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Table S1. Research equations used for article identification in databases. 

Database 1: PubMed 
Set Search string Results
1 ("weight cycling"[TW] OR "weight cyclers"[TW] OR "weight cycler"[TW] OR "weight 

cycles"[TW]) 
450 

2 ("sports"[MH] OR sport*[TW] OR "competition"[TW]  OR "competitive"[ TW] OR 
competitor*[TW]   OR "athletes"[MH] OR "athletes"[TW] OR "athlete"[TW]  OR "military 
personnel"[MH] OR "military"[TW] OR "marines"[TW] OR "armed forces"[TW] OR 
"soldiers"[TW] OR "soldier"[TW] OR "army"[TW] OR "ranger"[TW] OR "rangers"[TW] OR 
"physical conditioning, human"[MH] OR "human physical conditioning"[TW] OR "physical 
conditioning human"[TW] OR "human physical training"[TW] OR "martial arts"[MH] OR "kung 
fu"[TW] OR "gong fu"[TW] OR "fu, gong"[TW] OR "aikido"[TW] OR "judo"[TW] OR 

te"[TW] OR 
"arts, martial"[TW] OR "gongfu"[TW] OR "martial arts"[TW] OR "tae kwon do"[TW] OR 

OR "track and field"[TW] OR "field and track"[TW] OR "boxing"[MH] OR "boxer"[TW] OR 
"boxers"[TW] OR "running"[MH] OR "running"[Title] OR "runner"[Title] OR "runners"[Title] 

"calisthenic"[TW] OR "calisthenics"[TW] OR "gymnastics"[TW] OR "weight lifting"[MH] OR 
"weight liftings"[TW] OR "weight training"[TW] OR "weight lifter"[TW] OR "lifting, 
weight"[TW] 
OR "athletic performance"[MH] OR "swimming"[MH] OR "swimmer"[TW] OR 
"swimmers"[TW] OR "volleyball"[MH] OR "volleyballer"[TW] ) 

666,015

3 1 AND 2 58
4 ("weight loss"[MH] OR "decreased weight"[TW] OR "wt loss"[TW] OR "reduction weight"[TW] 

OR "reductions weight"[TW] OR "weight loss progressive"[TW] OR "weight reductions"[TW] OR 
"losses weight"[TW] OR "weight loss"[TW] OR "low weight"[TW] OR "weight decrease"[TW] 
OR "weight loss amount"[TW] OR "progressive weight loss"[TW] OR "weight reduction"[TW] 
OR "decreased body weight"[TW] OR "abnormal loss of weight"[TW] OR "low body weight"[TW] 
OR "losing wt"[TW] OR "weight decreased"[TW] OR "lost weight"[TW] OR "loss weight"[TW] 
OR "cachexia"[TW] OR "losing weight"[TW] OR "loss of weight"[TW] OR "weight loss 
finding"[TW] OR "weight losses"[TW] OR "weight decreasing"[TW] OR "mass loss"[TW] OR 
"decreased body mass"[TW] OR "bm loss"[TW] OR "body mass reductions"[TW] OR "body mass 
loss"[TW] OR "low body mass"[TW] OR "body mass decrease"[TW] OR "body mass 
reduction"[TW] OR "lost body mass"[TW] OR "loss body mass"[TW] OR "losing body 
mass"[TW] OR "body mass losses"[TW] OR "loss body mass"[TW] OR "weight gain"[MH] OR 
"increased body weight"[TW] OR "weight gain"[TW] OR "bw gain"[TW] OR "weight gains"[TW] 
OR "weight increase"[TW] OR "gains weight"[TW] OR "gain weight"[TW] OR "weight 
increasing"[TW] OR "wt gain"[TW] OR "weight increased"[TW] OR "gain weight"[TW] OR 
"body weight gain"[TW] OR "gains weight"[TW] OR "mass gain"[TW]  OR "body mass 
gain"[TW] OR "bm gain"[TW] OR "body mass gains"[TW] OR "body mass increase"[TW] OR 
"gain body mass"[TW] OR "body mass increasing"[TW] OR "diet"[MH] OR "regimen"[Title] OR 
"regimens"[Title] OR "diet"[Title] OR "diets"[Title] OR "dietary"[Title] OR "dieting"[Title]) 

599,566

5 (Recovery[TW] OR Maintenance[TW] OR "weight-stable"[TW] OR "weight-variation"[TW] OR 
"weight-variations"[TW] OR regain[TW] OR re-gain[TW] OR "Acute weight"[TW] OR "Rapid 
Weight"[TW] OR "weight management"[TW] OR "changes"[TW] OR "change"[TW] OR 
"stable"[TW] OR "Body mass manipulation"[TW] OR "Weight cutting"[TW]) 

4,313,908

6 2 AND 4 AND 5 5,371 
7 3 OR 6 5,394 
8  16,663,876 
9 7 AND 8 3,884 

 

  



Database 2: Embase 
Set Search string Results
#1 ('weight cycling'/exp OR 'weight cycling' OR 'weight cyclers' OR 'weight cycler' OR 'weight 

cycles') 
577 

#2 ('sports'/exp OR 'sports' OR sport* OR 'competition'/exp OR 'competition' OR 'competitive' OR 
competitor* OR 'athletes'/exp OR 'athletes' OR 'athlete'/exp OR 'athlete' OR 'military personnel'/exp 
OR 'military personnel' OR 'military'/exp OR 'military' OR 'marines' OR 'armed forces'/exp OR 
'armed forces' OR 'soldiers'/exp OR 'soldiers' OR 'soldier'/exp OR 'soldier' OR 'army'/exp OR 'army' 
OR 'ranger'/exp OR 'ranger' OR 'rangers' OR 'physical conditioning, human'/exp OR 'physical 
conditioning, human' OR 'human physical conditioning' OR 'physical conditioning human'/exp OR 
'physical conditioning human' OR 'human physical training' OR 'kung fu'/exp OR 'kung fu' OR 
'gong fu' OR 'fu, gong' OR 'aikido'/exp OR 'aikido' OR 'judo'/exp OR 'judo' OR 'judoka'/exp OR 
'judoka' OR 'judoist' OR 'judokas'/exp OR 'judokas' OR 'judoists' OR 'karate'/exp OR 'karate' OR 
'arts, martial' OR 'gongfu' OR 'martial arts'/exp OR 'martial arts' OR 'tae kwon do'/exp OR 'tae kwon 
do' OR 'crossfit'/exp OR 'crossfit' OR 'track and field'/exp OR 'track and field' OR 'field and track' 
OR 'boxing'/exp OR 'boxing' OR 'boxer'/exp OR 'boxer' OR 'boxers'/exp OR 'boxers' OR 
'bicycling'/exp OR 'bicycling' OR 'bicycler' OR 'bicyclers' OR 'soccers' OR 'soccer'/exp OR 'soccer' 
OR 'football'/exp OR 'football' OR 'footballers'/exp OR 'footballers' OR 'footballer'/exp OR 
'footballer' OR 'gymnast'/exp OR 'gymnast' OR 'gymnasts'/exp OR 'gymnasts' OR 'calisthenic' OR 
'calisthenics'/exp OR 'calisthenics' OR 'gymnastics'/exp OR 'gymnastics' OR 'weight lifting'/exp 
OR 'weight lifting' OR 'weight liftings' OR 'weight training'/exp OR 'weight training' OR 'weight 
lifter' OR 'lifting, weight'/exp OR 'lifting, weight' OR 'wrestling'/exp OR 'wrestling' OR 
'wrestler'/exp OR 'wrestler' OR 'wrestlers'/exp OR 'wrestlers' OR 'athletic performance'/exp OR 
'athletic performance' OR 'swimming'/exp OR 'swimming' OR 'swimmer'/exp OR 'swimmer' OR 
'swimmers' OR 'volleyball'/exp OR 'volleyball' OR 'volleyballer' OR 'fitness':ti OR 'track':ti OR 
'tracks':ti OR 'running':ti OR 'runner':ti OR 'runners':ti) 

1,405,002

#3 #1 AND #2 133 
#4 ('decreased weight' OR 'wt loss' OR 'reduction weight' OR 'reductions weight' OR 'weight loss 

progressive' OR 'weight reductions' OR 'losses weight' OR 'weight loss'/exp OR 'weight loss' OR 
'low weight' OR 'weight decrease'/exp OR 'weight decrease' OR 'weight loss amount' OR 
'progressive weight loss' OR 'weight reduction'/exp OR 'weight reduction' OR 'decreased body 
weight' OR 'abnormal loss of weight' OR 'low body weight'/exp OR 'low body weight' OR 'losing 
wt' OR 'weight decreased' OR 'lost weight' OR 'loss weight' OR 'cachexia'/exp OR 'cachexia' OR 
'losing weight' OR 'loss of weight' OR 'weight loss finding' OR 'weight losses' OR 'weight 
decreasing' OR 'mass loss'/exp OR 'mass loss' OR 'decreased body mass' OR 'bm loss' OR 'body 
mass reductions' OR 'body mass loss' OR 'low body mass' OR 'body mass decrease' OR 'body mass 
reduction' OR 'lost body mass' OR 'losing body mass' OR 'body mass losses' OR 'loss body mass' 
OR 'increased body weight' OR 'weight gain'/exp OR 'weight gain' OR 'bw gain' OR 'weight gains' 
OR 'weight increase'/exp OR 'weight increase' OR 'weight increasing' OR 'wt gain' OR 'weight 
increased' OR 'gain weight' OR 'body weight gain'/exp OR 'body weight gain' OR 'gains weight' 
OR 'mass gain' OR 'body mass gain' OR 'bm gain' OR 'body mass gains' OR 'body mass increase' 
OR 'gain body mass' OR 'body mass increasing' OR 'diet'/exp  OR 'diet':ti OR 'regimen':ti OR 
'regimens':ti OR 'diets':ti OR 'dietary':ti OR 'dieting':ti) 

889,929

#5 ('recovery'/exp OR recovery OR 'maintenance'/exp OR maintenance OR 'weight-stable' OR regain 
-

'weight management'/exp OR 'weight management' OR 'changes' OR 'change'/exp OR 'change' OR 
'stable' OR 'body mass manipulation' OR 'weight cutting'/exp OR 'weight cutting') 

8,878,169

#6 #2 AND #4 AND #5 24,272
#7 #3 OR #6 24,323
#8 'human'/de AND ('article'/it OR 'article in press'/it) AND [embase]/lim NOT ([embase]/lim AND 

[medline]/lim) AND ([english]/lim OR [french]/lim) 
1,520,350

#9 #7 AND #8 1,509 
 

  



Database 3: SPORTDiscus 
Set Search string Results
S1 AB ( ("weight cycling" OR "weight cyclers" OR "weight cycler" OR "weight cycles") ) OR TI ( 

("weight cycling" OR "weight cyclers" OR "weight cycler" OR "weight cycles") ) OR SU ( ("weight 
cycling" OR "weight cyclers" OR "weight cycler" OR "weight cycles") ) 

88

S2 AB ("sports" OR sport* OR "competition" OR "competitive" OR competitor* OR "athletes" OR 
"athletes" OR "athlete" OR "military personnel" OR "military" OR "marines" OR "armed forces" 
OR "soldiers" OR "soldier" OR "army" OR "ranger" OR "rangers" OR "physical conditioning, 
human" OR "human physical conditioning" OR "physical conditioning human" OR "human 
physical training" OR "martial arts" OR "kung fu" OR "gong fu" OR "fu, gong" OR "aikido" OR 
"judo" OR "judoka" OR "judoist" OR "judokas" OR "judoists" OR "karate" OR "arts, martial" OR 
"gongfu" OR "martial arts" OR "tae kwon do" OR "crossfit" OR "track and field" OR "track and 
field" OR "field and track" OR "boxing" OR "boxer" OR "boxers" OR "bicycling" OR "bicycler" 
OR "bicyclers" OR "soccer" OR "soccers" OR "soccer" OR "football" OR "footballers" OR 
"footballer" OR "gymnastics" OR "gymnast" OR "gymnasts" OR "calisthenic" OR "calisthenics" 
OR "gymnastics" OR "weight lifting" OR "weight liftings" OR "weight training" OR "weight lifter" 
OR "lifting, weight" OR "wrestling" OR "wrestling" OR "wrestler" OR "wrestlers" OR "athletic 
performance" OR "swimming" OR "swimmer" OR "swimmers" OR "volleyball" OR 
"volleyballer") OR TI ("sports" OR sport* OR "competition" OR "competitive" OR competitor* 
OR "athletes" OR "athletes" OR "athlete" OR "military personnel" OR "military" OR "marines" 
OR "armed forces" OR "soldiers" OR "soldier" OR "army" OR "ranger" OR "rangers" OR "physical 
conditioning, human" OR "human physical conditioning" OR "physical conditioning human" OR 
"human physical training" OR "martial arts" OR "kung fu" OR "gong fu" OR "fu, gong" OR 
"aikido" OR "judo" OR "judoka" OR "judoist" OR "judokas" OR "judoists" OR "karate" OR "arts, 
martial" OR "gongfu" OR "martial arts" OR "tae kwon do" OR "crossfit" OR "track and field" OR 
"track and field" OR "field and track" OR "boxing" OR "boxer" OR "boxers" OR "bicycling" OR 
"bicycler" OR "bicyclers" OR "soccer" OR "soccers" OR "soccer" OR "football" OR "footballers" 
OR "footballer" OR "gymnastics" OR "gymnast" OR "gymnasts" OR "calisthenic" OR 
"calisthenics" OR "gymnastics" OR "weight lifting" OR "weight liftings" OR "weight training" OR 
"weight lifter" OR "lifting, weight" OR "wrestling" OR "wrestling" OR "wrestler" OR "wrestlers" 
OR "athletic performance" OR "swimming" OR "swimmer" OR "swimmers" OR "volleyball" OR 
"volleyballer" OR "fitness" OR "track" OR "tracks" OR "running" OR "runner" OR "runners") OR 
SU ("sports" OR sport* OR "competition" OR "competitive" OR competitor* OR "athletes" OR 
"athletes" OR "athlete" OR "military personnel" OR "military" OR "marines" OR "armed forces" 
OR "soldiers" OR "soldier" OR "army" OR "ranger" OR "rangers" OR "physical conditioning, 
human" OR "human physical conditioning" OR "physical conditioning human" OR "human 
physical training" OR "martial arts" OR "kung fu" OR "gong fu" OR "fu, gong" OR "aikido" OR 
"judo" OR "judoka" OR "judoist" OR "judokas" OR "judoists" OR "karate" OR "arts, martial" OR 
"gongfu" OR "martial arts" OR "tae kwon do" OR "crossfit" OR "track and field" OR "track and 
field" OR "field and track" OR "boxing" OR "boxer" OR "boxers" OR "bicycling" OR "bicycler" 
OR "bicyclers" OR "soccer" OR "soccers" OR "soccer" OR "football" OR "footballers" OR 
"footballer" OR "gymnastics" OR "gymnast" OR "gymnasts" OR "calisthenic" OR "calisthenics" 
OR "gymnastics" OR "weight lifting" OR "weight liftings" OR "weight training" OR "weight lifter" 
OR "lifting, weight" OR "wrestling" OR "wrestling" OR "wrestler" OR "wrestlers" OR "athletic 
performance" OR "swimming" OR "swimmer" OR "swimmers" OR "volleyball" OR 
"volleyballer") 

1,027,210

S3 S1 AND S2 45
S4 AB ("weight loss" OR "decreased weight" OR "wt loss" OR "reduction weight" OR "reductions 

weight" OR "weight loss progressive" OR "weight reductions" OR "losses weight" OR "weight 
loss" OR "low weight" OR "weight decrease" OR "weight loss amount" OR "progressive weight 
loss" OR "weight reduction" OR "decreased body weight" OR "abnormal loss of weight" OR "low 
body weight" OR "losing wt" OR "weight decreased" OR "lost weight" OR "loss weight" OR 
"cachexia" OR "losing weight" OR "loss of weight" OR "weight loss finding" OR "weight losses" 
OR "weight decreasing" OR "mass loss" OR "decreased body mass" OR "bm loss" OR "body mass 
reductions" OR "body mass loss" OR "low body mass" OR "body mass decrease" OR "body mass 
reduction" OR "lost body mass" OR "loss body mass" OR "losing body mass" OR "body mass 
losses" OR "loss body mass" OR "weight gain" OR "increased body weight" OR "weight gain" OR 
"bw gain" OR "weight gains" OR "weight increase" OR "gains weight" OR "gain weight" OR 
"weight increasing" OR "wt gain" OR "weight increased" OR "gain weight" OR "body weight gain" 
OR "gains weight" OR "mass gain" OR "body mass gain" OR "bm gain" OR "body mass gains" 

44,963



OR "body mass increase" OR "gain body mass" OR "body mass increasing") OR TI ("weight loss" 
OR "decreased weight" OR "wt loss" OR "reduction weight" OR "reductions weight" OR "weight 
loss progressive" OR "weight reductions" OR "losses weight" OR "weight loss" OR "low weight" 
OR "weight decrease" OR "weight loss amount" OR "progressive weight loss" OR "weight 
reduction" OR "decreased body weight" OR "abnormal loss of weight" OR "low body weight" OR 
"losing wt" OR "weight decreased" OR "lost weight" OR "loss weight" OR "cachexia" OR "losing 
weight" OR "loss of weight" OR "weight loss finding" OR "weight losses" OR "weight decreasing" 
OR "mass loss" OR "decreased body mass" OR "bm loss" OR "body mass reductions" OR "body 
mass loss" OR "low body mass" OR "body mass decrease" OR "body mass reduction" OR "lost 
body mass" OR "loss body mass" OR "losing body mass" OR "body mass losses" OR "loss body 
mass" OR "weight gain" OR "increased body weight" OR "weight gain" OR "bw gain" OR "weight 
gains" OR "weight increase" OR "gains weight" OR "gain weight" OR "weight increasing" OR "wt 
gain" OR "weight increased" OR "gain weight" OR "body weight gain" OR "gains weight" OR 
"mass gain" OR "body mass gain" OR "bm gain" OR "body mass gains" OR "body mass increase" 
OR "gain body mass" OR "body mass increasing" OR OR "regimen" OR "regimens" OR "diet" OR 

OR SU ("weight loss" OR "decreased weight" OR "wt loss" 
OR "reduction weight" OR "reductions weight" OR "weight loss progressive" OR "weight 
reductions" OR "losses weight" OR "weight loss" OR "low weight" OR "weight decrease" OR 
"weight loss amount" OR "progressive weight loss" OR "weight reduction" OR "decreased body 
weight" OR "abnormal loss of weight" OR "low body weight" OR "losing wt" OR "weight 
decreased" OR "lost weight" OR "loss weight" OR "cachexia" OR "losing weight" OR "loss of 
weight" OR "weight loss finding" OR "weight losses" OR "weight decreasing" OR "mass loss" OR 
"decreased body mass" OR "bm loss" OR "body mass reductions" OR "body mass loss" OR "low 
body mass" OR "body mass decrease" OR "body mass reduction" OR "lost body mass" OR "loss 
body mass" OR "losing body mass" OR "body mass losses" OR "loss body mass" OR "weight gain" 
OR "increased body weight" OR "weight gain" OR "bw gain" OR "weight gains" OR "weight 
increase" OR "gains weight" OR "gain weight" OR "weight increasing" OR "wt gain" OR "weight 
increased" OR "gain weight" OR "body weight gain" OR "gains weight" OR "mass gain" OR "body 
mass gain" OR "bm gain" OR "body mass gains" OR "body mass increase" OR "gain body mass" 
OR "body mass increasing" OR " diet") 

S5 AB (Recovery OR -stable" 
OR regain OR re-gain OR "Acute weight" OR "Rapid Weight" OR "weight management" OR 
"changes" OR "change" OR "stable" OR "Body mass manipulation" OR "Weight cutting") OR TI 
(Recove -stable" 
OR regain OR re-gain OR "Acute weight" OR "Rapid Weight" OR "weight management" OR 
"changes" OR "change" OR "stable" OR "Body mass manipulation" OR "Weight cutting") OR SU 
(R -stable" 
OR regain OR re-gain OR "Acute weight" OR "Rapid Weight" OR "weight management" OR 
"changes" OR "change" OR "stable" OR "Body mass manipulation" OR "Weight cutting") 

201,610

S6 S2 AND S4 AND S5 1,684 
S7 S3 OR S6 1,684 
S8  800,259
S9 S7 AND S8 1,176 
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Table S2. Characteristics of population, study design and outcomes of studies sorted by type of sports (mean ± SD).
Reference Population characteristics 

(sport, n (male + female), age; BMI or BW and height) 
Study design [follow-up] 

Time points Outcomes (method) 

Combat sports 
 

Amatori, 2020 
83  

(Italy) 

Boxing: n = 164, 22.9 ± 6.4 y; 68.9 ± 12.2 kg; 174.5 ± 8.1 cm 
 m: n = 144, 23.4 ± 6.4 y; 70.7 ± 11.8 kg; 175.9 ± 7.1 cm 
 f: n = 20, 19.2 ± 5.5 y; 56.1 ± 6.1 kg; 164.2 ± 7.4 cm 
 cluster 1 (C1, severe WL behaviours): n = 133, 23 ± 6.3 y; 68.5 
± 11.0 kg; NR 
 - C1 m: n = 120, 22.9 ± 6.2 y; 70.0 ± 10.5 kg; NR 
 - C1 f: n = 13, 19.1 ± 6.0 y; 56.2 ±6.6 kg; NR  
cluster 2 (C2, light WL behaviours): n = 31, 24.6 ± 7.0 y; 70.8 
± 17.0 kg; NR 
 - C2 m: n = 24, 25.9 ± 7.1 y; 74.7 ± 16.9 kg; NR 
 - C2 f: n = 7, 19.7 ± 4.6 y; 55.9 ± 5.2 kg; NR 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Daniele, 2016 
59  

(Worldwide)  

Boxing: n = 142 (126m + 16f), 28.5 ± 5.1 y; NR Transversal, Observational 
[12 h] 
WL: weigh-in 
WG: 12 h 

Anthropometry/Body composition: BW; WG; weight difference between fighters (WD)
Physical fitness/performance: performance (fight issue in competition)

2019 
84  

(Europe)  

Boxing (kickboxing): n = 61 (m), 24.2 ± 4.6 y; 22.9 ± 2.6 kg/m² 
 LW: n = 16 
 MW: n = 25 
 HW: n = 20 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Morehen, 2021 
78  

(USA)  

Boxing: n = 1 (m), 32 y; 88.6 ± 2.1 kg; NR Longitudinal, Observational, Case study 
[5 y] 
11 training camps (T1 - T11) of 11 ± 4 wk 
During an official competition week (T11):  
pre-WL: baseline (pre-camp) 
WL: daily measure (WL-1 to WL-8 (weigh-in)) 
WG-1: post weigh-in + WG-2: prefight 

Anthropometry/Body composition: BW; FM, FFM (DXA) 
Energy intake, dietary and eating behaviours: food intake (1-wk food record at T11 and before 
one combat)  

Physical activity: training program (exercise training record) 
Energy expenditure: REE (indirect calorimetry)  

Murugappan, 
2021a 

60  
(USA)  

Boxing: n = 399 (m), NR; NR 
 
(no HW category) 

Transversal, Observational, Retrospective 
[32 h] 
WL: weigh-in 
WG: 26 - 32 h 

Anthropometry/Body composition: BW 

Reale, 2017 
62  

(Australia)  

Boxing: n = 100 (70m + 30f), NR; NR Longitudinal, Observational 
[5 d] 
WL-1: 1 - 5 d pre-match + WL-2: 4 - 13 h pre-match 
(weigh-in) 

WG: 1 h pre-match 

Anthropometry/Body composition: BW 
Weight management: self-reported survey  

Reljic, 2015 
85  

(USA)  

Boxing: n = 17 (m) 
 DIET: n = 10, 19.7 ± 3.2 y; 67.4 ± 9.4 kg; 175.5 ± 7.0 cm 
 non-DIET (CT): n = 7, 18.4 ± 2.2 y; 64.8 ± 8.9 kg; 174.6 ± 7.4 
cm 

Longitudinal, Observational, Controlled 
[3 wk] 
pre-WL: baseline (during weight maintenance) 
WL: 7 d (2 d pre-competition) 
WG: 5 d (7 d post-competition) 

Anthropometry/Body composition: BW; height; FM, FFM (skinfolds)
Energy intake, dietary and eating behaviours: food intake (7-d food record) 
Physical activity: PAL  
Biological parameters: vitamins (fasting blood samples) 
Energy expenditure: TEE (activity diary); REE (indirect calorimetry)
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

White, 2021 
99  

(England) 

BJJ: n = 115 (108m + 7f) 
 WC: n = 68, 27.9 ± 6.3 y; 78.9 ± 9.3 kg; NR 
 non-WC: n = 47 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Artioli, 2010a 
38 

(Brazil) 

Judo: n = 14 (m) 
 WC: n = 7, 20 ± 4 y; 77.9 ± 12.2 kg; 175 ± 6 cm 
 - WC subgroup (WCsub): n = 4, NR; 72.56 ± 7.99 kg; 174.38 ± 
2.87 cm 
 non-WC (CT): n = 7, 22 + 4 y; 67.3 + 5.8 kg; 170 + 6 cm 

Longitudinal, Observational, Controlled 
[5 d] 
pre-WL: baseline  
WL: 5 d 
WG: 4 h 

Anthropometry/Body composition: BW; FFM, FM, residual volume (underwater weighing)
Energy intake, dietary and eating behaviours: food intake (3-d food record) 
Biological parameters: glucose, lactate, red blood cells (fasting blood sample) 
Physical fitness/performance: performance (fight issue and judo related performance in 
simulated competition); power and anaerobic work capacity (Wingate 30-s bicycle)

Artioli, 2010b 
12 

(Brazil) 

Judo: n = 822 (607m + 215f), 19.3 ± 5.3 y; 70 ± 17.5 kg;  
170.6 ± 9.8 cm 
 HW: n = 49 
 non-HW: n = 773 
 - WC: n = 688 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Brewer, 1992 
86  

(Canada) 

Judo: n = 18 (m) 
 WC: n = 9, 25 ± 7.8 y; 81.8 ± 12.3 kg; 175 ± 6.9 cm 
 non-WC (CT): n = 9, 25 ± 4.5 y; 85.1 ± 12.4 kg; 182 ± 12.6 cm 

Longitudinal, Observational, Controlled 
[10 mo] 
pre-WL: pre-season 
WL-1: peak season (1 wk pre-competition) + WL-2: 1 
wk (competition weigh-in) 

WG: off-season (3 mo post-competition) 

Anthropometry/Body composition: BW; FM, FFM (skinfolds); body density; waist and hips 
circumferences 

Energy intake, dietary and eating behaviours: food intake (3-d food record) 
Biological parameters: T3, insulin, glucose (fasting blood sample) 
Energy expenditure: REE (fasting indirect calorimetry, Weir's equation) 

Kowatari, 
2001 
87  

(Japan) 

Judo: n = 18 (m), 18 - 21 y; NR 
 DIET: n = 12 
 - low energy intake (LEI): n = 6, NR; 74.7 ± 5.6 kg; NR 
 - very low energy intake (VLEI): n = 6, NR; 74.3 ± 6.2 kg; NR 
 non-DIET (CT): n = 6, NR; 75.0 ± 5.7 kg; NR 

Longitudinal, Observational, Controlled 
[27 d] 
pre-WL: baseline 
WL-1: 15 d + WL-2: 4 d (1 d pre-competition) 
WG: 8 d (7 d post-competition) 

Anthropometry/Body composition: BW; FM, FFM, residual lung volume (underwater 
weighing) 

Energy intake, dietary and eating behaviours: food intake (food weight and composition table) 
Physical activity: training program 
Biological parameters: blood leukocyte, neutrophil, lymphocyte, neutrophil oxidative burst / 
phagocytosis assays (fasting blood sample) 

Ohta, 2002 
88  

(Japan) 

Judo: n = 10 (m), 20.0 ± 0.9 y; 73.9 ± 11.1 kg; 169.4 ± 4.2 cm 
 slight WL: n = 5 
 marked WL: n = 5 

Longitudinal, Observational 
[25 d] 
pre-WL: baseline 
WL-1: 13 d (7 d pre-competition) + WL-2: 6 d (1 d 
pre-competition) 

WG: 5 d (post-competition) 

Anthropometry/Body composition: BW; FM, FFM (underwater weighing)
Energy intake, dietary and eating behaviours: food intake (daily food record) 
Biological parameters: leukocyte count, haematocrit, total protein, TG, FFA, creatine kinase, 
immunoglobulins, complements, C-reactive protein (fasting blood sample); Serum Opsonic 
Activity (blood sample) 

Energy intake, dietary and eating behaviours: food intake (daily food record) 
Physical fitness/performance: lower limb explosiveness (vertical jump); muscle strength (grip, 
dorsal back strength, isometric elbow flexor strength); power and anaerobic work capacity 
(bicycle ergometer 40-s) 

Prouteau, 
2006a 
56  

(France) 

total: n = 68 
 Judo: n = 48 
  judo m: n = 22, 20.9 ± 3.4 y; 24 ± 2.1 kg/m² 
  judo f: n = 26, 19 ± 2.4 y; 22.7 ± 2.4 kg/m² 
  WC: n = 19 (9m +10f) 
  non-WC (CT): n = 29 (13m + 16f) 
 Active students (AS): n = 20 
  AS m: n = 8, 20.1 ± 1.0 y; 23 ± 3.1 kg/m² 
  AS f: n = 12, 19.5 ± 0.9 y; 21.3 ± 1.9 kg/m² 

Longitudinal, Observational, Controlled 
[7 mo] 
pre-WL: baseline (early season) 
WL: 7 d (24h pre-competition) 
WG: 3 wk (post-competition) 

Anthropometry/Body composition: BW; height; FM, FFM, total and regional BMC and BMD 
(DXA) 

Weight management: weight cycling (interview + medical records) 
Energy intake, dietary and eating behaviours: food intake (7-d food record at pre-WL)
Physical activity: training program (interview + medical records + training diary) 
Biological parameters: CTx, osteocalcin, cortisol, total protein (blood samples); menstrual 
status (interview) 

Prouteau, 
2006b 
57  

(France)

Judo: n = 48, 20 ± 3.0 y; NR 
 m: n = 22, 20.9 ± 3.4 y; 24 ± 2.1 kg/m² 
 f: n = 26, 19 ± 2.4 y; 22.7 ± 2.4 kg/m² 
WC: n = 19
non-WC (CT): n = 29

Longitudinal, Observational 
[6 mo] 
pre-WL: baseline (early season, October) 
WL (7 d of food restriction): WL-1: 6 d + WL-2: 24 h 
(pre-competition)
WG: 3 wk (post-competition)

Anthropometry/Body composition: BW; FM, FFM, total and regional BMC and BMD (DXA) 
Weight management: weight cycling (interview + medical records) 
Energy intake, dietary and eating behaviours: food intake (7-d food record at pre-WL)
Physical activity: training program (interview + medical records + training diary)
Biological parameters: CTx, osteocalcin, leptin, insulin, cortisol, total plasma proteins (blood 
sample); menstrual status (interview)
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Prouteau, 2007 
58  

(France) 

Judo: n = 48 
 m: n = 22, 21 ± 3 y; 24 ± 2.1 kg/m² 
 f: n = 26, 19 ± 2 y; 22.6 ± 2.4 kg/m² 
 WC: n = 19 
 - WC m: n = 9, NR; 77.7 ± 8.2 kg*; NR 
 - WC f: n = 10 
 non-WC (CT): n = 29 
 - non-WC m: n = 13, NR; 70.7 ± 7.6 kg*; NR 
 - non-WC f: n = 16 

Longitudinal, Observational 
[6 mo] 
pre-WL: baseline (early season, October) 
WL: 7 d (March, 24h pre-competition) 
WG: 3 wk (post-competition) 

Anthropometry/Body composition: BW; FM, FFM, total and regional BMC and BMD (DXA) 
Weight management: WL methods (interview + medical records)  
Energy intake, dietary and eating behaviours: food intake (7-d food record at pre-WL)  
Physical activity: training program (interview + medical records + training diary) 
Biological parameters: CTx, osteocalcin, leptin, insulin, cortisol, total plasma proteins (blood 
sample); menstrual status (interview) 

Physical fitness/performance: lower limb explosiveness (vertical jump Sargent test); muscle 
strength (hand grip) 

Reale, 2016 
63  

(Australia)  

Judo: n = 86 (50m + 36f), NR; NR 
 winners: n = 44 
 losers: n = 46 
(no HW category) 

Transversal, Observational 
[3 d] 
WL: weigh-in 
WG: 15 - 20 h (1h pre-fight) 

Anthropometry/Body composition: BW 
Physical fitness/performance: performance (fight issue in competition)

Suzuki, 2003 
89  

(Japan) 

Judo: n = 16 (f) 
 DIET: n = 8, NR; 65.5 ± 12.0 kg; NR 
 non-DIET (CT): n = 8, NR; 64.8 ± 8.4 kg; NR 

Longitudinal, Observational, Controlled 
[28 d] 
pre-WL: baseline 
WL: 20 d (1 d pre-competition) 
WG: 8 d (7 d post-competition) 

Anthropometry/Body composition: BW 
Energy intake, dietary and eating behaviours: food intake (3-d food record) 
Biological parameters: blood leukocyte, neutrophil and lymphocytes count, neutrophil 
oxidative burst and phagocytosis (blood samples) 

Connor, 2019 
90  

(Ireland)  

MMA: n = 30 (m), 25.5 ± 4.4 y; 24.3 ± 2.1 kg/m² 
 WC: n = 29 
 HW: n = 1 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current BW 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Coswig, 2019 
2  

(Brazil) 

MMA: n = 15 (m); 25.4 ± 6.1 y; 89.9 ± 17.3 kg; 173.9 ± 0.2 cm 
 winners: n = 8 
 losers: n = 7 

Longitudinal, Observational 
[1 mo] 
pre-WL: baseline 
WL: 15 to 30 d (weigh-in) 
WG: 24 h 

Anthropometry/Body composition: BW 
Weight management: RWLQ  
Energy intake, dietary and eating behaviours: food intake (24-h food record) 
Physical fitness/performance -motion analysis)
Psychological status: POMS 

Jetton, 2013 
64 

(USA) 

MMA: n = 40 (38m + 2f), 25.2 ± 0.7 y; NR; 177 ± 1 cm Transversal, Observational 
[1 d] 
WL: weigh-in 
WG: 22 h (2 h pre-competition) 

Anthropometry/Body composition: BW; height; FM (skinfold); hydration (USG, urine sample)

Kasper, 2019 
79  

(England)  

MMA: n = 1 (m), 22 y; 80.2 kg; 180 cm Longitudinal, Observational, Case study 
[10 wk] 
pre-WL: baseline 
WL-1: 4 wk + WL-2: 3 wk 
training camp: energy restriction 

WL-3: 2 d + WL-4: 1 d + WL-5: 1 d + WL-6: 1 d + 
WL-7: 1 d 
training camp: water loading 

WL-8: 1 d (weigh-in) 
acute WL 

WG-1: 1 d 
rehydration and refuel strategy 

WG-2: 2 wk 
ad libitum recovery 

Anthropometry/Body composition: BW; height; FM, FFM (DXA + skinfolds)
Energy intake, dietary and eating behaviors: food intake ("estimation of the meal preparation 
company") 

Physical activity: training program (exercise training record) 
Biological parameters: testosterone, cortisol, IGF-1, LH, FSH, SHBG, TG, total-C, HDL-C, 
LDL-C, urea, creatinine, albumin, total protein, chloride, bicarbonate, sodium, osmolality 
(blood samples) 

Energy expenditure: REE (indirect calorimetry) 
Physical fitness/performance: maximal oxygen uptake (treadmill test)

Matthews, 
2017 
91  

(UK) 

MMA: n = 7 (m), 24.6 ± 3.5 y; 69.9 ± 5.7 kg; NR Longitudinal, Observational, Retrospective 
[1 wk] 
pre-WL: baseline 
WL: 5 d (weigh-in)
WG: 32 h

Anthropometry/Body composition: BW; hydration (UOSM, urine sample)
Weight management: RWLQ  
Energy intake, dietary and eating behaviours: food intake (7-d food record)  
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Murugappan, 
2021b 

61  
(USA)  

MMA: n = 512 (455m + 57f), NR; NR Transversal, Observational 
[1 d] 
WL: weigh-in 
WG: 1 d (competition day) 

Anthropometry/Body composition: BW 

Drid, 2021 
3  

(Worldwide)  

Sambo: n = 199 
 m: n = 132, 23.16 ± 6.08 y; 75.22 ± 17.78 kg; 175 ± 10 cm 
 f: n = 67, 21.70 ± 5.22 y; 64.58 ± 14.90 kg; 164 ± 9 cm 
 WC: n = 173 
 non-WC: n = 26 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Figlioli, 2021 
13  

(USA)  

Sambo: n = 103 (m) 
 seniors: n = 57, 28.5 ± 4.3 y; 25.0 ± 3.8 kg/m² 
 juniors: n = 46, 18.9 ± 0.8 y; 23.7 ± 3.9 kg/m² 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

da Silva 
Santos, 2016 

11  
(Brazil)  

TKD: n = 116 (72m + 44f) 
 regional level (R): n = 40 
 - R m: n = 31, 21.6 ± 5.8 y; 69.2 ± 14.9 kg*; 176.6 ± 8.3 cm# 
 - R f: n = 9, 23.9 ± 5.9 y; 59.6 ± 8.6 kg*; 162.7 ± 7.9 cm# 
 - R WC: n = 32 (24m + 8f) 
 national/international level (N/IN): n = 76 
 - N/IN m: n = 41, 22.3 ± 5.5 y¶; 70.5 ± 15.1 kg¶; 176.6 ± 8.3 
cm£ 
 - N/IN f: n = 35, 19.8 ± 4.2 y¶; 54.8 ± 9.1 kg¶; 163.3 ± 6.9 cm£ 
 - N/IN WC: n = 62 (31m + 31f) 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Tsai, 2011 
92  

(Taiwan)  

TKD: n = 16 (m), 21.6 ± 1.3 y; 23.5 ± 3.1 kg/m² Longitudinal, Observational 
[49 d] 
pre-WL: baseline (30 d pre-competition) 
WL (training camp): WL_1: 7 d (14 d pre-
competition) + WL-2: 6 d (7 d pre-competition) + 
WL-3: 1 d (1 d pre-competition) 

WG (training camp): WG-1: 1 d + WG-2: 7 d + WG-3: 
19 d 

Anthropometry/Body composition: BW; height; BMI; FM (bioimpedance) 
Physical activity: training program 
Biological parameters: upper respiratory tract infections (health checklist); total protein, 
lactoferrin, IgA, cortisol (saliva sample)  

Benoist, 2014 
65  

(USA)  

Wrestling: n = 8 (m), 20.5 ± 1.3 y; 73.7 ± 9.9 kg; 180.7 ± 6.0 cm Longitudinal, Observational 
[NR] 
WL: baseline (prior to the match) 
WG-1: 20h (post-match) + WG-2: 1 wk + WG-3: 3 wk 
post-season 

Anthropometry/Body composition: BW; hydration (USG, urine sample)

Horswill, 1994 
66  

(USA)  

Wrestling: n = 607 (m), NR; NR 
 HW: n = 72 
 non-HW: n = 535 
 - winners: n = 266 
 - losers: n = 269 

Transversal, Observational 
[1 d] 
WL: weigh-in 
WG: 19h (1h pre-competition) 

Anthropometry/Body composition: BW 
Physical fitness/performance: performance (self-reported seasonal fight issue in competition)

Kukidome, 
2008 
93  

(Japan)  

Wrestling: n = 12 (m), 20.3 ± 0.9 y; 74.5 ± 9.2 kg; 170.0 ± 4.6 cm Longitudinal, Observational 
[6 wk] 
pre-WL: baseline 
WL-1: 3 wk + WL-2: 1 wk (weigh-in) 
WG-1: after the match + WG-2: 1 wk after the match 

Anthropometry/Body composition: BW; FM, FFM, TBW (bioimpedance); muscle and 
subcutaneous fat in the femoral and trunk CSA (MRI) 

Energy intake, dietary and eating behaviours: food intake (self-report and visual records with a 
digital camera) 
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Lingor, 2010 
67  

(USA)  

Wrestling: 
 initial: n = 13 (m), 19.8 ± 1.1 y; 24.7 ± 2.7 kg/m² 
 final: n = 9 

Longitudinal, Observational 
[1 y] 
pre-WL-1: baseline (7 wk pre-season) 
During the season (1 wk pre-competition x 2 
competitions): pre-WL-2: Monday + WL-1: 1 d + 
WL-2: 1 d + WL-3: 1 d + WL-4: 1 d + WL-5: 1 d 
(Saturday) 

WG: post-season 

Anthropometry/Body composition: BW; FM, FFM, TBW (bioimpedance + underwater 
weighing); hydration (USG + UOSM, urine sample) 

Weight management: questionnaire  
Energy intake, dietary and eating behaviours: food and fluid intake (2 x 1-wk food record: 
beginning + end of season) 

Energy expenditure: REE (estimated by bioimpedance at baseline + Harris-Benedict equation) 

McCargar, 
1992 
74  

(Canada)  

Wrestling: n = 13 (m) 
 WC: n = 8, 20 ± 3 y; 72.4 ± 11.9 kg; 173.5 ± 5.5 cm 
 non-WC (CT): 
 - non-DIET initial: n = 6, 20 ± 2 y; 78.2 ± 10.1 kg; 175.4 ± 6.5 
cm 
 - non-DIET final: n = 5 

Longitudinal, Observational, Controlled 
[6 mo] 
pre-WL: pre-season (5-6 wk pre-competition) 
WL-1: 5 wk (1 wk pre-competition) + WL-2: 1 wk 
(weigh-in) 

WG: off-season (5 mo post-competition) 

Anthropometry/Body composition: BW; FM, FFM (skinfolds) 
Weight management: questionnaire  
Energy intake, dietary and eating behaviours: eating behaviours (questionnaire); food intake 
(3-d food record) 

Physical activity: exercise habits (questionnaire) 
Biological parameters: T3 (blood sample) 
Energy expenditure: REE (indirect calorimetry)  

Öopik, 2013 
68 

(Estonia)  

Wrestling: n = 51 (m), 20.7 ± 3.7 y; NR; 177.1 ± 7.2 
 DIET: n = 27 
 non-DIET (CT): n = 24 

Transversal, Observational, Controlled 
[1 d] 
WL: weigh-in 
WG: 16 h (20 min before the first match) 

Anthropometry/Body composition: BW; hydration (USG + UOSM, urine sample)
Weight management: questionnaire 

Oppliger, 2003 
14  

(USA)  

Wrestling: n = 741 (m), 20.0 ± 1.6 y; 73.2 ± 10.2 kg; 174.1 ± 6.9 
cm 
 LW: n = NR, 19.6 ± 1.4 y; 63.8 ± 4.5 kg*; 169.6 ± 5.5 cm*  
 MW: n = NR, 20.0 ± 1.5 y; 74.7 ± 4.4 kg*; 174.8 ± 5.3 cm* 
 HW: n = NR, 20.3 ± 1.7 y+; 86.6 ± 6.6 kg*; 180.5 ± 5.3 cm* 
 D1: n = 275, 20.0 ± 1.5 y; 72.4 ± 9.9 kg; 173.2 ± 6.9 cm¶ 
 D2: n = 167, 20.2 ± 1.6 y¶; 73.9 ± 9.4 kg; 173.9 ± 6.5 cm 
 D3: n = 299, 19.8 ± 1.6 y¶; 73.6 ± 11.0 kg; 175.0 ± 7.0 cm¶ 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: weekly weight lost 
WG: post-season 

Weight management: questionnaire 

Oppliger, 2006 
72  

(USA)  

Wrestling: n initial = 811 (m) 
 LW: n = 315 
 MW: n = 290 
 HW: n = 206 
 D1: 
 - D1 initial: n = 385, NR; 73.3 kg; NR 
 - D1 final: n = 300 
 D2: 
 - D2 initial: n = 195, NR; 75.2 kg; NR 
 - D2 final: n = 108 
 D3: 
 - D3 initial: n = 231, NR; 74.0 kg; NR 
 - D3 final: 192 

Longitudinal, Observational 
[N/A] 
pre-WL: beginning of the season 
WL: pre-competition day 
WG: day of competition (after weigh-in) 

Anthropometry/Body composition: BW; height; FM (skinfolds) 

Ransone, 2004 
75  

(USA)  

Wrestling: n = 78 (m), 21.3 ± 1.5 y; 73.93 ± 11.62 kg; 154.1 ± 0.5 
cm 

Longitudinal, Observational 
[9 mo] 
pre-WL: 1 mo pre-season (Sept) 
WL-1: 24h pre-match + WL-2: 1h pre-match (weigh-
in, Nov) 

WG-1: 24h post-match + WG-2: 2 mo (Jan) + WG-3: 
2 mo (March) + WG-4: 2 mo (1 mo after last 
competition, May) 

Anthropometry/Body composition: BW; height; FM, FFM (skinfolds); hydration (USG, urine 
sample) 
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Scott, 1994 
69  

(USA)  

Wrestling: n = 668 (m), NR; NR 
 HW: n = 61 
 non-HW: n = 607 
 LW: n = 68 
 D1: n = 333 
 D2: n = 137 
 D3: n = 198 

Transversal, Observational 
[1 d] 
WL: weigh-in 
WG: 20 h 

Anthropometry/Body composition: BW 

Steen, 1990 
4  

(USA)  

Wrestling: n = 204 (m) 
 collegiate: n = 63; 20 ± 1.3; NR; 175.5 ± 6.6 cm 
 high school: n = 139 

Transversal, Observational, Retrospective 
[N/A] 
WL: season 
WG: off-season 

Weight management: questionnaire 

Utter, 1998 
76  

(USA)  

Wrestling: n = 11 (m), NR; 79.4 ± 3.8 kg; NR Longitudinal, Observational 
[1 y] 
pre-WL: baseline (pre-season) 
WL: 3 mo (mid-season) 
WG: 3 mo (post-season) 

Anthropometry/Body composition: BW; height; FM (skinfolds) 

Barley, 2018 
44  

(Worldwide)  

total: n = 637 
 BJJ: 25% (90%m), 29 ± 7 y; 80.9 ± 19.3 kg; 177 ± 9 cm 
 Boxing: 6% (85%m), 25 ± 6 y; 77.5 ± 13.9 kg; 179 ± 9 cm 
 Judo: 12% (89%m), 28 ± 8 y; 81.2 ± 13.1 kg; 177 ± 8 cm 
 MMA: 11% (96%m), 27 ± 6 y; 82.8 ± 12.6 kg; 178 ± 9 cm 
 MT/K: 12% (95%m), 27 ± 6 y; 75.2 ± 13.7 kg; 178 ± 10 cm 
 TKD: 6% (44%m), 23 ± 6 y; 65.3 ± 13 kg; 171 ± 11 cm 
 Wrestling: 27% (98%m), 21 ± 7 y; 74.3 ± 13.9 kg; 175 ± 9 cm 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Cheah, 2019 
94  

(Malaysia)  

Jiu-jitsu, judo, karate, muay thai, TKD, silat: n = 65 (44m + 21f), 
22.9 ± 6.8 y; 62.3 ± 13.7 kg; 164.4 ± 9.5 cm 
 WC: n = 43 (29m + 14f), 23 ± 6.6 y; 63.4 ± 13.1 kg; 164.2 ± 
10.1 cm 
 non-WC: n = 22 (15m + 7f), 23 ± 7.4 y; 60.2 ± 14.9 kg; 164.8 ± 
8.6 cm 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Pettersson, 
2012 
51 @ 

(Sweden)   

Judo, TKD, wrestling: n = 14 (9m + 5f), NR; NR Transversal, Observational 
[N/A] 

Weight management: semi-structured interview 

Pettersson, 
2013 
52 @ 

(Sweden) 

Judo, TKD, wrestling: n = 14 
 m: n = 9, 24 y; 86 kg; NR 
 f: n = 5, 26 y; 67 kg; NR 
 DIET: n = 11 (7m + 4f) 
 non-DIET: n = 3 

Transversal, Observational 
[N/A] 

Weight management: semi-structured interview 

Pettersson, 
2014 
70  

(Sweden)  

total: n = 68 (47m + 21f), 21.3 ± 3.8 y; 70.2 ± 17.6 kg; 177 ± 
10.2 cm 
 Boxing, judo: 
  morning weigh-in (MWI): n = 35 
 TKD, wrestling: 
  evening weigh-in (EWI): n = 33 

Transversal, Observational 
[2 d] 
WL: weigh-in 
WG: 30 min before match: 
- total: 13.1 ± 6.1 h 
- MWI: 8.2 ± 3.5 h 

  - EWI: 18.4 ± 3.0 h 

Anthropometry/Body composition: BW 
Energy intake, dietary and eating behaviours: food and fluid intake (24-h food record)
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Reale, 2018 
100  

(Australia)  

total: n = 229 (150m + 80f), 23.1 ± 5.9 y; 67.0 ± 13.2 kg; 172.5 ± 
9.8 cm 
 Boxing: n = 71, 24.9 ± 4.9 y; 65.6 ± 11.3 kg; 173.6 ± 9.4 cm 
 Judo: n = 68, 22.9 ± 7.3 y ; 68.3 ± 15.8 kg; 170.5 ± 10.5 cm 
 TKD: n = 57, 22.5 ± 4.6 y ; 64.2 ± 12.1 kg; 173.2 ± 10.5 cm 
 Wrestling: n = 33, 25.0 ± 6.3 y ; 72.4 ± 11.1 kg; 173.1 ± 7.4 cm 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Imposed WL conditions only 
Sagayama, 

2019 
40  

(Japan)  

Boxing: n = 7 (m), 20 ± 1 y; 70.9 ± 6.5 kg; 178 ± 2 cm Longitudinal, Interventional 
[15 d] 
pre-WL: baseline (1 wk maintenance) 
WL: 7 d  
lose > 5 % of baseline BW in 7 d using self-selected 
methods 

WG-1: 3 h + WG-2: 9 h + WG-3: 15 h 

Anthropometry/Body composition: BW; height; FM, FFM, TBW (underwater weighing + 
doubly water) 

Energy intake, dietary and eating behaviours: food intake (3 to 7-d food record)
Energy expenditure: EE, SMR, RER, DIT, substrates oxidation (indirect calorimetry in 
chamber) 

Physical fitness/performance: maximal oxygen uptake (treadmill test)

Sagayama, 
2014 
53  

(Japan)  

Judo, wrestling: n = 10 (m), 20.0 ± 1.4 y; 74.4 ± 9.0 kg; 174.6 ± 
6.8 cm 

Longitudinal, Interventional 
[15 d] 
pre-WL: baseline (1 wk maintenance) 
WL: 7 d  
lose > 5 % of baseline BW in 7 d using self-selected 
methods 

WG: 1 d 
ad libitum diet for 12 h 

Anthropometry/Body composition: BW; height; FM, FFM, TBW (underwater weighing + 
doubly water) 

Energy intake, dietary and eating behaviours: food intake (food record during all the study)
Physical activity: PAL (accelerometer) 
Energy expenditure: EE, REE, SMR (indirect calorimetry in chamber) 

Imposed WG conditions only 
Degoutte, 2006 

43 
(France) 

Judo: n = 20 (m) 
 DIET: n = 10, NR; 24.9 ± 0.8 kg/m² 
 non-DIET (CT): n = 10, NR; 23.0 ± 1.3 kg/m² 

Longitudinal, Interventional, Controlled 
[13 d] 
pre-WL: baseline (4 wk before WL) 
WL: 7 d 
WG: ~ 3 h (10 min post-competition) 
competition day: 5 matches of 5 min (30 min rest) 
- 300 mL water after each match 
- meal after matches 1, 2 and 3: 334 kcal (55.9 % 
CHO + 6.7 % lip + 4.9 % prot) 

Anthropometry/Body composition: BW; height; FM (skinfolds) 
Energy intake, dietary and eating behaviours: food intake (7-d food record) 
Biological parameters: glucose, TG and alkali reserve, FFA, blood glycerol and ammonia, uric 
acid, urea, creatinine, hormonal markers (fasting blood sample) 

Physical fitness/performance: muscle strength (hand grip), power and anaerobic work capacity 
(upper limb isometric dynamometer 30-s) 

Psychological status: POMS 

Imposed WL and WG conditions 
Kondo, 2019 

50 § 
(Japan)  

Wrestling: n = 8 (m), 20.4 ± 0.5 y; 73.0 ± 7.9 kg; 168.4 ± 4.2 cm Transversal, Interventional 
[3 d] 
pre-WL: baseline 
WL: 53h  
  lose 6% of initial BW in 53h max 
WG: 13h  

Anthropometry/Body composition: BW; height; body volume, thoracic gas volume (BOD 
POD); TBW (doubly labelled water); FM, FFM, BMC (DXA) 

Energy intake, dietary and eating behaviours: food intake (3-d food record) 

Kondo, 2021 
41 § 

(Japan)  

Wrestling: n = 10 (m), 20.9 ± 0.5 y; 73.2 ± 8.2 kg; 168.9 ± 4.3 cm Longitudinal, Interventional 
[10 d] 
pre-WL: baseline (7 d before WL period) 
WL: 53 h 
6 % RWL in 53h, usual procedure 

WG-1: 2 h  
prescribed ad libitum meal (17:30 pm - 19:00 pm) 

WG-2: 2 h 
prescribed ad libitum meal (21:00 pm - 22:00 pm) 

WG-3: 9 h 
prescribed ad libitum (22:30 pm - 23:00 pm)

Anthropometry/Body composition: BW; height; FM, FFM, BMC (DXA); muscle and 
subcutaneous fat in the femoral CSA (MRI) 

Energy intake, dietary and eating behaviours: food intake (3-d food record and 53-h during 
WL) 

Biological parameters: muscle glycogen concentration (MRS); haemoglobin, haematocrit, total 
protein, albumin, creatinine, uric acid, urea nitrogen, glucose, insulin, TG, FFA, total-C, 
HDL-C, LDL-C, sodium, potassium, chlorine, magnesium, arginine vasopressin and 
testosterone (fasting blood sample); urinary specific gravity, osmotic pressure (urine sample) 
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Öopik, 2002 
95 

(Estonia) 

Wrestling: n = 5 (m), 20.6 ± 0.9 y; 23.0 ± 1.5 kg/m² Transversal, Interventional, Controlled, Double blind 
[3 d] x2 (same group, 1 mo apart) 
pre-WL: baseline 
WL: 56 h 
lose 5% of baseline BW in 53 h with habitual 
methods 

WG: 17 h 
placebo phase:  
1st test without supplementation (glucose placebo)  
creatine phase: 
2nd test with supplementation (creatine + glucose) 

Anthropometry/Body composition: BW 
Energy intake, dietary and eating behaviours: food intake (food-record) 
Physical activity: training program (dairy) 
Biological parameters: haemoglobin concentration, plasma volume, lactate, glucose, urea 
(blood sample after WL and WG); urinary volume, urinary creatine concentration (urine 
sample) 

Physical fitness/performance: muscle strength (isokinetic leg dynamometer) 

Rankin, 1996 
71 

(USA) 

Wrestling: n = 12 (NR) 
 high CHO (HC): n = 6, 21.2 ± 0.5 y; 72.7 ± 5.8 kg; 172.4 ± 3.4 
cm 
 medium CHO (MC): n = 6, 19.8 ± 0.5 y; 70.0 ± 3.3 kg; 166.7 ± 
3.0 cm 

Longitudinal, Interventional 
[5 d] 
pre-WL: baseline 
WL: 72 h 
hypo-energy diet: 18 kcal/kg, 60% CHO, without 
dehydration 

WG: 5 h 
diet with a scheduled pattern: 21 kcal/kg: 
- HC: 75% CHO + 15% lip + 10% prot 
- MC: 47% CHO + 37% lip + 16% prot 

Anthropometry/Body composition: BW; FM (skinfolds) 
Biological parameters: PCO2, lactate, glucose, pH (blood sample 5min before and 1min after 
performance test) 

Physical fitness/performance: power and anaerobic work capacity (hand grip ergometer 
adapted from bicycle) 

Fogelholm, 
1993 
103 

(N/A) 

total: n = 10 (m), 21.6 y; 73.1 kg; 174 cm 
 Wrestling: n = 7 
 Judo: n = 3 

Longitudinal, Interventional 
[2 mo] 
pre-WL-1: baseline 
WL-1: 3 wk  
gradual WL 
- energy intake: decrease by 1000 kcal 
- instructions: reduced fatty foods 

WG-1 = pre-WL-2: 1 wk (2 mo after pre-WL-1) 
WL-2: 59 h 
rapid WL (dehydration) 
- same amount of WL than WL-1 
- severe dietary and fluid restriction 
- exercise with plastic suit 
- diuretics and laxatives prohibited 

WG-2: 5 h 
rehydration + ad libitum diet 

WL-3: 1 night 
overnight fast 

Anthropometry/Body composition: BW 
Energy intake, dietary and eating behaviours: food and fluid consumption (4-d food record) 
Physical activity: PAL (physical activity record) 
Biological parameters: transketolase activation coefficient, glutathione reductase activation 
coefficient, aspartate aminotransferase activation coefficient, ferritin, potassium, magnesium, 
zinc (fasting blood samples) 

Physical fitness/performance: lower limb explosiveness (vertical jump), power and anaerobic 
work capacity (Wingate 30-s bicycle + sprints) 

Strength and conditioning sports 
 

Andersen, 
1995 
15 

(USA) 

Bodybuilding: n = 45 (m), 26.4 ± 0.92 y; 76.3 ± 3.06 kg; 174.9 ± 
0.51 cm 

Transversal, Observational, Retrospective 
[N/A] 

Weight management: questionnaire 

Halliday, 2016 
16 

(USA) 

Bodybuilding: n = 1 (f), 26 - 27 y; 19.4 kg/m² Longitudinal, Observational, Case study 
[21 mo] 
pre-WL: baseline 
WL-1: 1 wk + WL-2: 9 wk + WL-3: 10 wk 
WG-1: 10 wk + WG-2: 10 wk + WG-3: 12 wk + WG-
4: 39 wk

Anthropometry/Body composition: BW; FM, FFM (DXA + skinfolds)
Energy intake, dietary and eating behaviours: food intake (daily food record) 
Physical activity: training program (exercise training record) 
Energy expenditure: exercise EE (daily exercise training diary); energy availability (calculated) 
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Pardue, 2017 
80 

(NR) 

Bodybuilding: n = 1 (m), 21 y; 85.2 kg; NR Longitudinal, Observational, Case study 
[1 y] 
pre-WL: baseline 
WL: monthly measure (WL-1 to WL-7 (competition)) 
WG: monthly measure (WG-1 to WG-5) 

Anthropometry/Body composition: BW; FM, FFM (DXA + plethysmography) 
Energy intake, dietary and eating behaviours: dietary program report 
Physical activity: training program 
Biological parameters: testosterone, leptin, T3, T4, cortisol, ghrelin (blood samples) 
Energy expenditure: REE (Cunningham equation) 
Fitness: power and anaerobic work capacity (Wingate 30-s bicycle)
Other: sleep quality (Sleep Quality Index + accelerometer) 

Rossow, 2013 
81 

(NR) 

Bodybuilding: n = 1 (m), 26 - 27 y; 67.4 kg; 171.5 cm Longitudinal, Observational, Case study 
[1 y] 
pre-WL: baseline 
WL: monthly measure (WL-1 to WL-6 (competition)) 
WG: monthly measure (WG-1 to WG-6) 

Anthropometry/Body composition: BW; BMC (DXA); TBW (bioimpedance spectroscopy); 
body volume (plethysmography); FM, FFM (estimated from 4-C model); hydration (USG, 
urine sample) 

Energy intake, dietary and eating behaviours: food intake (food-record) 
Physical activity: training program (exercise training record) 
Biological parameters: brachial DBP and SDP (blood pressure-measuring device); pulse-wave 
velocities (strain-gauge transducer); calf and forearm blood; cardiac output, stroke volume, 
end diastolic volume, end systolic volume, ejection fraction (echocardiography); testosterone, 
leptin, ghrelin, cortisol, insulin, T3, T4 (blood samples) 

Energy expenditure: REE (indirect calorimetry) 
Physical fitness/performance: muscle strength (1RM: squat, bench press and deadlift); 
maximal oxygen uptake (bicycle ergometer test) 

Psychological status: POMS 
Tinsley, 2019 

82 
(USA) 

Bodybuilding: n = 1 (f), 29 y; 65 kg; 167.6 cm Longitudinal, Observational, Case study 
[34 wk] 
pre-WL: baseline 
WL: WL-1: 27 d + WL-2: 28 d + WL-3: 32 d + WL-4: 
17 d + WL-5: 19 d (3 d pre-comp1): 
program made by the coach of the athlete: 4 - 6 d/wk 
resistance training + 3 - 6 d/wk aerobic training 
(cycling, walking/running, stepping exercise, HIIT) 

WG-1: 5 d (post-comp-1)  
WL-6: 22 d + WL-7: 19 d (3 d pre-comp-2) 
WG-2: 5 d (post-comp-2) + WG-3: 28 d + WG-4: 29 d 

Anthropometry/Body composition: BW; BMC, FFM, body volume (DXA); FM (estimated 
from the 4-C model); TBW (bioimpedance) 

Energy intake, dietary and eating behaviours: food intake and supplementation prescribed by 
coach (recorded); eating behaviours (TFEQ-R18) 
Physical activity: training program 
Energy expenditure: REE, RER, substrates oxidation (indirect calorimetry); vascular 
assessment (oscillometric blood pressure monitor) 
Physical fitness/performance: muscle strength (isometric and isokinetic squats)

Hulmi, 2017 
39  

(Finland)  

Fitness: n = 50 (f) 
 DIET: n = 27, 27.2 ± 4.1 y; 64.3 ± 6.9 kg; 165.3 ± 4.3 cm 
 non-DIET (CT): n = 23, 27.7 ± 3.7 y; 64.3 ± 5.3 kg; 165.9 ± 5.7 
cm 

Longitudinal, Observational, Controlled 
[8 mo] 
pre-WL: baseline 
WL: 19.8 ± 3.6 wk 
WG: 17.5 ± 2.6 wk  
 
Standard conditions for each test day:  
- 8 h of fasting 
- standardized low-fat breakfast ( 72 - 80 g CHO + 

6 g lip + 47 - 48 g prot) 

Anthropometry/Body composition: BW; FM, FFM (DXA + bioimpedance + skinfolds); BMC 
(DXA); vastus lateralis/triceps muscle and fat thickness and/or CSA (B-mode axial plane 
ultrasound) 

Energy intake, dietary and eating behaviours: food intake (4-d food record) 
Physical activity: training program (diary) 
Biological parameters: blood pressure, heart rate (blood pressure monitor); haemoglobin, 
haematocrit, cortisol, testosterone, oestradiol, T3, T4, TSH, leptin (fasting blood samples); 
menstrual status (Reproductive Function Questionnaire) 

Physical fitness/performance: muscle strength (1RM: leg and bench press), lower limb 
explosiveness (vertical jump) 

Psychological status: POMS-Adolescent (Finnish version) 
Sarin, 2019a 

54  
(Finland)  

Fitness: n = 42 (f) 
 DIET: n = 25, 27.2 ± 4.2 y; 23.54 ± 1.82 kg/m² 
 non-DIET (CT): n = 17, 27.8 ± 3.8 y; 23.08 ± 1.36 kg/m² 

Longitudinal, Observational, Controlled 
[9 mo] 
pre-WL: baseline 
WL: 21.1 ± 3.1 wk 
WG: 18.4 ± 2.9 wk 

Anthropometry/Body composition: BM; height; BMI; FM, FFM (DXA); waist circumference
Energy intake, dietary and eating behaviours: food intake (food record)
Physical activity: training program (diary) 
Biological parameters: RNA-seq, IgG glycose, white blood cells, cytokines (fasting blood 
samples)  
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Reference Population characteristics
(sport, n (male + female), age; BMI or BW and height) 

Study design [follow-up]
Time points Outcomes (method) 

Sarin, 2019b 
55  

(Finland)  

Fitness: n = 42 (f), 27.5 ± 4.0 y 
 DIET: n = 25, NR; 23.54 ± 1.82 kg/m² 
 non-DIET (CT): n = 17, NR; 23.08 ± 1.36 kg/m² 
 
non-athletes:  
 FINRISK study sample: n = 58 (f), 29.3 ± 2.5 y; 22.90 ± 2.60 
kg/m² 

Longitudinal, Observational, Controlled 
[9 mo] 
pre-WL: baseline 
WL: 21.1 ± 3.1 wk 
WG: 18.4 ± 2.9 wk 

Anthropometry/Body composition: BW; height; FM, FFM, visceral FM (DXA + ultrasound); 
waist and hip circumferences 

Energy intake, dietary and eating behaviours: food intake (food record)
Physical activity: training program (diary); PAL (International Physical Activity Questionnaire 
for FINRISK subjects) 

Biological parameters: metabolomics measures (NMR); PON-1, CETP, ANGPTL (blood 
samples)  

Sarin, 2021 
42  

(Finland) 

Fitness: n = 42 (f), 27.5 ± 4.0 y; 23.4 ± 1.7 kg/m² 
 DIET: n = 25, 27.2 ± 4.2 y; 23.5 ± 1.8 kg/m² 
 non-DIET (CT): n = 17, 27.8 ± 3.8 y; 23.1 ± 1.4 kg/m² 

Longitudinal, Observational, Controlled 
[9 mo] 
pre-WL: baseline 
WL: 21.1 ± 3.1 wk 
WG: 18.4 ± 2.9 wk 

Anthropometry/Body composition: BW; height; FM, FFM (DXA) 
Energy intake, dietary and eating behaviours: food intake (food record)
Physical activity: exercise habits (self-reported) 
Biological parameters: transcriptome (blood samples) 
Physical fitness/performance: muscle strength (1RM: leg and bench press); lower limb 
explosiveness (vertical jump) 

Nolan, 2020 
96 

(Ireland) 

Powerlifting: n = 233 (141m + 92f) 
 WC: n = 200 (117m + 83f), 28.8 ± 8.3 y; 79.4 ± 17.0 kg; 170 ± 
10 cm 
 - regular WC: n = 268 (156m + 112f), 29.81 ± 8.61 y, 82.80 ± 
28.27 kg; 170 ± 11 cm 
 non-WC: n = 33 (24m + 9f) 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 

Imposed WL conditions only 
Conlin, 2021 

97 
(USA) 

Bodybuilding:  n = 23 (10m + 13f), 25.6 ± 6.1 y; 75.4 ± 10.3 kg; 
170 ± 8.1 cm 
 flexible DIET (FLEX): n = 11 
 rigid DIET (RIGID): n = 12 

Longitudinal, Interventional, Randomized 
[20 wk] 
pre-WL: baseline 
WL-1: 5 wk + WL-2: 5 wk 
25% of caloric restriction 
 - FLEX diet: non-specific foods 
 - RIGID diet: specific foods 

WG-1: 6 wk + WG-2: 4 wk  
ad libitum diet 

Anthropometry/Body composition: BW; FM, FFM (ultrasound) 
Energy intake, dietary and eating behaviours: food intake (3-d food record); eating behaviours 
(TFEQ)  

Energy expenditure: REE (indirect calorimetry)  

Combat sports + strength and conditioning sports + other sports 
Marquet, 2013 

101 
(France) 

total: n = 142 (NR), 40.4 ± 6.9 y; NR 
 DIET: n = 104, NR; 21.5 kg/m² 
 - boxing: n = 22 (m), 41.64 ± 4.86 y; 62.85 ± 7.88 kg; 174 ± 6 cm 
 - judo: n = 16 (8m + 8f), 41.06 ± 6.19 y; 68.05 ± 10.20 kg; 170 ± 
8 cm 
 - LW rowing: n = 33 (26m + 7f), 38.45 ± 7.33 y; 70.59 ± 6.29 kg; 
179 ± 6 cm 
 - wrestling: n = 33 (28m + 5f), 41.94 ± 6.57 y; 70.00 ± 12.22 kg; 
171 ± 7 cm 
non-DIET (CT): n = 38, NR; 22.6 kg/m² 

Longitudinal, Observational, Controlled, Retrospective 
[22 y] 
WL: during career (from 18 to 30 yo) 
WG-1: end of career + WG-2: post-career 

Anthropometry/Body composition: BW, height (phone interviews); BMI 
Weight management: frequency and amount of WL (phone interview)
Energy intake, dietary and eating behaviours: eating behaviours (EAT-26) 
Physical activity: exercise habits (phone interview)  

Pélissier, 2022 
98 

(France) 

Boxing, jiu-jitsu, judo, karate, MMA, powerlifting, TKD, 
weightlifting, wrestling, viet vo dao, yoseikan budo: n = 168 (81m 
+ 87f), 24 ± 9 y; 23.4 ± 2.9 kg/m² 

Transversal, Observational, Retrospective 
[N/A] 
pre-WL: current weight 
WL: habitual WL duration 
WG: 7 d (post-competition) 

Weight management: RWLQ 
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Study design [follow-up]
Time points Outcomes (method) 

Saarni, 2006 
102 

(Finland) 

total: 
- at 20 years old: n = 2033 (m) 
- in 1985: n = 1726 (m) 
- in 1995: n = 1074 (m) 
- in 2001: n = 470 (m) 
 Boxing, weightlifting, wrestling (WC):  
 - WC at 20 years old: n = 273, 20 y; 22.8 kg/m² 
 - WC in 1985: n = 253, 52.8 y 
 - WC in 1995: n = 127 
 - WC in 2001: n = 56 
Basketball, cross-country skiing, football, ice hockey, track and   
field athletics, shooting (non-WC, CT):  
 - non-WC at 20 years old: n = 1093, 20 y; 22.6 kg/m² 
 - non-WC in 1985: n = 830, 51.7 y 
 - non-WC in 1995: n = 700 
 - non-WC in 2001: n = 247 
 Non-athletes (NA):  
 - NA at 20 years old: n = 667, 20 y; 22.7 kg/m² 
 - NA in 1985: n = 623, 51.1 y 
 - NA in 1995: n = 247 
 - NA in 2001: n = 167 

Longitudinal, Observational, Controlled, Retrospective 
[16 y] 
T0: 20 years old (retrospective) 
T1: 1985 
T2: 1995 
T3: 2001 

Anthropometry/Body composition: BMI, weight change since 20 y (self-reported) 
Energy intake, dietary and eating behaviours: type of milk used (self-reported)
Physical activity: exercise habits (questionnaire) 

Morris, 1996 
77 

(Australia) 

Rowing: n = 18 
 m: n = 12, 23.5 ± 3.5 y; 75.6 ± 3.1 kg; 180.5 ± 2.7 cm 
 f: n = 6, 23.1 ± 4.5 y; 61.3 ± 2.9 kg; 170.8 ± 5.6 cm 

Longitudinal, Observational 
[9 mo] 
pre-WL: pre-season (October) 
WL-1: early-competition + WL-2: competition 
WG: post-competition (July) 

Anthropometry/Body composition: BW; height; FM, FFM (DXA + skinfolds); BMD (DXA) 
Weight management: questionnaire  
Energy intake, dietary and eating behaviours: food intake (3-d food record)  

Soldiers 
Usual soldiers WL and WG habits 

Allen, 2021 
104 

(USA) 

Soldiers: n = 575 (515m + 60f) 
 WC: n = 190 (171m + 19f), 23.0 ± 4.3 y; 26.9 ± 3.8 kg/m²* 
 non-WC (CT): n = 385 (344m + 41f), 23.0 ± 4.5 y; 25.1 ± 3.3 
kg/m²* 

Transversal, Observational, Controlled 
[N/A] 

Anthropometry/Body composition: BW, height (self-reported) 
Weight management: weight management behaviours (Military Eating Behavior Scale) weight 
cycling (1 question) 
Energy intake, dietary and eating behaviours: diet quality (Healthy Eating Index) 

Imposed WL conditions 
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Conkright, 
2020 
37 

(USA) 

Soldiers: n = 10 (m), 24.0 ± 5.0 y; 25.7 ± 2.0 kg/m² Longitudinal, Interventional 
[6 wk] 
pre-WL: baseline 
WL: 62 d ranger course: 
   - sleep and caloric restriction (1200 kcal deficit/d) 
   - physical exertion (20 h/d/7 day a week) 
   - graded evaluations 
WG-1: 2 wk + WG-2: 4 wk (post course) 
 

Anthropometry/Body composition: BW; FM, FFM (DXA) 
Physical fitness/performance: ranger Athlete Warrior assessment (version 2.0): agility (Illinois 
agility test); core strength and endurance (heel clap); muscle strength (overhand grip pull-up, 
metronome push-up, 185-lbs bench press, 225-lbs deadlift); power and anaerobic work 
capacity (300-yard shuttle run); maximal oxygen uptake (20-m multistage beep test by Léger 
et al.) 

Imposed WL and WG conditions 
Friedl, 2000 

35 
(USA) 

Soldiers: n = 105 (m) 
 group-1 (g1): n = 55, 23.6 ± 2.8 y; 24.3 ± 2.1 kg/m² 
 group-2 (g2): n = 50, 23.0 ± 3.9 y; 25.5 ± 2.0 kg/m² 
 - g2 subgroup (g2sub): n = 10 

Longitudinal, Interventional 
[13 wk]  
US Army Ranger course, 1 y apart for each group 
pre-WL: baseline 
WL-1: 2 wk (g1) 
semistarvationa (7  10 d) + refeeding (4  7 d) 

WL-2: 2 wk (g1 & 2) 
semistarvationa 

WG-2: 1 wk (g2) 
refeeding 

WL-3: 1 wk (g1 & 2) 
semistarvationa 

WL-4: 2 wk (g1 & 2) 
semistarvationa (7  10 d) + refeeding (4  7 d) 

WG-4: 5 wk (g2 subgroup, after the end of the course) 
 
a semistarvation: restricted energy intakes (1 meal/d, 
g1: 1200 kcal/d and g2: 1000 kcal/d) 

Anthropometry/Body composition: BW; height; BMI; FM, FFM (DXA + skinfolds); BMC 
(DXA); abdominal circumferences 

Biological parameters: IGF-1, T3, T4, TBG, TSH, LH, SHBG, cortisol, testosterone, serum 
lipids, total-C, HDL-C, LDL-C (fasting blood sample) 

Nindl, 1997 
36 

(USA) 

Soldiers: n = 10 (m), 23 ± 2.7 y; 74.1 ± 9.1 kg; 177.0 ± 7.7 cm Longitudinal, Interventional 
[14 wk] 
pre-WL: baseline (before course) 
WL: 62 d ranger course: 
- sleep and caloric restriction (1000 kcal deficit/d) 
- physical exertion (20h/d/7day a week) 
- graded evaluations 

WG: 35 d (post course) 
ad libitum eat after the course 

Anthropometry/Body composition: BW; FM, FFM (DXA) 
Biological parameters: LH, SHBG, IGF-1, T3, T4, TBG, TSH, protein, iron, fat, glycerol, 
AGL, lactate (fasting blood samples) 

Physical fitness/performance: muscle strength (power clean with weight stack machine 
stimulation) 
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Øfsteng, 2020 
34 

(Norway) 

Soldiers: n = 38 (31m + 7f), 21.6 ± 0.8 y, NR, 182 ± 9 cm 
 low protein intake (LOW): n = 19 (15m + 4f) 
 high protein intake (HIGH): n = 19 (16m + 3f) 

Longitudinal, Interventional 
[17 d] 
pre-WL: baseline (7 d pre-military exercise) 
WL: 10 d 
military exercise + energy deficit (~15 kcal/kg/d), 
random groups: 
- LOW protein intake (1 g/kg/d)  
- HIGH protein intake (2 g/kg/d) 

WG: 7 d 
ad libitum refeeding + physical activity 

Anthropometry/Body composition: BW; FM, FFM (DXA) 
Energy intake, dietary and eating behaviours: food intake (24-h food record at pre-WL)
Physical activity: exercise habits, sleeping (daily record) 
Biological parameters: total testosterone, cortisol, IGF-1, SHBG, T3, T4, TSH, creatine kinase 
(fasting blood samples) 

Energy expenditure: Exercise EE, REE (estimated from body composition) 
Physical fitness/performance: lower limb explosiveness (vertical jump: counter-movement 
jump); muscle strength (1RM: leg and bench press); power and anaerobic work capacity 
(Wingate 30-s sprint) 

, §, @, , same cohort between studies with the same symbol; *, ¶, #, £: significant difference between groups with the same symbol; italic: raw data; 1RM: one maximal voluntary contraction; ANGPTL: angiopoietin-like; BJJ: brasilian 
jiu-jitsu; BMC: bone mineral content; BMD: bone mineral density; BMI: body mass index; BW: body weight; CETP: cholesteryl ester transfer protein; CHO: carbohydrates; CSA: cross-sectional area; CT: control group; CTx: corporate trade 
exchange; d: day; D1/D2/D3: Division I/II/III; DBP/SDP: diastolic/systolic blood pressure; DIET: dieters; DIT: diet-induced thermogenesis; EAT: eating attitudes test; f: female; FFA: free fatty acid; FFM: fat-free mass; FFQ: food frequency 
questionnaire; FM: fat-mass; H: hour; HDL/LDL-C: high/low density lipoprotein; HIIT/MIIS/LISS: high/moderate/low intensity interval training; IGF-1: insulin-like growth factor 1; LH: luteinizing hormone; Lip: lipids; LPL: lipoprotein 
lipase ; LW/MW/HW: lightweight/middleweight/heavyweight; m: male; MEBS: method of empathy based stories; MMA: mixed martial art; mo: month; MRI: magnetic resonance imaging; MT/K: muay thai/kickboxing; N/A: not-applicable; 
NMR: nuclear magnetic resonance; NR: not reported; PAL: physical activity level; POMS: profile of moods questionnaire; PON-1: paraoxonase-1; Prot: proteins; REE: resting energy expenditure; RER: respiratory exchange rate; RWLQ: 
rapid weight loss questionnaire; RNA-seq: ribonucleic acid sequencing; SD: standard deviation; SHBG: sex hormone-binding globulin; SMR: sleeping metabolic rate; T3/T4: triiodothyronine/thyroxine hormones; TBG: thyroid-binding 
globulin; TBW: total body water; TEE: total energy expenditure; TKD: taekwondo; TFEQ: three factor eating questionnaire; TG: triglycerides; total-C: total cholesterol; TSH: throid-stimulating hormone; UOSM: urine osmolality; USG: urine 
specific gravity; VO2/VCO2: oxygen/carbon dioxide consumption; WC: weight-cyclers; WG: weight gain; wk: week; WL: weight loss; y: year. 
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Table S3. Weight loss methods, weight gain process, and subsequent body weight and body composition evolution by type of sport in response to imposed or not weight loss and/or weight 
gain strategies (mean ± SD). 

Ref 
sport 

group [n] 
WL period conditions 

(food intake, physical activity and other methods) 
WG period conditions 

(food intake, physical activity and other methods) Main BW and body composition results 

Combat sports 
imposed by the study design] 

83 
Boxing 

C1 [133] 
C2 [31] 

Usual WL methods and duration:  
C1 and C2: see Table 1 

Usual WL duration (d)NAS: 
total m: 12.9 ± 11.0 
- C1 m: 12.0 ± 9.6 
- C2 m: 17.2 ± 16.0 
total f: 14.3 ± 10.5 
- C1 f: 13.4 ± 10.0 
- C2 f: 15.9 ± 11.9 

NR [pre-WL / WL / WG] 
BW (kg)NAS:  
total: 68.9 ± 12.2 / 67.2 ± 12.1 / 69.7 ± 12.4 
- total m: 70.7 ± 11.8 / 68.9 ± 11.7 / 71.4 ± 12.0 
- total f: 56.1 ± 6.1 / 55.0 ± 6.1 / 57.0 ± 6.3 
C1: 68.3 ± 10.9 / 66.8 ± 10.9 / 68.8 ± 11.1 
- C1 m: 69.7 ± 10.4 / 68.2 ± 10.5 / 70.3 ± 10.5 
- C1 f: 55.1 ± 5.5 / 54.1 ± 5.3 / 55.5 ± 5.8 
C2: 71.7 ± 16.6 / 69.2 ± 16.3 / 73.5 ± 16.8 
- C2 m: 75.7 ± 16.4 / 72.8 ± 16.0 / 77.4 ± 16.9 
- C2 f: 57.9 ± 7.1 / 56.6 ± 7.5 / 59.9 ± 6.5 

Usual weight variations:  
C1 and C2: see Table 1 

59 
Boxing 
[142] 

NR NR [WL / WG] 
BW (kg)NAS: 76.22 ± 11.30 / 78.57 ± 11.0 (+3.8 ± 2.2%) 
WD (kg): 1.94 ± 1.50 

84 
Boxing 

[61] 

Usual WL methods and duration: see Table 1 NR [pre-WL / WL / WG] 
BW (kg)NAS: 73.9 ± 12.8 / 70.4 ± 12.7 / 73.2 ± 12.9 
Usual weight variations: see Table 1 
Self-reported RWL (% of sample): 100% 
Self-reported RWG (% of sample): 70% usually regained up to 3 kg 
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Ref
sport 

group [n] 
WL period conditions 

(food intake, physical activity and other methods) 
WG period conditions 

(food intake, physical activity and other methods) Main BW and body composition results 

78 
Boxing 

[1] 

[WL-2 / WL-3 / WL-4 / WL-5 / WL-6 / WL-7 / WL-8] 
Energy intake (kcal/d)NAS: 1846 / 1569 / 1762 / 1508 / 1208 / 
969 / 192 

CHO (g/d)NAS: 126 / 151 / 120 / 113 / 139 / 85.2 / 21.3 
Lip (g/d)NAS: 83 / 63.9 / 77 / 54 / 34 / 13 / 0 
Prot (g/d)NAS: 149 / 108 / 167 / 148 / 77 / 144 / 21 
Physical activity (during T11)NAS: 
- runNAS: 45 min/6 d/wk 
- boxingNAS: 90 min/5 d/wk 
- strength and conditioningNAS: 60 min/2 d/wk 

[WG-1 / WG-2] 
Energy intake (kcal/d)NAS: 2631 / 2185 
CHO (g/d)NAS: 395 / 375 
Lip (g/d)NAS: 92 / 51 
Prot (g/d)NAS: 70.5 / 77 

[WL-1 / WL-2 / WL-3 / WL-4 / WL-5 / WL-6 / WL-7 / WL-8 / WG-2] 
BW during T11 (kg)NAS: 80.8 / 80.4 / 81.2 / 79.6 / 80.4 / 79.8 / 80.3 / 76.2 / 81.3
 
BW per training camp (kg)NAS: 
- T1: 88.6 / 85.7 (1mo) / 78.8 (3mo) / 76.2 (3mo, WL-8) 
- T2, Table 1 & T4: 76.2 
- T5: 88.0 / 76.2 (4mo, WL-8) 
- T6: 93.2 / 86.4 (1mo) / 82.8 (2mo) / 76.2 (2mo, WL-8) 
- T7: 88.4 / 86.7 (2mo) / 78.8 (3mo) / 76.2 (3mo, WL-8) 
- T8: 87.8 / 86.9 (1mo) / 83 .7 (2mo) / 76.7 (2mo) / 76.2 (2mo, WL-8) 
- T9: 86.0 / 76.2 (1mo, WL-8) 
- T10: 87.4 / 83.2 (<1mo) / 81.5 (1mo) / 76.2 (1mo, WL-8) 
- T11: 89.6 / 88.1 (1mo) / 86.3 (2mo) / 83.5 (3mo) / 76.2 (3mo, WL-8) / 81.3 (3mo, pre-fight) 
- mean starting BW: 88.6 ± 2.1 
- mean total WL: -12.4 ± 2.1 (-13.9 ± 2.0%) 
FM per training camp (%BW)NAS: 
- T1: 14.8 / 14.8 (1mo) / 12.8 (3mo) 
- T6: 20.3 / 17.1 (1mo) / 15.1 (2mo) 
- T7: 19 / 17.7 (2mo) / 14 (3mo) 
- T8: 18.1 / 18.5 (1mo) / 16.8 (2mo) / 14.3 (2mo)  
- T9: 17.4 
- T10: 17.4 / 15.7 (<1mo) / 16.2 (1mo) 
- T11: 18.8 / 19.1 (1mo) / 17.4 (2mo) / 16.4 (2mo) 
FM per training camp (kg)NAS: 
- T1: 12.5 / 12.1 (1mo) / 9.76 (3mo) 
- T6: 18.3 / 14.5 (1mo) / 12.1 (2mo) 
- T7: 16.0 / 15.1 (2mo) / 10.7 (3mo) 
- T8: 15.3 / 15.8 (1mo) / 13.6 (2mo) / 10.6 (2mo)  
- T9: 14.8 
- T10: 14.6 / 12.9 (<1mo) / 12.8 (1mo) 
- T11: 16.1 / 16.5 (1mo) / 14.8 (2mo) / 13.3 (2mo) 
- mean starting FM: 15.5 ± 1.9 
FFM per training camp (kg)NAS: 
- T1: 69.8 / 66.9 (1mo) / 63 (3mo) 
- T6: 69.5 / 67.1 (1mo) / 64.9 (2mo) 
- T7: 66.3 / 66.5 (2mo) / 62.4 (3mo) 
- T8: 67.0 / 66.1 (1mo) / 64.7 (2mo) / 60.3 (2mo)  
- T9: 66.4 
- T10: 66.9 / 65.4 (<1mo) / 63.1 (1mo) 
- T11: 67.5 / 66.3 (1mo)  / 66.4 (2mo) / 64.4 (2mo) 
- mean starting FFM: 67.8 ± 1.5 

60 
Boxing 
[399] 

NR NR [WL / WG] 
BW (kg)NAS: 61.7 ± 6.6 / 66.1 ± 7.2 (+7.2 ± 3.5%) 
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Ref
sport 

group [n] 
WL period conditions 

(food intake, physical activity and other methods) 
WG period conditions 

(food intake, physical activity and other methods) Main BW and body composition results 

62 
Boxing 

total [100] 
m [70] 
f [30] 

WL methods (% of sample): 
Fluid manipulation: 
- Active dehydration: 30% 
- Passive dehydration: 9% 
- Both: 41% 
Gut content manipulation: 
- Reduce portion sizes or skip meals: 59% 
- Reduce fibre intake: 3% 
- Both: 11% 
Energy intake/CHO manipulation: 
- Reduce CHO intake: 23% 
- Reduce energy intake: 8% 
- Both: 10% 

 
answers): 
- Consumes foods or snacks other than fluid (99%) 
- Prepares own meals and snacks (92%) 
- Utilizes pre-packaged meals or snacks (81%) 
- Purposely consumes high salt foods or adds salt to food 
(46%) 

- Consume post weigh-in: grains/ cereals/ pasta/ breads etc. 
(94%); fruit (92%); meat or fish (85%); vegetables, legumes 
or beans (78%); sports foods (bars, gels, drinks) (74%); dairy 
(63%); fats/ oils (60%) 

- How close to your fight do you consume solid foods: <1 hr 
(12%) / 1-2 hrs (58%) / >2 hrs (30%) 

 
 

answers): 
Consume post weigh-in: water (99%); sports drinks (74%); 
electrolyte replacement drinks (58%); protein supplements 
(28%); meal replacement drinks (19%); fruit juice (18%); 
milk (15%); soft drinks (5%) 

[WL-2 / WG] 
BW (kg)NAST: 

total: 64.49 ± 10.35 / 65.70 ± 10.32 (+1.9 ± 1.6%) 
m: 66.99 ± 10.4¶ / 68.35 ± 10.28¶ (+2.1 ± 1.6%¶) 
f: 58.66 ± 7.6¶ / 59.49 ± 7.4¶ (+1.59 ± 1.6%¶) 

Weight regain: lightest > heaviest weight division group 

85 
Boxing 

DIET [10] 
CT [7] 

[pre-WL / WL] 
Energy intake (kcal/kg/d)NASG:  

DIET: 32 ± 8 / 18 ± 7* (< energy expenditure) 
CT: 34 ± 6 / 31 ± 8  

CHO (g/kg/d)NASG:  
DIET: 3.8 ± 1.1 / 2.2 ± 0.8* 
CT: 4.1 ± 0.8 / 3.0 ± 1.2 

Lip (g/kg/d)NASG:  
DIET: 1.3 ± 0.3 / 0.6 ± 0.3* 
CT: 1.2 ± 0.3 / 1.0 ± 0.4 

Prot (g/kg/d)NASG:  
DIET: 1.5 ± 0.4 / 0.8 ± 0.4*  
CT: 1.5 ± 0.3 / 1.3 ± 0.4 

Fluid intake (water) (L)NASG:  
DIET: 2.2 ± 0.8 / 1.6 ± 0.6 
CT: 1.2 ± 0.3 / 1.0 ± 0.4  

PALNASG:  
DIET: pre-WL > WL* 
CT: pre-WL = WL 

Energy intake (kcal/kg/d)NASG:  
DIET: 35 ± 10 
CT: 31 ± 8 

CHO (g/kg/d)NASG:  
DIET: 3.9 ± 1.0 
CT: 3.5 ± 1.3 

Lip (g/kg/d)NASG: 
DIET: 1.4 ± 0.5 
CT: 1.2 ± 0.2 

Prot (g/kg/d)NASG:  
DIET: 1.6 ± 0.5 
CT: 1.5 ± 0.4 

Fluid intake (water) (L)NASG:  
DIET: 2.5 ± 0.9 
CT: 1.9 ± 0.9 

PALNASG:  
DIET: WL* > WG#* 
CT: NS between each time points 

[pre-WL / WL / WG] 
BW (kg)NASG:  

DIET: 67.4 ± 9.4 / 63.7 ± 9.3* / 66.9 ± 9.5 
CT: 64.8 ± 8.9 / 65.0 ± 9.5 / 64.9 ± 9.4 

FM (%BW)NASG:  
DIET: 8.7 ± 1.7 / 8.2 ± 1.6 / 8.5 ± 1.6 
CT: 9.5 ± 2.1 / 9.5 ± 2.0 / 9.5 ± 2.1 

FFM (kg)NASG:  
DIET: 61.4 ± 8.1 / 58.4 ± 8.1* / 61.2 ± 8.1  
CT: 58.5 ± 7.1 / 58.7 ± 7.5 / 58.7 ± 7.5 

99 
BJJ 

[115] 

Usual WL methods: see Table 1 
Usual WL duration (% of sample): 0-2 d (16%); 3-7 d 
(34%); 8-14 d (31%); 15-21 d (6%); 22-30 d (7%); >31 d 
(6%) 

NR Usual weight variations: see Table 1 
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Ref
sport 

group [n] 
WL period conditions 

(food intake, physical activity and other methods) 
WG period conditions 

(food intake, physical activity and other methods) Main BW and body composition results 

38 
Judo 

WC [14] 
WCsub [4] 

CT [7] 

WC: 
Energy intake (kcal/kg/d): 19.6 ± 4.4 
CHO (g/kg/d): 2.7 ± 0.8 
Lip (g/kg/d): 0.5 ± 0.1 
Prot (g/kg/d): 1.0 ± 0.3 

WC: 
Energy intake (kcal/4h): 1391 ± 375 
CHO (g/4h): 201 ± 62  
Lip (g/4h): 50 ± 16  
Prot (g/4h): 34 ± 23 

[pre-WL / WL / WG] 
BW (kg): 

WC: 77.9 ± 12.2 / 74.1 ± 11.4* ( -4.8 + 1.1% from pre-WL) / NR (51 ± 13% of the weight lost was 
regained) 
WCsub: 72.56 ± 7.99 / 69.09 ± 7.90 / 70.83 ± 8.28  
CT: 67.3 + 5.8 / 67.4 + 5.8 / NR 

FM (kg):  
WC: 8.8 ± 2.6¶ / 8.0 ± 2.3*¶ / NR 
WCsub: 11.63 ± 2.94 / 11.05 ± 2.86 / NR 
CT: 4.0 + 1.6¶ / 4.2 + 1.7¶ / NR 

FFM (kg):  
WC: 66.2 ± 4.6 / 63.5 ± 4.9* / NR 
CT: 63.3 + 5.1 / 63.2 + 5.1 / NR 

12 
Judo 

WC [688] 

WC: 
Usual WL methods and duration: see Table 1 

NR WC: 
Season weight (kg): 70 ± 17.5 
Inter-season weight and usual weight variations: see Table 1 
WG during the week after the competition (% of sample): 0-1.5 kg: 50%, 1.6-3 kg: 40% and >3 kg: 
10% 

86 
Judo 

WC [9] 
CT [9] 

[pre-WL / WL-1 (food restriction not yet started)] 
Energy intake (kcal/d): 
WC: 2137 ± 608 / 2444 ± 1154 
CT: 2644 ± 590 / 2773 ± 798 

CHO (g/d): 
WC: 245.8 ± 98.4 (47.6 ± 12.0%EI) / 298.5 ± 168 (48.6 ± 
10.7%EI) 
CT: 342.8 ± 84.5 (52.9 ± 7.2%EI) / 321.5 ± 97.0 (49.8 ± 
7.0%EI)  

Lip (g/d): 
WC: 70.0 ± 29.1 (32.5 ± 10.5%EI) / 88.0 ± 44. (32.1 ± 
6.4%EI) 
CT: 93.3 ± 28.8 (31.7 ± 5.5%EI) / 96.9 ± 35.2 (33.0 ± 
5.5%EI) 

Prot (g/d): 
WC: 91.0 ± 33.6 (17.4 ± 4.4%EI) / 99.3 ± 47.7 (18.1 ± 
6.0%EI) 
CT: 105 ± 30.9 (15.3 ± 2.1%EI) / 116.9 ± 40.0 (17.5 ± 
4.0%EI) 

 
[WL-2] 
WC: food restriction (food intake: NR) 

Energy intake (kcal/d): 
WC: 2270 ± 1219 
CT: 2648 ± 352 

CHO (g/d): 
WC: 238.4 ± 121.8 (42.9 ± 11.0%EI) 
CT: 307.9 ± 37.2 (47.6 ± 5.0%EI) 

Prot (g/d): 
WC: 98.1 ± 46.7 (21.0 ± 10.0%EI) 
CT: 116.5 ± 28.9 (18.4 ± 2.7%EI) 

Lip (g/d): 
WC: 85.7 ± 44.6 (35.6 ± 10.5%EI) 
CT: 91.3 ± 20.3 (31.4 ± 2.8%EI) 

[pre-WL / WL-1 / WL-2 / WG] 
BW (kg): 

WC: 81.8 ± 12.3 / 81.3 ± 11.8 / 77.1 ± 11.9* / 81.6 ± 10.8 
CT: 85.1 ± 12.4 / 86.1 ± 13.1 / 87.7 ± 16.9 / 86.5 ± 13.9 

FM (%BW): 
WC: 16.2 ± 4.5 / 15.5 ± 4.6 / NR / 14.6 ± 6.5 
CT: 14.4 ± 3.4 / 15.5 ± 3.0 / NR / 16.5 ± 3.4 

FFM (kg): 
WC: 68.2 ± 8.2 / 68.5 ± 8.2 / NR / 67.5 ± 7.9 
CT: 72.6 ± 9.5 / 72.6 ± 10.2 / NR / 72.1 ± 10.9 
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Ref
sport 

group [n] 
WL period conditions 

(food intake, physical activity and other methods) 
WG period conditions 

(food intake, physical activity and other methods) Main BW and body composition results 

87 
Judo 

LEI [6] 
VLEI [6] 

CT [6] 

[pre-WL / WL-1 / WL-2] 
Energy intake (kcal/d): 
LEI: 3182 ± 258 / 2579 ± 301* / 2387 ± 385*µ 
VLEI: 2530 ± 284 / 2028 ± 322*¶ / 1796 ± 478*¶ 
CT: 3272 ± 994 / 2877 ± 384¶ / 3291 ± 361¶µ 

Separation between groups with the median energy intake 
Physical activity: 
- running and weight training: 1 h/d 
- judo training: 2.5 h/d 

Energy intake (kcal/d): 
LEI: 2974 ± 467 
VLEI: 2537 ± 400¶ 
CT: 3285 ± 427¶ 

[pre-WL / WL-1 / WL-2 / WG] 
BW (kg):  

LEI: 74.7 ± 5.6 kg / 73.7 ± 5.4 kg* / 72.0 ± 6.3 kg* (-3.6% from pre-WL) / 74.5 ± 4.9 kg 
VLEI: 74.3 ± 6.2 kg / 72.8 ± 6.5 kg* / 71.0 ± 6.9 kg* (-4.4% from pre-WL) / 73.3 ± 5.1 kg
CT: 75.0 ± 5.7 kg / 74.9 ± 5.6 kg / 74.3 ± 6.0 kg* / 74.4 ± 5.8 kg 

FM (%BW): 
LEI: 10.6 ± 5.2 / 9.4 ± 5.0 / 9.3 ± 4.6* / 8.8 ± 4.5* 
VLEI: 11.5 ± 5.4 / 11.0 ± 5.6 / 10.2 ± 4.9 / 9.2 ± 6.3  
CT: 9.6 ± 4.5 / 10.4 ± 4.3* / 10.8 ± 5.0 / 9.3 ± 5.3 

FM (kg): 
LEI: 8.1 ± 4.6 / 7.1 ± 4.1 / 6.9 ± 4.0* / 6.7 ± 3.8* 
VLEI: 8.7 ± 4.6 / 8.3 ± 4.6 / 7.5 ± 4.1 / 7.0 ± 5.0* 
CT: 7.4 ± 3.9 / 7.9 ± 3.8 / 8.2 ± 4.3 / 7.2 ± 4.4  

FFM (kg): 
LEI: 66.6 ± 1.5 / 66.6 ± 2.3 / 65.1 ± 2.5 / 67.5 ± 1.7  
VLEI: 65.6 ± 4.4 / 64.5 ± 3.7 / 63.5 ± 4.0* / 66.5 ± 3.5  
CT: 67.5 ± 2.4 / 66.8 ± 2.6 / 66.0 ± 2.2* / 67.2 ± 2.4  

88 
Judo 

total [10] 
slight WL 

[5] 
marked 
WL [5] 

[pre-WL / WL-1 / WL-2] 
Energy intake (kcal/d): 
total: 2747 ± 1212 / 2249 ± 890 / 930 ± 708* 
slight WL: 2443 ± 1204 / 2369 ± 896 / 644 ± 675* 
marked WL: 3052 ± 111 / 2128 ± 713 / 1216 ± 620* 

CHO (g/d): 
total: 446 ± 210 (65.5 ± 9.0%EI) / 340 ± 142 (62.0 ± 
3.1%EI) / 153 ± 116* (66.2 ± 4.7%EI) 
slight WL: 369 ± 178 (60.9 ± 5.6%EI) / 343 ± 144 (59.4 ± 
3.3%EI) / 124 ± 135* (77.8 ± 5.8*%EI) 
marked WL: 522.2 ± 203.5 (69.2 ± 6.6%EI) / 338 ± 120 
(64.8 ± 5.6%EI) / 182 ± 82* (60.1 ± 6.6%EI) 

Lip (g/d): 
total: 68.8 ± 39.9 (22.8 ± 5.4%EI) / 61.1 ± 50.7 (25.0 ± 
2.8%EI) / 25.4 ± 27.7* (24.7 ± 2.8%EI) 
slight WL: 72.0 ± 46.3 (26.7 ± 2.7%EI) / 69.9 ± 57.9 (27.2 
± 2.8%EI) / 9.3 ± 8.7* (13.2 ± 5.5%EI*) 
marked WL: 65.7 ± 31.8 (19.4 ± 2.2%EI) / 52.4 ± 35.3 
(22.6 ± 5.6%EI) / 41.5 ± 30.7* (30.8 ± 3.5%EI*) 

Prot (g/d): 
total: 79.6 ± 40.9 (11.7 ± 2.4%EI) / 71.5 ± 30.8 (13.0 ± 
3.5%EI) / 21.0 ± 17.5* (9.1 ± 2.5%EI) 
slight WL: 74.5 ± 37.2 (12.3 ± 2.0%EI) / 77.2 ± 31.2 (13.4 
± 3.9%EI) / 14.3 ± 14.1* (9.0 ± 2.1%EI) 
marked WL: 84.8 ± 42.4 (11.2 ± 2.2%EI) / 65.7 ± 24.8 
(12.6 ± 4.4%EI) / 27.7 ± 18.1* (9.1 ± 2.3%EI) 

Energy intake (kcal/d): 
total: 3278 ± 226 
slight WL: 2323 ± 546 
marked WL: 3855 ± 2476 

CHO (g/d): 
total: 503 ± 366 (62.4 ± 2.8%EI) 
slight WL: 359 ± 103 (62.6 ± 5%EI) 
marked WL: 609 ± 430 (64.6 ± 9%EI) 

Lip (g/d): 
total: 92.1 ± 60.3 (25.7 ± 2.7%EI) 
slight WL: 65.4 ± 29.6 (25.7 ± 3.2%EI) 
marked WL: 98.3 ± 53.8 (23.5 ± 6.6%EI) 

Prot (g/d): 
total: 95.5 ± 70.0 (11.8 ± 2.9%EI) 
slight WL: 67.0 ± 19.8 (11.7 ± 3.3%EI) 
marked WL: 112.1 ± 69.6 (11.9 ± 3.2%EI) 

[pre-WL / WL-1 / WL-2 / WG] 
BW (kg):  

total: 73.9 ± 11.1 / 72.3 ± 10.3 / 69.7 ± 10.8* / 72.6 ± 10.0 
slight WL: 79.0 ± 12.2 / 77.9 ± 11.1 / 75.2 ± 12.2 / 77.2 ± 11.2 
marked WL: 68.8 ± 10.1 / 66.7 ± 9.9 / 64.2 ± 8.7* / 68.0 ± 8.2 

FM (%BW): 
total: 11.7 ± 5.4 / 7.9 ± 4.8 / 6.6 ± 5.0*/ 8.4 ± 4.8 
slight WL: 14.0 ± 5.8 / 13.4 ± 4.3 / 12.1 ± 4.6 / 14.0 ± 4.3 
marked WL: 9.4 ± 3.7 / 7.0 ± 2.3 / 5.3 ± 3.0* / 8.1 ± 2.6 

FM (kg):  
total: 9.2 ± 5.7 / 10.2 ± 4.7 / 8.7 ± 5.2 / 11.1 ± 4.6 
slight WL: 11.1 ± 6.2 / 10.4 ± 5.1 / 9.1 ± 6.1 / 10.8 ± 5.8 
marked WL: 6.5 ± 4.7 / 4.7 ± 4.5 / 3.4 ± 4.4* / 5.5 ± 3.8 

FFM (kg):  
total: 64.6 ± 5.9 / 64.3 ± 5.9 / 63.1 ± 6.2 / 64.1 ± 5.8 
slight WL: 67.6 ± 5.9 / 66.8 ± 5.7 / 65.4 ± 6.6 / 65.9 ± 6.6 
marked WL: 61.6 ± 4.2 / 61.9 ± 4.9 / 60.7 ± 4.6 / 62.3 ± 4.3 
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sport 
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56 
Judo 

judo m [22] 
judo f [26] 
WC [19] 

WC m [9] 
WC f [26] 
CT m [13] 
CT f [16] 
AS m [8] 
AS f [12]  

WL method: food restriction 
WL duration: 1 wk before competition 

NR [pre-WL / WL / WG] 
BW (kg):  

judo m: 73.6 ± 8.3 kg / NR / NR 
judo f: 60.3 ± 9.1 kg / NR / NR 
WC: NR / -4 ± 0.3% from pre-WL / +4 ± 0.5% from WL 

FM (%BW): 
judo m: 11.6 ± 3.6 / NR / NR 
judo f: 23 ± 4.1¶ / NR / NR  
WC m: 11.6 ± 3.9 / 10.9 ± 3.3 / 11.1 ± 3.3 
WC f: 22.8 ± 3.5 / 22.1 ± 3.5 / 21.4 ± 3.5 
CT m: 11.6 ± 4.0 / 11.9 ± 3.2 / 12 ± 3.2 
CT f: 23.1 ± 4.4 / 22.7 ± 3.6 / 22.7 ± 4 
AS m: 14.2 ± 4.4 / NR / NR  
AS f: 28.1 ± 5.1¶ / NR / NR 

FFM (kg): 
judo m: 61.6 ± 5.8 / NR / NR 
judo f: 43.7 ± 5.1¶ / NR / NR  
WC m: 64.9 ± 5.4 / 62.7 ± 5.7* / 65.2 ± 5.4  
WC f: 44.6 ± 4.4 / 43.4 ± 4.4* / 45.0 ± 4.4 
CT m: 59.3 ± 5.0 / 59.4 ± 4.7 / 59.8 ± 4.7 
CT f: 43.3 ± 5.6 / 43.5 ± 5.6 / 43.7 ± 5.6 
AS m: 59.0 ± 6.5 / NR / NR 
AS f: 38.3 ± 4.6¶ / NR / NR 

57 
Judo 

m [22] 
f [26] 

WC [19] 

[pre-WL] 
Energy intake (kcal/d):  

m: 2960 ± 633.2¶ 
f: 2121 ± 673.1¶ 

CHO (g): 
m: 362 ± 98.5¶ (50 ± 9.4%EI) 
f: 245 ± 86.7¶ (47 ± 5.1%EI) 

Lip (g):  
m: 124 ± 46.9¶ (37 ± 9.4%EI) 
f: 93 ± 35.7¶ (39 ± 5.1%EI) 

Prot (g): 
m: 94 ± 28.1¶ (13 ± 2.3%EI) 
f: 66 ± 15.3¶ (13 ± 2.5%EI) 

NR [pre-WL] 
BW (kg)NAS: 

m: 73.6 ± 8.3 
f: 60.3 ± 9.1 

FM (%BW)NAS: 
m: 11.6 ± 3.6 
f: 23 ± 4.1 

FFM (kg)NAS: 
m: 61.6 ± 5.8 
f: 43.7 ± 5.1 

 
[WL/WG] 
Weight variations (%)NAS: 

WC: -4 ± 0.3 / +4 ± 0.5 
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58 
Judo 

WC [19] 
WC m [9] 
WC f [10] 
CT m [13] 
CT f [16] 

NR NR [pre-WL / WL / WG] 
BW (kg): 

WC: NR / -4 ± 0.3% from pre-WL / +4 ± 0.5% from WL 
WC m: 77.7 ± 8.2¶ / NR / NR 
CT m: 70.7 ± 7.6¶ / NR / NR 

FM (%BW)NASG: 
WC m: 11.6 ± 3.9 / 10.9 ± 3.3 / 11.1 ± 3.3 
WC f: 22.8 ± 3.5 / 22.1 ± 3.5 / 21.4 ± 3.5 
CT m: 11.6 ± 4.0 / 11.9 ± 3.2 / 12 ± 3.2 
CT f: 23.1 ± 4.4 / 22.7 ± 3.6 / 22.7 ± 4 

FM (kg)NASG: 
WC m: 9.3 ± 4.1 / 8.2 ± 3.1 / 8.8 ± 2.9 
WC f: 14.1 ± 3.4 / 13.2 ± 3.4* / 13.1 ± 12.5 
CT m: 8.5 ± 3.5 / 8.7 ± 3.1 / 8.9 ± 3.2 
CT f: 14.2 ± 5.3 / 13.8 ± 4.3 / 13.9 ± 4.3 

FFM (kg)NASG: 
WC m: 64.9 ± 5.4 / 62.7 ± 5.7* / 65.2 ± 5.4 
WC f: 44.6 ± 4.4 / 43.4 ± 4.4* / 45.0 ± 4.4 
CT m: 59.3 ± 5.0 / 59.4 ± 4.7 / 59.8 ± 4.7 
CT f: 43.3 ± 5.6 / 43.5 ± 5.6 / 43.7 ± 5.6 

63 
Judo 

total [86] 
m [50] 
f [36] 

winners 
[44] 

losers [42] 

NR NR [WL / WG] 
BW (kg)NASG: 

total: 66.5 ± 12.3 / 68.2 ± 12.4 (+2.6 ± 2.1%) 
m: 72.1 ± 11.4 / 73.8 ± 11.7# (+2.3 ± 2.1%) 
f: 58.7 ± 8.6 / 60.5 ± 8.8# (+3.1 ± 2.1%) 
winners: NR / NR (+3.6 ± 2.0%¶) 
losers: NR / NR (+2.1 ± 2.0%¶) 

89 
Judo 

DIET [8] 
CT [8] 

[pre-WL / WL] 
Energy intake (kcal/d):  
DIET: 2450.0 ± 543.3 / 1071.4 ± 255.7* 
CT: 1864.6 ± 518.4 / 1599.5 ± 811.8 

Energy intake (kcal/d):  
DIET: 1689.5 ± 555.9* 
CT: 1765.9 ± 626.9 

[pre-WL / WL / WG] 
BW (kg (% from pre-WL)): 

DIET: 65.5 ± 12.0 / 62.3 ± 12.0* (-4.9 ± 2.7%¶) / 64.4 ± 11.8* (-1.6 ± 1.9%)
CT 64.8 ± 8.4 / 64.5 ± 8.1 (-0.5 ± 1.1%¶) / 65.0 ± 7.9 (+0.3 ± 1.8%) 

90 
MMA 

WC [29] 

WC 
WL methods: see Table 1 

NR WC 
Usual weight variations: see Table 1 



27 / 55

Ref
sport 

group [n] 
WL period conditions 

(food intake, physical activity and other methods) 
WG period conditions 

(food intake, physical activity and other methods) Main BW and body composition results 

2 
MMA 

winners [8] 
losers [7] 

Energy intake (median [IR25-IR75], kcal):  
winners: 745.5 [103.5-1104.5] 
losers: 303.0 [159.4-702.8] 

CHO (median [IR25-IR75], g/d): 
winners: 79.8 [26.3-166.7] (49.0 [21.6-64.8]%EI) 
losers: 20.0 (1.2, 96.5) (27.1 (3.1, 55.4)%EI) 

Prot (median [IR25-IR75], g/d): 
winners: 18.3 [1.2-60.4] (9.0 [3.1-23.1]%EI) 
losers: 17.0 [11.7- 30.3] (18.7 [12.8-30.6]%EI) 

Lip (median [IR25-IR75], g/d): 
winners: 18.2 [0.5-36.8] (13.9 [3.2-32.0]%EI) 
losers: 12.9 [8.7-14.9] (27.4 [18.5-47.2]%EI) 

Usual WL methods: exercise practices > restriction of liquid 
ingestion > plastic clothing > wearing hot clothes > spitting 
> sauna > laxatives > diuretics > skipping meals > all-day 
fasting 

Usual WL duration: see Table 1 

Energy intake (median [IR25-IR75], kcal/d):  
winners: 5191.5 [2887.0-6117.0]# 
losers: 2952.1 [2166.5- 4722.1]# 

CHO (median [IR25-IR75], g/d):  
winners: 610.6 [374.2-663.2]# (45.8 [43.2-50.0]%EI) 
losers: 299.1 [224.8-492.2]# (35.6 [30.0-50.4]%EI) 

Prot (median [IR25-IR75], g/d): 
winners: 250.2 [184.1-347.1]# (21.5 [17.5-26.0]%EI#)  
losers: 224.3 [160.9-298.6]# (20.0 [18.3-39.0]%EI) 

Lip (median [IR25-IR75], g/d): 
winners: 170.3 [105.7-205.9]# (31.1 [26.3-34.5]%EI) 
losers: 116.1 [73.2-194.7]# ( 37.5 [21.8-44.0]%EI) 

[pre-WL / WL / WG] 
BW (kg)NAS: 89.9 ± 17.3 / 83.2 ± 16.3 / 87.3 ± 16.9 
Weight variations (% of BW): 
winners: N/A / -6.8 ± 5.5 / +6.1 ± 3.3¶ 
losers: N/A / -7.3 ± 2.4 / +2.4 ± 1.1¶ 

64 
MMA 
[40] 

NR NR [WL / WG] 
BW (kg): 75.8 ± 1.5 / 79.2 ± 1.6# (+4.4%) 
FM (%BW): 13.4 ± 0.5 / NR 

79 
MMA 

[1] 

[pre-WL / WL-1 / WL-2 / WL-3 / WL-4 / WL-5 / WL-6 / 
WL-7 / WL-8] 
Energy intake (kcal/d): 1592 ± 289 / 1378 ± 150 / 1055 / 
1050 / 1070 / 1065 / 1075 / 682 / 0 

CHO (g/kg/d): NR / 1.5-2.5 / 1.5-2.5 / 0.5 / 0.5 / 0.5 / 0.5 / 0 
Lipid (g/kg/d): NR / 0.8-1 / 0.8-1 / 0.5 / 0.5 / 0.5 / 0.5 / 0 
Prot (g/kg/d): NR / 1.6-1.8 / 1.6-1.8 / 1.3 / 1.3 / 1.3 / 1.3 / 0 
Fibre (g/d): NR / 18.4 / 18.4 / 5.6 / 5.6 / 5.6 / 5.6 / 5.6 / 0 
Sodium intake (g/d): NR / 2.9 / 2.9 / 0.3 / 0.3 / 0.3 / 0.3 / 0 
Fluid intake (mL/d): NR / NR / 7030 / 8020 / 8168 / 8020 / 
8069 / 916 / 0 

Physical activity:  
- pre-WL to WL-2 (per wk): 2 strength and conditioning 
sessions + 8 combat specific training sessions + 2 sparring 
sessions 

- WL-7 to WL-8: 6 hot water baths + 6 wraps 

[WG-1] 
CHO (g/kg/d): 15 
Lipid (g/kg/d): 2.6 
Prot (g/kg/d): 3.2 
Fibre (g/d): 63 
Sodium intake (g/d): 8.5 

[pre-WL / WL-1 / WL-2 / WL-3 / WL-4 / WL-5 / WL-6 / WL-7 / WL-8 / WG-1 / WG-2]
BW (kg): 80.2 / 77.8 / 75.8 / NR / 77.0 / 75.5 / 74.7 / 73.0 / 65.7 / 77.0 / 83.6 
FM (%BW): 15.0 / 12.6 / 10.6 / NR / NR / NR / NR / NR / 11.0 / NR / 12.2 
FM (kg): 11.7 / 9.4 / 7.7 / NR / NR / NR / NR / NR / 6.9 / NR / 9.7 
FFM (kg): 63.5 / 65.2 / 65.0 / NR / NR / NR / NR / NR / 53.6 / NR / 67.2

91 
MMA 

[7] 

Energy intake (kcal/d): 1261 ± 725  
CHO (g/d): 68 ± 82 
Usual WL methods: see Table 1 

 
- Hot salt baths: 85% 
- Fat burner supplements: 28% 

Energy intake (kcal/d): 3176 ± 482# 
CHO (g/d): 471 ± 124# 

[pre-WL / WL / WG] 
BW (kg): 69.9 ± 5.7 / 64.5 ± 5.2* (-8.0 ± 1.8% from pre-WL) / 71.8 ± 5.4# (+11.7 ± 4.7% from WL) 

61 
MMA 

m [455] 
f [57] 

NR NR [WL / WG] 
BW (kg): 

m: 72.2 ± 12.2 / 77.7 ± 11.9# (+8.1 ± 3.6%) 
f: 56.0 ± 6.2 / 60.4 ± 7.3# (+8.0 ± 3.8%) 

3 
Sambo
[199]

Usual WL methods and duration: see Table 1 NR Current weight and usual weight variations: see Table 1 
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13 
Sambo 
[103] 

Usual WL methods and duration: see Table 1 NR Current weight and usual weight variations: see Table 1 

11 
TKD 

WC [94] 

WC 
Usual WL methods and duration: see Table 1 

NR WC 
Inter-season weight and usual weight variations: see Table 1 

92 
TKD 
[16] 

[WL-1 / WL-2 / WL-3] 
Physical activity (% technique training +% physical 
training): 70-80% + 20-30% / 90% + 10% / 100% + 0% 

[WG-1 / WG-2 / WG-3] 
Physical activity (h/d regular training): 0 h / 2 h / 4 h  

[pre-WL / WL-1 / WL-2 / WL-3 / WG-1 / WG-2 / WG-3] 
BW (kg): 71.2 ± 10.4# / 71.5 ± 9.9# / 70.7 ± 9.6# / 69.8 ± 9.2* / 71.4 ± 9.8# / 71.4 ± 9.8# / 71.5 ± 

10.0# 
FM (%BW): 16.4 ± 4.9# / 16.8 ± 4.8 / 17.1 ± 4.9* / 17.5 ± 4.5* / 17.9 ± 4.3* / 18.3 ± 4.6*# / 18.8 ± 

4.7*# 
FM (kg): 12.0 ± 5.3/ 12.3 ± 5.1*/ 12.5 ± 5.3 / 12.2 ± 4.9 / 13.1 ± 4.8*# / 13.4 ± 5.0 / 13.8 ± 5.1*#

65 
Wrestling 

[8] 

NR NR [WL / WG-1 / WG-2 / WG-3] 
BW (kg): 73.7 ± 9.9 / 75.8 ± 9.5# / 77.8 ± 9.1#$ / 78 ± 9.3# 

66 
Wrestling 
winners 

[266] 
losers [269] 

NR NR [WL / WG] 
Weight evolution (kg from WL): 

winners: N/A / +3.5 ± 1.2 (+5.3 ± 2.0%) 
losers: N/A / +3.5 ± 1.5 (+5.3 ± 2.4%) 

93 
Wrestling 

[12] 

[pre-WL / WL-1 / W-2] 
Food intake (g/d): 4498 ± 989 / 3573 ± 1016* / 122 ± 201* 
Water intake (g/d): 3740 ± 509 / 2954 ± 664* / 128 ± 110* 

[WG-1] 
Food intake (g/d): 6589 ± 1383* 
Water intake (g/d): 5536 ± 910* 

[pre-WL / WL-1 / WL-2 / WG-1 / WG-2] 
BW (kg (% from pre-WL)): 74.5 ± 9.2 / 74.3 ± 9.4 (-0.4%) / 69.1 ± 9.0* (-7.3%) / 72.2 ± 9.3* (-

3.3%) / 74.1 ± 9.9 (-1.1%) 
FM (%BW (% from pre WL)): 15.1 ± 2.8 / 14.4 ± 3.1 (-5.1%) / 13.8 ± 3.1* (-9.3%) / 13.7 ± 3.4* (-

10.7%) / 15.6 ± 3.5 (+2.5%) 
FFM (kg (% from pre-WL)): 59.8 ± 6.3 / 60 ± 6.4 (+0.4%) / 56.2 ± 6.0* (-5.9%) / 58.7 ± 6.2* (-

1.6%) / 59.4 ± 6.4 (-0.8%) 
TBW (kg (% from pre-WL)): 43.8 ± 4.6 / 44 ± 4.7 (+0.4%) / 41.2 ± 4.4* (-5.9%) / 43.0 ± 4.6* (-

1.6%) / 43.5 ± 4.7 (-0.8%) 
67 

Wrestling 
[13] 

[pre-WL-2 / WL-1 / WL-2 / WL-3 / WL-4 / WL-5] 
Energy intake (kcal/d):  
- week 1: 2256 ± 433 / 1962 ± 341 / 1943 ± 321 / 1778 ± 

302 / 1325 ± 256$ / 924 ± 131$ 
- week 2: 3045 ± 262 / 2743 ± 210 / 2402 ± 158 / 2540 ± 

420 / 1726 ± 282$ / 874 ± 210$ 
- week 1 & 2: average intake (2194) < estimated intake 

(3140) 
Fluid intake (L/d): 
- week 1: 2.2 ± 0.4 / 2.4 ± 0.3 / 2.5 ± 0.4 / 2.7 ± 0.5 / 1.9 ± 

0.3 / 1.2 ± 0.2$ 
- week 2: 2.2 ± 0.2 / 2.9 ± 0.4 / 2.8 ± 0.4 / 2.9 ± 0.6 / 2.3 ± 

0.4$ / 1.5 ± 0.4 
- week 1 & 2: average intake (2.6) < estimated intake (6.5) 
Usual WL methods and duration: see Table 1 

Energy intake on competition day (kcal/d):  
- week 1: 4082 ± 367$ 
- week 2: 3361 ± 321$ 
Fluid intake (L/d): 
- week 1: 5.0 ± 0.5$ 
- week 2: 4.7 ± 0.5$ 

[pre-WL-2 / WL-1 / WL-2 / WL-3 / WL-4 / WL-5] 
BW week 1 & 2(kg): 73.9 / 73.9 / 73.8 / 73.3$ / 72.1$ / 70.9$ (-4.7% of pre-WL) 
WL for the first meet of the season (% from pre-WL-1): -5.3% 
Weight variations (% of the sample): 
- lose and regain > 2.3 kg during a typical week: 62% 
- lose and regain > 4.6 kg during a typical week: 8% 
 
[WG] 
FM variations (% from pre-WL-1)NAS:  
- bioimpedance: -1.1 ± 0.7 
- underwater weighing: -2.9 ± 2.1 
FM variations (kg from pre-WL-1):  
- bioimpedance: -0.9 
- underwater weighing: -2.2* 
FFM variations (kg from pre-WL-1):  
- bioimpedance: +0.3 
- underwater weighing: 1.8 ± 1.5* 
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74 
Wrestling 
WC [8] 
CT [6] 

[WL-1] 
Energy intake (kcal/d):  

WC: 2305.4 ± 678.5¶ 
CT: 3270.6 ± 740.6¶ 

CHO (%EI): 
WC: 54 ± 7 
CT: 53 ± 11 

Lip (%EI): 
WC: 29 ± 6 
CT: 28 ± 6 

Prot (%EI):  
WC: 16 ± 3  
CT: 16 ± 3 

NR [pre-WL / WL-1 / WL-2 / WG] 
BW (kg):  

WC: 72.4 ± 11.9 / 70.9 ± 11.6 / 66.1 ± 12.4* / 73.9 ± 10.5*# 
CT (n=5): 74.9 ± 8.9 / 75.8 ± 8.7 / 76.4 ± 8.7 / 78.4 ± 11.9 

WL-2-WL-1: WC > CT 

68 
Wrestling 
total [51] 

DIET [27] 
CT [24] 

NR NR [WL / WG] 
BW and weight variations from previous time point (kg): 

total: 75.4 ± 13.8 / 77.0 ± 13.3# (+2.3 ± 2.2%) 
DIET: 72.1 ± 9.0 / 74.6 ± 8.6# (+3.5 ± 1.9%¶) 
CT: 79.0 ± 17.2 / 79.7 ± 16.8# (+1.0 ± 1.8%¶) 

Weight management: 
DIET: -4.3 ± 2.0 kg within 7.8 ± 5.6 d 

14 
Wrestling 
total [741] 
LW [NR] 
MW [NR] 
HW [NR] 
D1 [275] 
D2 [167] 
D3 [299] 

Usual WL methods and duration: see Table 1 NR [pre-WL / WL / WG] 
BW and weight variations from the previous time point (kg)NAST:  

total: 73.2 ± 10.2 / -2.9 ± 1.3 (-4.3 ± 2.2%) / +5.5 ± 3.5 (+8.6 ± 5.4%) 
LW: 63.8 ± 4.5 / -3.0 ± 1.3 (-5.0 ± 2.2%¶) / +5.8 ± 3.4 (+9.8 ± 2.9%µ) 
MW: 74.7 ± 4.4 / -3.0 ± 1.4 (-4.1 ± 2.0%¶) / +6.1 ± 3.5 (+8.5 ± 4.9%µ)  
HW: 86.6 ± 6.6 / -2.7 ± 1.2 (-3.2 ± 1.6%¶) / +5.4 ± 3.8 (+6.5 ± 4.5%µ) 
D1: 72.4 ± 9.9 / -2.8 ± 3.0£ (-4.2 ± 2.0%£) / +5.3 ± 3.0£ (+8.1 ± 5.2%£) 
D2: 73.9 ± 9.4 / -3.4 ± 1.5£§ (-4.9 ± 2.4%£§) / +6.3 ± 1.4£§ (+9.7 ± 5.4%£§)
D3: 73.6 ± 11.0 / -2.8 ± 3.3§ (-4.0 ± 2.4%§) / +5.3 ± 3.8§ (+8.4 ± 5.6%§)  

72 
Wrestling 
total [811] 
LW [315] 
MW [290] 
HW [206] 
D1 [385] 
D2 [195] 
D3 [231] 

NR NR [pre-WL / WL / WG] 
BW and weight variations from the previous time point (kg): 

total: NR / -1.2 ± 0.9* (-1.7 ± 1.2%*) / +0.9 ± 0.8# 
LW: NR / NR (-1.9 ± 13%¶) / +1.0 ± 0.8 (+1.7 ± 1.3%µ) 
MW: NR / NR (-1.7 ± 1.1%) / +0.8 ± 0.8 (+1.2 ± 1.1%µ) 
HW: NR / NR (-1.5 ± 1.1%¶) / +0.7 ± 0.8 (+0.8 ± 1.0%µ) 
D1: 73.3 / 71.3* (-1.9 ± 1.3%) / NR (+1.4 ± 1.2%) 
D2: 75.2 / 71.8* (-1.6 ± 1.0%) / NR (+1.4 ± 1.3%) 
D3: 74 / 71.5* (-1.3 ± 1.2%) / NR (+0.9 ± 1.2%) 

FM (%BW): 
D1: 11.6 / 9.1* / NR 
D2: 13.8 / 10.1* / NR 
D3: 12.3 / 9.6* / NR 

75 
Wrestling 

[78] 

NR NR [pre-WL / WL-1 / WL-2 / WG-1 / WG-2 / WG-3 / WG-4] 
BW (kg): 76 / 73.93 ± 11.62 / 72.53 ± 11.66$ / 73.65 ± 13.58$ / 74.1NAS / 75.3NAS / 78.2NAS 
FM (%BW)NAS: 13.1 ± 10.2 / NR / 10.0 ± 2.6 / NR / 9.7 ± 2.2 / 9.6 ± 2.1 / 10.6 ± 2.6 
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69 
Wrestling 
total [668] 
non-HW 

[607] 
LW [68] 
D1 [333] 
D2 [137] 
D3 [198] 

NR NR [WL / WG] 
BW (kg): 

LW: 53.5 ± 0.1 / 56.9 ± 1.2# 
Weight variations (kg): 

total:  
D1: N/A / +3.4 ± 1.6# (+5.1 ± 2.5%) 
D2: N/A / +3.0 ± 1.3# (+4.5 ± 2.2%) 
D3: N/A / +3.2 ± 1.5# (+4.8 ± 2.5%) 
non-HW: 

4 
Wrestling 
collegiate 

[63] 

collegiate: 
Usual WL methods and duration: see Table 1 

 95% 

 92% 

collegiate: 

 47% 

 22% 

collegiate: 
Usual weight variations: see Table 1 
Weight gain post-season (kg): 7.6 ± 3.1 
Weekly weight fluctuation (% of sample): 
- 0-1 kg: 21% 
- 1.4-2.3 kg: 49% 
- 2.7-4.5 kg: 23% 
- 5-9.1 kg: 6% 
- >9.5 kg: 1% 

76 
Wrestling 

[11] 

NR NR [pre-WL / WL / WG] 
BW (kg): 79.4 ± 12.6 / 75.7 ± 11.3* / 77.7 ± 11.6*# 
Weight gain 19h after a competition weigh-in (kg): +3.7 ± 1.0 (+5.2 ± 1.3%)

44 
Boxing 
[25%] 

BJJ [6%] 
Judo [12%] 

MMA 
[11%] 
MT/K 

[12%] TKD 
[6%] 

Wrestling 
[27%] 

total [637] 

BJJ / boxing / judo / MMA / MT/K / TKD / wrestling 
Participants that have lost weight to compete (% yes): 88 / 
93 / 86 / 95 / 94 / 85 / 97 
Usual WL methods and duration: see Table 1  

BJJ / boxing / judo / MMA / MT/K / TKD / wrestling 
Time between weigh-in and competition (h): 6 ± 8 / 7 ± 7 / 11 
± 8 / 24 ± 11 / 18 ± 9 / 19 ± 5 / 7 ± 15 
with (MMA = MT/K = TKD) > (BJJ = boxing = judo = 
wrestling) 

BJJ / boxing / judo / MMA / MT/K / TKD / wrestling 
Inter-season weight and usual weight variations: see Table 1 
Usual WL within 2 weeks (kg): 3.1 ± 2.3 / 3.7 ± 2.7 / 2.4 ± 2.1 / 5.6 ± 3.1 / 2.6 ± 1.7 / 3.4 ± 3.2 / 3.4 
± 3.2, with MMA > all other groups 
Usual WL within 24 h (kg): 1.4 ± 1.4 / 1.8 ± 2.1 / 1.5 ± 1.1 / 3.4 ± 1.9 / 2 ± 1.2 / 1.6 ± 1.4 / 2.3 ± 1.5, 
with MMA > all other groups and BJJ < wrestling 
Usual WG between weigh-in and competition (kg): 1.3 ± 1.4 / 2 ± 2.2 / 2 ± 1.3 / 5.3 ± 2.9 / 3.5 ± 3.7 
/ 2.2 ± 1.3 / 2.2 ± 1.4, with MMA > MT/K > wrestling > BJJ 

94  
Jiu-jitsu, 

judo, karate, 
muay thai, 
TKD, silat 
WC [43] 

WC 
Usual WL methods and duration: see Table 1  

 NR [pre-WL / WL / WG] 
WC 

BW (kg)NAS: 63.4 ± 13.1 / 60.1 ± 12.6 / 62.5 ± 12.4 
Usual weight variations: see Table 1 

51 
Wresting, 
judo, TKD 

[14] 

Last week pre-weigh-in: reduction food and fluid intake 
portion sizes + increased exercise 

Post weigh-in: food and fluid intake to obtain a competitive 
weight and to correct the reduced glycogen stores and reversal 
of the hypo-hydrated state 

NR 
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52 
Judo, TKD, 
wrestling 

DIET m [7] 
DIET f [4] 

2-3 wk pre-weigh-in (n=6): exercise and dietary regimes 
gradually adjusted 

4-5 d pre-weigh-in: portion sizes and overall food intake 
reduced, often coupled with increased exercise 

24 h pre-weigh-in (n=10): more extreme weight-loss 
methods (saunas, hot baths, exercise in sweat suits, ate or 
drank anything) 

NR [WL] 
Weight variations (mean (range),%  from pre-WL)NAS: 
DIET m: -5 (-1, -8)% 
DIET f: -5 (-5, -8)% 

70 
Boxing, 

judo, TKD, 
wrestling 
total [68] 
MWI [35] 
EWI [33] 

NR Energy intake (kcal/d): 
total: 2531.8 ± 1242.0 
MWI: 1767.5 ± 740.4  
EWI: 3343.8 ± 1194.2 

CHO (g/d): 
total: 362 ± 189  
MWI: 262 ± 100¶  
EWI: 468 ± 204¶ 

Lip (g/d):  
total: 76 ± 53  
MWI:  49 ± 34¶  
EWI: 103 ± 56¶ 

Prot (g/d):  
total: 92 ± 44  
MWI: 61 ± 28¶  
EWI: 124 ± 33¶ 

Fluid intake (mL/kg): 
total: 55 ± 33 
MWI: 38 ± 11¶  
EWI: 73 ± 38¶ 

Fibre (g/d): 
total: 18 ± 10  
MWI: 13 ± 7  
EWI: 23 ± 10 

[WL / WG] 
BW (kg)NAS:  

total: 70.2 ± 17.6 / 72.1 ± 17.2 (+3.0 ± 2.5%) 
MWI: 74.3 ± 19.0 / 75.6 ± 18.8 (+1.9 ± 1.5%) 
EWI: 65.8 ± 14.9 / 68.4 ± 14.6 (+4.2 ± 2.8%) 

100 
Boxing, 

judo, TKD, 
wrestling 

[229] 

Usual WL methods and duration: see Table 1 NR Current weight and usual weight variations: see Table 1 
  

Imposed WL conditions only 
40 

Boxing 
[7] 

[pre-WL / WL] 
Energy intake (kcal/d): 2330 ± 243 / 917 ± 134* 
CHO (g/d): 145 ± 5 (65 ± 13%EI) / 328 ± 40* (56 ± 3%EI) 
Lip (g/d):23 ± 5 (20 ± 8%EI) / 69 ± 5* (27 ± 3%EI) 
Prot (g/d): 29 ± 6 (14 ± 5%EI) / 83 ± 9* (14 ± 1%EI) 

NR [pre-WL / WL / WG-1 / WG-2 / WG-3] 
BW and weight variations from pre-WL (kg): 70.9 ± 6.5 / 66.5 ± 6.0* (-6.1 ± 0.6%*) / NR (-4.2%*) 
/ NR (-1.9%*) / NR (-1.3%*) 
FM (%BW): 14.5 ± 5.8 / 13.2 ± 6.8* / NR / NR / NR 
FM (kg): 10.5 ± 4.8 / 9.0 ± 5.2* / NR / NR / NR 
FFM (kg): 60.4 ± 4.6 / 57.5 ± 4.2* / NR / NR / NR 
TBW (%pre-WL): N/A / -5.2 ± 2.1% / NR / NR / NR 

53 
Boxing, 

judo 
[10] 

[pre-WL / WL] 
Energy intake (kcal/d): 2458 ± 578 / 1008 ± 354* 
CHO (g/d): 334 ± 88 (55 ± 5%EI) / 148 ± 57* (58 ± 15%EI) 
Lip (g/d): 79 ± 24 (29 ± 5%EI) / 28 ± 13* (23 ± 9%EI) 
Prot (g/d): 86 ± 22 (14 ± 1%EI) / 31 ± 10* (12 ± 3%EI)
PAL: 1.88 ± 0.13 / 1.93 ± 0.14

Energy intake (kcal/d): 3066 ± 506*# 
CHO (g/d): 396 ± 81*# (53 ± 8%EI) 
Lip (g/d): 113 ± 24*# (32 ± 6%EI#) 
Prot (g/d): 101 ± 19# (13 ± 2%EI) 
PAL: 1.40 ± 0.17#

[pre-WL / WL / WG] 
BW (kg): 74.4 ± 9.0 / 70.0 ± 8.8* / 73.1 ± 8 .6*# 
FM (%BW): 17.0 ± 7.4 / 15.8 ± 7.6* / 15.9 ± 8.2* 
FM (kg): 13.1 ± 7.3 / 11.7 ± 7.5*/ 12.1 ± 7.3*# 
FFM (kg): 61.2 ± 4.2 / 58.3 ± 3.8* / 61.1 ± 3.7#
TBW (kg): 43.8 ± 3.1 / 41.5 ± 2.9* / 43.6 ± 2.6#
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Imposed WG conditions only 
43 

Judo 
DIET [10] 

CT [10] 

[pre-WL / WL] 
Energy intake (kcal/d):  

DIET: 2629 ± 239 / 1673 ± 239 (-33%) 
CHO, Lip, Prot (g/d):  

DIET: pre-WL > WL* 
CHO (g/d):  

DIET: NR / 187.8 ± 60.5 
CT: NR / 334.3 ± 75.9 

Fluid intake (mL/d):  
DIET: 3873.2 ± 692.5 / 3102 ± 448.3 

imposed [pre-WL / WL / WG] 
BW (kg):  

DIET: 75.9 ± 3.1 / 72.1 ± 1.4* / 74.5 ± 3.4# 
CT:  73.3 ± 6.3 / 74.7 ± 6.7 / 75.1 ± 1.6 

BMI (kg/m²):  
DIET: 24.9 ± 0.8 / 24.1 ± 0.7 / 24.2 ± 0.9 
CT: 23.0 ± 1.3 / 23.6 ± 1.5 / 23.9 ± 1.1 

FM (%BW):  
DIET: 15.8 ± 1.1 / 15.0 ± 1* / NR 
CT: 15.5 ± 3.3 / 14.9 ± 3 / NR 

FFM (kg):  
DIET: 64.5 ± 1.1 / 62.2 ± 0.6* / NR 
CT:  61.7 ± 5.3 / 62.5 ± 5.3 / NR 

Imposed WL and WG conditions 
50 

Wrestling 
[8] 

[pre-WL (/d) / WL (/53h)] 
Food intake (g)NAS: 3686 ± 1615 / 3234 ± 1591 
Energy intake (kcal)NAS: 3528 ± 829 / 2366 ± 1184 
CHO (g)NAS: 509 ± 149 (56.9 ± 5.5%EI) / 340 ± 170 (57.0 ± 
11.4%EI) 
Lip (g)NAS: 110 ± 24 (28.9 ± 5.3%EI) / 34 ± 20 (28.4 ± 
9.3%EI) 
Prot (g)NAS: 125 ± 30 (14.2 ± 0.9%EI) / 85 ± 41 (14.6 ± 
2.8%EI) 

Food intake (g/13h)NAS: 669 ± 1051 
Energy intake (kcal/13h)NAS: 2891 ± 295 
CHO (g/13h)NAS: 524 ± 45 (72.7 ± 1.3%EI) 
Lip (g/13h)NAS: 60 ± 9 (18.5 ± 1.1%EI) 
Prot (g/13h)NAS: 64 ± 8 (8.8 ± 0.2%EI) 

[pre-WL / WL / WG] 
BW (kg): 73.7 ± 8.0 / 69.0 ± 7.7* (-6.4 ± 0.5% from pre-WL) / 71.8 ± 7.7*# (+2.5 ± 0.7% from pre-
WL) 
FM (kg): 9.0 ± 2.1 / 8.4 ± 1.9 / 7.7 ± 1.8*  
FFM (kg): 64.3# / 60.5 ± 6.6 / 63.7 ± 6.7#  
TBW (kg): 46.8 ± 5.6 / 43.5 ± 5.2* / 46.6 ± 5.3*# 

41 
Wrestling 

[10] 

[pre-WL / WL] 
Food intake (g/d)NAS: 3673 ± 1512 / 1501 ± 654 
Energy intake (kcal/d)NAS: 3426 ± 774 / 1123 ± 492 (-67.6 ± 
11.2%EI) 
CHO (g/d)NAS:  491 ± 138 (56.5 ± 4.9%EI) / 156 ± 68 (55.6 
± 10.6%EI) 
Lip (g/d)NAS: 108 ± 22 (29.2 ± 4.7%EI) / 37 ± 20 (29.3 ± 
8.5%EI) 
Prot (g/d)NAS: 122 ± 28 (14.3 ± 0.8%EI) / 42 ± 20 (15.1 ± 
2.9%EI) 
Sodium (mg/d)NAS: 5181 ± 1307 / 1928 ± 632 

imposed: ad libitum meals 
[WG-1 / WG-2 / WG-3 / total WG period] 
Food intake (g/d)NAS: 2414 ± 431 / 1353 ± 334 / 917 ± 379 / 

4685 ± 514 
Energy intake (kcal/d)NAS: 1633 ± 210 / 1014 ± 164 / 231 ± 83 

/ 2879 ± 310 
CHO (g/d)NAS: 290 ± 46 (70.8 ± 2.4%EI) / 199 ± 23 (79.2 ± 

7.3%EI) / 33 ± 20 (54.5 ± 7.6%EI) / 522 ± 47 (72.6 ± 
1.4%EI) 

Lip (g/d)NAS: 36 ± 1 (20.0 ± 2.3%EI) / 14 ± 9 (11.7 ± 6.7%EI) / 
10 ± 0 (39.8 ± 7.5%EI) / 60 ± 10 (18.5 ± 1.1%EI) 

Prot (g/d)NAS: 37 ± 5 (9.2 ± 0.4%EI) / 23 ± 5 (9.1 ± 1.1%EI) / 3 
± 1 (5.6 ± 0.1%EI) / 64 ± 9 (8.8 ± 0.3%EI) 

Sodium (mg)NAS: 2826 ± 216 / 1192 ± 429 / 58 ± 9 / 4076 ± 
589 

[pre-WL / WL / WG-1 / WG-2 / WG-3] 
BW (kg): 72.5 ± 8.1 / 68.1 ± 7.7* / 70.3 ± 7.8*# / 71.2 ± 8.2*#$ / 70.9 ± 7.8*#
BW evolution (kg): 
- - pre-WL: -4.6 ± 0.6* (-6.4 ± 0.7%)  
- -1 - WL: +2.2 ± 0.5  
- -2 - WG-1: +3.3 ± 0.5  
- -3 - WG-2: -1.7 ± 0.6 (-2.3 ± 0.8%) 
FM (%BW): 11.2 ± 2.0 / NR / NR / NR / NR 
FM (kg): 8.4 ± 2.0 / 8.0 ± 1.8* / NR / NR / 8.0 ± 1.9* 
FFM (kg): 63.2 ± 7.0 / 59.0 ± 6.7* / NR / NR / 62.0 ± 6.6*# 
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95 
Wrestling 

 [5, placebo 
and creatine 
groups are 
the same 
sample] 

Energy intake (kcal/d): gradual restriction 
placebo: 1663 ± 732 (1st d) to 126 ± 168 (3rd d) 
creatine: 1388 ± 896 (1st d) to 286 ± 147 (3rd d) 

CHO (%EI): 53.4-57.1 
Lip (%EI): 28.4-34.4 
Prot (%EI): 11.6-14.5 
Physical activity: maintenance close to normal training load 
Hydration status: mild sauna procedure 

Supplementation (g/d):  
placebo: 320g glucose  
creatine: 320g glucose + 30g creatine 

Food intake (food + supplementation): 
- Energy intake (kcal/d):  

placebo: 3887 ± 439 
creatine: 3939 ± 727 

- CHO (%EI):  
placebo: 73.0 ± 3.8 
creatine: 73.7 ± 5.9 

- Lip (%EI):  
placebo: 18.2 ± 2.9 
creatine: 17.8 ± 6.0 

- Prot (%EI):  
placebo: 8.8 ± 1.2 
creatine: 8.6 ± 1.7 

[pre-WL / WL / WG] 
BW (kg): 

placebo: 74.3 ± 8.7 / 70.3 ± 7.9* / 72.7 ± 8.3*#  
creatine: 73.5 ± 7.6 / 70.2 ± 7.9* / 72.5 ± 8.2#  

71 
Wrestling 

HC [6] 
MC [6] 

imposed Energy intake (kcal/d): 
HC: 3205 ± 1082.7 
MC: 2187 ± 710.4 

CHO (%EI): 
HC: 60.7 ± 14.7 
MC: 60.2 ± 6.1 

Lip (%EI): 
HC: 26.3 ± 10.8 
MC: 24 ± 7.6 

Prot (%EI): 
HC: 13.5 ± 5.6 
MC: 12.7 ± 4.4 

[pre-WL / WL / WG] 
BW and weight variations from previous time point (kg)NAS:     

total: NR / -2.4 ± 2.4 / NR 
HC: 72.7 ± 14.2 / NR / +1.00 ± 0.17 
MC: 70.0 ± 8.08 / NR / +0.83 ± 0.51 

FM (%BW): 
HC: 11.5 ± 2.4 / NR / NR 
MC: 11.7 ± 2.2 / NR / NR 

103 
Judo, 

wrestling 
[10, gradual 

and rapid 
WL are the 

same 
sample] 

[gradual WL: pre-WL-1 / WL-1; rapid WL: WL-2] 
Energy intake (kcal/d):  

gradual WL: 2550 ± 1199 / 1697 ± 1199* 
rapid WL: 1350 ± 1025* 

CHO (g/d):  
gradual WL: 302 ± 152 (48%EI) / 239 ± 177 (57%EI)  
rapid WL: 182 ± 174 (55%EI) 

Lip (%EI):  
gradual WL: 35 / 25  
rapid WL: 28 

Prot (g/d):  
gradual WL: 107 ± 54 (17%EI) / 71 ± 51 (18%EI)  
rapid WL: 56 ± 54 (17%EI) 

PAL: pre-WL-1 < WL-2; WL-1 = WG-1; WL-1 = WL-2 

rapid WL  
[WG-2] 
Energy intake (kcal/5h)NAS: 2020 ± 696 
CHO (g/5h)NAS: 285 ± 85 

Weight variations (kg)NAS:  
gradual WL:  
- -1 - pre-WL-1: -3.7 ± 0.9 (-5.0 ± 1.3%) 
rapid WL: 
- -2 - pre-WL-2: -4.4 ± 1.6 (-6.0 ± 1.9%)  
- -2 - WL-2: +73% of relative WL-2 
- -3 - WG-2: -2.0 ± 1.3 (-2.7 ± 1.6%) 

Strength and conditioning sports 
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15 
Body 

building 
[45] 

Usual WL methods and duration: see Table 1 
Other WL methods (% of sample): 
- calorie counting: 56% 
- special diets: 18% 

WG methods (% of sample): 
- amino acids: 50% 
- extra meals: 40% 
- protein powder: 32% 
- liquid supplements: 26% 
- less exercise: 11% 
- special diets: 11% 
- weight gain pills: 5% 

Usual weight variations: see Table 1 
Most WG this season (kg): 5.9 ± 4.5 

16 
Body 

building 
[1] 

[pre-WL / WL-1 / WL-2 / WL-3] 
Energy intake (kcal/d)NAS: 2010 / 1798 / 1541 / 1712 
CHO (g/d)NAS: 225 (45%EI) / 187 (42%EI) / 143 (37%EI) / 

188 (44%EI) 
Lip (g/d)NAS: 70 (31%EI) / 50 (25%EI) / 41 (24%EI) / 40 

(21%EI) 
Prot (g/d)NAS: 120 (24%EI) / 150 (33%EI) / 150 (39%EI) / 

150 (35%EI) 
Fibre (g/d)NAS: 48 / 40 / 24 / 34 
Physical activityNAS: high-volume resistance training 

program (4 5 d/wk) + brief HIIT (1 2 d/wk) + longer 
aerobic exercise session (1 d/wk) 

[WG-1 / WG-2] 
Energy intake (kcal/d)NASNAS: 2032 / 2023 
CHO (g/d)NAS: 219 (43%EI) / 233 (46%EI) 
Lip (g/d)NAS: 146 (29%EI) / 133 (26%EI) 
Prot (g/d)NAS: 63 (28%EI) / 62 (28%EI) 
Fibre (g/d)NAS: 49 / 47 
Physical activityNAS: high-volume resistance training program 

(3 4 d/wk) + brief HIIT (1 2 d/wk) + longer aerobic exercise 
session (1 d/wk) 

[pre-WL / WL-1 / WL-2 / WL-3 / WG-1 / WG-2 / WG-3 / WG-4] 
BW (kg)NAS: NR / 54.9 / 51.3 / 49.8 / 51.8 / 55.1 / 57.3 / 56.1 
FM (%BW)NAS: 15.1 / NR / NR / 8.6 / NR / 14.8 / 20 / 20 
FM (kg)NAS: 8.3 / NR / NR / 4.3 / NR / NR / NR / NR / NR 
FFM (kg)NAS: 44.3 / NR / NR / 44.3 / NR / NR / NR / NR 
FFM (%BW)NAS: 80.7 / NR / NR / 89.0 / NR / NR / NR / NR 

80 
Body 

building 
[1] 

Energy intakeNAS: gradually decreased 
- pre-WL: 3860 kcal/d (28%EI prot + 52%EI CHO + 20%EI 

lip) 
- WL-1 to WL-7: 1724 kcal (52%EI prot +19%EICHO + 

29%EI lip) x 6 d/wk + 2130 kcal (41%EI prot +28%EI 
CHO + 21%EI lip) x 1 d/wk 

Physical activityNAS: resistance training 5-6 d/wk + gradually 
increased of aerobic training (MISS + HIIT) 

Energy intakeNAS: gradually increased (reverse dieting 
strategy) 
Physical activityNAS: aerobic exercise gradually decreased 

[pre-WL / WL-1 / WL-2 / WL-3 / WL-4 / WL-5 / WL-6 / WL-7 / WG-1 / WG-2 / WG-3 / WG-4 / 
WG-5] 
BW (kg)NAS: 85.2 / 84.1 / 84.3 / 80.8 / 80.6 / 80.1 / 79.1 / 76.1 / 76.5 / 80.5 / 82.5 / 85.2 / 86.6
FM (%BW)NAS: 
- DXA: 13.8 / NR / NR / NR / NR / NR / NR / NR / 5.1 / NR / NR / NR / NR / 13.8 
- BodPod: 13.4 / 12.8 / 13.5 / 11.5 / 10.3 / 11.1 / 10.3 / 9.6 / 8.9 / 11.0 / 13.0 / 15.2 / 17.2 

81 
Body 

building 
[1] 

Energy intakeNAS: gradually decreased 
- pre-WL: 36%EI CHO + 28%EI lip + 36%EI prot x 5 d/wk 

and 48%EI CHO + 22%EI lip + 30%EI prot x 2 d/wk 
- WL period: progressive reduction of 5-10 g/wk in CHO 

and/or lip 
- WL-5: 29%EI CHO + 25%EI lip + 46%EI prot 
Physical activityNAS: 4 d/wk resistance training (5 h/wk) + 1 

d/wk HIIT (40 min/wk) + 1 d/wk low-intensity, steady-
state, aerobic exercise (30 min/wk) + "posing practice" 
(from 1 d/wk to 4 d/wk) 

Energy intakeNAS: 35-40%EI CHO + 30-35%EI lip + 25-
30%EI prot 

Physical activityNAS: 4 d/wk resistance training (5 h/wk) + 1 
d/wk HIIT (20 min/wk) 

[pre-WL / WL-1 / WL-2 / WL-3 / WL-4 / WL-5 / WL-6 / WG-1 / WG-2 / WG-3 / WG-4 / WG-5 / 
WG-6] 

BW (kg)NAS: 102.85 / 99.36 / 96.46 / 92.27 / 90.76 / 90.23 / 88.87 / 91.06 / 94.56 / 98.03 / 98.10 / 
99.55 / 98.99 

FM (%BW)NAS:  
- 4-C model: 14.8 / 13.4 / 12.1 / 8.9 / 6.4 / 6.6 / 4.5 / 8.4 / 8.8 / 12.6 / 15.5 / 15.0 / 14.6
- skinfolds: 8.9 / 8.2 / 6.1 / 4.6 / 5.0 / 3.5 / 3.1 / 7.0 / 7.2 / 6.7 / 6.7 / 8.2 / 6.3 
FFM (kg)NAS: 87.65 / 86.01 / 84.82 / 84.09 / 84.97 / 84.25 / 84.84 / 83.42 / 86.29 / 85.68 / 82.88 / 

84.66 / 84.59 
TBW (kg)NAS: 62.60 / 61.79 / 61.19 / 60.25 / 61.99 / 60.48 / 62.12 / 60.84 / 63.71 / 63.30 / 58.89 / 

60.83 / 60.31 
82 

Body 
building 

[1] 

Physical activity: 4-6 d/wk resistance training + 3 - 6 d/wk 
aerobic training (cycling, walking/running, stepping 
exercise, HIIT) 

 NR [pre-WL/ WL-1 / WL-2 / WL-3 / WL-4 / WL-5 / WG-1 / WL-6 / WL-7 / WG-2 / WG-3 / WG-4] 
BW (kg)NAS: 65.0 / 64.2 / 62.8 / 62.6 / 60.9 / 60.2 / 61.3 / 59.8 / 59.0 / 61.1 / 63.3 / 65.8 
FM (%BW)NAS:20.3 / 19.3 / 18.0 / 15.0 / 12.7 / 12.2 / 12.2 / 11.4 / 11.6 / 11.2 / 14.7 / 18.8
FM (kg)NAS: 13.2 / 12.4 / 11.3 / 9.4 / 7.7 / 7.3 / 7.5 / 6.8 / 6.9 / 6.8 / 9.3 / 12.3
FFM (kg)NAS: 51.8 / 51.8 / 51.5 / 53.2 / 53.1 / 52.9 / 53.8 / 53.0 / 52.1 / 54.2 / 54.0 / 53.4 
TBW (kg)NAS: 37.5 / 37.2 / 36.5 / 37.7 / 37.1 / 37.7 / 38.3 / 37.3 / 37.1 / 38.2 / 38.2 / 38.0 
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39 
Fitness 

DIET [27] 
CT [23] 

[pre-WL / WL / average WL period] 
Energy intake (kcal/d):  

DIET: 2367.0 ± 426.6 / 1885.2 ± 344.2* / 1798.3 ± 371.9* 
CT: 2496.7 ± 551.5 / NR / NR 

CHO (g/d):  
DIET: 215.6 ± 67.7 / 126.1 ± 49.1* / 127.8 ± 39.7* 
CT: 218.8 ± 50.3 / NR / NR 

Lip (g/d):  
DIET: 64.4 ± 16.2 / 56.8 ± 16.4* / 52.8 ± 16.4* 
CT: 82.2 ± 23.3 / NR / NR 

Prot (g/d):  
DIET: 202.5 ± 44.1 / 189.7 ± 39.5* / 184.7 ± 40.5* 
CT: 172.3 ± 37.6 / NR / NR 

Physical activity (METh/wk (time/wk)): 
- Resistance training: 

DIET: 44.9 ± 8.6 (4.7 ± 0.7) / 46.0 ± 8.5 (4.7 ± 0.6) / NR 
CT: 31.9 ± 19.5 (3.9 ± 1.9) / NR / NR 

- Aerobic exercise: 
DIET: 13.3 ± 10.4 (3.6 ± 2.8) / 19.1 ± 15.6 (4.4 ± 2.9) / 
NR 
CT: 17.9 ± 23.7 (2.6 ± 2.6) / NR / NR 

[Competition wk / WG] 
Energy intake (kcal/d):  

DIET: 2339.6 ± 610.2 / 2216.4 ± 522.6 
CT: 2341.1 ± 424.0 / 2491.8 ± 370.4 

CHO (g/d):  
DIET: 229.9 ± 199.0 / 188.5 ± 72.5 
CT: 216.7 ± 41.4 / 224.0 ± 49.8 

Lip (g/d):  
DIET: 63.9 ± 25.3 / 59.7 ± 13.0 
CT: 73.8 ± 28.8 / 84.9 ± 29.4 

Prot (g/d):  
DIET: 160.6 ± 32.5* / 195.4 ± 41.5 
CT: 181.9 ± 37.9 / 184.7 ± 39.5 

Physical activity (METh/wk (time/wk)): 
- Resistance training: 

DIET: 19.5 ± 10.9* (4.2 ± 1.1) / 42.4 ± 8.3 (4.6 ± 0.8) 
CT: NR/ 32.2 ± 17.2 (3.8 ± 1.7) 

- Aerobic exercise: 
DIET: 13.2 ± 8.4 (4.4 ± 2.5) / 9.7 ± 7.8¶ (2.3 ± 1.9¶) 
CT: NR / 18.3 ± 24.8¶ (3.3 ± 3.5¶) 

[pre-WL / WL / WG / -pre- - -pre-WL] 
BW and weight variations (kg): 

DIET: 64.3 ± 6.9 / 56.5 ± 5.3 / 62.6 ± 6.9 / -11.9 ± 3.8%* / +10.9 ± 5.3%# / -2.4 ± 5.6%*
CT: 64.3 ± 5.3 / 64.5 ± 5.5 / 64.4 ± 5.5 / 0.3 ± 3.1%# / -0.1 ± 3.4%# / 0.1 ± 3.7% 

FM (kg): 
- DXA: 

DIET: 14.6 ± 4.6 / 7.1 ± 2.7 / 12.7 ± 4.2 / -50.4 ± 12.4%*¶ / +84.7 ± 50.7%#¶ / -10.1 ± 25.6%* 
CT: 14.9 ± 3.7 / 15.5 ± 3.9 / 15.1 ± 4.4 / 5.1 ± 12.9%¶ / -2.6 ± 13.2%¶ / 2.1 ± 16.8%

- bioimpedance: 
DIET: 12.8 ± 3.4 / 6.6 ± 2.5 / 11.2 ± 3.3 / -47.4 ± 17.9%*¶ / +91.5 ± 74.0%#¶ / -6.1 ± 29.3% 
CT: 13.0 ± 3.1 / 13.2 ± 3.5 / 13.0 ± 4.0 / 2.1 ± 16.2%¶ / -1.5 ± 15.6%¶ / -0.1 ± 17.8% 

- skinfolds: 
DIET: 16.3 ± 3.3 / 10.4 ± 2.2 / 16.4 ± 4.0 / -35.2 ± 11.2%*¶ / +57.9 ± 26.7%# / 1.3 ± 18.8%
CT: 15.5 ± 9.4 / 16.2 ± 9.7 / 16.3 ± 9.9 / 9.5 ± 29.6%¶ / -4.5 ± 43.6% / 9.5 ± 52.4% 

FFM (kg): 
- DXA: 

DIET: 47.6 ± 4.1 / 48.0 ± 3.9 / 48.3 ± 4.3 / +1.1 ± 3.1% / +0.6 ± 3.8% / +1.7 ± 4.4%
CT: 47.3 ± 4.7 / 47.2 ± 4.7 / 47.4 ± 5.0 / -0.2 ± 2.4% / 0.5 ± 2.7% / 0.3 ± 3.1%

- bioimpedance: 
DIET: 48.6 ± 4.9 / 47.1 ± 4.3 / 47.9 ± 5.0 / -3.0 ± 4.4%* / +2.1 ± 3.2%* / -1.1 ± 4.7%
CT: 49.2 ± 4.9 / 48.4 ± 4.8 / 48.5 ± 4.6 / -1.6 ± 5.8% / 0.2 ± 2.9% / -1.3 ± 6.1%

- skinfolds: 
DIET: 48.0 ± 4.3 / 46.1 ± 3.9 / 46.3 ± 4.1 / -3.9 ± 2.7%*¶ / +0.4 ± 2.4% / -3.5 ± 3.1%* 
CT: 48.8 ± 6.8 / 48.2 ± 7.0 / 48.0 ± 7.1 / -1.2 ± 3.1%¶ / -0.4 ± 4.0% / -1.6 ± 4.5%

54 
Fitness 

DIET [25] 
CT [17] 

[pre-WL / WL] 
Energy intake (kcal/d)NASG:  
DIET: 2348 ± 418 / 1664 ± 305* (-18%) 
CT: 39.6 ± 8.04 / 36.76 ± 5.77 
Physical activity (METh/wk)NASG: 
- Resistance training:  
DIET: 45.31 ± 8.76 / 46.1 ± 9.9 
CT: 33.61 ± 19.44 / 28.59 ± 14.22 
- Aerobic exercise:  
DIET : 13.95 ± 10.43 / 22.3 ± 17.79* 
CT: 15.76 ± 23.81 / 13.16 ± 14.54 
- Total amount exercise:  
DIET: WL = pre-WL + 15%* 
CT: pre-WL = WL 
Energy availability (kcal/kg of FFM/d)NASG:  
DIET: WL =  pre-WL - 29%* 
CT: pre-WL = WL 

Energy intake (kcal/d)NASG:  
DIET: 2315 ± 549 
CT: 2518 ± 380 
Physical activity (METh/wk)NASG: 
- Resistance training:  
DIET: 42.25 ± 8.23 
CT: 32.11 ± 17.77 
- Aerobic exercise:  
DIET: 10.99 ± 12.19 
CT: 16.65 ± 25.61 
Energy availability (kcal/kg FFM/d)NASG: 
DIET: pre-WL > WG* 
CT: pre-WL = WG 

[pre-WL / WL / WG] 
BW (kg)NASG: 

DIET: 64.72 ± 6.92 / 56.62 ± 5.51* / 63.17 ± 6.92* 
CT: 63.71 ± 5.07 / 64.02 ± 5.76 / 63.64 ± 5.55 

BMI (kg/m²)NASG: 
DIET: 23.54 ± 1.82 / 20.6 ± 1.42* / 22.99 ± 2.03* 
CT: 23.08 ± 1.36 / 23.2 ± 1.78 / 23.05 ± 1.57 

FM (kg)NASG: 
DIET: 14.88 ± 4.47 / 7.17 ± 2.69* / 12.99 ± 4.21* 
CT: 14.19 ± 3.05 / 14.87 ± 3.48 / 14.39 ± 3.17 

FFM (kg)NASG: 
DIET: 47.69 ± 4.2 / 48.12 ± 4.03 / 48.5 ± 4.43* 
CT: 47.52 ± 3.83 / 47.44 ± 3.8 / 47.53 ± 4.05 
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55 
Fitness 

DIET [25] 
CT [17] 

FINRISK 
[58] 

[pre-WL / WL] 
Energy intake (kcal/kg/d):  

DIET: 36.51 ± 6.54¶ / 29.62 ± 5.49* 
CT: 39.60 ± 8.04µ / 36.76 ± 5.77 
FINRISK: 32.90 ± 10.20¶µ / N/A 

CHO (g/kg/d):  
DIET: 3.35 ± 1.02¶ / 2.06 ± 0.64* 
CT: 3.58 ± 0.57µ / 3.42 ± 0.60 
FINRISK: 3.99 ± 1.42¶µ / N/A 

Lip (g/kg/d):  
DIET: 0.98 ± 0.25 / 0.84 ± 0.22* 
CT: 1.28 ± 0.39 / 1.17 ± 0.44* 
FINRISK: 1.10 ± 0.35 / N/A 

Prot (g/kg/d):  
DIET: 3.14 ± 0.63¶ / 3.06 ± 0.66 
CT: 2.77 ± 0.47µ / 2.80 ± 0.50 
FINRISK: 1.43 ± 0.50¶µ / N/A 

Physical activity (METh/wk): 
- Total exercise level:  

DIET: 59.30 ± 13.80 / 68.40 ± 19.60* 
CT: 49.40 ± 27.80 / 41.80 ± 18.70 
FINRISK: 31.30 ± 19.70* / N/A 

- Resistance training:  
DIET: 45.31 ± 8.76 / 46.1 ± 9.9 
CT: 33.61 ± 19.44 / 28.59 ± 14.22 
FINRISK: NR / N/A 

- Aerobic exercise:  
DIET: 13.95 ± 10.43 / 22.3 ± 17.79* 
CT: 15.76 ± 23.81 / 13.16 ± 14.54 
FINRISK: NR / N/A 
 
NASG between DIET and CT 

Energy intake (kcal/kg/d):  
DIET: 37.80 ± 9.87 
CT: 39.74 ± 5.46 
FINRISK: N/A 

CHO (g/kg/d):  
DIET: 3.24 ± 1.34 
CT: 3.59 ± 0.79 
FINRISK: N/A 

Lip (g/kg/d):  
DIET: 1.02 ± 0.23 
CT: 1.38 ± 0.46 
FINRISK: N/A 

Prot (g/kg/d):  
DIET: 3.34 ± 0.81 
CT: 2.86 ± 0.53 
FINRISK: N/A 

Physical activity (METh/wk): 
- Total exercise level:  

DIET: 53.20 ± 16.20 
CT: 48.80 ± 27.00 
FINRISK: N/A 

- Resistance training: 
DIET: 42.25 ± 8.23 
CT: 32.11 ± 17.77 
FINRISK: N/A 

- Aerobic exercise:  
DIET : 10.99 ± 12.19 
CT: 16.65 ± 25.61 
FINRISK: N/A 
 
NASG between DIET and CT 

[pre-WL / WL / WG] 
BW (kg): 

DIET: 64.72 ± 6.92 / 56.62 ± 5.51* / 63.17 ± 6.92* 
CT: 63.71 ± 5.07 / 64.02 ± 5.76 / 63.64 ± 5.55 
FINRISK: 62.10 ± 7.84 / N/A / N/A 

BMI (kg/m²): 
DIET: 23.54 ± 1.82 / 20.6 ± 1.42* / 22.99 ± 2.03* 
CT: 23.08 ± 1.36 / 23.2 ± 1.78 / 23.05 ± 1.57 
FINRISK: 22.9 ± 2.6 / N/A / N/A 

FM (kg): 
DIET: 14.88 ± 4.47¶ / 7.17 ± 2.69* / 12.99 ± 4.21* 
CT: 14.19 ± 3.05µ / 14.87 ± 3.48 / 14.39 ± 3.17 
FINRISK: 17.80 ± 5.69¶µ / N/A / N/A 

FFM (kg): 
DIET: 47.69 ± 4.2¶ / 48.12 ± 4.03 / 48.5 ± 4.43* 
CT: 47.52 ± 3.83µ / 47.44 ± 3.8 / 47.53 ± 4.05 
FINRISK: 44.30 ± 2.89¶µ / N/A / N/A 

 
NASG between DIET and CT 

42 
Fitness 

DIET [25] 
CT [17] 

[pre-WL / WL] 
DIET 

Energy intake (kcal/d): -19% from pre-WL (mainly from 
CHO) 
Physical activity: +15% from pre-WL 
- Aerobic training (time/wk): 3.8 ± 2.8 / 4.8 ± 3.0 
- Total volume exercise: WL = pre-WL + 15% 

DIET 
Physical activity: 
Aerobic training (time/wk): 2.3 ± 2.2 

BW (kg):  
DIET: pre-WL < (WL and WG) 
CT: pre-WL = WL = WG 

FM (kg): 
DIET: pre-WL > (WL (-52% from pre-WL) and WG) 
CT: pre-WL = WL = WG 

96 
Power 
lifting 

WC [200] 
regular WC 

[268] 

WC: 
Usual WL methods and duration: see Table 1 

 
- Low fibre/low residue diet: 50.5% 

NR Usual BW variations: 
WC see Table 1 

 
[pre-WL / WL / WG] 
BW (kg)NAS:  

regular WC: 82.20 ± 28.27 / 79.78 ± 27.86 / 82.75 ± 28.45 
Imposed WL conditions only 
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97 
Body 

building 
FLEX [11] 
RIGID [12] 

[pre-WL / WL] 
Energy intake (kcal/d): 

FLEX: 2289 ± 741 / 1827 ± 453* (-20%EI) 
RIGID: 1904 ± 504 / 1567 ± 226* (-17.7%EI) 

CHO (g/d): 
FLEX: 235 ± 112 (41%EI) / 153 ± 44* (34%EI) 
RIGID: 181 ± 74 (38%EI) / 126 ± 41* (32%EI) 

Lip (g/d): 
FLEX: 89 ± 36 (35%EI) / 67 ± 29* (33%EI) 
RIGID: 84 ± 33 (40%EI) / 59 ± 23* (34%EI) 

Prot (g/d): 
FLEX: 137 ± 39¶ (24%EI) / 153 ± 20 (33%EI) 
RIGID: 106 ± 29¶ (22%EI) / 133 ± 40* (34%EI) 

Energy intake (kcal/d): 
FLEX: 2067 ± 433 
RIGID: 1721 ± 318# 

CHO (g/d): 
FLEX: 218 ± 64# (42%EI) 
RIGID: 168 ± 54# (39%EI) 

Lip (g/d): 
FLEX: 67 ± 19 (29%EI) 
RIGID: 61 ± 19 (32%EI) 

Prot (g/d): 
FLEX: 148 ± 37 (29%EI) 
RIGID: 125 ± 27 (29%EI) 

[pre-WL / WL-1 / WL-2 / WG-1 / WG-2] 
BW (kg): 

FLEX: 76.1 ± 8.4 / 74.2 ± 8.4 / 73.5 ± 8.8$ / 74.1 ± 9.7 / 75.2 ± 9.8$ 
RIGID: 74.9 ± 12.2 / 73.0 ± 11.5 / 71.9 ± 11.7$ / 72.4 ± 10.8 / 72.3 ± 11.6

FM (%BW):  
FLEX: 19.4 ± 8.5 / 17.9 ± 7.9 / 17.0 ± 7.1$ / 17.2 ± 6.4 / 17.0 ± 6.6 
RIGID: 24.0 ± 6.2 / 21.8 ± 7.3 / 20.7 ± 7.1$ / 21.6 ± 7.2 / 22.1 ± 6.8$ 

FM (kg): 
FLEX: 14.8 ± 5.7 / 13.1 ± 5.6 / 12.5 ± 5$ / 12.5 ± 4.4 / 12.5 ± 4.4 
RIGID: 18.1 ± 6.2 / 15.9 ± 6.5 / 14.9 ± 6.5$ / 15.6 ± 6.4 / 16.0 ± 6.4$ 

FFM (kg):  
FLEX: 61.3 ± 11.3 / 61.1 ± 10.5 / 61.0 ± 10.4 / 61.6 ± 10.8 / 62.7 ± 11.3$
RIGID: 56.8 ± 10.7 / 57.1 ± 11.0 / 57.0 ± 10.8 / 56.8 ± 10.3 / 56.3 ± 10.5

Combat sports + strength and conditioning sports + other sports 
101 

Boxing [22] 
Judo [16] 

LW rowing 
[33] 

Wrestling 
[33] 

DIET [104] 
CT [38] 

Physical activity (post-career, h/wk):  
boxing: 5.41 ± 6.43 
judo: 3.81 ± 2.14 
LW rowing: 4.86 ± 4.24 
wrestling: 4.86 ± 3.39 

NR [18 yo / 20-25 yo / 26-30 yo (= mean age of retirement) / 31-35 yo / 36-40 yo / 41-45 yo / 46-50 yo / 
51-55 yo] 

BMI (kg/m²)NAS: 
DIET: 21.5 / 22.5 / 23.2 / 24.5 / 24.6 / 24.9 / 25.1 / NR 
- boxing: 19.9 / 20.4 / 21.3 / 24.5 / 24.1 / 24.5 / NR / NR (+3.78 ± 2.9 between 18 yo and 2009)
- judo: 22.4 / 23.5 / 23.7 / 24.1 / 23.9 / 23.4 / 25.4 / 24.1 (+2.05 ± 1.1 between 18 yo and 2009)
- LW rowing: 21.8 / 21.9 / 22.6 / 23.4 / 23.2 / 23.4 / 24.3 / NR (+2.30 ± 0.87 between 18 yo and 
2009) 
- wrestling: 22 / 24 / 25 / 25.7 / 26.2 / 26.2 / 25.5 / 26.5 (+4.87 ± 4.2 between 18 yo and 2009) 
CT: 22.6 / 23.6 / 24.0 / 24.0 / 24.2 / 25.0 / 25.1 / NR 

WG 18 yo vs 51-55 yo (kg): 
DIET: 3.4 ± 5.6 
CT: 2.5 ± 5.8 

WL per diet (%BW): 
boxing: 5.07 ± 1.82¶ 
judo: 4.66 ± 1.33µ 
LW rowing: 4.5 ± 2.33£ 
wrestling: 7.38 ± 2.79¶µ£ 

cumulated WL in career (kg): 
boxing: 72.27 ± 37.69¶ 
judo: 59.31 ± 48.66µ 
LW rowing: 23.11 ± 18.96¶µ£ 
wrestling: 67.74 ± 52.81£ 
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98 
Boxing, jiu-
jitsu, judo, 

karate, 
MMA, 
power 
lifting, 
TKD, 
weight 
lifting, 

wrestling, 
viet vo dao, 

yoseikan 
budo 
[168] 

Usual WL methods and duration: see Table 1 NR [pre-WL / WL / WG] 
BW (kg)NAS: 67.18 ± 12.21 / 64.40 ± 11.88 / 66.69 ± 11.99 
Usual weight variations: see Table 1 

102 
Boxing, 
weight 
lifting, 

wrestling 
WC [273] 
CT [1093] 
NA [667] 

Physical activity (MET/month): CT (36.8¶) > WC (29.1¶) > 
NA (17.7¶) 

NR [20 yo (n=2033) / 1985 (n=1726) / 1995 (n=1074) / 2001 (n=470)] 
BMI (mean (range), kg/m²): 

WC: 22.8 (22.5-23.1) / 27.8 (27.4-28.3)¶µ / 28.1 (27.5-28.8)¶µ / 27.4 (25.5-28.4) 
CT: 22.6 (22.5-22.7) / 25.7 (25.5-25.9)¶ / 25.3 (25.0-25.5)¶ / 26.4 (25.9-26.9) 
NA: 22.7 (22.6-22.9) / 26.5 (26.2-26.8)µ / 26.9 (26.5-27.2)µ / 27.4 (26.8-27.9)

Weight variations vs 20 yo (mean (range), kg): 
WC: N/A / 15.1 (13.9-16.3)¶ / 15.2 (13.4-17.0)¶ / 14.2 (11.4-17.0) 
CT: N/A / 9.6 (8.9-10.2)¶ / 8.5 (7.7-9.3)¶ / 10.4 (9.1-11.8) 
NA: N/A / 11.8 (11.0-12.6)* / 12.4 (11.4-13.5) / 14.8 (13.1-16.4) 

77 
Rowing 
m [12] 
f [6] 

[pre-WL / WL-1 / WL-2] 
Energy intake (kcal/d)NASG:  
  m: 2628.3 ± 535.4 / 2308.1 ± 685.9 / 2341.1 ± 1170.9 
  f: 1640.5 ± 522.9 / 1202.9 ± 607.6*/ 1188.3 ± 509.8* 
CHO (g/d)NASG: 
  m: 354 (52%EI) / 427 (65%EI) / 415 (67%EI) 
  f: 260 (58%EI) / 208 (63%EI) / 214 (68%EI)  
Lip (g/d)NASG: 
  m: 86 (28%EI) / 37 (21%EI)* / 33 (14%EI)* 
  f: 48 (21%EI) / 34 (22%EI) / 32 (15%EI) 
Prot (g/d)NASG: 
  m: 98 (15%EI) / 98 (19%EI) / 100 (18%EI)  
  f: 73 (17%EI) / 48 (16%EI) / 37 (15%EI)* 

Energy intake (kcal/d)NASG:  
  m: 3035.1 ± 1260.8 
  f: 2069.8 ± 875.0 
CHO (g/d)NASG: 
  m: 354 (46%EI)  
  f: 263 (52%EI) 
Lip (g/d)NASG: 
  m: 113 (34%EI) 
  f: 73* (31%EI)  
Prot (g/d)NASG: 
  m: 118 (16%EI)  
  f: 90 (18%EI) 

[pre-WL / WL-1 / WL-2 / WG] 
BW (kg)NASG: 

m: 76.0 ± 3.5 / 72.9 ± 2.8* / 69.8 ± 5.5* / 76.5 ± 4.2 
f:  60.8 ± 3.4 / 58.2 ± 2.2* / 57.0 ± 2.7* / 61.2 ± 3.7 

FM (Withers,%BW)NASG: 
m: 10.02 ± 3.1 / 7.82 ± 2.8* / 8.31 ± 2.4* / 10.80 ± 4.8 
f: 22.14 ± 1.2 / 19.68 ± 2.4* / NR / 23.40 ± 2.0 

FM (DXA, kg)NASG: 
m: 7.1 ± 1.4 / 5.6 ± 1.0* / 6.1 ± 0.7* / 7.9 ± 1.7 
f: 12.5 ± 0.5 / 10.8 ± 0.5* / NR / 12.2 ± 0.5 

FFM (kg)NASG: 
m: 64.1 ± 1.4 / 63.8 ± 1.4 / 63.7 ± 1.4 / 64.8 ± 1.0 
f: 43.8 ± 1.0 / 43.9 ± 1.0 / NR / 43.5 ± 0.7 

Soldiers 
Usual soldiers WL and WG habits 
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104 
Soldiers 

WC [190] 
CT [385] 

Usual WL methods and duration: see Table 1 

 
- Supplement use: 

WC: 17.9%¶ 
CT: 10.6%¶ 

- Neck exercises/Waist trainer: 
WC: 12.2%¶ 
CT: 5.5%¶ 

- Dehydration: 
WC: 18.4%¶ 
CT: 7.8%¶ 

- Other methods: 
WC: 0% 
CT: 0.3% 

NR BMI (kg/m²): 
WC: 26.9 ± 3.8¶ 
CT: 25.1 ± 3.3¶ 

Imposed WL conditions 
37 

Soldiers 
[10] 

imposed NR [pre-WL / WG-1 / WG-2] 
BW (kg): 82.49 ± 7.71 / 85.36 ± 7.54* / 85.48 ± 8.15* 
FM (%BW): 15.6 ± 3.9 / 17.7 ± 2.3* / 19.3 ± 3.0*$ 
FM (kg): 12.3 ± 3.0 / 14.4 ± 2.0* / 15.7 ± 2.8* 
FFM (kg): 67.5 ± 7.6 / 67.1 ± 6.7 / 65.5 ± 7.2 

Imposed WL and WG conditions 
35 

Soldiers 
g1 [55] 
g2 [50] 

g2sub [10] 

imposed imposed [pre-WL / WL-2 / WG-2 / WL-4 / WG-4] 
BW (kg):  

g2: 78.4 ± 8.7 / 72.9 ± 7.7* / 75.3 ± 7.5*# / NR / NR: 73.9 ± 2.9 / 68.1 ± 2.3$ / 73.9 ± 1.5$ / 65.5 ± 
2.3$* / 76.3 ± 3.0$ 

FM (kg):  
g2sub: 9.5 ± 1.5 / NR / NR / 5.3 ± 0.9 / 13.7 ± 1.2$ (+40% above normal levels)

FFM (kg):  
g2sub: 64.4 ± 1.6 / NR / NR / 60.2 ± 1.9 / 65.5 ± 2.2$ 

36 
Soldiers 

[10] 

imposed imposed [pre-WL / WL / WG] 
BW (kg): 74.1 ± 9.1 / 65.6* (-11.3% from pre-WL) / 79.3*# (+20.8% from WL, +7.1% from pre-
WL) 
FM (%BW): 12 ± 5 / 8 ± 4* / 17 ± 3*# 
FM (kg): 10 ± 5 / 5 ± 3* (-42.6% from pre-WL) / 14 ± 4*# (+190.4% from WL, +61.7% from pre-
WL) 
FFM (kg): 65 ± 5 / 60 ± 6* (-6.6% from pre-WL) / 66 ± 7# (+8.8% from WL, +1.6% from pre-WL) 
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34 
Soldiers 

LOW [19] 
HIGH [19] 

[pre-WL / WL (imposed)] 
Energy intake (kcal/d)NAST: 

LOW: 3196 ± 996 / 1183 ± 168 
HIGH: 3338 ± 1313 / 1174 ± 170 

CHO (g/d)NAST: 
LOW: 370.4 ± 122.9 / 146.1 ± 16.1¶ 
HIGH:  395.8 ± 179.6 / 50.1 ± 10.6¶ 

Lip (g/d)NAST: 
LOW: 101.4 ± 48.8 / 27.8 ± 6.9 
HIGH: 123 ± 61.3 / 37.8 ± 4.4 

Prot (g/d)NAST: 
LOW: 159.2 ± 61.1 / 79.2 ± 11.4¶ 
HIGH: 144.8 ± 44.1 / 156.5 ± 22.6¶ 

Physical activity (min)NAST:  
total: NR / 459 ± 273 

Daily energy deficit (kcal/d)NAST: 
LOW: NR / -4373 ± 1250 (-77.0 ± 1.8%) 
HIGH: NR / -4271 ± 1075 (-77.7 ± 6.8%) 

ad libitum [pre-WL / WL / WG] 
BW (kg):  

LOW: 76.2 ± 12.2 / 71.6 ± 11.6* / 75.3 ± 11.2# 
HIGH: 75.9 ± 12.2 / 71.9 ± 11.9* / 76.2 ± 11.2# 

FM (kg):  
LOW: 13.2 ± 7.7 / 8.6 ± 7.0* / NR 
HIGH: 16.0 ± 5.6 / 11.3 ± 6.5* / NR 

FFM (kg): 
LOW: 58.8 ± 7.8 / 59.5 ± 6.9 / NR 
HIGH: 58.8 ± 10.5 / 59.7 ± 9.8 / NR 

= : non-significant result between measures; > : significant decrease between measures; < : significant increase between measures; *: significant difference with pre-WL; #: significant difference with the last WL time point measurement; 
$: significant difference with previous time point; ¶, µ, £: significant difference between groups for a same symbol at a same time point; : difference between two time points measurement; %EI: percentage of energy intake; BJJ: Brazilian 
jiu-jitsu; BMI: body mass index; BW: body weight; CHO: carbohydrates; CT: control group; d: day; DIET: dieters; EWI: evening weigh-in group; f: female; FFM: fat-free mass; FM: fat-mass; h: hour; HIIT/ MIIS/ LISS: high/ moderate/ low 
intensity interval training; IR: interquartile range; Lip: lipids; LW/ MW/ HW: lightweight/ middleweight/ heavyweight; m: male; METh: metabolic equivalent hours; MMA: mixed martial art; mo: month: MT/K: muay thai/kickboxing; MWI: 
morning weigh-in group; NAS: non-apparent statistical result; NASG: non-apparent statistical result between groups; NAST: non-apparent statistical results between time points; N/A: not-applicable; NR: not reported; NS: non-significant result; 
PAL: physical activity level; Prot: proteins; SD: standard deviation; SMR: sleeping metabolic rate; TBW: total body water; TKD: taekwondo; WC: weight-cyclers; WD: weight difference; WG: weight gain; wk: week; WL: weight loss.
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Table S4. References included per meta-analysis.

   N n BW (kg)  N n FM (kg)  N n FM (%)  N n FFM (kg)

Gender 
male  24 24 2,11,13,38,41,43,53,78,79,83

88,90 95  5 6 41,53,87,88,92  6 8 53,85,87,88,92,93  6 8 41,53,85,87,88,93

female  5 6 11,39,83,89,94  1 1 39  0 0 NA  1 1 39 

Diet status 
DIET/WC  32 38 2,11 13,16,38,39,41,43,53,78

81,83 100  10 10 16,39,41,53,80,81,87,88,92,97  10 10 16,39,41,53,80,81,87,88,92,97  10 10 39,41,53,85,87,88,93,97

non-DIET/WC  6 6 39,43,85 87,94  2 2 39,87  2 2 85,87  3 3 39,85,87

Sport category 
combat sports  25 32 2,11 13,38,41,43,53,78,79,83

95,99,100  5 6 41,53,87,88,92  6 7 53,85,87,88,92,93  6 7 41,53,85,87,88,93

strength and conditioning 
sports  6 5 16,39,80,81,96,97  5 4 16,39,80,81,97  4 3 16,80,81,97  2 3 39,97

WL duration 

]0;7] days  10 10 12,38,41,43,53,85,91,93 95  2 2 41,53  3 3 53,85,93  4 4 41,53,85,93 
]7;14] days  7 12 11,13,83,84,92,98,100  1 1 92  1 1 92  0 0 NA

]14;31] days  6 7 2,11,87 89,100  2 3 87,88  2 3 87,88  2 3 87,88
]1;3] months  3 3 78,79,97  1 2 97  1 2 97  1 2 97 
]3;6] months  4 2 16,39,80,81  4 2 16,39,80,81  3 1 16,80,81  1 1 39 

WG duration 

]0;1] day  10 9 2,38,41,43,53,78,79,92,93,95  3 3 41,53,92  3 3 41,53,92  3 3 41,53,92
]1;7] days  16 23 11 13,83 85,88,90 94,96,98 100  2 2 88,92  4 4 85,88,92,93  3 3 85,88,93

]7;14] days  2 3 87,89  1 2 87  1 2 87  1 2 87 
]14;31] days  1 1 92  1 1 92  1 1 92  0 0 NA
]1;3] months  1 2 97  1 2 97  1 2 97  1 2 97 
]3;7] months  5 3 16,39,80,81,86  4 2 16,39,80,81  3 1 16,80,81  1 1 39 

WG > 1 day overall  18 19 16,39,80,81,83 94,96 98  8 8 16,39,80,81,87,88,92,97  9 9 16,80,81,85,87,88,92,93,97  8 8 16,39,80,81,87,88,92,97

WL x WG  
duration$ 

RWL x RWG  16 22 11 13,38,41,43,53,83 85,91,93
95,98,100  3 3 41,53,92  4 4 53,85,92,93  4 4 41,53,85,93 

RWL x LWG  1 1 92  1 1 92  1 1 92  0 0 NA
LWL x RWG  9 9 2,11,78,79,87 89,96,100  2 3 87,88  2 3 87,88  2 3 87,88
LWL x LWG  5 4 16,39,80,81,97  5 4 16,39,80,81,97  4 3 16,80,81,97  2 3 39,97

 
78 and 79 case studies were pooled as one study. 16, 80 and 81 case studies were pooled as one study. 
As no results were reported for the total group, subgroups were considered in the following articles: 87 (LEI / VLEI), 11(Rm / Rf / INm / INf), 100 (type of sports), 13(junior / senior), and 97 (FLEX / RIGID). 
BW: body weight, FFM: fat-free mass, FM: fat mass, N: number of studies included per meta-analyses, n: number of groups considered per meta-analyses, WG: weight gain, WL: weight loss. 
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Table S5. Additional results of interest by type of sport in response to imposed or not weight loss and/or weight gain strategies (quantitative data are given as mean ± SD).

Ref  
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

Combat sports 
 

59 
Boxing 
[142] 

N/A N/A N/A Performance (fight issue): NS correlation between 
WG or WD, and fight issue (losers vs winners) 

N/A 

84 
Boxing 

[61] 

 50.8 
RWL practice before 17 yo (% of 
sample): 34.4 

N/A N/A N/A N/A 

78 
Boxing 

[1] 

N/A N/A REE (kcal/d)NAS: 
- T1 (estimated): 2035 
- T6 (measured): 1983 
- T7 (measured): 1939 
- T8 (measured): 1920 
- T10 (estimated): 1971 
- T11 (estimated): 1985 
- mean REE value: 1972 ± 40 

N/A N/A 

60 
Boxing 
[399] 

BW: 97.5% of the athletes regain BW 
between official weigh-in and competition 

N/A N/A N/A N/A 

85 
Boxing 

DIET [10] 
non-DIET [7] 

N/A N/A REE (kcal/d): 
DIET vs non-DIET: NS at WG 

N/A N/A 

38 
Judo 

WC [68] 
non-WC [7] 

 N/A Glucose (mg/dL):  
WC: pre-WL = WL; WL = WG; pre-WL 
< WG 
non-WC: pre-WL = WL = WG 
WC vs non-WC: NS 

 N/A Anaerobic work (absolute (W) and relative 
(W/kg) mean and peak power):  
WC and non-WC: pre-WL < WG 

Performance (effort time, recovery time, standing 
combat, groundwork, number of attacks):  
WC and non-WC: pre-WL = WL 
WC vs non-WC: NS  

 N/A 

12 
Judo 

m [607] 
f [215] 

WC [688] 

RWLQ score: m (25.5) = f (27) but:  
- athletes who had switched to a heavier 
weight class (28.5) > athletes who had 
not changed (24.5) 

- regional level (17.5) < (state level (25) = 
national level (28) = international level 
(31.5)), with state level < international 
level 

N/A N/A N/A N/A  

86 
Judo 

WC [9] 
non-WC [9] 

  Insulin (pmol/L): 
WC: pre-WL = WL = WG 
non-WC: pre-WL = WL = WG 

Glucose (nmol/dL): 
WC: pre-WL = WL = WG 
non-WC: pre-WL = WL = WG 

T3 (umol/L): 
WC: pre-WL > (WL = WG) 

T4 (nmol/L):
non-WC: pre-WL > (WL = WG)

[pre-WL / WL / WG] 
REE (kcal/d): WC = non-WC 
WC: 1610.5 ± 306.0 / 1602.7 ± 
408.1 / 1622.9 ± 365.2 
non-WC: 1625.9 ± 204 / 1644 ± 
276.1 / 17 28 ± 278.2 

N/A N/A 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

88 
Judo 

total [10] 
slight WL [5] 
marked WL 

[5] 

N/A TG (mg/dL):  
total and slight WL: pre-WL = WL-1; 
pre-WL > WL-2; pre-WL = WG 
marked WL: pre-WL = WL-1, WL-2 
and WG 

FFA (mEq/L): 
total, slight and marked WL: pre-WL < 
WL-1 and WL-2; pre-WL = WG 

N/A Anaerobic work (high power, middle power (W)): 
total and slight WL: pre-WL = WL-1, WL-2 
and WG 
marked WL: pre-WL = WL-1; pre-WL > WL-
2; pre-WL = WG 

Muscle strength (handgrip, dorsal back, elbow 
(kg)):  
total, marked WL and slight WL: pre-WL = 
WL-1, WL-2 and WG 
marked WL vs slight WL: NS 

Vertical jump (cm):  
total, marked WL and slight WL: pre-WL = 
WL-1, WL-2 and WG 
marked WL vs slight WL: NS 

N/A 

56 
Judo 

judo [48] 
AS [20] 
m [30] 
f [38] 

[pre-WL] 
BMD (g/cm²): judo > AS 

N/A N/A N/A Dietary: calcium consumption (mg/d):
judo > AS 
m > f 

57 
Judo 

m [22] 
f [26] 

WC [19] 

N/A Insulin for a loss or regain of 4 kg (% of 
pre-WL):  
WC: pre-WL > WL-2 (-31%); WL-2 < 
WG (+18%) 

m vs f: NS 

N/A  N/A N/A 

58 
Judo 

WC [19] 
WC m [9] 
WC f [10] 

non-WC m 
[13] 

non-WC f 
[16] 

N/A N/A N/A Muscle strength (handgrip (kg), n = 45):  
WC and non-WC: pre-WL = WL = WG 

Vertical jump (cm, n = 33):  
non-WC m, WC f and non-WC f: pre-WL = 
WL = WG 
WC m: pre-WL > WL > WG 

N/A 

63 
Judo 

winners [44] 
losers [42] 

N/A N/A N/A Performance (fight issue):  
significant correlation between WG and fight 
issue (winners %WG > losers %WG) 

 N/A 

2 
MMA 

winners [8] 
losers [7] 

N/A N/A N/A Performance (lower limbs sequences (%), high-
intensity blocks (n), upper and lower limbs 
combinations (n)):  
significant positive correlation with WG 

(winners %WG > losers %WG) 

N/A 

64 
MMA 
[40] 

Hydration (USG): WL < WG 
- WG: 39% of subjects were dehydrated 

at WG 
- NS correlation between BW changes and 

hydration 

N/A N/A N/A N/A 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

79 
MMA 

[1] 

 N/A TG (mmol/L): -1 to WL-
from WL-3 to WL- -6 to 
WL- -7 to WL-8; WL-8 = 
WG-2 

HDL-C, LDL-C, total-C (mmol/L): 
from WL-1 to WL- -8 to 
WG-2 

[pre-WL / WL-1 / WL-2 / WG-2] 
REE (kcal/d):  
1906 / 1873 / 1575 / 1978$ 

Maximal oxygen uptake (peak (mL/kg/min)):  
- -1 to WL-2 

N/A 

91 
MMA 

[7] 

Hydration (UOSM (mOsmol/kg)):  
- pre-WL < WL; WL > WG 
- at WL: 57% dehydrated + 43% severely 

dehydrated 
- at WG: 57% hyperhydrated + 29% 

euhydrated + 14% dehydrated 

N/A N/A N/A  N/A 

65 
Wrestling 

[8] 

Hydration (USG): WL > (WG-1 = WG-3) 
> WG-2 
- WL: 88% of the sample was severly 
dehydrated 
- WG-1: 38% still severly dehydrated 
- off-season: 50% of the sample was 
moderatly dehydrated 

N/A N/A N/A N/A 

66 
Wrestling 

winners [266] 
losers [269] 

 N/A N/A N/A Performance (fight issue): NS correlation between 
WG and fight issue (winners %WG = losers 
%WG) 

N/A 

67 
Wrestling 

[13] 

Hydration (USG; UOSM (mOsmol/kg)): 
significant dehydration at WL-4 

N/A N/A   N/A 

74 
Wrestling 
WC [8] 

non-WC [6] 

Total skinfold (mm): 
WC and non-WC: pre-WL = WL-1 and 
WG; WL-1 < WG 

N/A REE (kcal/kg FFM): 
WC and non-WC: pre-WL = WL 
period = WG 
WC vs non-WC: NS 

N/A N/A 

68 
Wrestling 
DIET [27] 
non-DIET 

[24] 

Hydration (USG; USOM):  
DIET vs non-DIET: DIET < non-DIET 
at WL 
- 27 % of total subjects were severely 
dehydrated at WL (44% DIET + 8% 
non-DIET) 
- hypohydration at WL: DIET = 5 x non-
DIET 
- significant positive correlation between 
dehydration and amount of WL 

N/A N/A N/A N/A 

14 
Wrestling 

[741] 

 N/A N/A N/A N/A Binge eating (% of sample): after weigh-in 
(11.9%), off-season (10.2%), after a match 
(9.9%) and prior to a match (3.2%)

75 
Wrestling 

[78] 

Hydration (USG): normal range 
throughout the season 

N/A N/A N/A  N/A 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

4 
Wrestling 
collegiate 

[63] 

N/A N/A N/A N/A collegiate 
56  

Psychological moods during WL (% of 
sample):  
severe fatigue (75%), anger (66%), anxiety 
(33%), feelings of isolation (23%), depression 
(24%) and low self-esteem (12%)

Binge eating (sum of 'always/often' and 
'sometimes' answers, % of sample):
after match (59%), after weigh-in (52%), days 
before match (35%) and during off-season 
(26%) 

76 
Wrestling 

[11] 

BW (kg): significant correlation between 
WG and season record, and positive 
correlation between WG and official 
weight 

Skinfolds (mm):  
- triceps, abdomen, chest, suprailiac: (pre-

WL = WG) > WL 
- subscapular, thigh: pre-WL > WL; WL = 

WG; pre-WL = WG 

N/A N/A Performance (fight issue): NS correlation between 
WG and fight issue 

 N/A 

44 
Boxing [25%] 

BJJ [6%] 
Judo [12%] 

MMA [11%] 
MT/K [12%] 
TKD [6%] 
Wrestling 

[27%] 
total [637] 

Number of WL in the last 2 years:  
(BJJ (3 ± 3) = boxing (6 ± 6) = judo (5 ± 
5) = MMA (4 ± 2) = MT/K (3 ± 4) = 
TKD (7 ± 5)) < wrestling (16 ± 18) 

N/A N/A N/A N/A 

94 
Jiu-jitsu, judo, 
karate, muay 
thai, TKD, 

silat 
WC [43] 

N/A N/A N/A N/A Psychological moods during WL (% sample): 
fatigue (69.2%), decreased vigor (50.8%), 
muscle cramps (46.2%), decreased 
concentration (43.1%), help in winning 
competition (41.5%), increased risk of injury 
(33.8%), increased depression (24.6%) and 
short-term memory loss (10.8%) 

51 
Wresting, 
judo, TKD 

[14] 

Weight management declarations:  
- the athlete is in his/her mind forced to 
gain weight in order to be at his/her best 
in the current weight-class 

- off-season: slight WG due to the 
temporary reduction in training frequency 
and intensity + less restrictive dietary 

N/A N/A N/A Binge eating declarations: magnitude of post-
weigh-in binge eating depend on the time 
until the first match

Dietary declarations: several athletes followed 
a well-thought nutritional plan post weigh-in 
to assure optimal recovery  
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

52 
Judo, TKD, 
wrestling 

DIET [15] 

Weight management declarations:  
- WG in order to physically overpower the 
opponent 

- larger BW than opponent results in an 
advantage regarding leverage, reach, 
power, and strength 

- weight regulation is linked to the 
traditions and culture of the sport 

- optimal nutrition a necessity in striving 
for competitive success  

N/A N/A N/A Psychological values of weight regulation:
belonging, prestige, self-discipline, control, 
professionalism, focus, self-confidence, 
signal-power 

Imposed WL conditions only 
40 

Boxing 
[7] 

Exercise HR: pre-WL = WG N/A EE (kcal/min):  
- SMR: pre-WL > WL  
- postprandial: pre-WL < WG 
RER:  
- SMR: pre-WL > WL 
- postprandial: pre-WL > WG 
CHO oxidation (g/min):  
- sleeping: pre-WL > WL 
- postprandial: pre-WL > WG 
Lip oxidation (g/min):  
- sleeping: pre-WL = WL 
- postprandial: pre-WL < WG 

Maximal oxygen uptake (VO2 (mL/min)):  
- low and mid-intensity running levels: pre-WL > 
WG 
- high-intensity running level: pre-WL = WG 
RPE: pre-WL = WG 

N/A 

53 
Boxing, judo 

[10] 

N/A N/A [pre-WL / WL / WG] 
REE (kcal/d): 
1998 ± 242 / 1846 ± 261 / 1852 ± 
243 

SMR (kcal/d): 
1822 ± 191 / 1587 ± 150* / 1734 ± 
222 

N/A N/A 

Imposed WG conditions only 
43 

Judo 
DIET [10] 
non-DIET 

[10] 

N/A Insulin (mUI/L): 
DIET: pre-WL > WL; WL < WG 
non-DIET: pre-WL = WL; WL < WG 

TG (mmol/L): 
DIET: pre-WL < WL < WG 
non-DIET: pre-WL = WL; WL < WG 

FFA (mmol/L): 
DIET: (pre-WL = WG) < WL 
non-DIET:  pre-WL = WL; WL > WG 

Glucose (mmol/L): 
DIET: pre-WL = WL; WL < WG 
non-DIET: pre-WL = WL; WL = WG 

T3/T4: 
DIET: pre-WL > WL; WL < WG 
non-DIET: pre-WL = WL; WL = WG 

N/A Muscle strength (handgrip (kg)): 
DIET: pre-WL > WL (-5%); WL > WG (-7%) 
non-DIET: pre-WL = WL; WL > WG (-8%); 
pre-WL > WG 

Anaerobic work capacity: same variations as 
handgrip strength were observed 

Psychological moods (POMS): 
- Tension and fatigue:
DIET: pre-WL < WL < WG 
non-DIET:  pre-WL = WL; WL < WG 

- Anger:  
DIET: pre-WL < WL; WL = WG 
non-DIET: pre-WL = WL; WL = WG

- Vigor:  
DIET: pre-WL > WL > WG 
non-DIET: pre-WL = WL; WL > WG

- Depression and confusion: 
DIET and non-DIET: pre-WL = WL; WL = 
WG 

Imposed WL and WG conditions 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

50 
Wrestling 

[8] 

Body volume (L): pre-WL < WL; WL > 
WG 
Thoracic gaz volume (L): pre-WL > WL; 
WL < WG 

 N/A N/A N/A N/A 

41 
Wrestling 

[10] 

BMC (kg): pre-WL = WL = WG-3 
Hydration (USG; osmotic pressure 
(mOs/mL)): (pre-WL = WG-3) > WL 

n = 9 
Insulin (µU/mL): pre-WL = WL; WL < 
WG-3; pre-WL = WG-3 

Glucose (mg/dL): (pre-WL = WG-3) > 
WL 

TG (mg/dL): pre-WL < (WL = WG-3) 
FFA (mEq/L); total-C, 
HDL-C, LDL-C (mg/dL): (pre-WL = WG-
3) < WL 

N/A N/A N/A 

95 
Wrestling 

 [5, placebo 
and creatine 

groups are the 
same sample] 

N/A Glucose (mmol/L): 
placebo and creatine: pre-WL = WL = 
WG 

N/A Muscle strength (leg): 
- work submax (J):  
placebo: pre-WL = WL = WG 
creatine: pre-WL > WL; WL = WG; pre-WL = 
WG 

- work max (J): 
placebo: pre-WL = WL = WG 
creatine: pre-WL = WL and WG; WL < WG 

- total work (J): 
placebo: pre-WL > WL; WL = WG; pre-WL = 
WG 
creatine: pre-WL = WL = WG 

N/A 

71 
Wrestling 

HC [6] 
MC [6] 

N/A Glucose (mmol/L):  
MC and HC: pre-WL = WL and WG 
MC vs HC: MC < HC 

N/A Anaerobic work capacity: 
- total work (J), average power (W):  
MC and HC: pre-WL > WL; pre-WL = WG 
MC vs HC: MC < HC 

- peak power (W): 
MC and HC: pre-WL = WL and WG 
MC vs HC: NS 

N/A 

103 
Judo, 

wrestling 
[10, gradual 

and rapid WL 
are the same 

sample] 

 N/A N/A  N/A Anaerobic work capacity (power (W/kg)):  
gradual WL: pre-WL-1 = WL-1 
rapid WL: pre-WL-2 = WL-2 
gradual WL vs rapid WL: NS 

Vertical jump (cm): 
- no extra weight: 
gradual WL: pre-WL-1 = WL-1 
rapid WL: pre-WL-2 = WL-2 
gradual WL vs rapid WL: NS 

- with 50% extra weight: 
gradual WL: pre-WL-1 < WL-1  
rapid WL: pre-WL-2 = WL-2 
gradual WL vs rapid WL: NS 

- with 100% extra weight: 
gradual WL: pre-WL-1 = WL-1 
rapid WL: pre-WL-2 = WL-2 
gradual WL vs rapid WL: gradual WL (WL-1) 
> rapid WL (WL-2)

 N/A 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

Strength and conditioning sports 
 

15 
Body building 

[45] 

N/A N/A N/A N/A Psychological moods during WL (% of 
sample):  
irritability (55%), anger (47%), fatigue (46%), 
anxiety (33%), depression (33%) and isolation 
(31%) 

Binge eating (sum of 'always' and 'sometimes' 
answers, % of sample): 
after event (46%), off-season (38%), one 
week before event (28%), two weeks before 
event (23%) and the day of event (13%) 

16 
Body building 

[1] 

Total skinfold (mm): (pre-WL = WG-4) > 
WL-3 

N/A [pre-WL / WL-1 / WL-2 / WL-3 / 
WG-1 / WG-2] 
Exercise EE (kcal/d)NAS:  
NR / 484 / 459 / 440 / 355 / 378 

Energy availability (kcal/kg 
FFM)NAS:  
32.7 / 28.2 / 23.2 / 27.3 / 36.5 / 35.1 

N/A N/A 

80 
Body building 

[1] 

N/A N/A [pre-WL / WL-6 / WG-5] 
REE (kcal/d)NAS:  
2275.4 / 1910.1 / 2120 

Anaerobic work capacity (absolute (W) and 
relative (W/kg) peak and average power)NAS:  

 

N/A 

81 
Body building 

[1] 

N/A Insulin (µU/mL):  
WL-3; WL-6 < reference range 

Glucose (mg/dL):  
WL-3 < reference range 

Total-C (mg/dL):  
pre-WL; WL-3; WL-6; WG-3 > 
reference range 

TG, HDL-C and LDL-C (mg/dL):  
no value out of reference range 

[pre-WL / WL-3 / WL-6 / WG-3] 
REE (kcal/d)NAS:  
2401 / 1523 / 1281 / 1604 

Maximal oxygen uptake (VO2 peak (L/min) and 
critical power (W))NAS: 
- 
period 
- relative (/kg of BW): no apparent changes 

Muscle strength (1RM (kg))NAS: 
- -13.8%, 
bench press: -8.4%, deadlift: -
WG period   

- relative (/kg of BW): no apparent changes 

N/A 

82 
Body building 

[1] 

N/A N/A [pre-WL / WL-1 / WL-2 / WL-3 / 
WL-4 / WL-5 / WG-1 / WL-6 / WL-
7 / WG-2 / WG-3 / WG-4] 
REE (kcal/d)NAS:  
1345 / 1474 / 1236 / 1350 / 1351 / 
1202 / 1274 / 1119 / 1311 / 1240 / 
1363 / 1435 

 
[pre-WL / WL-5 / WG-1 / WG-2 to 
4] 
RERNAS:   
0.74 / 0.82 / 0.74 / 0.85 

Muscle strengthNAS: 
- concentric and eccentric peak force (N):  
pre-WL = WL periods = WG periods 

- rate of force development in first 200ms on 
squat device (N/s): 
pre-WL > (WL-1 = WL-3 to 5 = WG-2 to 4); 
WL-1 = WL-2 = WL-3; WL-5 < WG-1 

N/A 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

39 
Fitness 

DIET [27] 
non-DIET 

[23] 

FM: 
- Android FM (kg):  

DIET: (pre-WL = WG) > WL 
non-DIET: pre-WL = WL = WG 
DIET vs non-DIET (%): -preWL 

-WL: DIET > non-DIET; 
-preWL: DIET = non-DIET 

- Triceps fat trickness (cm):  
DIET: (pre-WL = WG) > WL 
non-DIET: pre-WL = WL = WG 
DIET vs non-DIET (%): -preWL, 

- -preWL: DIET > 
non-DIET 

- Vastus lateralis fat trickness (cm):  
DIET: pre-WL > WG > WL 
non-DIET: pre-WL = WL = WG 
DIET vs non-DIET (%): -preWL, 

- -preWL: DIET > 
non-DIET 

FFM: 
- Triceps muscle trickness (cm): 

DIET and non-DIET: pre-WL = WL = 
WG 
DIET vs non-DIET (%): -preWL, 

- -preWL: DIET = 
non-DIET 

- Total bones (kg): 
DIET: pre-WL > WL; WL = WG; pre-
WL = WG 
non-DIET: pre-WL = WL; WL = WG; 
pre-WL < WG  
DIET vs non-DIET (%): -preWL: 
DIET > non- -WL: DIET = 
non- -preWL: DIET < non-
DIET 

Resting HR (bpm): 
DIET: pre-WL > (WL = WG) 
non-DIET: pre-WL = WL = WG 
DIET vs non-DIET (%): -preWL: 
DIET > non- -WL and 

-preWL: DIET = non-DIET 

N/A N/A Muscle strength (1RM (N)): 
- leg press (n DIET = 25 and n non-DIET = 26): 
DIET: pre-WL = WL; WL = WG; pre-WL < 
WG 
non-DIET: pre-WL = WL = WG 
DIET vs non-DIET: -pre-W -WL 

-pre-WL: NS 
- bench press (n DIET = 20 and n non-DIET = 
23): 
DIET: pre-WL = WL = WG 
non-DIET: pre-WL = WL; WL = WG; pre-WL 
> WG 
DIET vs non-DIET: -preWL: DIET > 
non- -WL: DIET < non-DIET, and 

-preWL: DIET = non-DIET 
Vertical jump (cm, n DIET = 27 and n non-DIET 
= 23): 
DIET and non-DIET: pre-WL = WL = WG 
DIET vs non-DIET: WL-pre-WL, WG-WL 
and WG-pre-WL: NS 

Psychological moods (POMS: vigor, 
confusion, anger, fatigue, depression, and 
tension scores): 
DIET and non-DIET: pre-WL = WL = WG 
DIET vs non-DIET: NS 

54 
Fitness 

DIET [25] 
non-DIET 

[17] 

Waist circumference (cm): 
DIET: pre-WL > WL and WG 
non-DIET: pre-WL = WL; pre-WL > 
WG 

Android fat (g): 
DIET: pre-WL > WL; pre-WL = WG 
non-DIET: pre-WL = WL and WG 

N/A N/A N/A N/A 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

55 
Fitness 

DIET [25] 
non-DIET 

[17] 
FINRISK 

[58] 

Waist circumference (cm): 
DIET: pre-WL > WL and WG 
non-DIET: pre-WL = WL; pre-WL > 
WG 
DIET and non-DIET vs FINRISK: NS 

Visceral FM (kg): 
DIET: pre-WL > WL (-73%); pre-WL = 
WG 
non-DIET: pre-WL = WL and WG 

N/A N/A N/A N/A 

42 
Fitness 

DIET [25] 
non-DIET 

[17] 

N/A Glucose (mmol/L): 
DIET and non-DIET: pre-WL = WL 
and WG 
DIET vs non-DIET: NS 

N/A N/A N/A 

Imposed WL conditions only 
97 

Body building 
FLEX [11] 
RIGID [12] 

N/A N/A [pre-WL / WL / WG] 
REE (kcal/d):  
FLEX: 1816 ± 229 / 1805 ± 169 / 
1827 ± 257 
RIGID: 1576 ± 350 / 1631 ± 377 / 
1649 ± 375  
FLEX vs RIGID: NS 

N/A Eating behavior (TFEQ: cognitive restraint, 
disinhibition and hunger scores):  
FLEX and RIGID: pre-WL = WL = WG
FLEX vs RIGID: NS 

Combat sports + strength and conditioning sports + other sports 
101 

Boxing [22] 
Judo [16] 

LW rowing 
[33]  

Wrestling 
[33] 

DIET [104] 
non-DIET 

[38] 

Number of diets during career:  
LW rowing (4.9 ± 4.2) < (judo (59.3 ± 
48.7) = wrestling (67.7 ± 52.8) < boxing 
(72.3 ± 37.7))   

N/A N/A N/A EAT-26 score, oral control and food 
preoccupation subscale:  
DIET > non-DIET

Quality of life: 
elite retired athletes have a high physical 
activity levels and low eating disorder scores

102 
Boxing, 

weight lifting, 
wrestling 
WC [273] 
non-WC 

[1093] 
NA [667] 

BMI: WC significantly more likely to 
have obesity than NA at all time points 

N/A N/A  N/A Dietary (high-fat milk consumption):  
non-WC < WC < NA 

77 
Rowing 
m [12] 
f [6] 

Total skinfold (mm): 
m: pre-WL > WL-1 and WL-2; pre-WL 
= WG 
f: pre-WL > WL-2; pre-WL = WG 

N/A N/A N/A N/A 

Soldiers 
Usual soldiers WL and WG habits 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

104 
Soldiers 

WC [190] 
non-WC 

[385] 

BMI: significant correlation between WC 
and BMI (+1.09 point higher BMI), and 
between dieting and BMI (+1.67 point 
higher BMI) 

N/A N/A  N/A N/A 

Imposed WL conditions 
37 

Soldiers 
[10] 

N/A N/A N/A Agility (Illinois test (sec)), maximal oxygen 
uptake (beep test (stage)) and endurance (heel 
clap (rep)): pre-WL < (WG-1 = WG-2) 

Anaerobic work capacity (300-yd shuttle run 
(sec)): pre-WL = WG-1; pre-WL > WG-2; WG-
1 = WG-2 

Muscle strength: 
- metronome push up (rep): pre-WL > WG-1; pre-
WL = WG-2; WG-1 = WG-2 

- pull up (rep): pre-WL > WG-2 > WG-1 
- 185-lbs bench press (rep), 225-lbs deadlift (rep): 
pre-WL = WG-1 = WG-2 

N/A 

Imposed WL and WG conditions 
35 

Soldiers 
g1 [55] 
g2 [50] 

g2sub [10] 

Waist circumference (cm): 
g1: pre-WL > WL 
g2: (pre-WL = WG) > WL 
 

 

 

 

 

 
 

Insulin, glucose and TG (mmol/L):  
g1: pre-WL > WL-1; WL-1 = WL-2 = 
WL-3 = WL-4 

total-C (mg/dL): 
g1: (pre-WL = WL-1) < WL-3 < WL-4; 
WL-1 = WL-2; WL-2 = WL-3 
g2: (pre-WL = WL-2) < (WG-2 = WL-
4); WL-2 = WL-3; WG-2 = WL-3 
g1 vs g2: NS from pre-WL to WL-4 

LDL-C (mmol/L):  
g1 and g2: -WL and WL-
from WL-1 to WL-4 

HDL-C (mg/dL): 
g1: (pre-WL = WL-1) < (WL-2 = WL-3); 
WL-2 = WL-4; WL-3 < WL-4 
g2: pre-WL < (WL-2 = WG-2) < (WL-3 
= WL-4) 
g2sub: pre-WL = WG-4; WL-4 > WG-4 
g1 vs g2: NS from pre-WL to WL-4 

T3 (ng/dL): 
g1: pre-WL > WL-1 > (WL-3 = WL-4); 
WL-1 = WL-2; WL-2 = WL-3 
g2: (pre-WL = WG-2) > (WL-2 = WL-3 
= WL-4) 
g2sub: (pre-WL = WG-4) < WL-4 
g1 vs g2: g1 < g2 at WL-3 and WL-4 

N/A N/A Binge eating (+6mo after Range course):
g1: hyperphagia peaks at 1mo and all 
parameters back to normal +6mo post-training 
g2: complaints about weight-gain overshoot 
after the 1st mo 
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Ref
sport  

group [n] 

Anthropometry/Body composition and 
weight management Biological parameters Energy expenditure Physical condition/performance Eating behaviors and psychological status 

36 
Soldiers 

[10] 

N/A Glycerol (µmol/L):  
pre-WL = WL = WG 

FFA (mmol/L): 
WG < pre-WL < WL 

HDL-C (mmol/L):  
(pre-WL = WG) < WL 

 N/A Muscle strength (maximal lift capacity (kg); 
explosive power (W)): (pre-WL = WG) > WL 
Vertical jump (cm): (pre-WL = WG) > WL 

N/A 

34 
Soldiers 

LOW [19] 
HIGH [19] 

N/A N/A REE and exercise EE (kcal/d): 
LOW vs HIGH: NS at WL 

Anaerobic work capacity (mean and peak power 
(W)):  
LOW and HIGH: pre-WL > WG > WL 

Muscle strength (leg, bench press 1RM (kg)): 
LOW and HIGH: pre-WL > WG > WL 

Vertical jump (cm): 
LOW and HIGH: pre-WL > (WL = WG) 

N/A 

Quantitative results were given for studies included in the additional meta-analysis (grey cells), or for studies with non-apparent statistical results. Time points between parentheses have the same statistical signification compared with 
other time points on the other side of the > or < symbol. = : non-significant result; > : significant decrease; < : significant increase  *: significant difference from pre-WL; $: 
significant difference with previous time point; ¶: significant difference with all other groups from the same article; 1RM: one maximal voluntary contraction; BMC: bone mineral content; BMD: bone mineral density; BMI: body mass index; 
BW: body weight; d: day; DIET: dieters; EAT: eating attitudes test; EWI: evening weigh-in; f: female; FFA: free fatty acid; h: hour; HDL/LDL-C: high/low density lipoprotein; HR: heart rate; LW/MW/HW: lightweight/middleweight/heavyweight; 
METh: metabolic equivalent hours; mo: month; MT/K: muay thai/kickboxing; N/A: not-applicable; NA: non-athletes; NAS: non-apparent statistics; NR: not reported; NS: no significant result; POMS: profile of moods questionnaire; REE: resting 
energy expenditure; RER: respiratory exchange rate; RPE: rating of perceived exertion; RWLQ: rapid weight loss questionnaire; SD: standard deviation; SMR: sleeping metabolic rate; SR: significant result; TFEQ: three factor eating 
questionnaire; TG: triglycerides; UOSM: urine osmolality; USG: urine specific gravity; Ref: reference number of the article; VO2: oxygen/carbon dioxide consumption; WC: weight-cyclers; WD: weight difference; WG: weight gain; WL: weight 
loss. 
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Fig. S1 a)
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Fig. S1 Relative BW, FM, and FFM evolution per WL and WG duration for a) combat sports, b) strength and conditioning sports, 
and c) soldiers.

Fig. S1 b)
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Description of the Supplementary Figure S1 reading: 

Relative BW, FM, and FFM evolution per WL and WG duration for a) combat sports, b) strength and 
conditioning sports, and c) soldiers (BW: body weight, FFM: fat-free mass, FM: fat mass, WG: weight 
gain, WL: weight loss).  

"This figure was constructed to get an overall view of the data on weight changes in kg (BW, FM, and FFM). 

The items were categorized by type of practice: a) combat sports, b) strength sports, and c) soldiers. The references 
of the articles are indicated in the middle column. Where necessary, the name of the subgroup of subjects has been 
specified. 

Horizontal histograms oriented to the left represent the amount of weight lost, while those oriented to the right 
represent the amount of weight regained. Among them, filled histograms correspond to changes in BW, histograms 
with a dot pattern correspond to changes in FM, and histograms with a checkerboard pattern correspond to changes 
in FFM. The duration of WL and WG was color-coded as explained in the figure legend. When the duration of 
WL or WG was on a sport season scale (e.g., pre-sport season, mid-sport season, end of sport season), the data 
were grouped together at the bottom of the figure for each sport type. 

The statistical results specific to each study were reported with the symbols: *: significant result from pre-WL, #: 
significant result from WL, NSP: no significant results from pre-WL, and NSL: no significant results from WL. 

To consider durations and weight variations in BW, FM and FFM in a general way, weighted-means and standard 
deviations by the number of subjects per study were calculated. These are presented at the top of each sub-figure: 
on the left for WL relative to pre-WL, and on the right for WG relative to WL." 
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ANNEXE 3  
 
 

 
(version originale en Français) 

  
Supplementary material 1 de l Étude 1, Axe II du manuscrit de thèse. 
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ANNEXE 4  
 
 

 
(version traduite en Anglais)

Supplementary material 2 de l Étude 1, Axe II du manuscrit de thèse. 
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ANNEXE 5  
 
 

Résultats statistiques « test-retest-retest » du 
questionnaire Answ Her

Supplementary material 3 de l Étude 1, Axe II du manuscrit de thèse. 








