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ABSTRACT

Franchini, E, Cormack, S, and Takito, MY. Effects of high-intensity
interval training on Olympic combat sports athletes’ performance
and physiological adaptation: A systematic review. J Strength
Cond Res 33(1): 242-252, 2019—-Combat sports represent
around 25% of all Olympic medals disputed, and the success
in these sports are determined by technical-tactical excellence
and supported by physiological and psychological development.
Although the training in combat sports is intermittent training by
nature, some researchers have started to focus their attention on
the effects of complementary high-intensity interval training (HIIT)-
coupled standard combat sports-specific training on morpholog-
ical, physiological, and performance adaptations. Thus, in this sys-
tematic review, we aimed to verify the effects of this type of
training on these variables. A total of 117 articles in the electronic
databases Pubmed, Scopus, and Web of Science were retrieved,
and 9 studies remained in the present systematic review. A total of
228 athletes (138 judo athletes, 40 tackwondo athletes, 18
boxers, 17 karate athletes, and 15 wrestlers) were investigated
in these 9 studies (56 with judo athletes, 1 with boxers, 1 with
karate athletes, 1 with wrestlers, and 1 with tackwondo athletes).
The HIIT protocols investigated did not generate any change in
body fat percentage or body mass but generally resulted in in-
creases in Vo,max or Voopeak, varying from 4.4 to 23.0%. How-
ever, the most observed benefit of HIIT protocols was an increase
in anaerobic fitness, represented by improvements in anaerobic
power and capacity.

KEY WORDS intermittent training, body composition, aerobic
and anaerobic performance, martial arts

Address correspondence to Monica Y. Takito, efranchini@usp.br.
33(1)/242-252

Journal of Strength and Conditioning Research

© 2018 National Strength and Conditioning Association

242  Journal of Strength and Conditioning Research

INTRODUCTION

ombat sports represent around 25% of all Olympic

medals disputed (15). At the Tokyo 2020 Olym-

pics, individual male and female will be contested

in boxing, fencing, judo, karate and freestyle wres-

tling, and taekwondo, whereas only males will compete in
Greco-Roman wrestling. In addition, there will be medals
for team events in fencing and judo (36). The success in these
sports are determined by technical-tactical excellence and
supported by physiological and psychological development,
although the key elements for grappling and striking combat
sports seem to vary (2,6-8,17,41). Time-motion studies re-
ported striking combat sports, such as boxing (39), karate
(40), and tackwondo (38), as well as weapon-based combat
sport—fencing (43), have shorter high-intensity efforts inter-
spersed by longer pause periods compared with grappling
combat sports such as judo (30) and wrestling (34). Therefore,
grappling combat sports rely more on strength endurance and
higher levels of maximal strength (16,25,34), whereas striking
combat sports depend more on muscle power and speed
(5,9,11,39,41). Consequently, grappling combat sports contests
have a higher glycolytic contribution (25,34) compared with
striking combat sports (5,9,11,24). To cope with the high-
intensity intermittent effort pattern and the physiological
demand in these sports, athletes perform high-intensity interval
training sessions varying in terms of exercise mode (general—
e.g., running, rowing, and cycling—and sport-specific), effort
and pause intensities, durations, and ratios (7,16,21,23,33,41).
High-intensity interval training has been used extensively in
many different sports for a long time (1) but has gained
increased interest of researchers especially in the last 2 deca-
des, resulting in specific classification of the different types of
variable combinations to promote particular adaptations (3,4).
Combat sports-specific training, especially combat sim-
ulation, is intermittent by nature (16,39), but only recently
researchers have started to focus their attention on the
effects of complementary high-intensity interval training
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combined with standard combat sports-specific training on
morphological, physiological, and performance adaptations.
Hence, the understanding of the physiological adaptations
and performance benefits of high-intensity interval training
for Olympic combat sports athletes by coaches and sport
scientists can add valuable information to improve the train-
ing programs and performance of these athletes. Thus, in this
systematic review, we aimed to verify the effects of high-
intensity interval training on physiological, morphological,
and performance variables.

MEeTHODS

Experimental Approach to the Problem

The results of this systematic review are reported according to
the Preferred Reporting Item for Systematic Reviews and
Meta-analysis statement (31). A literature search was con-
ducted using PubMed, Scopus, and Web of Science databases,
from inception up to June 2018, for peer-reviewed articles,
with no language restriction. The following groups of key-
words were used in combination: (a) Olympic combat
sports-related terms—“boxing,” “boxer,” “fencing,” “judo,”
“judoka,” “karate,” “karateka,” “tackwondo,” “wrestler,” and
“wrestling”; (b) high-intensity interval training-related terms
—“high-intensity interval training,” “high-intensity intermittent
training,” “repeated sprint training,” “sprint interval training,”
and “intervals.” Moreover, reference lists of all original studies
retrieved were manually searched for potentially eligible orig-
inal articles, which were included if considered relevant.

Subjects
Participants were not restricted by age or sex, but only
athletes were considered. Investigations reporting practi-

tioners as subjects were not included in the current review.
Only studies that directly compared high-intensity interval
training, repeated sprint training or sprint interval training
added to the usual combat sports-specific training or
a control condition were included. In investigations that
used 2 or more interval training protocols, all protocols were
described (i.e., the exercise mode, intensity of effort and rest,
duration of effort and rest, and number of sets and
repetitions for each protocol were presented). Studies with
a minimum training duration of 4 weeks were considered.
The focus of the present systematic review was on original
articles that investigated the effects of high-intensity interval
training on body composition, aerobic and anaerobic power
and capacity-related variables, and combat sports-specific
performance. Data originally presented in figures were
digitized using Digitizelt 2.2 (Germany). The brief review
was approved by the Research Ethics Committee of the
School of Physical Education and Sport, University of Sao
Paulo (the number of the protocol is 62743516.7.0000.5391).

Procedures

Types of Interval Training. The classification proposed by
Buchheit and Laursen (3) was used to differentiate the pro-
tocols applied in the studies reviewed. Briefly, these authors
proposed 4 main types of high-intensity interval training
protocols:

e High-intensity interval training using long intervals,
with intensities equivalent or just below maximal aero-
bic power, applying effort duration lasting more than
1 minute and work:rest ratios of 1:1, 1:2, or 1:3, mainly
focusing on aerobic power and the anaerobic systems
development;

identification

Results of literature search
PubMed (n = 34), Scopus (n = 35), Web of Science (n = 48)
Total (n=117)

—P‘ Duplicate articles excluded (n = 69)

Potentially relevant articles remaining
(n=48)

Additional articles identified through >

other sources (n = 6)

@ 3 —3®m0O 0 n

Studies excluded on basis of title

and abstract (n = 38)

eligibility

Potentially relevant articles remaining
(n=16)

inclusion

Articles excluded on basis of eligibility
criteria (n =7)

No relevant outcome measures;
No control group

Studies included in systematic review
(n=9)

Figure 1. Flow chart presenting the different phases of the search and study selection process.
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TaBLE 1. Investigations about high-intensity interval training in adult Olympic combat sports athletes.*

Combat sport

and study Groups Training protocol Duration (wk)
Boxing
Kamandulis Control (n=9), M Three 3-min rounds (with 1-min intervals), 3 times per week at low-intensity to simulate a match 4
et al. (26) against an imaginary opponent, and light training (20-min jogging, rope skipping, or simulated
boxing with an imaginary opponent for 30-min and 10-min stretching exercise), 3 times per
week.
Repeated sprint training ~ Simulated 3-round match (with 1-min intervals), each comprising 14 sets of 3-second all-out
group punches interspersed by 10-second intervals, 3 times per week, plus the light training
(h=9),M executed by the control group, 3 times per week.
Judo
Kim et al. Resistance training 7 h per week of resistance training (4 times per week; no details provided about loads, sets, 8
(28) + judo training and exercises) + judo training (10 h per week of typical judo training; 5 times per week)
(h=18),M
HIIT + judo training 6 h per week (4 times per week; 30-second running efforts with 4-min intervals; weeks 1-2: 6
(n=11),M sprints; weeks 3—8: 8 sprints; weeks 9—-12: 10 sprints; weeks 1-2: intensity at 80% maximal
aerobic velocity; weeks 3—12: intensity at 90% maximal aerobic velocity) + judo training as in
the resistance training group
Norkowski Control (n=5), M 25 standard judo training sessions 5
et al. (35) HIT (h=5),M 6 X 10-second all-out efforts with 45 rest intervals (some hours before the judo training) + judo
training as in the control group
Lee et al. Control (judo training 10 h per week of typical judo training (5 times per week) 12
(29) only)
(n=9),M
Resistance training 6 h per week of resistance training (weeks 1-2: 2 X 12 rep at 70% 1RM; weeks 3-8: 3 x 12
+ judo training rep at 80% 1RM; weeks 9-12:4 X 12 rep at 80% 1RM; Monday and Tuesday exercises: leg
(n=10), M curl, leg dead lift, cable one-leg curl; Thursday and Friday: squat, leg extension, leg press,
lunge) + judo training as in the control group
HIIT + judo training 6 h per week (4 times per week; 30-second running efforts with 4-min intervals; weeks 1-2: 6
(n=10),M sprints; weeks 3-8: 8 sprints; weeks 9—-12: 10 sprints; weeks 1-2: intensity at 80% maximal
aerobic velocity; weeks 3—12: intensity at 90% maximal aerobic velocity) + judo training as in
the control group
Franchini Control (n=18), M Regular judo training (no specifications reported) 4
et al. (18) 2 blocks of 10 X 20-second all-out efforts on a lower-body cycle ergometer by 10-second rest

Lower-body HIIT (n = 9),
M

Upper-body HIIT (n = 9),
M

Uchi-komi HIIT (h=9), M

intervals between sets and 5 min between blocks (twice per week) + regular judo training
2 blocks of 10 X 20-second all-out efforts on an upper-body cycle ergometer by 10-second
rest intervals between sets and 5 min between blocks (twice per week) + regular judo
training
2 blocks of 10 X 20-second all-out uchi-komi using arm or hip techniques (throwing the partner
at the end of each set) by 10-second rest intervals between sets and 5 min between blocks
(twice per week) + regular judo training
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Franchini
et al. (19)

Karate
Ravier et al.
(37)

Taekwondo

Monks et al.

(32)

Wrestling

Farzad et al.

(13)

Control (n=8), M
Lower-body HIIT (n = 9),
M
Upper-body HIIT (n = 9),
M

Uchi-komi HIIT (n=9), M

Control (n=8), M
HIT (h=9),M

High-intensity
continuous training
(n=20),10 M and 10
F
HIIT (n = 20), 10 M and
10 F

Control (n=17), M

HIIT (n =8), M

Regular judo training (no specifications reported)

2 blocks of 10 X 20-second all-out efforts on a lower-body cycle ergometer by 10-second rest
intervals between sets and 5 min between blocks (twice per week) + regular judo training

2 blocks of 10 X 20-second all-out efforts on an upper-body cycle ergometer by 10-second
rest intervals between sets and 5 min between blocks (twice per week) + regular judo
training

2 blocks of 10 X 20-second all-out uchi-komi using arm or hip techniques (throwing the partner
at the end of each set) by 10-second rest intervals between sets and 5 min between blocks
(twice per week) + regular judo training

4-5 times of karate training per week (details not specified)
7-9 sets of 20-second running at 140% Vo,max with 15-second rest intervals (twice per
week) + karate training as in the control group

5 km at 85% HRmax (3 times per week on the first 3 wk and twice per week on the last week) +
calisthenics (3 sets of 40 rep for the following sit-ups: V-ups, scissors kicks, back extensions,
and V-ups combinations; 3 times per week) + typical tackwondo program (5 times per week,
no details provided)

Three times per week, running at 85—100 HRmax (sets varying from 10 to 60 s with 40- to 120-
second intervals, distributed along the 4 weeks) + calisthenics and taekwondo training as in
the high-intensity continuous training group

Three wrestling sessions (technique drills, wrestling practice, and calisthenics), 2 weight
training (back squat, bench press, military press, bicep curl, power clean exercises; no load,
sets, or repetitions described), and 1 plyometric training (press-ups and hand clap, jump
down and off the box, squat jumps, explosive start throws, overhead throws, tuck jumps; no
sets, repetitions, and intervals provided) per week

6 X 35-m sprints with 10-second rest intervals between sprints, twice per week (week 1: 3
sets, with 3-min intervals between sets; 1 set added per week) + same training as control

group

*M = males; HIIT = high-intensity interval trainingRM = 1 repetition maximum; Vo,max = maximal oxygen uptake; HRmax = maximal heart rate; F = females; Uchi-komi = judo

technique repetition.
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TaBLE 2. Effects of high-intensity interval training on body mass and body fat percentage in adult Olympic combat sports athletes.*

Authors

Combat sport and method of

body fat percentage
determination

Groups

Body mass (kg)

Body fat (%)

Main outcome

Kim et al.

(28)

Lee et al.

(29)

Franchini
et al.
(19)

Monks
et al.
(32)

Judo
DSM-BIA method, using
In-Body 3.0

DSM-BIA method, using
In-Body 3.0

Skinfold thickness,
Drinkwater and Ross (12)
equation

Taekwondo

Dual X-ray absorptiometry,

using QDR-4500 W

Resistance training
+ judo training
(hn=18),M
HIIT + judo training
(n=11),M
Control (judo training
only) (n=9),M
Resistance training
+ judo training

(h=10), M
HIIT + judo training
(h=10), M

Control (n=8), M

Lower-body HIIT (n=9),
M

Upper-body HIIT (n=9),
M

Uchi-komi HIIT (n=9), M

High-intensity
continuous training
(n=20), 10 M
and 10 F

HIIT (n = 20),
10Mand 10 F

Pre: 75.61 = 10.09
Post: NR

Pre: 74.91 = 7.73
Post: NR
Pre: 77.56 = 11.05
Post: 77.63 = 12.18
Pre: 74.58 + 9.32
Post: 72.59 + 9.05

Pre: 73.94 + 7.41
Post: 71.15 = 7.92
Pre: 80.2 = 10.3
Post: 80.6 = 11.2
Pre: 76.9 = 10.9
Post: 77.1 = 10.7
Pre: 84.2 = 13.5
Post: 84.2 + 12.6
Pre: 78.1 = 13.4
Post: 78.2 = 125

Pre: 70.5 + 2.28
Post: 70.1 = 2.25

Pre: 68.4 + 2.35
Post: 67.0 + 2.32

Pre: 13.11

1.79
Post: 12.66 7

+
+1.4

Pre: 13.36 = 2.68
Post: 12.28 + 2.16
Pre: 13.36 = 1.36
Post: 13.28 + 1.01
Pre: 12.97 + 2.09
Post: 12.27 + 1.71

Pre: 13.31 £ 2.82
Post: 12.27 + 2.57
Pre: 14.6 = 3.5
Post: 14.2 + 4.2
Pre: 12.8 = 3.7
Post: 12.0 = 3.0
Pre: 15.5 = 4.3
Post: 15.6 + 4.1
Pre: 15.4 = 5.0
Post: 15.3 + 3.6

Pre: 17.7 = 0.63
Post: 18.2 + 0.61

Pre: 16.3 = 0.65
Post: 16.8 = 0.63

No difference between
groups and no change in
any group

| BM and BF% in the
HIIT vs. C

No difference between
groups and no change in
any group

Higher | in BM for
HIIT vs. the high-intensity
continuous training
group. BF% 1 in the
HIIT group

*M = males; NR = not reported; F = females; | = denotes decrease; Uchi-komi = judo technique repetition; 1 = denotes increase.

s110dg Jequior) pue Sururel], [eALIU] ASUIUL-YSIH




YA 74 | 6102 AMVNNVT | L 439NN | €€ INNTOA

TaBLe 3. Effects of high-intensity interval training on maximal oxygen uptake or peak oxygen uptake in adult Olympic combat sports athletes.*

Combat sport,

and study Groups Vo,max or Vo,peak Pre Post Main outcome
Boxing
Kamandulis Control (n=9), M Voopeak (ml-kg=1-min~—1) 35.0 = 1.2 35.2 + 15 Higher 1 in the HIIT group
et al. (26) Repeated sprint training determined on a upper-body cycle 33.1 1.2 40.7 £ 2.3 vs. C
group ergometer (direct gas analysis
(n=9),M measurement)
Judo
Kim et al. Resistance training + judo  Vo,max (ml-kg~'-min~—") determined 46.63 = 4.99 50.09 * 4.28 No change and no difference
(28) training (n = 18), M on a treadmill test (direct gas between groups
HIIT + judo training (n = 11), analysis measurement) 49.84 * 4.08 53.12 = 4.44
M
Lee et al. Control (judo training only) Vo,max (ml-kg~'-min~—') determined 46.56 = 2.62 48.74 *= 2.61 Higher 1 in the HIIT group
(29) (h=9),M on a treadmill test (direct gas vs. C
Resistance training + judo analysis measurement) 46.95 * 6.45 49.88 * 5.49
training (n = 10), M
HIIT + judo training (n = 10), 49.88 + 4.30 54.39 + 4.32
M
Franchini Control (n=8), M Voopeak (L-min~") determined on UB: 2.86 + 0.37 LB: UB: 2.72 + 0.83 LB: No change and no difference
et al. (19) upper- and lower-body cycle 3.566 = 0.49 3.564 = 0.74 between groups
Lower-body HIIT (n=9), M ergometers (direct gas analysis UB: 2.78 = 0.41 LB: UB: 3.03 *= 0.37 LB:
measurement) 3.62 = 0.50 3.68 * 0.80
Upper-body HIIT (n = 9), M UB: 3.10 += 0.70 LB: UB: 3.22 = 0.58 LB:
3.82 = 0.59 3.86 £ 0.44
Uchi-komi HIIT (n =9), M UB: 3.16 + 0.30 LB: UB: 3.27 = 0.33 LB:
3.87 £ 0.44 3.74 £ 0.36
Karate
Ravier et al. Control (n=8), M Voomax (ml-kg~1-min~1) determined 58.2 + 3.1 58.1 + 4.4 1 in the HIIT group
(37) HIT (h=19), M on a treadmill test (direct gas 58.7 = 3.1 61.4 = 2.6
analysis measurement)
Taekwondo
Monks et al.  High-intensity continuous  Vo,max (ml-kg~*-min~1) determined 5156 * 1.34 52.4 + 1.53 1 in both groups
(32) training (n = 20), 10 M on a treadmill test (direct gas
and 10 F analysis measurement)
HIIT (h = 20), 10 M 56.1 = 1.38 60.8 = 1.58
and 10 F
Wrestling
Farzad et al. Control (n=17), M Voomax (ml-kg~1-min—") determined 51.2 = 6.1 50.1 + 4.7 1 in HIIT group
(13) HIT (h=8), M on a treadmill test (direct gas 493 *+ 4.4 52.0 = 3.4

analysis measurement)

*M = males; Vo,peak = peak oxygen uptake; 1 = denotes increase; C = control group; Vo,max = maximal oxygen uptake; F = females; LB = lower-body; UB: upper-body; Uchi-

komi = judo technique repetition.

el

woyBSUMMA | [IBISIY SUTONIPUO,) PUE ISUNG Jo [euIno[



High-Intensity Interval Training and Combat Sports

TasLE 4. Effects of high-intensity interval training on anaerobic power and capacity variables in adult Olympic combat

sports athletes.”

Combat
sport, and
study Groups Variable Pre Post Main outcome
Judo
Kim et al. Resistance training + judo LB PP (W-kg~') 12.86 + 1.93  13.88 = 2.27 1 PP and MP in the HIIT group
(27) training (h=18), M LBMP (W-kg™') 9.19 + 1.67 9.65 * 3.15
HIIT + judo training LBPP (W-kg~") 12.84 + 1.38 15.46 = 1.68
(h=11),M LBMP(W-kg~") 9.43 = 1.10 1214 = 2,12
Norkowski Control (n=5), M LB PP (W-kg~") 11.02 = 1.07 11.21 = 0.64 1 PP and TW in the HIIT group
et al. LB TW (J-kg~') 90.20 =+ 3.43 93.44 * 456
(34) HIT (h=5), M LB PP (W-kg™") 11.26 = 0.41 12.54 = 0.72
LBTW (J-kg~") 96.83 = 4.70 106.32 + 5.05
Lee et al. Control (judo training only) LB PP (W-kg~"') 12.40 * 2.14  13.19 = 2.13 1 PP in RT group, while 1 MP in RT
(28) (h=9),M LBMP(W-kg~") 9.41 = 1.86 9.44 + 1.86 and HIIT groups vs. C
Resistance training + judo LB PP (W-kg~') 13.28 + 1.48 15.07 + 1.32
training (h=10), M LBMP (W-kg~') 9.13 = 1.43 1117 = 2.92
HIIT + judo training LBPP (W-kg~") 129 +£135 1442 *1.15
(h=10),M LBMP(W-kg~") 9,52 = 1.11 13.02 = 1.77
Franchini Control (n=8), M UBPP(W-kg~") 9.36 = 1.09 8.53 + 1.81 1 UB and LB PP in the uchi-komi
et al. LB PP (W-kg~") 11.72 + 2.74  10.78 = 1.96  HIIT group; 1 LB PP in the HIIT
(19) uB MP 5.67 + 0.77 5.48 + 0.75 groups pooled.
(W-kg™")
LBMP(W-kg~") 8.18 = 1.13 8.02 * 1.31
Lower-body HIIT (n=9), M UBPP (W-kg~") 9.27 = 1.11 0.84 + 1.35
LB PP (W-kg~") 10.29 * 1.60 12.04 = 1.31
uB MP 6.63 * 0.62 6.47 = 0.72
(W-kg™")
LBMP(W-kg~") 8.08 + 1.39 8.85 * 0.84
Upper-body HIIT (n=9), M UBPP (W-kg~') 7.88 = 1.23 8.63 * 1.22
LB PP (W-kg~") 10.73 = 1.41 10.31 £ 2.00
uB MP 5.82 £ 0.77 5.72 £ 0.91
(W-kg™")
LB MP(W kg™') 8.02 * 1.14 7.34 £ 1.31
Uchi-komi HIIT (h=9), M UBPP (W-kg~") 8.18 = 1.33 9.40 + 1.06
LB PP (W-kg~') 10.48 = 1.31 10.91 = 1.26
UB MP 5.61 = 0.73 6.15 = 0.66
(W-kg™")
LBMP (W-kg~') 7.88 = 1.11 8.04 + 1.08
Karate
Ravier Control (n=8), M MAOD 65.5 + 7.3 62.0 = 10.0 1 MAOD in the HIIT group
et al. HIT (n=9),M (mL-kg™") 63.9 + 6.2 70.5 = 6.4
(36)
Taekwondo
Monks High-intensity continuous LB PP (W) 695.61 + 28.96 693.33 = 26.67 1 PP and MP in the HIIT group
et al. training (n = 20), 10 M LB MP (W)  461.65 + 20.62 478.95 + 17.18
(31) and 10 F
HIIT (h=20), 10 Mand 10 LB PP (W) 709.33 *+ 29.71 761.00 = 29.09
F LB MP (W)  479.08 + 20.61 563.13 = 17.67
Wrestling
Farzad Control (n=7), M LB PP (W-kg~") 9489 * 316.3 862.7 = 238.3 1 PP and MP in the HIIT group
et al. LBMP (W-kg~") 899.9 = 71.17 400.7 = 71.1
(13) HIT (n=8), M LB PP (W-kg~") 953.1 = 312.2 1,137.9 * 433.7
LBMP(W-kg~") 462.7 = 119.0 491.6 = 133.9
*M = males; LB = lower-body; PP = peak power; MP = mean power; 1 = denotes increase; TW = total work; RT = resistance
training; UB: upper-body; Uchi-komi = judo technique repetition; MAOD = maximal accumulated oxygen deficit; F = females.

e High-intensity interval training using short intervals,
with intensities equivalent or just above maximal aero-
bic power (up to approximately 120%), applying effort
duration lasting less than 1 minute and work:rest ratios
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of 1:1, 2:1, or 3:1, mainly directed to develop aerobic
power and the anaerobic systems;

e Repeated sprint training, using very short actions (5-8
seconds) at intensities around 120-160% Vo,max, with
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very long recovery periods, and directed to neuromus-
cular and metabolic development frequently needed in
team sports;

e Sprint interval training, using four to six 30-second all-
out efforts separated by 3- to 4-minute intervals, allow-
ing for full recovery, but resulting in very high aerobic
and anaerobic demands.

Assessment of Risk of Bias. Titles and abstracts of the articles
retrieved from the literature search were assessed by the first
and last authors. Briefly, to select an article, both authors
searched for the following aspects (31): (a) clear inclusion
criteria, especially concerning the inclusion of athletes from
one of the Olympic combat sports; (b) clear description of
the athletes training experience; (c) clearly defined interven-
tion, specifically reporting exercise mode, intensity of eftort
and pause, frequency (training sessions per week), number of
weeks of training, duration of effort and pause, number of
series, and repetitions for the high-intensity interval training
protocol used; (d) the same tests would be applied before
and after intervention to all groups; (e) use of a control or
continuous training group; (f) clearly defined outcome var-
iables among those of interest for the present review; and (g)
appropriate statistical analysis. There was no disagreement
between the authors concerning the articles’ selection
process.

REsuLTS

Search Results

Figure 1 presents a flow chart of the results of the systematic
search conducted, which retrieved a total of 117 articles in
the electronic databases Pubmed, Scopus, and Web of Sci-
ence. After adding relevant studies from other sources
(ie. articles listed in original and review articles) and after
removing duplicates, screening the articles by title and
abstract, and removing ineligible articles, 9 studies remained
in the present systematic review. A total of 228 athletes (138
judo athletes, 40 taekwondo athletes, 18 boxers, 17 karate
athletes, and 15 wrestlers) were investigated in these 9 stud-
ies (5 with judo athletes, 1 with boxers, 1 with karate ath-
letes, 1 with wrestlers, and 1 with tackwondo athletes).

Di1scussIoON

Based on the information in Table 1, training programs var-
ied from 4 (13,18,19,26,32) to 12 weeks (29), with high-
intensity interval training being executed from 2 (18,19,36)
to 5 (36) times per week. Few studies used combat sport-
specific tasks (18,19,26), whereas all the other studies used
running or cycling exercises, with intensities varying from
submaximal efforts (80% of maximal aerobic velocity)
(28,29) to all-out efforts (13,18,19,26,35). Most of the studies
did not include a full description of the combat sport-typical
training sessions (18,19,26,28,29,32,35), normally conducted
by the control groups, and some studies also included

resistance (13,28,29) and plyometric training (13) for the
control groups. Moreover, only one study included female
athletes (31), which were analyzed together with male ath-
letes; thus, studies analyzing exclusively female combat
sports athletes are needed to verify whether they adapt in
a similar way as males.

As combat sports athletes are classified in weight catego-
ries and frequently engage in weight loss procedures, the
maintenance or decrease of body mass, decrease in body fat,
and increase in muscle mass are desired training outcomes
(15). Despite the relevance of these variables, only 3 studies
measured body mass and 4 estimated body fat percentage in
Olympic combat sports athletes submitted to high-intensity
interval training, using different methods (Direct Segmental
Multi-frequency Bioelectrical Impedance Analysis [DSM-
BIA]; dual X-ray absorptiometry; and skinfold thickness)
(Table 2). Two studies reported decreased body mass (2.1-
2.7%) in the high-intensity interval training groups (29,32),
whereas 1 observed no change (19). For body fat percentage,
2 studies observed no change (19,28) and 1 found a decrease
(7.8%) only for the high-intensity interval training group
compared with the control group (29), whereas Monks
et al. (32) indicated an increase (3%) for the high-intensity
interval training group only. Considering that the groups
investigated were composed of highly trained athletes with
moderate to low body fat percentages and that the training
programs were conducted for short periods (4-12 weeks)
without any associated nutritional intervention, the finding
of no change in body mass and body fat percentage as re-
ported in the literature regarding high-intensity interval
training is to be expected (27). The only negative effect of
high-intensity interval training on body fat percentage
(ie., an increase) was not discussed by the authors (32),
which makes it difficult to explain their findings in our
review.

Aerobic power and capacity have been considered
relevant to combat sports performance because of the
predominance of the oxidative contribution reported in
boxing (10), fencing (24), judo (25), karate (11), and taek-
wondo (5). Furthermore, aerobic fitness has been considered
important to maintain volume and intensity of attacks during
the match, to allow for faster creatine phosphate resynthesis
in the short pause between high-intensity actions performed
during the match, and to allow for a faster recovery between
judo matches (14,22). Indeed, moderate to high values of
Vo,max have been observed in boxing (8), fencing (41), judo
(17), karate (6), tackwondo (2), and wrestling (7).

Table 3 presents the studies that investigated the effects of
high-intensity interval training on Voymax and Voppeak in
combat sports athletes. From 7 studies that investigated the
effects of high-intensity interval training on Vo,max or
Voypeak in combat sports athletes, 4 found higher increases
in the high-intensity interval training group (13,26,29,37), 1
observed a similar increase in the high-intensity interval train-
ing and high-intensity continuous group (32), whereas 2 did

VOLUME 33 | NUMBER 1 | JANUARY 2019 | 249



High-Intensity Interval Training and Combat Sports

not report any change for any group (19,28). Thus, it seems
that high-intensity interval training has a strong potential to
increase aerobic power in combat sports athletes because the
improvement revealed in the different studies indicated an
increase from 4.4 to 23.0%, in periods varying from 4 to 7
weeks, which is similar to the improvements in active non-
athletic individuals reported in a meta-analysis (42).

The high-intensity interval training programs investigated
also resulted in other physiological changes. Lee et al. (29)
reported that HRmax decreased in the high-intensity inter-
val training group compared with the control group. De-
creases in HRmax were also observed by Monks et al. (32)
in both training groups (i.e., high-intensity interval training
and high-intensity continuous training). Such a decrease in
HRmax was probably related to an optimization of ventric-
ular filling, resulting in a higher stroke volume and higher
maximal cardiac output after the high-intensity interval
training program compared with pre-values. Indeed, Farzad
et al. (13) observed an increase in Vo,/HRpeak in the high-
intensity interval training group during the maximal graded
exercise test, indicating an elevation in stroke volume and,
hence, better oxygen delivery. The increase in stroke volume
accompanied by oxygen use of active muscles (due to in-
creases in capillarization and mitochondrial density) likely
explains the higher Vo,max observed in the studies con-
ducted by Farzad et al. (13) and Monks et al. (32).

Farzad et al. (13) observed a 24% increase in time to
exhaustion in the high-intensity interval training group,
although Vo,max did not change. Conversely, Franchini
et al. (19) did not observe any change in Vo,peak, but ath-
letes in the upper-body high-intensity interval training group
increased their maximal aerobic power in the maximal
upper-body graded exercise test. Moreover, Kamandulis
et al. (26) reported increases in both upper-body Vo,peak
and maximal aerobic power in boxers who performed sport-
specific repeated sprint training and in the control group,
with larger increments in the former. Based on these results,
it seems that physiological and performance changes do not
always occur in the same time window, and hence, further
investigation is needed to better understand the sequence of
adaptations in response to high-intensity interval training.
Furthermore, the fact that, in 2 studies (13,19), combat sports
athletes were trained and tested in non-sport-specific modes
may have contributed to some of the improvements
observed and to the dissociation between physiological and
performance changes. However, boxers who trained using
sport-specific actions (all-out effort punching bag) improved
both physiological and performance markers.

Only one study (19) investigated submaximal variables in
response to high-intensity interval training in combat sports
athletes. This study reported an improvement in the inten-
sity associated with onset of blood lactate accumulation dur-
ing the upper-body graded exercise test in judo athletes who
performed lower-body high-intensity interval training
(Table 1), from 68 + 22 W to 83 = 14 W.
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Anaerobic power has been considered important to
support high-intensity actions during combat sports. These
actions frequently result in scores and are represented by
punching, kicking, and throwing techniques. Conversely,
repeated high-intensity kicking, punching, throwing actions,
and especially grip dispute (in wrestling and judo) are
dependent on anaerobic capacity (5,10,11,25). Thus, anaero-
bic power and capacity are considered key elements for suc-
cessful performance in combat sports. Table 4 presents studies
that investigated the effects of high-intensity interval training
on anaerobic power and capacity in combat sports athletes.

As presented in Table 4, all 6 studies that assessed peak
power indicated that high-intensity interval training was
effective in improving this variable. Four (13,28,29,32) of 5
studies demonstrated an increased Wingate test mean power
in the high-intensity interval training groups, whereas 1
study also demonstrated an increased total work in the first
repetition of a six 10-second cycle ergometer sprints, sepa-
rated by 45-second intervals (35). In addition, Ravier et al.
(37) demonstrated an improvement in the maximal accumu-
lated oxygen deficit in their high-intensity interval training
group. Thus, it can be concluded that high-intensity interval
training protocols used in the studies selected in our system-
atic review were able to increase variables related to both
anaerobic power and capacity. As Olympic combat sports
are characterized by high-intensity actions interspersed by
low-intensity phases (9,19,30,38,41,43), some investigations
also analyzed the effects of high-intensity interval training on
high-intensity intermittent performance (13,18,19,35). Far-
zad et al. (13) and Franchini et al. (19) used 4 Wingate bouts
separated by 4 and 3 minutes, respectively. Farzad et al. (13)
did not report the total work during the Wingate bouts but
indicated increased mean power in bouts 1 and 2, whereas
Franchini et al. (19) did not reveal any significant changes in
total work for upper- or lower-body protocols, although
increased mean power was detected in the fourth bout of
the lower-body Wingate test when all high-intensity interval
training groups were pooled. The lack of increase in total
work in this study seems to be related to the fact that mean
power (pooled across the 4 lower-body Wingate bouts)
increased only for the lower-body high-intensity interval
training group, whereas the decrease in the same variable
was observed for the upper-body and uchi-komi (technique
repetition) high-intensity interval training groups. Norkow-
ski et al. (35) used a six 10-second all-out effort separated by
45-second rest intervals between sets and revealed increased
mean and peak power in each set for the high-intensity
interval training group, but no measure of total work was
reported. Taken together, these studies point to a positive
effect of high-intensity interval training when the stimuli and
testing procedures are specific in terms of muscle group
assessed; however, training differently than the testing mode
can result in decreased performance.

Two studies used sport-specific tasks (i.e., tasks that were
composed by sport-specific actions, such as judo throws and
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number of punches during a 3-second task) (18,26). Franchi-
ni et al. (18) used the Special Judo Fitness Test (SJFT), which
is a high-intensity intermittent task (15, 30, and 30 s of effort
and 10-second rest intervals between sets) using 1 judo
throwing technique (ippon-seoi-nage). They observed an
increased number of throws for the upper-body high-
intensity interval training group, whereas the SJFT index—
considered a representation of combined anaerobic and aer-
obic qualities (20)—improved in the uchi-komi high-intensity
interval training group, suggesting that the high-intensity
interval training adaptations are stimuli-specific. However,
Kamandulis et al. (26) assessed the number of punches dur-
ing a 3-second task and did not find any change after 4
weeks of all-out sport-specific training. Only 2 studies inves-
tigated the performance and physiological responses in an
Olympic combat sport-specific condition (i.e., judo match
simulation) (18,28). Kim et al. (28) reported no change in
heart rate after a 5-minute judo match in any of the groups
analyzed. Similar results were observed by Franchini et al.
(18) (i.e., no change in heart rate, rating of perceived exer-
tion, or blood lactate during the 5-minute judo match sim-
ulation), for any of the groups investigated. In addition, these
authors (18) revealed no change in technical actions per-
formed during the simulated judo match. However, they
observed decreased creatine kinase response to the judo
match simulation at post-training compared with pre-
training. When groups were analyzed in isolation, the differ-
ence was confirmed for the upper-body high-intensity
interval training group, probably due to the lower total mus-
cle mass involved in this protocol compared with the other
high-intensity interval training protocols used. Moreover,
the testosterone-cortisol ratio response to the judo match
simulation was higher post-training compared with
pre-training, indicating that this condition induced a more ana-
bolic state in these judo athletes. In terms of temporal structure,
the only change observed was a decrease in the number of
standing sequences for the lower-body high-intensity interval
training group, which was attributed to the improvements in
aerobic and anaerobic fitness commonly generated by high-
intensity interval training, allowing the athletes to perform tech-
niques at higher intensity despite spending less time in this
combat phase where more scores are achieved.

PRACTICAL APPLICATIONS

The studies selected in this systematic review used training
programs that varied from 4 to 12 weeks, with high-intensity
interval training being executed from 2 to 5 times per week.
Investigations typically involved running and cycle ergom-
eter bouts, with only 2 studies reporting a combat sport—
specific task. Intensity varied from submaximal efforts (80%
of maximal aerobic velocity) to all-out efforts. The high-
intensity interval training protocols were added to the typi-
cal combat sport training, conducted by the control groups,
and some studies also included resistance and plyometric
training for the control groups. These high-intensity interval

training protocols typically did not generate any change in
body fat percentage or body mass, indicating it can be useful
to maintain the athletes in their current weight categories.
High-intensity interval training generally resulted in in-
creases in Vop,max or Vo,peak in combat sports athletes,
varying from 4.4 to 23.0%. As aerobic fitness has been re-
ported to contribute to faster recovery, these results suggest
that high-intensity interval training can help to improve ath-
letes’ recovery between successive high-intensity actions or
between matches. Moreover, the most observed benefit of
high-intensity interval training protocols was an increase in
anaerobic fitness, represented by improvements in anaerobic
power and capacity, which can potentially benefit combat
sports athletes because these 2 variables are relevant to scor-
ing actions and repeated high-intensity actions, respectively.

As only 3 studies included combat sport-specific tasks in
their evaluation process and only 2 studies used a combat
sport-specific high-intensity interval training protocol, future
investigations should focus on the transfer benefits of high-
intensity interval training to the match or specific tests in
each of the combat sports. Furthermore, only one study
included female athletes in their sample, but they were
grouped with male athletes; thus, investigations analyzing
female athletes only are needed to verify how they adapt
to high-intensity interval training.
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