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ABSTRACT

Rapid weight loss is a widespread practice in combat sports, intended to meet weight-class requirements
while preserving an anatomical advantage. These strategies primarily reduce extracellular and intracellular
fluid volumes by manipulating carbohydrate, sodium, and water intake, followed by rapid weight gain after
the official weigh-in. This study analysed the association between raw bioelectrical impedance variables
measured immediately after weigh-in and competitive outcome in amateur combat athletes. A cross-sectional
analytical design was conducted with 54 athletes from boxing, Mixed Martial Arts, and Muay Thai.
Measurements of resistance (R), reactance (Xc), and phase angle (PhA) were obtained under standardized
conditions using a tetrapolar device. Descriptive statistics characterized the sample, and logistic regression
evaluated predictors of winning or losing. Mean values for R/H (height), Xc/H, PhA/H, and Z/H reflected a
dehydrated profile consistent with recent weight cutting. Only Xc/H met the regression model's entry criteria.
Higher Xc/H values were associated with lower odds of winning (OR = 0.857), suggesting that athletes with
lower post-weigh-in reactance/height — potentially reflecting more effective rehydration and extracellular
volume restoration — were more likely to achieve victory. These findings highlight the physiological relevance
of bioelectrical markers for assessing recovery and their promise as indicators of competitive readiness in
combat sports.
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INTRODUCTION

Combat sports are defined as disciplines in which the competitive objective is to overcome an opponent
through striking, takedowns, holds, chokes, or joint locks. Given that performance in these sports is inherently
linked to one athlete exerting physical dominance over another. That force equals mass multiplied by
acceleration. Weight-class systems were developed to promote fairness in competition. These systems
require athletes to meet a particular yet physiologically atypical condition: presenting an exact body mass at
the official weigh-in (Mohamad et al., 2016).

Although initially designed to safeguard athlete welfare and competitive equity, weight-class regulations have
historically motivated many athletes to seek ways to retain anatomical advantages such as greater size or
mass relative to their opponents. This has led to the widespread practice known as rapid weight loss (RWL),
commonly referred to as “weight cutting.” RWL strategies involve the accelerated reduction of total body
mass, typically within less than two weeks, followed by an equally rapid regain of body weight (rapid weight
gain, RWG). Over time, these practices have become deeply embedded in the culture and competitive logic
of combat sports (Wilbraham et al., 2024).

Most RWL methods converge on a central physiological aim: reducing total body water by manipulating
intramuscular, extracellular, and fundamental physiological fluid compartments (Ricci et al., 2025).
Carbohydrate restriction is among the most widely employed strategies, given that glycogen storage in
skeletal muscle and the liver contains a substantial water component; approximately 3 grams of water are
required for each gram of glycogen stored. Consequently, reducing carbohydrate intake can yield a
meaningful decrease in body mass (Melkonian et al., 2022; Mendes-Netto et al., 2023). Nevertheless,
misinformation disseminated online has led some athletes to adopt this strategy too early or for unnecessarily
long periods. Although a daily intake of nearly 50 g over three days can almost deplete glycogen stores,
extended periods of low-carbohydrate availability may increase protein catabolism and contribute to bone
demineralization (Greene et al., 2018; Margolis & Pasiakos, 2023; Mountjoy et al., 2023).

Historically, fighters also commonly reduced fluid intake as early as one month before competition. However,
current evidence supports a different approach to fluid manipulation. Contemporary protocols typically involve
markedly increasing fluid intake in the days leading up to weigh-in, sometimes reaching 80-100 ml/kg,
followed by a controlled reduction to approximately 30 ml/kg. This approach promotes a transient rise in urine
output while maintaining adequate electrolyte balance, thereby facilitating acute weight reduction without the
pronounced risks of prolonged dehydration (Ceylan et al., 2022; Reale et al., 2018).

Sodium, a key electrolyte in sport physiology, plays essential roles in fluid regulation, muscle contraction,
and carbohydrate metabolism, and is therefore abundantin plasma (Barley & Harms, 2025; McCubbin, 2022).
Its relevance to RWL stems from its direct influence on water retention: reducing sodium intake to below 500
mg per day in the three days preceding weigh-in can increase total body water loss. However, when sodium
restriction is combined with increased fluid intake, the risk of exercise-associated hyponatremia becomes
salient. This condition can lead to severe, potentially life-threatening consequences, underscoring the need
for systematic monitoring of sodium concentration during RWL interventions (Stachenfeld, 2008). Therefore,
the present study aimed to identify which factors were associated with the competitive outcome (win/loss)
using binary logistic regression with stepwise selection.
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MATERIALS AND METHODS

Study design

A cross-sectional observational analytical study was conducted to evaluate the association between raw
bioimpedance variables (resistance, reactance, and phase angle) after official weigh-in and competitive
outcome (win/loss) in amateur combat athletes. Measurements were recorded at a single point in time,
according to a protocol established before the fight.

Participants

The sample comprised 54 athletes from various combat sports (boxing, MMA, and Muay Thai) who
participated in a competitive event. The subjects were aged 12-39 years and underwent weight cutting before
the official weigh-in.

The inclusion criteria were: (a) voluntarily agreeing to participate, signing an informed consent form, and, in
the case of minors, obtaining consent from the responsible guardian; (b) not having any injuries or medical
conditions that would prevent bioimpedance measurement; (c) completing the official weigh-in. Athletes who
did not complete the rest period before measurement or who had electrical implants were excluded.

Procedure

Upon arrival at the weight-in location, each athlete completed the official weight category verification
procedure. Once the weigh-in was complete, they proceeded to the assessment area, where they were
weighed again for internal control and measured in accordance with the ISAK protocol. They were then
instructed to lie supine on a stretcher.

Participants remained at complete rest for 10 minutes, without speaking or moving, to allow body fluids to
stabilize and reduce variability induced by exercise or the stress of weighing.

After the rest period, electrical bioimpedance was measured using an AKERN BIA 101 PRO, a tetrapolar
alternating-current device. Following international recommendations for full-body BIA, electrodes were placed
at standard anatomical hand-foot sites: distal electrodes on the dorsal surfaces of the hand and foot, and
proximal electrodes at the wrist and ankle, with inter-electrode distances respected and adequate skin
contact ensured.

During measurement, the athlete was instructed to remain completely still and silent, with limbs slightly apart,
to avoid any muscle tension that could interfere with the impedance values.

The equipment recorded the raw variables: resistance (R), reactance (Xc), and phase angle (PhA). Once the
recording was complete, the electrodes were carefully removed, the athletes were thanked for their
participation, and the athlete continued their pre-fight recovery routine.

Data analysis

A general description of the athletes' characteristics was provided, including anthropometric, bioelectrical,
and water-composition variables. These are summarized using means, standard deviations, ranges, and, for
competitive results and sports modality, frequencies and percentages.

To explore factors associated with winning or losing the match, a binary logistic regression was performed.
Before adjusting the model, each predictor was evaluated individually using the score test. The model was
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estimated using a stepwise procedure. Its contribution was verified using the omnibus test, pseudo-R? values,
and the Hosmer-Lemeshow test, as well as through the percentage of correctly classified cases. In addition,
its coefficient, significance level, odds ratio, and confidence interval were reviewed.

Ethical considerations

This study was conducted in accordance with the Declaration of Helsinki and Resolution 8430 of 1993 of the
Colombian Ministry of Health for research involving human subjects. In addition, it was previously approved
by the ethics committee in October 2025, as recorded in institutional paper No. 320.02-07-2025. Each
participant voluntarily provided their written informed consent before participating.

RESULTS

Participants had a mean age of 21.38 + 6.09 years, ranging from 12.6 to 39.3 years. Combat time averaged
9.93 £ 2.59 minutes, ranging from 1.75 to 11 minutes. Height averaged 168.98 + 7.54 cm, with values ranging
from 152 to 190 cm.

In bioelectrical measurements, the resistance/height (R/H) ratio had a mean value of 294.45 + 43.17 ohm/m,
with a range of 195.73 to 467.21 ohm/m. Reactance/height (XC/H) recorded an average of 33.88 + 4.22
ohms/m, with values ranging from 22.11 to 47.40 ohms/m. Phase/height (PhA/H) averaged 6.62 + 0.46
degrees/m, with a range of 5.6 to 7.8 degrees/m. Standardized impedance (Z/H) averaged 294.10 £ 40.39
ohms/m, with values ranging from 196.90 to 469.60 ohms/m.

Regarding water compartments, total body water (TBW) averaged 42.51 + 5.15 litres, ranging from 32.6 to
55.9 litres. Intracellular water (ICW) averaged 25.23 + 3.15 litres, with a range of 19.3-32.9 litres. Extracellular
water (ECW) averaged 17.31 £ 1.95 litres, with values between 13.3 and 23.0 litres.

In the analysis of the XC/H variable by match outcome, the losing group recorded an average of 34.93 + 4.00
ohm/m, with a 95% confidence interval of 33.54-36.33 ohm/m. In the group that won, the mean was 32.59 +
4.00 ohm/m, with a 95% confidence interval of 30.72-34.46 ohm/m. (Figure 1)
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Figure 1. Comparison of XC/H Values by Match Outcome (Xc/H = reactance/height).
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In terms of competitive outcomes, 53.7% of athletes lost (n = 29), whereas 46.3% won (n = 25). Regarding
the sport, 35.2% were boxers (n = 19), 24.1% MMA fighters (n = 13), and 40.7% Muay Thai fighters (n = 22).
(Figure 2)

Distribution by Discipline
Participation breakdown by sport

@ Muay Thai (40.7%)
@ Boxing (35.2%)
@ MMA (241%)

I Muay Thai [ Boxing I MMA

Figure 2. Distribution by Discipline. Participation breakdown by sport (MMA = Mixed Martial Arts).

When initially examining individual associations using the scoring test, most predictors did not show sufficient
statistical evidence to be included in the model. However, two variables, height and the reactance-to-height
ratio (XC/H), showed significant effects and were therefore considered for selection.

After applying the stepwise procedure, only XC/H was retained in the final equation. The inclusion of this
predictor significantly improved model fit, as indicated by the omnibus test (x> = 4.535, df =1, p = .033). The
pseudo R? showed values of .081 for Cox and Snell and .108 for Nagelkerke. The Hosmer—Lemeshow test
indicated an adequate fit between predicted and observed values (x> = 12.759; df = 8; p = .120), supporting
the model's consistency.

In terms of discrimination capacity, the model correctly classified 66.7% of cases, with a 72.4% accuracy rate
for athletes who lost and 60.0% for those who won. The variable retained in the model was XC/H, which
showed a negative coefficient (B = —0.155) and a p-value at the threshold of statistical significance (p = .053).
Its odds ratio (Exp(B) = 0.857) indicates that, for each additional unit in this relationship, the odds of winning
decrease by approximately 14.3%. The 95% confidence interval (0.732-1.002) mainly remained below the
null value, suggesting a relatively consistent inverse effect, though it was close to the significance threshold.
The exclusion test confirmed that removing this predictor would significantly impair model fit (x* = 4.535, p =
.033), underscoring its contribution to the final equation.

DISCUSSION

The main findings of this study indicate that each 1 Q/m increase in Xc/H before the fight was associated
with a +/-14% decrease in the probability of victory. In contrast, a relatively low Xc/H in the post-weigh-in
period is associated with a higher likelihood of winning. This pattern appears to contradict the traditional view
that high values of Xc/H and phase angle (PhA) indicate greater cell mass and better muscle quality (Ward
& Brantlov, 2023); however, the acute response of reactance to changes in hydration accounts for this pattern
in Xc/H.
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Physiology of weight cutting

Strategies such as gradually reducing sodium intake affect rehydration physiology in these athletes,
potentially leading to a decrease in Xc (Malbarin, et al., 2024). The absence of glycolytic reserves and
reduced plasma sodium levels create a gradient that slows fluid entry into the cell, even when the athlete is
consuming fluids, given the possible increase in serum potassium levels during the cutting process (Brinkman
etal., 2023; Ly et al., 2023).

In weight-cutting among combat athletes, acute fluid loss occurs predominantly from the extracellular water
(ECW) compartment, primarily when dehydration is induced by exercise in a hot environment or by fluid and
sodium restriction. This pattern extends the Bioimpedance vector analysis on the BIVA graph, as reflected
by significant increases in R/H and Xc/H, and its magnitude is proportional to the degree of total water loss.
In experimental studies in men subjected to exercise in heat, dehydration produced a shift of the vector along
the central axis, without a reduction in Xc/H, indicating that membrane capacitance is preserved despite the
volumetric decrease in ECW (Gatterer et al., 2014; Galloway & Maughan, 2000). On the other hand, although
it is recognized that glycogen depletion can contribute to changes in intracellular water (ICW), Shiose et al.
(2018) demonstrated that, under controlled conditions, a marked reduction in muscle glycogen (=60%
decrease) does not alter the segmental ECW/ICW distribution according to BIS, suggesting that most of the
vector displacement observed after acute cutting responds mainly to changes in the extracellular
compartment and not to direct changes in glycogen-bound water (Shiose et al., 2000).

Recent evidence supports this interpretation from a physiological and biophysical multicompartmental
approach, highlighting that ECW is the primary determinant of conductivity due to its high electrolyte
concentration. At the same time, capacitance is primarily associated with cell membrane integrity and body
cell mass (BCM) volume. In conditions of acute dehydration, a reduction in ECW decreases conductivity and
increases R/H, whereas the preservation of cell membranes and ICW maintains or slightly increases Xc/H
(Rosa et al., 2025). The article by Rosa et al. (2025) emphasizes that acute variations in PhA and raw BIA
parameters should be interpreted with respect to the differential dynamics of compartments, rather than solely
in terms of total body water volume. Thus, the findings reinforce that the vectorial elongation characteristic of
weight loss primarily reflects contraction of the extracellular space, with maintenance of cellular integrity,
rather than a significant loss of intracellular volume. (Figure 3)

Acute dehydration

Predominant. ECW loss

4 Extracellular conductivity.
R/H

Preserver cellular integrity
Xc/H stable or T

Vector lengthening in BIVA

(msjor axis shift)

Note. ECW = Extracellular Water; R/H = resistance/height; Xc/H = reactance/height; BIVA = Bioelectrical impedance vector analysis.

Figure 3. Fluid dynamics in weight cutting.
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Rehydration and glycogen replenishment after weighing

Immediate rehydration expands extracellular volume (ECV), which increases conductivity and reduces
resistance; at the same time, dilution of the extracellular space decreases membrane density per unit volume
and reduces reactance (Xc/H); in a second phase lasting 24 to 48 hours, glycogen synthesis and the re-entry
of potassium into the cell draw water into the intracellular compartment (ICW), gradually restoring cell mass
and reactance (Carrasco-Marginet et al., 2017). Glycogen replenishment can cause increases of 1 to 2 kg in
body weight in a matter of hours, because each gram of glycogen stores several grams of water (Murray &
Rosenbloom 2018; Dynka et al., 2025). These fluctuations explain the increases of up to 10% in weight
observed between weigh-in and competition in mixed martial arts fighters (Burke et al., 2017; Bagot et al.,
2024).

Bioelectrical interpretation of resistance and reactance

In combat sports, the interpretation of the BIVA allows for sensitive monitoring of variations in hydration status
and cell mass associated with processes such as weight cutting and rehydration. Resistance (R) is inversely
related to total body water (TBW) content, so increases in R reflect reductions in body fluids and are valuable
indicators of dehydration after weighing. Reactance (Xc), on the other hand, expresses the capacitive
properties of cell membranes and is linked to cell mass content and the ICW/ECW ratio; lower Xc values may
suggest reduced cell integrity and functionality. Among karate practitioners evaluated under euhydrated
conditions, Rossi (2021) observed significant sex differences in R and Xc, highlighting their sensitivity to
relevant physiological variations. Therefore, in contexts where body weight is acutely manipulated, the
upward and rightward shift of the bioelectrical vector indicates water loss and possible alteration in muscle
hydration, making it a key parameter for guiding nutritional and recovery decisions (Rossi, 2021).

R represents opposition to current flow through body fluids (especially ECW) and decreases as the volume
of water and electrolytes increases. Xc expresses the capacity of cell membranes and dielectric structures
to store charge, increases with the integrity and quantity of membranes, and decreases when extracellular
water predominates. The length of the impedance vector in the RXc graph is a continuous indicator of
hydration: short vectors (lower R/H) correspond to water overload, while long vectors (higher R/H) reflect
dehydration. Lateral shifts (influenced mainly by Xc/H) indicate changes in the dielectric mass of tissues, i.e.,
in the quantity or quality of cell membranes (Carrasco-Marginet et al., 2017). After a session of exercise with
dehydration, the vector lengthens and shifts upward and to the right, whereas after rehydration it shortens
and shifts downward and to the left (Gatterer et al., 2014).

At rest and over the long term, higher Xc/H and a larger phase angle are typically associated with greater
cell mass and better muscle quality (Carrasco-Marginet et al., 2017). Still, it should be noted that following
rehydration, the expansion of the extracellular space reduces Xc/H because there is more water outside the
cell and a lower membrane density per unit volume. Therefore, a short vector with lower Xc/H may reflect
adequate rehydration rather than a decrease in cell mass. Studies involving exercise in heat show that
changes in Xc/H are inversely correlated with variations in plasma osmolarity, suggesting water shifts
between the intracellular and extracellular compartments (Gatterer etal., 2014). Itis also essential to consider
that classic BIVA assumes the body is a uniform cylinder and does not account for segmental geometry;
therefore, heavier fighters or those with wider limbs may have lower Xc/H without this indicating poorer
cellular condition—methods such as specific BIVA correct for this limitation.

The physiological changes described above help explain why a lower Xc/H before combat was associated
with a higher probability of victory in our sample. Fighters who rehydrated and reloaded glycogen more
effectively increased their extracellular and total volumes; this results in shorter vectors and lower reactance
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due to membrane dilution (Gatterer et al., 2014; Carrasco-Marginet et al., 2017). In turn, glycogen
replenishment brings water into the intracellular compartment, but this process takes several hours. When
the measurement is taken 1 to 3 hours before the fight, extracellular expansion is likely to predominate, which
is why the winners showed lower Xc/H without negatively affecting their cell mass. This hypothesis is
consistent with the findings of Gatterer et al., who observed that, after exercise and subsequent rehydration,
the impedance vector shortens, and that changes in Xc/H are inversely related to variations in plasma
osmolarity. Another contributing factor may be the efficiency of weight cutting. Fighters who arrive at the
weigh-in less dehydrated, or who have more time to rehydrate, may need to reduce glycogen loss less, which
reduces intracellular water loss. The literature suggests that changes in Xc/H may reflect the relationship
between intracellular and extracellular water loss (Gatterer et al., 2014). Thus, a high Xc/H could indicate
that the athlete still has a high osmotic gradient and has not yet fully recovered intracellular water. This
condition can decrease strength and endurance during combat.

CONCLUSIONS

From a physiological perspective, weight cutting causes depletion, particularly in the extracellular
compartment, thereby lengthening the impedance vector and increasing reactance. Subsequent rehydration
and carbohydrate replenishment, especially in the early hours, increase extracellular volume and reduce
reactance through dilution. Fighters who achieved lower Xc/H after recovery were more likely to win,
suggesting that adequate rehydration status before combat may provide a competitive advantage. However,
due to methodological limitations and the exploratory nature of the data, this observation should be
interpreted with caution and confirmed in future studies.
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