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Given the relevance of the effects that weight loss can generate on the physical performance in athletes, this study performed a systematic review with meta-analysis of the published literature on rapid weight loss (RWL) and examined its impact on the physical performance in Official Olympic combat sports athletes. The “Preferred Reporting Items for Systematic Reviews and Meta-Analysis” (PRISMA) guidelines were followed to ensure an ethical and complete reporting of the findings. PubMed, SPORT Discus, and EBSCO were the electronic databases explored for article retrieval and selection. The following string was applied: “RWL” OR “weight loss” OR “weight reduction” AND “judo” OR “wrestling” or “taekwondo” or “boxing” AND “performance.” Based on the quality analysis, conducted according to the “Tool for the assessment of study quality and reporting in exercise training studies” (TESTEX), ten articles achieved a score >6 points. The meta-analysis showed a significant difference in pre- vs. post-weight loss (p = 0.003) and no effects in pre- vs. post-power and strength performance analysis (p > 0.05 for both results). Based on our systematic review and meta-analysis of the literature, RWL up to ≤5% of the body mass in less than 7 days does not influence performance outcomes in Official Olympic combat athletes with weight classes, considering the strength and power measures.
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INTRODUCTION

Combat sports, such as judo, kickboxing, boxing, wrestling, Brazilian jiu-jitsu, taekwondo, and karate, can be defined as sports in which two individuals engage in a one-on-one contest. The tournaments are disputed based on weight divisions (Artioli et al., 2010a; Lakicevic et al., 2020), to avoid possible injuries that may be caused by dissimilarities in strength due to a significant difference in the body mass (Reale et al., 2017). However, many athletes may wish to achieve a competitive advantage over their opponents, by using, for instance, rapid weight loss (RWL) strategies. In this sense, athletes can use nutritional (Barbas et al., 2011; Rhyu and Cho, 2014; Motevalli et al., 2015; Brandt et al., 2018; Do Nascimento et al., 2020) or physical strategies (Hall and Lane, 2001; Timpmann et al., 2012; Rhyu and Cho, 2014; Zubac et al., 2020) to decrease their body mass, including skipping meals, increasing physical exercise, restricting fluid intake, training in rubber suits, and using sauna baths, as some of the methods practiced to reduce body mass before competitions (Brito et al., 2012; Berkovich et al., 2016).

Preceding reports indicated an RWL prevalence in the range of 70–90% (Steen and Brownell, 1990; Artioli et al., 2010a; Berkovich et al., 2016; Santos et al., 2016) and 40–60% in Olympic combat sports athletes, such as wrestlers, taekwondo, boxers, and judo athletes (Kiningham and Gorenflo, 2001; Kazemi et al., 2005; Kordi et al., 2011; Viveiros et al., 2015). In a controlled setting, there is evidence that those competing in the lighter weight divisions achieve more significant relative weight losses than those in heavier weight categories (Horswill et al., 1994; Wroble and Moxley, 1998), indicating that many athletes intend to compete in the lightest weight category possible. Despite this, the magnitude of RWL does not seem to be an important factor for winning in combat sports, while the risk of weight regain (RWG) might be the decisive factor, especially for grappling sports (Alderman et al., 2004; Reale et al., 2016; Zubac et al., 2018; Coswig et al., 2019; Faro et al., 2021; Pélissier et al., 2022). In addition, few studies showed the magnitude of the effect of RWL, called “weight cutting” and “making weight,” on athletes’ power or strength. This analysis can help guide professionals who want to improve the athlete’s performance and the probability of success using RWL without losing physical performance during competition.

The RWL next to the combat tournaments is omnipresent (Drid et al., 2021), with this behavioral pattern seeming to be highly practiced by athletes (Tarnopolsky et al., 1996; Hall and Lane, 2001; Koral and Dosseville, 2009; Artioli et al., 2010a; Timpmann et al., 2012; Lopes-Silva et al., 2014; Motevalli et al., 2015; Zubac et al., 2020). A few investigations assessed the relationship between RWL and competitive performance during real competitions (Horswill et al., 1994; Wroble and Moxley, 1998). Although competitive success is multifactorial, examining the associations between RWL, strength, and power, as provided by these investigations, could be insightful and help distinguish the impact of RWL on physical performance, disentangling it from other variables. In spite of conflicting evidence, most studies showed that RWL could not decrease either aerobic or anaerobic performance (Finn et al., 2004; Artioli et al., 2010a; Lopes-Silva et al., 2014; Rhyu and Cho, 2014).

Although aerobic performance has been attributed to dehydration, decreased plasma volume, hydroelectrolytic disturbances, increased heart rate, impaired thermoregulation, and muscle glycogen depletion (Fogelholm, 1994), decreased anaerobic performance was related to reduced buffering capacity, glycogen depletion, and hydroelectrolytic disturbances (Fogelholm et al., 1993). Some studies have shown that athletes who lose more weight during the hours before combat events have a higher chance of success during the bout (Artioli et al., 2010b; Rhyu and Cho, 2014). Consequently, athletes choose to be in the upper spectrum of their specific weight division to gain a physical advantage over lighter opponents (Reljic et al., 2013; Berkovich et al., 2016). Due to weight loss and regain patterns, combat sports athletes can be considered “weight cyclers” (Artioli et al., 2016). On a broader scale, athletes generally shed approximately 2–10% of their weight before each competition, primarily 2–3 days before the weigh-in (Artioli et al., 2016). The authors demonstrated relationships between the pattern of RWL practices, the potential increased risk of subsequent weight gain in weight-cycling athletes, and the need to better understand RWL (Coswig et al., 2019; Pélissier et al., 2022). These behavioral practices can be associated with poor performance outcomes, in addition to harmful side effects for fighters, which is the reason why different authors do not recommend its use (Hall and Lane, 2001; Artioli et al., 2016).

Moreover, maximal strength and power seem not to be acutely affected by RWL (Webster et al., 1990), although chronic weight cycling reduces strength gain during a season (Roemmich and Sinning, 1996). In addition, RWL is associated with acute kidney damage in combat sports athletes (Lakicevic et al., 2020); it seems that elevated biomarkers of kidney function can be primarily attributed to intentional dehydration, which is the culprit of RWL (Lakicevic et al., 2020). It is essential to highlight that the anaerobic performance is commonly observed when competitors have no opportunity to refeed and rehydrate after weigh-in (Hickner et al., 1991; McMurray et al., 1991). However, in some combat sports competitions, weigh-ins are followed by a period during which fighters may have the chance to recover from the weight loss. Although this period may vary from a few hours to more than 1 day, it is very likely that within 3–4 h, athletes could recover their anaerobic performance from pre-weight loss values (Artioli et al., 2010a). Findings are not consensual about whether and how weight cycling may lead athletes to develop physiological adaptations that could help (or not) them preserve performance after weight loss (Artioli et al., 2010b; Mendes et al., 2013). Hence, when followed by a relatively short recovery period, RWL could have an impact on anaerobic performance. However, at present, there is less direct evidence supporting these hypotheses, and systematic reviews and meta-analyses are needed to verify the effect size of RWL in a controlled setting performance. Therefore, this study aimed to realize a systematic review and meta-analysis of the published literature on RWL and Official Olympic combat athletes’ physical performance.



MATERIALS AND METHODS


Literature Search

The “Preferred Reporting Items for Systematic Reviews and Meta-Analysis” (PRISMA) guidelines were followed for conducting a systematic review (Page et al., 2021) to ensure a transparent and complete reporting of the findings. The Mendeley software (Mendeley, United Kingdom) was used to organize the content acquired by the article searches. PubMed, SPORT Discus, and EBSCO were the electronic databases explored for article collection. The following terms were applied: “RWL” OR “weight loss” OR “weight reduction” AND “combat sports” OR “judo” OR “wrestling” or “taekwondo” or “boxing” AND “performance.”

The article screening was carried out three times: title, abstract, and full-text reading. If any disputes occurred between the two investigators, a third researcher reconsidered the current process independently and discussed the decision with the other investigators. Notably, the investigators were not blinded to the manuscripts, study title, authors, or associated institutions during the selection process. The screening processes have been summarized via the PRISMA flow diagram as shown in Figure 1.
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FIGURE 1. Prisma flow diagram for study selection.




Inclusion and Exclusion Criteria

Only original articles written in English and published in peer-reviewed journals were considered for inclusion within this review. The date limit for the publication period was set from the year 1996 to May 2021. Reviews, meta-analyses, abstracts, citations, scientific conference abstracts, opinion pieces, books, book reviews, statements, letters, editorials, non-peer-reviewed journal articles, and commentaries were excluded.



Type of Participants

Any combat athlete was eligible to be included in the review. Eligible articles had to be conducted in Official Olympic combats with weight classes: judo, wrestling, taekwondo, or boxing athletes, practicing an RWL method. The participant’s extent of weight loss had to be ∼5% of their body weight, and only male participants >18 years of age were selected (Khodaee et al., 2015; Sagayama et al., 2019; Lakicevic et al., 2020; Castor-Praga et al., 2021). There was no upper age limit for the participants. In addition, weight loss had to be achieved up to 10 days before the weigh-in session. If a particular study involved illegal substances to elevate the magnitude of weight loss, it was still included for further analysis. Both qualitative and quantitative articles were taken into consideration.



Data Extraction

Critical information about included studies was extracted and presented through tables (Microsoft Word 2016, Microsoft, WA, United States), while a narrative description was performed to analyze the included literature on the topic. Certain specifics about a particular study that would expand beyond tabular explanation have been thoroughly described narratively in the “Results” section. Retrieved data acquired from included articles dealt with the influence of RWL on performance parameters of athletes.



Quality Assessment

The purpose of the quality assessment was to detect the risk of bias, and it was carried out through the “Tool for the assessment of study quality and reporting in exercise training studies” (TESTEX) checklist (Smart et al., 2015). After the assessment, the studies were then separated into groups and labeled as “adequate quality” (score ≥7 points) or “poor quality” (score <7 points). Moreover, studies with poor quality were not included. Two authors (J-N and C-A) performed this process independently from one another, and a third author (P-M-M) acted as a referee for any doubtful case.



Meta-Analysis

All data were combined using the Review Manager 5.3 program.1 The variables were sports performance indices of reaction time and decision-making measures. Our research used continuous data of mean (M), standard deviation (SD), and the number of participants (n). We calculated the effect size (difference between standardized means) with 95% confidence intervals (CIs) for each study, defined as the difference in mean changes after RWL (pre vs. post). The effect size was interpreted using value cutoffs of 0.2 > small, 0.5 > moderate, and 0.8 > large effect. Heterogeneity across studies was tested using the I2 statistic, a quantitative measure of inconsistency across studies. Studies with an I2 of 25–50% were considered to have low heterogeneity; I2 of 50–75%: moderate heterogeneity, and I2 > 75%: high heterogeneity (Borenstein et al., 2017).




RESULTS


Methodological Quality

The selected studies were analyzed through TESTEX, and then, two articles were excluded for having poor quality (≤6 points). Two articles obtained 7 points. Three articles obtained 8 points, and five obtained 9 points. Only two articles were deemed of high quality, and each obtained 10 points (Table 1).


TABLE 1. Quality analysis results according to TESTEX.
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Table 2 summarizes the included studies describing the RWL method and performance-related aspects.


TABLE 2. Studies included with RWL and performance-related aspects (i.e., power, strength, fatigue).

[image: Table 2]


Meta-Analyses

Figure 2 shows the studies that address RWL in less than 10 days of above 3% of their body weight. This analysis showed a significant difference in weight loss for combat athletes (p = 0.003).
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FIGURE 2. Meta-analysis considering RWL studies with ∼3% of Olympic combat athletes’ body mass.


Results pictorially represented in Figure 2 indicated a significant and positive impact of RWL in studies analyzed, with a medium effect [0.44 (0.15,0.73)]. The analysis did not detect heterogeneity between studies included in the meta-analysis.

Figure 3 shows the studies in which the athletes lose less than 5% of their body weight in less than 10 days. The mean power analysis was considered for strength evaluation and the countermovement jump test for power. RWL did not affect performance (p = 0.52).
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FIGURE 3. Meta-analysis considering RWL studies with ∼5% of Olympic combat athletes’ body mass.


Results in Figure 3 did not demonstrate a significant impact of RWL in strength and power evaluations, with a small effect [0.36 (−0.25,0.97)] and negative medium effect [0.66 (−2.66,1.34)]. The analysis detected a high heterogeneity between countermovement jump test results associated with RWL.

Figure 4 demonstrates the analysis of the intermittent sprint work and power; no significant difference was seen concerning performance, as shown in Figure 4.
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FIGURE 4. Meta-analysis of the intermittent sprint work and power considering RWL studies with Olympic combat athletes.


Results in Figure 4 did not demonstrate a significant impact of RWL on strength and power evaluations, with a small effect [0.17 (−0.20,0.54)]. The analysis did not detect heterogeneity between studies included in the meta-analysis.




DISCUSSION

The RWL is a traditional practice in combat sports, but it can be harmful to health and detrimentally affect athletic performance. Despite the importance of this topic for the scientific community, coaches, and athletes, we are not aware of a meta-analysis that has analyzed the effect of RWL on the performance of fighters. Our meta-analysis has shown a significant effect size for 5% lost weight, while muscle power and strength were not affected during RWL. The analysis showed a decrease in perceived fatigue when the athletes lost weight, and this was, but, unrelated to strength and muscle power.

Studies included in this meta-analysis investigated the impact of RWL of a moderate range, typically of ∼3–5% of the body mass, and its effect on performance outcomes. Cases of more significant weight cuts are recognized, although, and are a reality of certain sports, such as Mixed Martial Arts (MMA) (Barley et al., 2018). In British athletes preparing for an MMA event, Matthews and Nicholas (2017) observed that the loss in the pre-competition week was close to 8% of the body mass. However, 32 h after weighing, the athlete’s recovery was about 11.7%. According to Coswig et al. (2019), the ability to regain weight is associated with competitive success in MMA. These more significant magnitude weight cuts should be analyzed to assess the effect on performance measures following a standard recovery period (Matthews and Nicholas, 2017; Coswig et al., 2019). A significant number of athletes can lose more than 5% of their body mass, which could be potentially dangerous for the participant’s health and safety and detrimental for physical performance (Barley et al., 2018; Coswig et al., 2019).

The RWL methods are often seen in combat sports, including pharmacological methods such as the use of diuretics and laxatives; moreover, it seems that weight loss methods such as sauna or training with plastic clothes are conventional to dehydrate as well (Brito et al., 2012). In this review, most of the included studies performed dehydration to rapidly lose weight (Oöpik et al., 1996; Motevalli et al., 2015; Reale et al., 2017). Athletes are believed to have more chances of winning if practicing RWL, as shown by Horswill et al. (1994), who suggested that weight-loss athletes might have a greater likelihood of success. This seems to be interesting since no effects were seen after weight loss (3–5% of the body mass) in a short period (3–6 days) in terms of strength tests; furthermore, this corroborates what was presented by Finn et al. (2004) and Koral and Dosseville (2009) who performed potency analyses and found that potency did not decrease after the loss of approximately 4% of body weight through dehydration. However, in terms of health, it is important to highlight that RWL could be linked with relative energy deficiency and impaired physiological functions (i.e., metabolic rate, body composition, cardiorespiratory, menstrual function, bone health, and immunity) and detrimental responsiveness to training and competition (i.e., training load, injury, and recovery) (Roklicer et al., 2020; Miles-Chan and Isacco, 2021) and even kidney damage (Lakicevic et al., 2020). More chronic health studies are needed in the arena of combat sports.

Regarding our performance in the meta-analysis, the study by Reale et al. (2017) was not taken into account because it did not present the mean weight and SD after weight loss; thus, even though it was included based on the selection criteria, its results were excluded due to lack of data. However, other researchers (Barbas et al., 2011) analyzed the handgrip test with wrestlers after losing approximately 6% of body weight, which showed a significant decrease in strength. Finaud et al. (2006) concluded that RWL (−5%) could cause negative psychological (tension, vigor, and fatigue) and physical impacts. Using another measurement methodology, Hall and Lane (2001) elaborated a boxing training circuit where they measured performance, the number of hits, and mood parameters such as anger, confusion, depression, fatigue, tension, and vigor after the rapid loss of 5% of the initial weight. They concluded that RWL impairs performance and negatively affects anger, fatigue, tension, and vigor. However, in another study, Rhyu and Cho (2014) performed a more extended intervention with 21 days of an energy-restricted ketogenic and non-ketogenic diet approach to lose 4–6% of the weight, and they could not see a significant difference in terms of the handgrip test.

Therefore, it seems that the processes of RWL of up to 5% of body weight can be beneficial to athletes, as they do not negatively influence their performance, taking into account the aspects of power and strength, as already suggested by Mendes et al. (2013); while Artioli et al. (2010a) emphasized that the determining factor for decreased performance would be hydration or food after weighing and before the fight. We emphasized the importance of conducting new studies and adopting more robust methodologies to assess the psychological effects of the process of RWL in combat athletes as the evaluation parameters and methodologies retained in this review are highly different and heterogeneous, despite being mentioned by some studies (Hall and Lane, 2001; Finaud et al., 2006; Franchini et al., 2012). This is reinforced by a previous study by Matthews et al. (2019), which indicated that the magnitude of RWL appears to be influenced by the type of sport, competition structure, and recovery duration permitted. A cause for concern is the lack of objective data quantifying the magnitude of RWL. There is insufficient evidence to substantiate the use of RWG as a proxy for RWL, and a few data are available in women (i.e., Amatori et al., 2020; Cannataro et al., 2020; Janiszewska and Przybylowicz, 2020) and younger athletes (i.e., Artioli et al., 2010a; Kazemi et al., 2011; Berkovich et al., 2016; Drid et al., 2021), suggesting the need for further studies specifically targeting these groups.

Regarding the classification of articles, we observed some weaknesses among the selected ones about the criteria addressed for classification, such as the researcher blinding. In this type of study, it may be that the researcher blinding does not interfere, as one of the primary outcomes in weight loss, and this has been achieved. Another observation is about the intention to treat, as they are acute studies, they only verified weight loss and how this can influence performance; since they are athletes, prior knowledge and discussions on this topic will bring new information to the researchers and thus could lead to better post-research and post-weight loss interventions in practice. Other items that compromised the quality of the studies according to this evaluation method were the monitoring of the control group and the criteria related to exercise intensity, volume, and energy expenditure. As these are studies in which the intervention is often its control, many did not have this item; as for the other items, they are field studies where athletes were often in the middle of training routines, and they could not go to a research center, and interventions (weight loss) were carried out on consecutive days, which makes it challenging to obtain the analyses of exercise intensity, volume, and energy expenditure, which would be performed in the laboratory or would require greater availability of the athlete.

In addition, strength and power performance in combat sports are associated with attacks and defensive actions during tournaments, in which maximal intensity actions are sustained until 10–30 s (Reaburn and Dascombe, 2008). The substrate used for anaerobic actions during combat sports due to a higher activity intensity is carbohydrate dependent once the activity crests over approximately 60–85% of an athlete’s VO2max (Franchini et al., 2011). This energy system consumes stored glycogen within the muscles and the liver as a source for rapid energy delivery during the higher intensity fights. Glycogen is then converted to glucose and then shuttled to the bloodstream to fuel ATP production. However, during anaerobic processes lasting even shorter in duration, approximately 5–6 s, the creatine phosphate cycle becomes the preferred option to produce ATP within that period (Powers and Howley, 2017). The creatine phosphate molecule transfers its phosphate group to adenosine diphosphate (ADP), rapidly transforming into ATP (Powers and Howley, 2017). Due to the limited reserve amount of creatine phosphate stored within the body, the supply of ATP from this process can only last for a short duration. Research has been carried out to examine dehydration’s effect on this energy system’s performance. However, no meta-analysis has observed the effect size of the 3–5% body mass in RWL suggested in the literature on anaerobic performance. This information would be essential as it could assist coaches in planning activities during the week prior to the competitive tournament.



CONCLUSION

This investigation based on a systematic search and appraisal of the literature found that RWL of up to 5% of the body mass in less than 7 days does not seem to influence performance, considering the strength and the power. However, this review, currently, is based on a few studies in the literature that have evaluated weight loss and analyzed performance in combat sports athletes, requiring further studies to elucidate the best methods, time, and percentage of weight loss that do not negatively influence performance.
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