%)

30 %1 min 1 0/1 (0%)
5% 3 min 1 1/1 (100%)
4 X4 min 6 (2 studies in progress) 3/4 (75%)

This table shows the randomized controlled trials comparing improvement of VOsgpeak after exer-
cise between HIIT and MCT in patients with CAD or CHF. The HIIT protocols and number of
studies showing superiority of HIIT over MCT for each protocol are shown. The 4 X4 min proto-

col was most frequently used showing a positive rate of 70.2% in the CAD group and 75% in the
CHF group. The other protocols with 30 sec, 2 min, and 3 min exercise duration were also effec-

tive in a limited number of studies.

Abbreviations: HIIT, high-intensity interval training; MCT, moderate-intensity continuous training;
CAD, coronary artery disease; CHF, chronic heart failure
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A40 km speed

Duration (min) 05
Intensity (%PPO) 175

2 Effects of varying interval training intensities on 40-km time-trial perfor-
mance in trained cyclists (adapted with permission from Stepto et al.
Med Sci Sports Exerc 1999; 31: 736-741)
Well-trained male cyclists were randomly assigned to 1 of 5 groups
with different HIIT protocols: 12 X30 sec at 175% peak sustained
power output (PPO), 12 X1 min at 100% PPO, 12 X2 min at 90%
PPO, 8 X4 min at 85% PPO, and 4 X8 min at 80% PPO. The cyclists
completed 6 HIIT sessions over a 3-week period in addition to their ha-
bitual aerobic base training. The groups following the 12 X 30 sec and
4 X8 min protocol showed better improvement in speed.
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3 A schema of protocols of HIIT and MCT
The HIIT protocol is composed of 5-10 min of warm-up, 4 bouts of high-inten-
sity exercise (85-95% peak heart rate) with active rests (60-70% peak heart
rate), and 5 min of cool-down. The MCT protocol begins with 5-10 min of
warm-up, 30 min of moderate-intensity (60-70% peak heart rate) continuous
exercise, and cool-down. In almost all randomized controlled trials comparing
improvements in VOzpeak during HIIT and MCT, exercise time was calculated to
be iso-caloric in HIIT and MCT. The total exercise time is usually shorter in
HIT than in MCT. The HIIT protocol in this figure illustrates the typical proto-

col, as reported by Wisloeff in 2007.
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4 The heart rate trend during HIIT protocol in a patient (adapted with permission from

Keteyian et al. J Cardiopulm Rehabil Prev 2014; 34: 98-105)

Heart rate during exercise and active rest

increases gradually bout by bout. Howev-

er, heart rates during exercise and during active rest are controlled between 80-90%
and 60-70% heart rate reserve, respectively.
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A: Phase 2 cardiac rehabilitation at St Olav’s Hospital

B: Generation 100 study (indoor)

C: Generation 100 study (outdoor). Participants are running uphill during
exercise and walking or jogging downhill during active rest.

D: Generation 100 study (outdoor). Borg scale measurements during exer-
cise are kept between 16 and 18.

HOHE, REREANOF LML OBEIZOWT 5 4R
THET A REP Y 2 Tay 27 FTHY, 46l
VAR IR 11 7 /Lo il 8 B 42 1 SRBR %2 4737 % D I3 AFRL
FTRETH 5. B2 O FES) (HIIT, MCT
\ZIEAEZ 20 H) EEEHLTEE) 2 L O EAHERE 5
BIHE (fEH 30 AL O AR EERRIE O EH)) A
D 3FEITHAEL T A LI TERER VO & & &
% { OWIRIGIREEIC G 2 % %5 % FRRF AL FRA L
TWwhb. 20124EI2 v M) —25B%h S NBLEHEAT
FThbH BEHTOESIIENTOZ T OIS »
(K 5B), BAVCTOIGENIEES >~ (B 5C, D)%
JURA Y M) —AF—FE2RFERFHITL Y #
HBERL TS, ZORERTIIBRAIIEHE RNl L
7o VT AL 2 AR T BB B R D MR E F
NTn5. 10RTH->TH 45DA ¥ & —I3)LH
% Borg scale 16-18 R DR E Z MiFF ST 5
(R 5D).

7. VO A DIBEADRIR

HIIT & MCT % #4 5 RCT I2BWT, JAfl
2 C HIT O RENDODOH 5. 4x4
4@ HIIT Tl VOupeu I E# (PGC-10,
Ca’* @ reuptake™ %), MK F-ORAZE", i
B RREE 20 IR B AR, H AR R AR

84 BARERR R K — VEFRES

DoBRRE ODURERE™ ", JRaRAE>*), EBYRESY, WY
BERES ), JIETY, EIEOHY FrRKDOTRET
HIIT Of AR SN TE 7.

8. home-based exercise N 1T#% D
PRS2 XDV T

HI 3R D VO R Z DD FEEEN DR R % LKL
T % B WIHIZ 8-16 A 2% < BT E B Y]
MEOEMMRIERL T Fe 7 I v 2 2R3 R
1307, Moholdt & (ZOiMi R O B #H T HIT
TOLY) N1 home-based ® 7V — FH: X )
B OER~OT7 e 7 I Y ANENRL TS &
el L 72, fxak Aamot 51, 128 [ o HIIT
(hospital-based vs. home-based) #I#& T 12 # H
HOACHEHIC L 2EBOT N7 T ¥ ADS Wi
TR IZHEFRE SN, VO (I RABRBH A 2 5 12
HECTHEONIZUEN 12 » HRb MRS b 2
&R L7 HIT % Bl OB R MIECCThi7El
BIH 2 EASE T 2 B T TR AE S & 8D
575, home-based TOEMW ML —=> 7T
EARNDOB IS L 72D Tld v, HIT
DEMWBECHEEFEDO N FZ Y FEL ¥ PO
BIRIZOWTIIRZZHE D % S HROBETZDS,
NTNU T i Generation100 & B 25 3£ 17 W T &

Vol. 25 No. 1, 2017.



DI - £EZBREREZRAE T SIFBMRE (CHT d@mES > 2 -/ bL—Z > TOBIKERF

Cytosol

Nucleus

oo

translation

A mitochondrial
gene transcription

6 Potential intracellular signaling mechanism involved in HIIT-induced mitochon-
drial biogenesis (adapted with permission from Gibala et al. J Physiol 2012;

590. 5: 1077-1084)

Low-volume HIIT has been shown to activate 5’-AMP-activated protein kinase
and p38 mitogen-activated protein kinase, which are known as the myokines.
Both of these exercise-responsive signaling kinases are involved in direct
phosphorylation and activation of PGC-1o.. Increased nuclear abundance of
PGC-1a following HIIT is hypothesized to co-activate transcription factor to
subsequently increase mitochondrial gene transcription. This ultimately results
in the accumulation of more mitochondrial proteins to drive mitochondrial bio-

genesis.
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Current Status and Limitation of High-Intensity Interval Training of
Untrained Subjects with Cardiac Disease and/or Lifestyle-related Disease
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(Abstract) High-intensity interval training (HIIT) is a very popular training mode for athletes. During compre-
hensive cardiac rehabilitation, it has also been adopted as a novel exercise mode for individuals with cardiac dis-
ease and/or lifestyle-related disease. Although the acute effects of HIIT on peak VO: and central and peripheral
adaptations have been reported, evidence of long-term effects, adherence, and safety is still inadequate. Further-
more, the optimal protocol for HIIT among many protocol combinations including intensity, duration, number of
bouts, and frequency has not been elucidated. In this review, we evaluated the randomized controlled trials that
compared HIIT and moderate intensity continuous training in terms of practical issues, effects on peak VO., cen-
tral and peripheral adaptation, and remaining issues to be elucidated. We also focused on the 4 X 4 min HIIT proto-
col, which is one of the most promising protocols when considering the implementation of HIIT for untrained sub-
jects with cardiac disease and/or lifestyle-related disease.
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