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ABSTRACT

As in other combat sports, mixed martial arts (MMA) is contested within standardized weight classes; athletes
routinely manipulate body mass in the pre competition period (“weight making”) to satisfy divisional limits at
the official weigh-in. This systematic review evaluated the safest weight making strategies in MMA athletes
from psychological, physiological, and nutritional perspectives. The protocol was submitted to PROSPERO
(CRD420251083111) and the review adhered to PRISMA guidelines. PubMed, Embase, and Web of Science
were searched from inception to June 8, 2025. Eligible studies were English language, peer reviewed original
research involving MMA athletes preparing for competition. Fifteen studies met inclusion criteria. Across
studies, a progressive multi week gradual weight loss (GWL) phase, typically achieved through dietary energy
restriction and increased training load, was favored over aggressive rapid weight loss (RWL). Although both
GWL and short term RWL can achieve target weigh in mass, RWL was associated with acute hypohydration
at competition time, elevations in muscle damage/catabolic biomarkers, increased renal strain (with isolated
reports of acute kidney injury), and adverse psychological effects (e.g., mood disturbance, cognitive
impairment risk) in limited evidence. These findings support prioritizing structured GWL across the
preparation period and minimizing the magnitude and duration of RWL when required.
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INTRODUCTION

Mixed Martial Arts (MMA) is a dynamic combat sport that integrates various fighting disciplines, including
both striking and grappling techniques. MMA incorporates elements from martial arts such as boxing,
Brazilian jiu-jitsu, and Muay Thai (James et al., 2016; Buse et al., 2006; Lenetsky & Harris et al., 2012; Park
etal., 2019).

It is important for fighters to undergo a process known as "making weight," which involves cutting weight in
order to meet the required weight class. This process is also essential in other combat sports (Coswig et al.,
2015; Coswig et al., 2019; Connor &et al., 2019; Hiller et al., 2019).

During fight preparation, athletes often subject themselves to unhealthy methods for making weight. These
practices include rapid weight loss (RWL), cutting carbohydrates, consuming very low-calorie diets,
immersion in hot or cold water, sauna use, diet pills, skipping meals, the use of laxatives, and other extreme
strategies (Anyzewska et al., 2018).

It is important to note that rapid weight loss (RWL) is one of the methods commonly used by athletes, but it
is not the only approach. Gradual dieting is also frequently employed, and in some cases, both strategies are
combined (Januszko et al., 2021; Anyzewska et al., 2018).

The objective of this study is to explore whether there are healthier methods for making weight, with the aim
of promoting strategies that enhance both athlete safety and performance. Therefore, the purpose of this
systematic review is to identify the safest and most effective methods for weight reduction in mixed martial
arts (MMA).

MATERIALS AND METHODS

Study identification and selection were performed by two authors, following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1). The study protocol was
preregistered in the PROSPERO International Prospective Register of Systematic Reviews
(CRD420251083111).

Eligibility criteria

Inclusion criteria were restricted to studies that met the following conditions: (1) involved Mixed Martial Arts
(MMA) athletes preparing for competition; (2) were written in English; (3) were published as original research
in peer-reviewed journals as full-text articles; and (4) specifically evaluated the effects of weight loss
strategies on athletic performance parameters. Publications such as reviews, meta-analyses, abstracts,
citations, conference proceedings, opinion pieces, books, book reviews, statements, letters, editorials, non-
peer-reviewed journal articles, and commentaries were excluded from the analysis.

Search strategy

A systematic search was conducted in the electronic databases PubMed, Embase, and Web of Science up
to July 2025. After retrieving the records, duplicate entries were removed. The remaining articles were then
independently screened by two reviewers based on the predefined inclusion and exclusion criteria. Any
disagreements (n = 2) were resolved through consultation with the first author. Studies that did not explicitly
refer to pre-contest Mixed Martial Arts athletes or did not align with any of the following terms were excluded:
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(1) Mixed Martial Arts, (2) Combat Sports, (3) MMA, (4) UFC Fighter, (5) Weight Cutting, (6) Weight Loss, (7)
Weight Making, (8) Rapid Weight Loss, or (9) Gradual Weight Loss.

Risk of bias assessment

The methodological quality of the included studies was assessed using a modified version of the Downs and
Black checklist (1998), tailored for non-randomized studies involving weight-cutting strategies in combat
sports. The adapted tool consisted of 7 binary items (Yes = 1; No or Partially = 0), totalling a maximum
possible score of 7 per study. The items evaluated were: Clarity of study objectives, description of
interventions and outcomes, presentation of outcome variation (e.g., standard deviation or confidence
intervals), representativeness of the target population, avoidance of measurement bias (e.g., blinding or
objective tools), consideration of confounding factors (e.g., age, sex), adequate sample size or power.

The studies were independently evaluated by authors. Any discrepancies in their assessments were resolved
through discussion, and if consensus could not be reached, a third author was consulted to make the final
decision.

RESULTS

Study selection

The search strategy and study selection process resulted in the inclusion of 15 full-text studies in the review
(Figure 1). Thirty-seven studies not explicitly referring to Mixed Martial Arts athletes and gradual weight loss
(GWL) or rapid weight loss (RWL) were ultimately excluded.

Y
Records identified from*: (Mixed
= martial arts or MMA or UFC
-% fighter or combat sports) and ?frzgﬁi gr_emoved before
= (W‘?'ght CUtt.'"g or weight loss or —> Duplicate records removed
= weight making). (n=221)
P PubMed (n = 280)
2 Embase (n = 407)
Web Of Science (n = 144)
e’
) Y
Records excluded based on
ﬁef(g?g)screened —» | abstract and title:
2l - (n =531)
=
L Reports excluded:
Reports assessed for eligibility Data was naot reported for
(n=79) MMA athletes (n = 14)
) Studies did not match
inclusion criteria (n = 37)
l Non-English (n = 3)
Full text no available (n = 10)
E Studies included in review
= (n=15)
[3]
=

Figure 1. PRISMA flow diagram of included studies.
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Participants and characteristics
The studies included were published up to July 2025. Reporting of participant characteristics was
inconsistent: five studies did not state the sample size; 13 enrolled male athletes only; eight did not report
the sex of participants; and four included female athletes. In addition, 13 studies failed to provide participants

with ages. (Table 1)

Table 1. Characteristics of included studies.

First-author (year) Title (abridged) Par:ﬂ::rzgzr:ts Men and Women (n) Mean age + SD
Barley et al. (2018) z‘é‘:')'rgt:t""ss strategies across combat 637 Mixed (~25 % female) N/A
Barley & Harms (2025) RWL across combat sports survey 256 220 males / 36 females 284195
Brechney et al. (2021) Weight-cut magnitude & MMA outcomes 75 Not specified Not specified
Camargo et al. (2016) Salivary NO & cognition after RWL 2 2 males 22
Hot-bath weight loss (self-adjusted
Connor & Egan (2021) temperature) 8 8 males 294+53
Comnor & Egan (2019) /1 methods reported by st WA 30 30 males Not specified
Coswig et al. (2015) Biochemical responses to RWL in MMA 17 17 males 274+53
Crighton et al. (2015) Alarming weight-cutting behaviours in MMA 30 Not specified Not specified
Evans et al. (2023) Weight cutting in female UFC fighters 133 133 females 29.5-32.0
Jetton et al. (2013) Dehydration & acute weight gain before 40 38 males 2 female 25.2+0.65
competition
Kasper et al. (2018) Extreme weight-making: case study 1 1 male Not specified
Matthews et al. (2016) Extreme RWL & RWG in UK MMA 7 7 males 246+35
Peacock et al. (2022) Weight loss & regain in UFC 616 Not specified 311140
Acute & chronic weight-making in - o
Reale et al. (2024) professional MVA 33 Not specified Not specified
Siqueido (2010) Physiology of competitive MMA fighters 11 11 males 26647

Study risk of BIAS assessment
All included studies were appraised using the Downs and Black (1998) risk of bias tool. (Table 2).

Table 2. Risk of Bias (downs & black).

Article

Clear
Objective

Results
w/
Variation

Clear

Description Sample

Representative

Measurement
Bias Control

Adequate
Sample
Size

Confounding
Controlled

Total

Score Quality

Barley & Harms
2025 - Rapid
Weight Loss Across
Combat Sports
Barley et al. 2018 -
Weight Loss
Strategies Combat
Sports

Brechney et al. 2021
- Weight cut
magnitude & MMA
outcomes

Camarco et al. 2016
- Salivary Nitrite
Cognition Power
Connor & Egan
2019 - Prevalence
and Magnitude of
RWL

Connor & Egan
2021 - Hot Water
Immersion Trial
Coswig et al. 2015 -
Harmful

5 Moderate

5 Moderate

4 Moderate

4 Moderate

5 Moderate

6 High

4 Moderate
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Biochemical

Responses

Crighton et al. 2015

- Alarming Weight 1 1 1 0 1 0 0 4 Moderate
Cutting Behaviours

Evans et al. 2023 -

Weight Cutting in 1 1 1 1 1 1 0 6 High
Female UFC

Jetton et al. 2013 -

Dehydration and 1 1 1 1 1 0 1 6 High

Acute Weight Gain

Kasper et al. 2018 —

Extreme Weight 1 1 0 0 1 0 1 4 Moderate
Making Case Study
Matthews &
Nicholas 2016 —
Extreme RWL and
RWG UK Fighters
Peacock et al. 2022
- Weight Loss and
Competition Weight
UFC

Reale et al. 2024 -
Acute and Chronic 1 1 1 1 1 1 0 6 High
Weight Making
Siqueido et al. 2010
- Physiological
Characteristics
MMA

1 1 1 0 1 0 0 4 Moderate

1 1 1 1 1 1 0 6 High

1 1 1 0 1 0 0 4 Moderate

Results of individual series

Rapid weight loss

The prevalence of RWL in MMA is alarmingly high. Over 90% of athletes report engaging in weight-cutting
practices The magnitude of weight loss varies, but reductions of 5-10% of body weight are commonly
reported (Barley et al., 2018). Among UFC athletes, studies found that male and female fighters typically lost
between 4.5% to 6.6% of body mass in the final days before competition (Peacock et al., 2022).

Dehydration related adverse outcomes were frequently highlighted; for example, the Brazilian fighter Leandro
Caetano de Souza reportedly died while using a sauna during a weight-cut attempt (Matthews & Nicholas et
al., 2017). Potential complications from electrolyte disturbances arising from aggressive manipulation of fluid
and sodium balance were also noted, along with possible decrements in cognitive performance under such
conditions (Brechney et al., 2021; Connor & Egan et al., 2021; Connor & Egan et al., 2021; Coswig et al.,
2019; Buse et al., 2006).

Elevations in serum lactate dehydrogenase (LDH) and aspartate aminotransferase (AST) were reported both
before and after competition in athletes undergoing RWL. Lower testosterone concentrations and a reduced
testosterone: cortisol (T/C) ratio were also described. Renal involvement was mentioned, with changes in
serum creatinine interpreted in relation to the athlete’s hydration and rehydration status (Evans et al., 2023).

Psychological impacts including confusion, perceived stress, and mood disturbances were described as
commonly affecting athletes who engage in RWL practices (Jetton et al., 2013).

Gradual weight loss

Across published combat-sport cohorts, the most frequently reported weight-management practice among
mixed martial arts (MMA) athletes is a gradual reduction in body mass implemented in parallel with increased
training volume or physical exercise (Connor et al., 2019; Buse et al., 2006). Compared with rapid
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weight-cutting methods, gradual weight loss is consistently described as safer from physiological and medical
standpoints (Peacock et al., 2022).

When an appropriately managed gradual weight loss (GWL) phase is followed by a brief, well-controlled
period of rapid weight loss (RWL) specifically limited to the final ~72 hours before the official weight-in, the
combined approach appears effective for achieving target weight while minimizing the magnitude of extreme
acute cutting required (Peacock et al., 2022).

Gradual weight loss, the so-called chronic phase of weight making, is strongly advocated, particularly when
conducted under qualified nutritional supervision (Hiller et al., 2019; Centers for Disease Control and
Prevention [CDC], 1998). Current best practice recommends a reduction of approximately 0.5 % of body
mass per week, allowing physiological adaptation while preserving performance capacity (Reale et al., 2024).

Evidence suggests that athletes who reduced body mass by 10.6% performed worse than those who limited
loss to 8.6%, underscoring the value of a moderated, progressive approach (Jetton et al., 2013).

DISCUSSION

Rapid weight loss

The findings across the studies clearly indicate that rapid weight loss (RWL) is associated with a range of
negative effects, varying from mild to severe. In the context of competition, RWL appears to be linked to a
potential decline in athletic performance during the fight itself (Jetton et al., 2013). More severe health
concerns associated with RWL include renal stress resulting from dehydration. Although creatinine levels
may appear low, this could be due to fluid overcompensation masking underlying kidney strain. Additionally,
evidence of muscle damage has been observed in athletes undergoing RWL. Biomarkers such as lactate
dehydrogenase (LDH) were significantly elevated both before and after competition. Post-match levels of
aspartate aminotransferase (AST) also increased notably, while creatine kinase (CK) levels were found to be
approximately 45% higher, indicating substantial muscular stress (Coswig et al., 2015).

Some methods commonly used in rapid weight loss (RWL) should be avoided to reduce the risk of health
complications. Strategies such as skipping meals, excessive fluid restriction or overhydration, training in
heated environments, wearing plastic or rubber suits, sauna use, and the use of laxatives or diuretics are not
recommended due to their potential negative effects on athlete health (James et al., 2016; Kasper et al.,
2019; Connor & Egan et al., 2021). Case reports and commission/medical records describe fighters
withdrawing from scheduled bouts because of acute illness attributed to weight cutting, including nausea,
vomiting, headache, severe muscle cramping, seizures, syncope (fainting), and flu-like symptoms (Crighton
etal., 2016). Rapid weightloss (RWL) was associated with reductions in salivary nitrite, decrements in muscle
performance, and impaired cognitive function in MMA athletes. A 36-h recovery interval appeared adequate
when the RWL magnitude was ~5.3% of body mass but inadequate to fully restore these outcomes when the
loss approached ~9.1% (Camargo et al., 2016).

Having medical supervision during the dehydration process is essential for protecting the athlete’s health.
One commonly used method, hot water immersion, can lead to a body mass reduction of around 2.7%.
Whether using hot water with 5% Epsom salt or just fresh water, both approaches show similar results, with
no major differences in how much weight is lost (Matthews & Nicholas et al., 2017). In pre-competition testing
(~2 h prior), 39% of athletes presented with USG > 1.021, indicating significant hypohydration, while just 23%
met the criterion for adequate hydration (USG < 1.010) (Jetton et al., 2013). Methods such as water loading
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and fasting are specifically listed among modalities by which weight can be lost rapidly in the fight-week
period (Peacock et al., 2022).

Subsequent comparisons have noted that rapid body-mass reductions of ~10.8% approximate the extreme
magnitudes implicated in the 1997 cluster of hyperthermia-related deaths among three U.S. collegiate
wrestlers an event that precipitated major NCAA policy reforms restricting dehydration-based rapid weight
loss and certain forms of artificial rehydration (Lenetsky & Harris et al., 2012; Connor & Egan et al., 2021).
Strategies involving the use of hormones are not feasible, as they are strictly prohibited by nearly all MMA
federations and competitive organizations. This limitation restricts the scope of research in this area. Athletes
who are found to have used banned substances through doping controls are often fined or, in some cases,
permanently banned from competition.

Gradual weight loss

A safer periodization for weight making involves gradual weight loss (GWL), which focuses on long-term
strategies and avoids harmful methods. The authors emphasize that initiating weight reduction earlier
combined with consistent physical training, offers a safer alternative for athletes as competition approaches
(Barley & Harms et al., 2025). Drastic weight-making approaches, particularly rapid weight loss (RWL), are
not recommended, as they compromise physiological function and physical performance and are associated
with a higher likelihood of competitive defeat (Jetton et al., 2013).

Approximately 46.6% of combat-sport athletes initiate weight-cutting 4-6 weeks before the competition.
(Siqueido et al., 2010). Reported strategies include dietary (energy) restriction, sauna exposure (passive
sweating), increased training load, and water loading. (Hiller et al., 2019; Matthews & Nicholas et al., 2017).

Hot-water immersion at approximately 39 °C, even without the addition of Epsom (magnesium sulphate)
salts, can produce acute reductions of up to ~4.5% of body mass when the full protocol is completed and is
associated with severe hypohydration, as reflected by urine osmolality values >700 mOsm/kg (Connor et al
2019). Nonetheless, partial implementation of the protocol still elicits meaningful short-term weight loss while
attenuating the degree of dehydration.

From a nutritional standpoint, prescribed daily energy deficits typically range from ~750 to ~1,900 kcal while
maintaining macronutrient targets of ~1.5-2.0 g protein/kg/day, ~0.5-1.5¢ fat/kg/day, and ~3.0-5.0¢g
carbohydrate/kg/day (Matthews & Nicholas et al., 2017; Hiller et al., 2019; Crighton et al., 2016). Several
protocols also include a post-exercise protein feeding of ~25-30 g (often delivered via a protein supplement).
(Matthews & Nicholas et al., 2017; Hiller et al., 2019).

Despite its benefits, gradual weight loss, if marked by excessive caloric restriction, can lead to disordered
eating behaviours, especially when unsupervised. Additionally, if GWL is initiated too late, athletes may face
challenges making weight in the final days before the fight, resorting to more extreme weight loss methods
(Barley & Harms et al., 2025).

Maintaining an average weight-loss rate of ~0.5% of body mass per week is advised to minimize adverse
outcomes and may help attenuate losses of fat-free mass, as faster rates have been associated with greater
lean tissue reductions (Reale et al 2024). Weekly nutritional adjustments should be made to keep the rate of
loss on target (Barley et al., 2018).
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CONCLUSION

The findings showed that rapid weight loss (RWL) strategies are effective in terms of reducing body weight
quickly. However, they are often accompanied by numerous adverse effects, which can impact both health
and athletic performance, some of which may be severe. Considering it, RWL might not be recommended
due to its aggressive nature and the physiological strain it imposes.

On the other hand, gradual weight loss (GWL), when properly planned and monitored by professionals,
proved to be safer. Even though certain techniques typically associated with RWL, such as sauna use and
dehydration, might be employed during GWL, their implementation under professional supervision allows for
safer and more controlled outcomes. Therefore, GWL appears to be a superior method for weight making,
offering greater safety.
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