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Abstract: Although current physical activity (PA) guidelines regarding aerobic and anaerobic training
are helpful for the population at large, many individuals prefer to engage in alternative forms of PA
such as combat sports. As both a martial art and sport, judo is a physically demanding form of PA that
potentially offers a novel experience, consequently leading to greater PA adherence. This study aimed
to thoroughly search the existing literature to determine the health benefits of judo-specific training.
PubMed and Web of Science were searched for original research studies. Only peer-reviewed studies
that examined the effects of judo training in males and females aged 18-35 were included in the
study. Out of 507 potentially relevant studies, 84 studies met our inclusion criteria and were further
analyzed. Data showed that judo athletes and recreational judo practitioners show above-average
VOsmax, improved body composition, increased bone mineral density, and bone mineral content.
Judo is associated with a sequence of adaptations in cardiac structure, function, and blood pressure
changes. More research is needed to discover if these changes are maladaptive.

Keywords: aerobic power; respiratory function; obesity; bone mineral density; arterial hypertension;
cardiac remodeling

1. Introduction

Being physically active is widely accepted as an effective way to promote health and
prevent an incredible spectrum of health risk factors within all age, gender, ethnic, and
socioeconomic subgroups [1]. According to the World Health Organization, “health is
a state of complete physical, mental and social well-being and not merely the absence
of disease or infirmity [2].” Based on the ever-growing evidence of beneficial impacts of
regular physical activity (PA) on overall health, it is undeniable that PA is one of the key
pillars of good health and longevity in humans. Despite the well-documented benefits
associated with sustained PA [1], recent evidence shows that levels of PA in different
populations remain relatively low, creating an environment that further exacerbates the
obesity epidemic present on a global scale [3]. Thus, it is critical to identify approaches
to alleviate the inactivity crisis, which will bring about an increase in intentional PA and
a decrease in sedentary pursuits in the overall population. According to the latest PA
recommendations put together by the American College of Sports Medicine and American
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Heart Association, adults should engage in at least 150 min of aerobic activity per week [4].
In addition, adults are advised to participate in resistance training (using major muscle
groups) two times per week while trying to reach volitional fatigue.

Although these recommendations are helpful for the population at large, many in-
dividuals aspire to go beyond typical PA, and partake in alternative forms of PA. Some
evidence suggests that novelty can contribute to greater long-term adherence among indi-
viduals participating in PA [5], one of the most important therapeutic agents combating
obesity. In recent years, there has been a steady increase in people actively participating in
combat sports, with judo being one of the most popular forms [6]. Since being included as a
demonstration sport in 1964 and a full Olympic sport in 1972, judo has gained considerable
attention worldwide [7]. Judo is a very demanding type of PA that requires an involvement
of the entire body and a modifiable set of technical-tactical skills [8,9]. As such, judo has
the potential to be a type of exercise that can positively influence one’s health, regardless
of age and gender. These positive responses are dictated in part by a number of training
variables, such as intensity, frequency, and volume, inherent to the practice of judo. Even
though data on the health benefits of exercise, in general, is abundant, little is known
about whether there is a direct relationship between improved health and participation
in judo regularly. Therefore, the goal of this study was to review the existing literature to
investigate the potential benefits of judo participation on several risk factors and significant
diseases related to metabolic health, including low fitness levels, obesity, hypertension,
hyperlipidemia, and cardiovascular disease.

2. Materials and Methods
2.1. Search Strategy

To ensure transparent and accurate reporting, we followed the preferred report-
ing items for systematic reviews and meta-analyses (PRISMA) statement and, for this
manuscript, the PRISMA Protocol [10]. PubMed and Web of Science were searched via
EndNote 9.1 software (Clarivate Analytics, Jersey, UK) by two experienced researchers. The
following search terms were used via the Boolean operator method to generate potential

1, u v,

studies: “physical fitness”; “aerobic fitness”; “fitness profile”; “cardiovascular disease”;

s .,

“heart disease”; “cardiac function”; “hypertension”; “blood pressure”; “pulmonary func-
tion”; “respiratory function”; “lipid profile”; “obesity”; “body composition”; “bone health”;
“hormone concentrations”; and “inflammatory mediators”. Each of these terms was used in
combination with “judo”. The initially identified studies were manually screened against
eligibility according to a three-step process: title; abstract; and full-text selection. The
two researchers worked independently, although they were not blinded to the studies. In
case of disagreements between the two researchers, a third investigator (full professor)
intervened and decided. The screening process is summarized in a PRISMA flow diagram

displayed in Figure 1.

2.2. Inclusion and Exclusion Criteria

Only original articles written in English and published in peer-reviewed journals from
1996 to July 2021 were considered for this review. The examined population were healthy
males and females aged 18-35 partaking only in judo-specific training either professionally
or recreationally. Included studies had to report on data in accordance to health domains
delineated in the aforementioned search terms. Moreover, studies had to be cohort studies
(longitudinal or cross-sectional), case-control studies, or experimental studies. Various
formats of publications, such as reviews, meta-analyses, abstracts, citations, scientific
conference abstracts, opinion pieces, books, book reviews, statements, letters, editorials,
non-peer reviewed journal articles, and commentaries were excluded.
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Figure 1. PRISMA Flow Diagram.

2.3. Data Extraction

Essential characteristics of all included studies (height, weight, combat sport, variable
of interest, etc.) were depicted in tables using a Microsoft Excel 2013 (Microsoft Corp,
Redmond, Washington, DC, USA) spreadsheet. Acquired data were grouped in line
with the body systems assessed within judo training-related studies. In addition, certain
characteristics that went beyond tabular explanation were described narratively.

2.4. Risk of Bias Assessment

The Newcastle-Ottawa Scale for assessment of quality of nonrandomized studies [11]
was used in the present review. This scale has been validated previously and explores
quality in three broad perspectives: study groups selection; the comparability of the groups;
and the ascertainment of either the exposure or outcome of interest for case-control or
cohort studies, respectively. Two independent researchers completed the scale for the
included studies to determine the quality of each study. The interclass correlation statistical
method was used to determine inter-rater reliability via SPSS (IBM, New York, NY, USA,
v.20).

3. Results

The preliminary PubMed and Web of Science database search generated 507 potentially
relevant studies. Additionally, 18 articles that were not found through our initial search,
but were thought to be relevant, were added for the full-text analysis. These articles were in
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alignment with predefined inclusion criteria, and were identified through bibliographies of
already included studies. Then, the software eliminated 151 duplicates, leaving 374 articles
to be further analyzed. Thirteen articles were removed due to only the non-English versions
being available and a lack of full-text availability. All remaining articles were screened in a
three-step process where 114 articles were excluded after title reading, 135 were excluded
after abstract reading, and 27 articles were excluded after full-text reading. A total of
84 articles met our inclusion criteria and were analyzed in-depth for further data synthesis.
The biggest study design flaw noted within virtually all of the included studies was the
lack of the control group. We have also noted huge disparity in the sample size, length of
the study, training load per week, etc. Many studies did not report on the sporting level of
the athletes involved, or their previous experience in judo. Some of the subjects included
were not truly representative when it comes to the exposed cohort, meaning that they
were practicing judo on a recreational basis, and were not professional athletes. Overall,
the studies were of fair quality (standards posed by the authors of the Newcastle-Ottawa
Scale). The inter-rater reliability between the two researchers was a score of 0.8, which is
considered relatively well).

3.1. Aerobic Power

Table 1 presents the maximal oxygen consumption of judo athletes and practitioners.
From the included studies, 14 conducted direct VO, 5« measurements using lower-body
and upper-body cycle ergometer tests [12-25], 14 using maximal graded exercise treadmill
tests [26-39], and 1 using a judo-specific test [25], whereas 10 estimated the VOppax of the
judo athletes and practitioners, primarily using the multistage 20-m shuttle run test [40-49].

Table 1. Maximal oxygen consumption of judokas and judo practitioners.

VOomax (mL-kg=1-min—1 Unless

Study Group Characteristics Test and Measurement Characteristics Specified Otherwise)
L VOymax was measured directly during a
Ahm[allglll etal. Healthy practitioners maximal graded exercise cycle 520+£53
ergometer test.
VOymax Was measured directly during a Wi =528+ 0.8
Suay et al. [13] Adult judokas (winners, n = 14; losers, n = 14) T;);ximal graded exercise cycle 1nners
ergometer test. Losers =50.4 + 1.11
Males
1994-1997

Polish judo team (1994-1997 males, n = 58;
Borkowski etal.  1994-1997, females, n = 48; 1998-1999, males,
[14] n=17;1998-1999 females, n = 18; 1994-1999
males, n = 75; 1994-1999, females, n = 67)

<60 kg up to >95 kg =56.6 £ 5.6
<60 kg up to <95 kg = 57.6 = 4.6
>95kg =452 +39
1998-1999
<60 kg up to <100 kg = 55.6 £ 3.2
1994-1999
VOsmax Was measured directly during a Principal =54.5 + 4.9

maximal graded exercise cycle Reserves =544 + 5.6
ergometer test.

Females
1994-1997
<48 kg up to >72 kg =49.9 + 6.6
<48 kg up to <72 kg =50.7 £ 5.5
>72kg =39.5 £ 12.0
1998-1999
<48 kgup to <78 kg =49.9 £ 4.8
1994-1999
Principal = 48.6 + 8.6
Reserves =47.2 + 6.0
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Table 1. Cont.

VOjmax (mL-kg—1-min—! Unless
Study mg)i)eciﬁe Otherwise)

Group Characteristics Test and Measurement Characteristics

VOsmax Was measured directly during a

Degoutte etal.  French interregional level male adult judokas

[15]

(n = 16)

maximal graded exercise cycle
ergometer test.

55.0 £ 0.5

Salvador et al.
[16]

Adultjudokas (n = 17)

VOymax was measured directly during a
maximal graded exercise cycle
ergometer test.

3.38 + 0.11 L.min !

Degoutte et al.

French interregional level male adult judokas

VO;max Was measured directly during a

[17] (n=16) maximal graded exercise cycle 55.0 29
- ergometer test.
. . : . VOomax Was measured directly during a
Cottin et al. French national-level male adult judokas maximal graded exercise cycle 445+ 6.0

(18]

(n = 10)

ergometer test.

Laskowski et al.

[19]

Adult judokas with more than ten years of

practice (males, n = 20; females, n = 15)

VOrmax was measured directly during
the maximal graded exercise cycle
ergometer test.

Males =57.6 + 2.3

Females =51.2 + 4.3

Mala et al. [20]

Czech national team (junior, 7 = 10; senior,

n=9)

VOzmax was measured directly during
maximal graded exercise cycle
ergometer test.

Junior = 53.58 + 4.74

Senior = 55.00 4+ 3.54

Kujach et al.
[21]

Highly trained judokas (n = 12, n = 6 males

and n = 6 females)

VOsmax Was measured directly during
maximal graded exercise cycle
ergometer test.

Males =52 +4.7 *

Females =42.5 + 5.8

Julio et al. [22]

Adult male judokas (1 = 12)

VOsmax Was measured directly during a
maximal graded exercise upper-body
and lower-body cycle ergometer test.

Upper-body = 37.94 4 3.54

Lower-body = 50.66 + 7.17

Lopes-Silva
etal. [23]

Adult regional and national level judokas

(n = 35)

VOsmax was measured directly during
maximal graded exercise lower-body
and upper-body cycle ergometer test.

Lower-body = 47.59 + 9.51

Upper-body = 39.44 4+ 7.87

Julio et al. [24]

Adult male judokas (1 = 11)

VOsmax Was measured directly during a
maximal graded exercise upper-body
and lower-body cycle ergometer test.

Upper-body = 37.70 4 3.83

Lower-body = 50.17 & 6.21

Shiroma et al.

Male adult judokas (n =12)

VOimax was measured directly during a

Upper-body =37.03 + 7.16

[25] maximal gfaded exercise upper-body Lower-body = 44.78 + 5.98
and lower-body cycle ergometer test
and judo-specific test. Judo-specific = 46.04 + 5.34
Sterkowicz L _ VOjmax was measured directly during a
etal. [26] Senior judokas (n =15) maximal graded exercise treadmill test. 50.1 4 6.48

Franchini et al.
[27]

Adult male judokas (national and international
levels, n = 5; state level, n = 7; city level, n = 5)

VO;max Was measured directly during a
maximal graded exercise treadmill test.

National/International =
63.0 +10.3

State =62.9 9.3

City =64.9 £ 5.5

Franchini et al.

[28]

Elite (n = 15) and non-elite (n = 31) Brazilian

male adult judokas

VO;max Was measured directly during a
maximal graded exercise treadmill test.

Elite = 58.13 £ 10.83

Non-elite = 63.28 £ 10.55

Sbriccoli et al.

Italian Olympic team (males, n = 6; females,

VO;max Was measured directly during a

Males = 47.3 + 10.9

[29] n=>5) maximal graded exercise treadmill test. Females = 529 + 4.4
62.6 +7.4
Franchini etal.  Male adult black belt judokas (study 1, 7=16;  VOynax was measured directly during a
) y y g 588 +£7.8
[30] study 2, n = 9; study 3, n = 12) maximal graded exercise treadmill test. ’ :
Y Y 59.5 + 6.3
Trivic et al. [31] Active male judokas (n = 20) Vozmax was measured'dlrectly dt_lrmg a 52.6 £2.5
maximal graded exercise treadmill test.
Santos et al. . . . _ VOomax Was measured directly during a
[32] Highly-trained male judokas (1 = 8) maximal graded exercise treadmill test. 58.3 + 44
Santos et al. . e . _ VOymax was measured directly during a
[33] Highly-trained male judokas (n = 8) maximal graded exercise treadmill test. 52879
Franchini et al. . _ VOomax Was measured directly during a
[34] Male adult black belt judokas (n = 14) maximal graded exercise treadmill test. 5642+ 3.61
Santos et al. . e . _ VOymax was measured directly during a
[35] Highly-trained female judokas (n = 8) maximal graded exercise treadmill test. 40977

Radjo et al. [36]

Male judokas (younger senior, n = §; senior,

n=_8)

VO;max Was measured directly during a
maximal graded exercise treadmill test.

Younger seniors = 56.5 + 3.1 *

Senior =50.6 + 2.5

Drid et al. [37]

Elite (n = 5) and sub-elite (1 = 5) European

half-heavyweight male adult judokas

VOomax was measured directly during a
maximal graded exercise treadmill test.

Elite = 55.99 £+ 2.24

Sub-elite = 48.72 + 1.72 P
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Table 1. Cont.

Study

Group Characteristics

Test and Measurement Characteristics

VO2max (mL-kg—1-min—1 Unless
Specified Otherwise)

Schwartz et al.
[38]

Adult judo practitioners (1 = 180)

VO was estimated via Queen’s
2max

college step test.

52.40 + 8.29

Coswig et al.
[39]

Male adult judokas (1 =16), regional or higher
level

VOsmax Was estimated based on a
maximal graded exercise treadmill test.

50.1+79

Franchini et al.

[40]

Brazilian senior national team A (1 = 7) and
reserves (n = 15)

VOsmax Was estimated based on the
Cooper test.

Team A =483 £ 8.1

Reserves =49.6 + 5.5

Drid et al. [41]

Serbian female adult national team (1 =8
international medal winners; n = 8 non-medal
winners in international competitions)

VOimax Was estimated via multistage
20-m shuttle run test.

All=458+52

International medal winners =
495+ 4.0

Non-medal winners in
international competitions =

42.0+£3.0
Almansba etal. __#Algerian Olympicjudo team, males (n = 7), VOymax Was estimated based on the 50.6 £9.3
[42] Females (1 =6) PWCiy test. 50.7 + 6.0

Almansba et al.

Algerian adult judokas, males (n = 15)
Departamental level (1 = 7)
Inter-regional level (n = 8)

VOomax Was estimated via multistage
20-m shuttle run test.

D,G=51.64+ 031

D, ST =52.38 + 0.31

D, CP =51.90 £+ 0.31

I,G=51.83 +£0.29

I, ST =52.39 4+ 0.29

I, CP =51.85+0.30

Bermi and Ali
[44]

Iranian female adult judo team (1 = 7)

VOomax Was estimated based on the
Bruce test.

46.9 + 5.32

Tartibian et al.
1451

Healthy elite male adult judokas (Control
group, n =12; Exercise group, n = 12)

VOymax Was measured during the Bruce
test.

Control

Pre =51.65 £ 2.14

Post = 51.05 £ 2.35

Recovery (1 weeks after training
finished) = 51.05 + 2.35

Exercise group

Pre =52.24 +2.48

Post = 53.67 + 3.25 b

Recovery (1 week after training
finished) = 53.65 & 3.25 P

Garbouj et al.

Adult female judokas (1 = 17, n = 10 national

VOjmax Was estimated via multistage

425+78

[46] level, n = 7 regional level) 20-m shuttle run test.
Morales et al. International-standard judokas (7 males and VOamax was measured directly during
[47] four females) maximal graded exercise cycle 53.17 £ 5.6
ergometer test.
Arazi et al. [48] Senior Iranian male judokas (3 kyu to 3rd VOsmax Was estimated based on the 544+ 6.4

DAN, n = 50)

Cooper test.

Quintero et al.
[49]

Colombian international level judokas (males,
n =7; females, n = 8)

VOimax Was estimated via multistage
20-m shuttle run test.

Males =51.2 + 5.6

Females =43.6 + 4.3

Legend: VOjmax, maximal oxygen consumption; *, difference between groups (p < 0.05); D, departmental; I, inter-regional; G, general
preparatory period; ST, special training period; CP, competitive period; a, different from pre- for the same group (p < 0.05); b, different from
control group for the same time-point (p < 0.05).

Borkowski et al. [14] compared VOonax among weight categories. Male heavyweights
presented lower values compared with athletes from all other weight classes, while VO x
among female athletes was similar regardless of weight class.

3.2. Respiratory Function

One study [43] reported that recreational judo training in female students was associ-
ated with higher values of pulmonary function tests (vital capacity, forced vital capacity
(FVQ), forced expiratory volume in 1st second (FEV1), and peak expiratory flow (PEF)
compared to a control group of students not engaged in sports. The most significant differ-
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ence was reported for PEF (448.1 + 52.2 vs. 370.9 + 75.6 dm?®/min). The shared variance
between PEF and chest mobility (R%) suggested that judo training had a positive influence
on the respiratory system. Ermis et al. [50] found that elite female judokas specifically had
stronger respiratory muscles compared to a sedentary female control group (maximal in-
spiratory mouth pressure 103.4 & 23.2 vs. 81.3 14.4 (cmH20), p = 0.003; maximal expiratory
mouth pressure 135.7 & 27 vs. 95 & 19.4 (p < 0.001)), whereas other respiratory function
tests values were found to be similar. Respiratory function and respiratory muscle strength
were compared among athletes partaking in judo, Muay Thai, boxing, and taekwondo [51].
Judo and Muay Thai athletes had stronger respiratory muscles than the other two groups
(p = 0.025), however, pulmonary function tests values (FVC, FEV1, maximal voluntary
ventilation, and PEF) did not differ significantly.

3.3. Body Composition

Twenty-seven studies have evaluated the effect of judo training on body composi-
tion [20,21,34,37,45,48,49,52-71] (Table 2). Andreoli et al. [69] screened karate, judo, and
water polo athletes for their body composition, and found that judokas had less body fat
than their water polo counterparts. However, water polo athletes were leaner, which is
likely due to their overall greater height and mass. Also, judokas had less fat than their
karate counterparts, while also having more muscle mass. Burdukiewicz et al. [51] assessed
female athletes participating in judo and weightlifting, and found that judokas had less fat
than weightlifters, but also had significantly less muscle mass (p < 0.05) when compared
to weightlifters. In addition, judokas had significantly more fat-free mass (p < 0.05) in
comparison to weightlifters. Busko et al. [58] found that male judokas had significantly less
fat percentage and more fat-free mass than untrained students (p < 0.05). Socha et al. [57]
showed that female judokas had significantly better body mass index compared to un-
trained female subjects (p < 0.01), while also having more muscle mass. However, judokas
had more fat when compared to untrained participants. Mala et al. [60] screened judo,
karate, fencing, wrestling, taekwondo, and kickboxing athletes, and found similar BMI
values among all groups. Fat-free mass significantly differed between groups (p < 0.01),
with judokas showing the greatest mean values followed by kickboxers and wrestlers. A
low proportion of fat mass was detected within all groups, with no significant difference
between sports. Shariat et al. [66] found that judokas had significantly higher fat mass
compared to karate and taekwondo athletes (p < 0.05). However, judokas demonstrated
a lower percentage of muscle mass compared to the other two groups (p < 0.05). Reale
et al. [68] screened judo, wrestling, tackwondo, and boxing athletes, and found that male
judokas had significantly greater body mass compared to male boxers (p < 0.05), but the
lean mass percentage in boxers and taekwondo athletes was significantly higher than
in judokas (p < 0.05). Consequently, fat mass differed in the same fashion across these
three sports, whereas male judokas presented significantly higher BMI values than boxers
(p < 0.05) and taekwondo athletes (p < 0.0001), with no significant differences in female
participants.

Table 2. Body composition characteristics of judokas and judo practitioners.

Group Test and
Study Charac- Measurements Body Composition
teristics Characteristics
BM BMI FM FM FFM o
(kg) (kg/m?) (kg) ) kg) FFM (%) LBM (kg)
Andreoli males DEXA 74.7 £10.1 247 £2.1 75+36 NA NA NA 633. +£7.2
etal. [69] n=12
5“‘[;6“’]* al. g‘i‘lg; DEXA 728471 236423 88428 121431 634457 NA NA
Goncalves males
otal. [71] o DEXA 734483 NA NA 121431 NA 639+ 6.3 NA
Murata etal.  males DEXA 122.7 £13.1 39.1+38 34.1+88 275452 88.6 & 8.0 NA NA

[52] n=19
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Table 2. Cont.

Group Test and
Study Charac- Measurements Body Composition
teristics Characteristics
BM BMI FM FM FFM o
(kg) (kg/m?) (kg) %) (kg) FEM (%) LBM (kg)
males 644 +93
Rea[lgsgit al. bt DEXA 80.7 + 14.9 26.1 +3.4 123 +6.7 145 +5.7 NA NA 80.%0/3 55
females 474 £40
s 68.1+ 114 245 +32 176 +£79 249+76 NA NA 70.6( :I:) 75
= %
. 315 +37
B‘é{‘i‘ﬁlgg’i’ itz females BIA 629+187  226+39  166+113  249+63 NA NA 51+ 90
5 = %)
Ocak [54] fflfr:‘aégs BIA 62.7 +22.7 231462 NA 17.31 + 1.52 NA NA NA
Laskowski males
ol [53] e BIA 83.7 £ 83 252+ 15 85+37 99 +32 752 +5.6 NA NA
Smulski ~ females BIA 65.6+121  231+32 13.6 + 6.6 199 + 54 521+ 6.2 80.1+ 5.4 NA
etal. [56] n=11
Megral  males BIA 847 +£10.2 NA NA 129428 733475 NA NA
Tartibian males
ctal. [45] eyt BIA 771473 219 +£2.0 NA 87424 NA NA NA
Socpastal.  females BIA 605+94 221420 159437 261432  446+65  738+32 NA
Kujach et al. mile; BIA 87 +11.6 264 +33 102 + 4.9 113441 768 £7.7 NA NA
21] _ "=
fe;‘j? 61.9 +10.2 234428 13.9 +49 22445 479 + 54 NA NA
Busiogtel  mal BIA 8024157  253+34 87442 105438 7154129 NA NA
Ceylan et al. ma_le; BIA 88.1 +22.8 294 +58 128 +7.2 13.6 + 4.4 75.3 £ 15.7 NA NA
[59] _ "=
ffl“;allgs 67.6+19.8  254%57 155 + 8.9 216+58  521+111 NA NA
Malaetal.  males BIA 833+116 46404 NA 9.8+37 745+ 99 NA NA
[60] n=19
Franchini males .
ctal [34] s Skinfold 88.5 + 20.0 NA NA 107 £ 7.0 NA NA NA
. males
Quintero - Skinfold 731+ 11 NA NA 152 +5.8 NA NA 579 +7
etal.[49] __""°
fer‘l“j{fs 61 +14.4 NA NA 17.3 £ 4.94 NA NA 442497
433+19
Franchini males Skinfold 82.5+5.3 NA 84+28 93+22 NA NA 51.7 +1.8
etal. [61] n=23 mnio (%)
ffln;aé(e)s 281+1.6
67.7 £ 45 NA 16.1 + 2.4 219+ 14 NA NA 411+15
(%)
Sterkowitz- rf;‘j‘lgg Skinfold 87.4 4249 26.8 +5.20 133 +85 142 + 42 740 + 16.6 85.7 + 4.2 NA
Przybycien - nto
etal. [62] fflfr:‘allgs 74.8 +23.9 257 +55 18.0 £ 8.9 232436 56.8 +15.2 76.7 £ 3.6 NA
Katrefietal.  females Skinfold 6074100 232433 NA 128+ 60 NA NA NA
Prigeral.  males Skinfold 1005 + 09 NA NA 15.6 + 0.64 NA NA NA
Casalsetal.  males Skinfold 79.3 +29.9 NA NA 7.5+ 541 NA NA 52-3;5) 39
[64] n =20 o
females 66.1+ 20 NA NA 209 +10.0 NA NA 4 (i%%o'?’
Arzistal  males Skinfold 700482 213428 NA 114422 6274617 NA NA
Tavares mal
Junioretal. a ‘fg Skinfold 87.14+214 NA 153+7.3 16.8 +5.6 7144124 NA 217 +£23
[65] -
. males Medical scale 63.7 +11.9
Shar[lgg]et al. Ty Skinfold 738+149  233+32 101436 NA NA NA 86.6 + 2.4

Equations (FM)

(%)
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Table 2. Cont.
Group Test and
Study Charac- Measurements Body Composition

teristics Characteristics
BM BMI ™M M FFM o
(kg) (kg/m?) (kg) (%) (kg) FEM (%) LBM (kg)

Kubo et al. males
[67] H=69 UsI 86.5 £+ 20 NA NA NA 704 + 10 NA NA

Legend: BM, body mass; BMI, body mass index; FM, fat mass; FEM, fat-free mass; LBM, lean body mass; %, lean body mass expressed as
percentage; F, females; M, males; NA, not available; S, senior athletes; J, junior athletes; BIA, bioelectric impedance; DEXA, dual X-ray
absorptiometry; USI, ultrasound imaging; NT, national team judokas; VT, university varsity team; JT, junior varsity team.

3.4. Arterial Hypertension

Casals et al. [64] revealed that 50% of male judokas had high blood pressure (BP),
30% of male judokas were diagnosed with stage I hypertension, and 17% of females
had high blood pressure. Mean resting BP values were similar when compared among
weight categories in males (—60, —66 kg: 120 £ 8.94 mmHg vs. —73, —81, —90 kg:
126 + 18.50 mmHg vs. —100, +100 kg: 133 & 14.83 mmHg, p = 0.397). Karagounis et al. [72]
investigated diastolic diameter and mean blood flow velocity of six conduit arteries of
the upper and lower limbs, and found a significantly increase (p < 0.05) in the judokas.
The male judokas had mean systolic and diastolic values of 119 mmHg and 73 mmHg,
respectively, and the female judo athlete group had values of 121 mmHg and 72 mmHg,
respectively. Whyte et al. [73] found that all athletes included in their study had normal
diastolic and systolic function.

3.5. Cardiac Remodeling

Five studies have evaluated the effect of judo participation on heart size [73-77]. In
a study done by Pelliccia et al. [74] conducted on 600 females, athletes had 6% larger left
ventricular (LV) end-diastolic dimensions and 14% greater maximal wall thickness (MWT)
than sedentary controls. Judokas had a mean MWT of 8.2 + 0.8 and left ventricular mass
(LVM) index 81 + 17 g/m?. Date et al. [75] found that LVM and LV wall thickness (LVWT)
of marathon runners and judo practitioners were significantly greater than those of controls
(LVM 318.3 £ 48 vs. 496.2 & 114.8 vs. 189.7 &= 36 g, respectively p < 0.0001; LVWT 21.9 £ 1.9
vs. 25.5 £3.5vs. 16.2 & 2.7 mm, p < 0.001). The LV end-diastolic dimension index was
significantly more significant in the marathon group and smaller in the judokas compared
to the control (31.2 & 2.1vs. 22.7 4 2.9 vs. 26.9 + 2.2 mm/m?). Plasma brain natriuretic
peptide (NP) concentrations were higher in both the judo and marathon groups than in
controls, and positively correlated with LVM.

Sun et al. [76] included 13 male judokas, which all had increased LVM and LVM index
(LVMI), associated with an increased left ventricular internal diameter (LVIDd). In six
(46%) of the males, LVIDd was above 60mm with LVM >274 g. In female judokas (n = 7),
left ventricular (LV) geometry was normal (LVMI 74.7 + 13.3g/ m?), with increased LVIDd
(58 mm) and LVM (224 g) in only one.

Whyte et al. [73] noted that judokas exhibited significantly increased LV wall thickness
and LVM (males 264 vs. 191 g, females LVM 192 vs. 132 g.), with normal LVIDd and
preserved systolic and diastolic function compared to sex-matched controls. Although
significantly increased, wall thickness measures were within reference values for all judo
athletes.

Whyte et al. [77] found that mean interventricular septal wall thickness (IVSd) was
10.9 mm, mean posterior wall thickness (PWd) was 10.4 mm, and left ventricular mass
(LVM) was 259 =+ 64 g in 22 male judo athletes. In 20 female judokas, mean IVSd was 9 mm,
PWd 8.9 mm, and LVM 190 =+ 38 g. The LVM and LV wall thickness of marathon runners
and judo athletes were significantly greater than those of controls. Two male judokas had a
MWT of 14 mm and LVM of 370, 375 g, respectively.
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3.6. Blood Lipid Profile

Four articles have evaluated the effect of judo training on blood lipid profile [17,52,64,78].
Degoutte et al. [17] evaluated lipid and lipoprotein levels at rest, 3 min, 60 min, and 24 h
after a 5 min judo match. Total cholesterol levels were: 4.5; 4.76; 4.5; 4.22; mmol/L, re-
spectively, and low-density lipoprotein (LDL) levels were: 2.9; 2.9; 2.88; 2.73 mmol/L,
respectively. Triglyceride, free fatty acid (FFA), and glycerol levels had risen significantly
3 min after the match, but returned to baseline values within 24 h. High-density lipoprotein
(HDL) levels were also significantly increased three minutes after the exercise, followed by
a gradual decrease, reaching a level below the baseline after 24 h. Low HDL-cholesterol
levels were detected in 45% of males and 34% of female judokas [64]. HDL-cholesterol was
also significantly impaired in heavier weight categories for males (p = 0.015), but not for
females. Within a male group, 15% of participants had high triglyceride levels, and 10%
had high LDL values, whereas two participants (4% of the sample) had altered glycaemia.
The study from Murata et al. [52] showed that heavyweight judokas had a higher body fat
percentage. Still, their cardiometabolic risk assessed using biochemical parameters was
not significantly higher compared to heavyweight football athletes. Blood biochemical
variables between heavyweight (judo and American football) and non-heavyweight group
athletes (rugby) were significantly higher compared to the non-heavyweight group (ALT
38 vs. 20; p < 0.01, y-GT 32 vs. 23; p < 0.01, uric acid 6.9 vs. 6.2; p = 0.048, glucose 85 vs.
80; p = 0.012, insulin 8.4 vs. 5.3; p = 0.011, and HOMA-IR 1.72). Turkmen [78] found that
judokas had significantly higher insulin (7 vs. 5; p = 0.028), and similar total cholesterol
(160 vs. 156 mg/dL; p = 0.959), F (108 vs. 98 mg/dL; p = 0.988), and leptin (2 vs. 1.8 ng/mL;
p = 0.564) when compared to cyclists. However, cyclists had similar LDL (92 vs. 89 mg/dL;
p = 0.679), and significantly higher glucose (92 vs. 83 mg/dL; p = 0.001) and HDL (55 vs.
49 mg/dL; p = 0.046).

3.7. Energy and Bone Metabolism

Male judokas demonstrated lower resting leptin values, but similar cholesterol, glu-
cose, and triglycerides [79]. However, when compared to elite cyclists, judokas had greater
glucose, insulin, and lower HDL cholesterol [78]. Interestingly, heavyweight male judokas
had comparable glucose, insulin, and HOMA-IR (homeostatic model assessment of insulin
resistance) values when compared to heavyweight football and rugby athletes [52]. In
the limited data available for female athletes, extended duration judo training (>4 weeks)
appears to result in lower leptin values in both male and female athletes [54,80], with
no changes in insulin [80]. Following seven days prior to competition, male and female
judokas who engaged in weight cycling were shown to decrease leptin and insulin values,
whereas weight cyclers and female athletes not involved in weight cycling demonstrated in-
creased C-terminal telopeptide of type I collagen (CTx), a marker of bone resorption [81,82].
Despite this potential for short-term shifts in bone metabolism in women and those en-
gaged in weight cycling, the judokas had greater bone uncoupling index values, indicating
bone formation compared to healthy controls [82].

3.8. Bone Mineral Density

Five studies examined either bone mineral density (BMD) or bone mineral content
(BMC) among judokas [69,82-85] (Table 3). In all included studies, dual-energy X-ray
absorptiometry (DEXA) technology was used to assess bone health.
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Table 3. Bone mineral density characteristics of judokas.

Group
Study Chfirflc- Method BMD (g/cmz) Main Results
teristics
males This study investigated total BMD in male and female judokas,
Matsumoto et al. n=14 Total = 1.23 + 0.02 long-distance runners, and swimmers. Results showed that both
[83] females DEXA male and female judokas presented significantly higher values
n=23 Total =1.14 + 0.2 (p < 0.001) than males and females practicing the other two sports.
Total = 1.40 + 0.06 Total and regional BMD among judokas, water polo, karate athletes,
BMC (kg) = 3.84 + 0.4 and control groups were investigated. Judokas demonstrated
Arms = 1.18 + 0.06 significantly higher total BMD than water polo athletes and a
. males Legs =1.55 + 0.07 control group (p < 0.05). Also, BMC was higher in judokas only
Andreoli et al. [69] n=21 DEXA compared to the control group (p < 0.05). Significantly higher trunk
BMD values were observed in judokas than karate athletes and the
Trunk = 1.19 + 0.06 control group (p < 0.05). Arm BMD measured in judokas was
markedly higher than other groups (p < 0.05), while no differences
were shown for leg BMD.
nm :136233 Total =140 + 0.1 ILESm i)a()rJS Hip=1.29 £ 0.11 Insignificantly higher lumbar, hip, and total BMD values were
Prouteau et al. [82] females DEXA Total = > . 2 . . )
otal = Lumbar = Hip = 1.10 £ 0.11 observed in males compared to female judokas.
n=26 1.21 £0.07 1.14 £ 0.08
Neck =1.129 £ 0.188 The study investigated regional BMD in male judokas, wrestlers,
Bozkurt [84] males DEXA Trochanter = 0.919 =+ 0.146 taekwondo athletes, and runners. Neck BMD values in judokas
n=10 Intertrochanter = 1.294 £ 0.177 were similar to those of wrestlers but slightly more excellent than
runners and taekwondo athletes. The trochanter, intertrochanter,
Wards triangle = 1.075 4 0.151 and Ward’s triangle BMD were not significantly different among
mentioned athletes (p > 0.05).
%% = %%g i g %ég The study investigated regional BMD in male judokas, wrestlers,
Bozkurt [85] males DEXA 13 _ 1:162 n 01115 L 'gaekwongjo athletes, and runners. Judokas demonstrated
) n=10 L4=1182 + 0143 significantly higher BMD for L1 (p < 0.05), along with greater values
L1-L4 = 1.134 + 0.116 in L2, L3, and L4 compared to runners (p < 0.001).

Legend: n, number of participants; DEXA, dual-energy X-ray absorptiometry; BMD, bone mineral density; BMC, bone mineral content.

3.9. Endocrine Responses

The majority of studies examining endocrine responses to judo-specific training ac-
tivity have focused mainly on testosterone and cortisol responses, and to a lesser extent,
growth hormone and catecholamine responses. With respect to the former, there appears
to be some variation in responses among judokas following short and extended period
exercise and judo training interventions. Extended periods of judo training (>4 weeks) do
not appear to influence cortisol responses [86], whereas the effects of training on testos-
terone responses [86] and the ratio of testosterone to cortisol [86,87] are mixed. One study
found that female athletes demonstrated increased cortisol during the seven-day period
prior to the competition when compared to controls [88]. Similarly, mixed responses to
judo competition or a single training session have been observed, with studies indicat-
ing either increased testosterone [13,89], increased cortisol [89,90], or no change in either
hormone [90,91]. Only one of the reviewed studies examined the influence of a judo com-
petition on the ratio of testosterone to cortisol in judokas, and no change was observed [91].
More limited research has examined the effects of a single judo match and caloric restriction
on testosterone, and cortisol responses in judokas. Preliminary evidence indicates that an
acute caloric restriction and weight cycling in elite judo athletes may be associated with
increased cortisol [82]. The effects of judo training on catecholamine responses are less
well characterized, with only one investigation having been conducted among the studies
reviewed here. Results from this study indicate that catecholamine responses to all-out
exercise in collegiate judokas are influenced by the type of training implemented (resis-
tance vs. interval training vs. only judo training) [88]. Differences in endocrine responses
between studies may also be the result of variability in programmed activities within a
given training session. Observations that randori training (free practice) elicits greater
testosterone and cortisol responses when compared to kata (forms practice) lend support
to this notion [89], where it is thought that the more aggressive behaviors associated with
randori may precipitate a more robust hormonal response.

3.10. Immune Responses and Inflammation

Perturbations to both inflammatory and anti-inflammatory cytokines have been re-
ported in response to a single judo training session, simulated judo competitions, and
multi-day judo training sessions [55,89,91,92]. A single judo training session has been
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shown to result in increased neutrophil activation and cell count, as well as increased
neutrophil oxidative burst activity, phagocytic activity, and reactive oxygen species (ROS)
production [92]. Elevations in interleukin-6 (IL-6) have been reported over the course
of simulated judo competition, whereas monocyte chemoattractant protein-1 (MCP-1),
interleukin-10 (IL-10), and tumor necrosis factor-alpha (TNFx) remain unchanged [91].
In contrast, IL-6 and IL-10 exhibit similar, but variable, profiles following a three-day
training session, increasing immediately post-training, and decreasing below baseline
values 12-h after training [55]. A similar response was observed for interleukin-1 beta
(IL-1beta), whereas TNF« decreased following training. Less is known regarding the effects
of longer-term training interventions on immune and inflammatory responses. Only two
of the reviewed studies examined immune responses to long-term training interventions
(>12 weeks). Both of these studies indicate that extended periods of judo training do not
influence immunoglobulins A, G, or M [86,93], which appears to be in line with the evi-
dence indicating only transient changes in immunoglobulin A during a three-week training
period followed by a two-week taper [89]. Finally, though judokas are reported to have
lower resting MCP-1 values compared to untrained controls, they exhibit similar resting
values for IL-6 and tumor necrosis factor-alpha (TNF«), suggesting that judo training does
not have a profound impact on resting cytokine values [79].

3.11. Muscle Damage and Oxidative Stress

The strenuous physical requirements of judo training may result in elevated markers of
muscle damage and oxidative stress. Perhaps not surprisingly, markers of muscle damage,
such as creatine kinase (CK) and lactate dehydrogenase (LDH), have been shown to increase
in response to a single judo match, with CK levels remaining elevated in judo athletes
following a three-day training period [55]. With respect to extended duration training
periods, increases in CK, fibrinogen, and markers of oxidative stress (protein carbonyls
and malondialdehyde) have been shown in elite judokas undertaking twice-daily training
sessions six times per week for eight weeks [44].

3.12. Cardiovascular Function

Only a few studies have examined blood-based markers of cardiovascular function
in judo athletes, including the measurement of cardiac hormones that were found to be
different from marathon runners and controls [75], establishing hemoglobin mass as being
one of several discriminating factors amongst different types of youth athletes, and the
non-invasive evaluation of the hemodynamic response to high-intensity exercise [93].

4. Discussion
4.1. Overall Summary

This review aimed to elaborate on the effects of judo-specific training on various
health aspects among judokas and judo practitioners. Although overall health-related
effects of judo training could not be completely clarified, the majority of included studies
suggested a positive influence on health outcomes possibly mediated by judo training.
Yet, some of the exhibited changes found in judokas and judo participants might not be
beneficial. For instance, markedly increased blood pressure was noticed in judokas as
reported by Casals et al. [64]. Likewise, substantial cardiac remodeling was detected in a
study by Pelliccia et al. [74], and alterations on the vascular system showed a close relation
of superior exercise performance on the cardiovascular system in judo. Cardiovascular
adaptations depend upon the characteristics, intensity, and accumulative extent of pieces
of training, with a “dose-effect relation” [94]. Observed circulatory changes illustrate sig-
nificant cardiovascular adaptations induced by judo training. Whether these physiological
adaptations of judokas and judo practitioners can have negative ramifications regarding
cardiovascular disease development remains to be elaborated in future studies that follow
judo athletes for an extended period of time.
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Data found through our review show that all judokas and judo practitioners included
in this review (both male and female) showed above-average values regarding maximal
oxygen consumption (VOymax) for their specific age group when compared against the
overall population, and not against athletes [95]. As a cornerstone of applied physiology,
and the strongest predictor of cardiovascular and all-cause mortality [96], VOsmax is an
extremely important indicator of one’s health. Improvements in VOyn,x as a consequence
of judo participation are expected due to its intermittent nature and rather demanding
physiological requirements. Indeed, the interval properties of judo can be seen as a form
of high-intensity interval training that can be used by a broad spectrum of the healthy
population.

Unfortunately, research examining the effects of judo-specific activity and/or training
on concentrations of hormones, immune and inflammatory mediators, and biomarkers of
metabolic and cardiovascular function is in its infancy. Due to limited data being available
regarding changes in these biomarkers in conjunction with functional health outcomes, the
meaningfulness of these findings in the context of overall health is unclear.

Since judo comprises various throwing and falling techniques, it is reasonable to
presume it could have an impact on bone structure. It is worth noting that judokas, along
with wrestlers, demonstrated greater neck BMD values compared to endurance sports
athletes such as runners, and even taekwondo athletes, which might have appeared due
to the specificity of the two combat sports [20]. According to research conducted by
Matsumoto et al. [83], total BMD in judokas of both genders appeared to be greater when
compared to swimmers and runners. In studies where the control (non-athletes) group
was included, judokas showed significantly higher values both for BMD and BMC [69].
Additionally, somewhat greater BMD values were observed in male judokas compared to
female ones [81,83]. By summarizing the results from the retrieved studies, it is evident that
judokas have enhanced bone health parameters compared to other athletes and controls in
almost all measured regions.

Included studies elaborating on the body composition of judokas showed that all
judokas were within the reference range of either good or acceptable body fat percentage,
except for the heavyweight male athletes examined in one study [52]. Judokas also tend
to have more lean mass in comparison to other athletes, and non-athletes as well [51,58].
Furthermore, each study included in our review demonstrated a range referred to as
healthy values, except for the aforementioned study completed by Murata et al. [52].
Although our review included various male and female weight categories along with
different competitive levels, the majority of included athletes and participants showed a
healthy BMI range. In line with the above-mentioned health benefits, engaging in judo
might be a suitable way to improve and maintain one’s body composition, even if the
practitioner is not involved professionally.

Still, judo participation is not without risks. Despite our research being focused
primarily on the potential health benefits associated with judo practice, related risks of judo
practice have to be mentioned. Namely, a systematic review on injuries in judo by Pocecco
et al. [97] showed that during the Olympic Games in 2008 and 2012, an average injury risk
of about 11-12% was detected in judo athletes. Most commonly reported injuries were
sprains, strains, and contusions, usually of the knee, shoulder, and fingers, whereas being
thrown was the most common way of getting injured. Acute severe injuries were quite rare
and usually affected the brain and spine, whereas chronic injuries typically affected the
finger joints, lower back, and ears.

In addition to injury risk, weight cycling (rapid weight loss (RWL) followed by rapid
weight gain) is another factor that can contribute to health complications in professional
judokas. As judo is a weight-divided sport, many athletes choose to exploit this system by
manipulating their weight prior to weigh-in, so they can enter into lower weight classes,
then rapidly refeed and rehydrate in the period after weigh-in and pre-match, in order
to gain an advantage over lighter opponents. In a study by Artioli et al. [98] (n = 822),
authors found that more than 90% of judokas engage in RWL prior to competitive events.



Sustainability 2021, 13, 11403

14 0f 18

Current literature recognizes RWL as a 5% weight loss achieved in 5-7 days, but there are
many possible variations on the same theme. This approach is prompted up to 10 times
annually by judokas [98], but this is primarily contingent on the number of competitions
in a given year. To achieve such RWL, judokas commonly engage in drastically reduced
fluid intake, severe caloric deficit, elevated levels of intense exercise, plastic suit and heated
room training, and frequent sauna use, whereas more radical methods of weight loss, such
as laxative and diuretics consumption, and forced vomiting, are rare [98]. This particular
method of weight reduction can lead to significant health complications, both acutely and
chronically [99,100]. Moreover, a marked decrease in performance due to RWL-induced
muscle damage has been observed [101]. Novel findings indicate that RWL can also induce
acute kidney damage [102].

4.2. Strengths and Limitations

Perhaps one of the biggest limitations of the current study is that the majority of
included studies had males as participants, and thus our findings pertain predominantly to
the male population. The age set for inclusion criteria was 18-35, which narrows the results
of our systematic review, and raises the question of if the benefits of judo practice outweigh
the risk of potential injury in the older population. Also, included studies were highly
heterogeneous in terms of study design. Throughout our study, we examined only physical
aspects of judo training, and excluded important aspects of wellbeing such as diet and
sleep due to unavailability of data. Further research should elaborate on the health status
of recently retired judokas to see how long-term judo participation affected their health.
Finally, at the beginning of the review design, we intended to conduct a more detailed
meta-analysis that would have allowed us to estimate the overall effect sizes for the desired
outcome. However, a meta-analysis was precluded due to the high heterogeneity of the
acquired data.

This review provides comprehensive evidence for the general population to engage in
what is likely a new venue for PA that goes beyond conventional PA recommendations.
Regarding methodology, we applied rigorous inclusion and exclusion criteria, and meticu-
lously analyzed each of the included articles. As a result, we examined 84 reports that had
nearly 2500 participants. Our research sought to find articles published from 1996 to 2021,
which enabled us to find quality articles, filter them through the Newcastle-Ottawa scale,
and synthesize data acquired from nearly two and a half decades of peer-reviewed data.

5. Conclusions

A positive association has been found between judo participation and health benefits,
including above-average VOymay, improved body composition, increased bone mineral
density, and bone mineral content. However, since judo is a contact sport, caution should be
taken, and risk/benefits analysis should be considered. Increased blood pressure, arterial
adaptations, and cardiac hypertrophy in a significant number of judokas evidence that the
cardiovascular system exhibits great changes. Whether these physiological adaptations of
judokas and judo practitioners pose a risk for future cardiovascular diseases remains to be
examined in future studies.

Future longitudinal studies with appropriate adjustment for confounding variables
and self-selection are merited. These studies should aim to detect whether the positive
associations between lean body mass, improved aerobic fitness, and improved bone health
are due to the health benefits of judo, or the effect of self-selection and the healthy lifestyle
of judokas. Moreover, dietary and recovery aspects should also be considered.
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