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Abstract
Background Ramadan intermittent fasting (RIF) induces significant physiologic changes, including alterations in sleep pat-
terns, energy intake, and hydration status, which may affect athletic performance. Given the importance of postural control 
in judo, understanding the impact of RIF on mobility and dynamic balance is crucial for optimizing performance and injury 
prevention.  
Purpose This study aimed to investigate the acute and delayed effects of RIF on postural control in elite judokas, with a 
specific focus on mobility and dynamic balance performance.
Methods Ten elite judokas (23.5 ± 2.3 years, 172.6 ± 7.4 cm, and 71.6 ± 3.9 kg) completed three morning test sessions assess-
ing postural mobility and dynamic balance using the walk across (WA) and limit of stability (LoS) tests. Assessments were 
conducted before Ramadan (BR), during the third week of fasting (DR), and 3 weeks after Ramadan (AR). Anthropometric 
measures and daily energy intake were also recorded.
Results Significant reductions in total daily energy intake, body mass, and body mass index were observed at DR compared 
to BR and AR (p < 0.05). In the WA test, step length, and movement speed significantly decreased during DR (p < 0.001), 
while step width remained unchanged. In the LoS test, reaction time and sway velocity increased (p < 0.001), while direc-
tional control decreased (p < 0.001) at DR compared to BR and AR. No significant differences were found for maximum 
excursion across conditions.
Conclusion RIF transiently impaired both mobility and dynamic postural control in elite judokas, likely due to a combina-
tion of sleep disturbances, reduced energy intake, and dehydration. These impairments resolved 3 weeks after Ramadan. 
Coaches and athletes should consider targeted nutritional and sleep strategies to mitigate these temporary declines in postural 
stability during fasting periods.
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Introduction

Ramadan intermittent fasting (RIF) is the holiest month in 
the Islamic calendar, during which fasting from dawn to 
sunset is compulsory for healthy adult Muslims [1]. This 
fasting period induces a partial reversal of the nychthemeral 
rhythm, characterized by complete abstention from food and 
fluids during daylight hours, increased nighttime food and 
fluid intake, and an extended waking state. To compensate 
for the altered sleep–wake cycle, individuals often adopt 

compensation strategies such as fragmented sleep periods 
and variable daytime naps [2]. These changes influence eat-
ing habits, sleep duration, and sleep architecture [3], which, 
in turn, may compromise both physical and cognitive per-
formance [4].

Despite these physiologic shifts, many Muslim athletes 
continue to train and compete, as international sporting 
calendars do not account for religious observances. Conse-
quently, prolonged abstinence from food and fluids during 
daylight training or competition, combined with disruptions 
in sleep, may significantly impact athletic performance [5]. 
Sleep, in particular, plays a crucial role in recovery, train-
ing adaptation, and overall performance [6]. Both acute and Extended author information available on the last page of the article
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chronic disturbances in sleep patterns can negatively impact 
physical and cognitive abilities, as well as emotional well-
being and immune function [4].

Several studies have demonstrated that Ramadan disrupts 
the normal sleep–wake cycle, leading to (i) altered sleep 
timing and prolonged sleep latency, (ii) reduced total sleep 
duration and slow-wave sleep, and (iii) increased daytime 
sleepiness and more frequent episodes of partial sleep dep-
rivation [3, 5, 7]. As a result of these disturbances, athletes 
may experience impairments in tasks requiring sensorimotor 
coordination, cognitive function, and physical performance 
[7, 8]. Balance, an essential component of athletic perfor-
mance and injury prevention, may also be negatively affected 
[9]. Smith et al. [10] highlighted that prolonged wakefulness 
increases the likelihood of balance impairments, which may 
elevate the risk of falls or other repercussions of decreased 
postural control.

Postural stability, defined as the ability to maintain proper 
body alignment and balance during movement, is a crucial 
component of athletic performance. It plays a fundamental 
role in injury prevention, movement efficiency, and optimiz-
ing strength and coordination across various sports [11]. In 
the context of sleep disturbances, previous research has dem-
onstrated that postural control is negatively affected by sleep 
deprivation, with increased postural sway and reduced bal-
ance maintenance, particularly in fatigued individuals [12]. 
Several studies have used stabilometric indices, including 
center of pressure area, and velocity to evaluate the effects 
of sleep deprivation on postural stability [13]. Findings indi-
cate that balance performance is generally impaired during 
nighttime and that postural sway is associated with tired-
ness [14]. When tests were performed at 18h00 the next day, 
Bougard and Davenne [9] identified that one night of partial 
sleep deprivation impaired balance control, particularly in 
the stance test of the dominant leg. Given the well-estab-
lished association between circadian rhythms, sleep loss, and 
postural control, [9, 11, 15] further research is warranted 
to explore how these factors interact with specific sporting 
contexts.

In sports requiring precise motor control, postural stabil-
ity is essential for optimal performance. The somatosensory 
system plays a dominant role in balance regulation under 
stable conditions, relying on input from receptors in the skin, 
muscles, and joints. However, on unstable surfaces or during 
challenging conditions, such as when an athlete is subject to 
intersensory conflict, the vestibular system become increas-
ingly dominant [16]. Dynamic postural control, which refers 
to the ability to maintain the center of mass within the base 
of support while experiencing internal or external pertur-
bations, is particularly important in combat sports [17]. In 
Judo, vestibular and proprioceptive inputs play critical roles 
in balance regulation, and effective postural control is a key 
determinant of performance [18]. The ability to manipulate 

an opponent’s balance is central to judo, as throws and take-
downs often rely on disturbing an adversary's equilibrium. 
Notably, the imbalance of an opponent along the eight axes 
of imbalance provides opportunities for offensive maneuvers 
[19]. Regular training has been shown to improve the uti-
lization of proprioceptive and somatosensory information, 
reinforcing postural stability across different skill levels [20, 
21]. Recent research also indicates that the nature of train-
ing influences static balance, with judo athletes displaying 
superior balance control compared to dancers, suggesting 
that different movement patterns stimulate distinct proprio-
ceptive adaptations [22].

Despite extensive research on the influence of training 
on postural stability, limited attention has been given to the 
effects of external factors, such as Ramadan intermittent fast-
ing (RIF), on balance performance in judokas. Aloui et al. 
[23], demonstrated that RIF leads to significant impairments 
in physical performance in judo-specific and generic tests 
conducted in the afternoon. Given that judo performance 
is highly dependent on dynamic balance and rapid postural 
adjustments, understanding the effects of RIF on postural 
control is crucial. However, previous research investigating 
the impact of RIF on postural stability in elite judokas has 
been limited in scope. The only study to date examining 
RIF's effects on dynamic balance failed to assess the eight 
axes of imbalance, which are fundamental to judo techniques 
[24]. Given the strategic role of balance manipulation in 
judo, understanding how RIF affects postural stability across 
all eight imbalance directions is crucial.

RIF leads to significant disruptions in sleep and circadian 
rhythm, which have been shown to impact postural control 
in non-fasting conditions, suggesting a potential impact on 
balance regulation in fasting athletes. Moreover, dynamic 
balance is a key determinant of judo performance, influenc-
ing both the execution and defense against throws. Despite 
this, previous research on RIF and postural control has pri-
marily relied on general balance assessments, which may not 
fully capture the sport-specific demands of judo. Therefore, 
examining postural stability through assessments tailored to 
the unique biomechanical and tactical requirements of judo 
will provide more relevant insights into the effects of RIF 
on athletic performance.

The present study aims to investigate the acute and 
delayed effects of RIF on postural control in elite judokas by 
utilizing dynamic and mobility tests that specifically evalu-
ate balance performance in all eight imbalance directions 
relevant to judo techniques. We hypothesize that RIF will 
impair postural stability, particularly in conditions requir-
ing heightened vestibular and proprioceptive engagement.
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Methods

Study design

This study followed a repeated-measures design to investi-
gate the effects of RIF on postural control in elite judokas. 
Each participant was evaluated across three experimen-
tal sessions: 1 week before Ramadan (BR) (19–20 May 
2017), during the third week of Ramadan (DR) (16–17 
June 2017), and 3 weeks after Ramadan (AR) (14–15 July 
2017). Testing sessions were scheduled at the same time 
between 08:00 and 09:00 to minimize diurnal variation 
effects on postural control [5]. The temperature of the test-
ing room was held at 26 ± 1 °C, with a relative humidity 
of 45 ± 4% during all the experimental sessions. The study 
was conducted in Tunisia, where sunrise and sunset times 
changed throughout Ramadan (first day: 05:03 and 19:29, 
last day: 05:01 and 19:42).

Participants performed two postural control assess-
ments: (i) the walk across test (WA) and (ii) the Limit of 
Stability test (LoS), with each test comprising three tri-
als separated by a 15-s rest interval. To reduce potential 
learning effects, all participants completed two familiari-
zation sessions before data collection [26]. After receiv-
ing a description of the protocol, risks, and benefits of 
the study, they all provided written informed consent. 
The study adhered to the principles of the Declaration of 
Helsinki and received ethical approval from the National 
Institute of Orthopedics Kassab of Tunis.

Participants

The required sample size was determined using G*Power 
3.1 software for repeated-measures ANOVA within-sub-
jects design. Based on a previous study by Souissi et al. 
[24] and discussion between authors, an effect size of 
f = 0.5 was estimated. With a significance level of α = 0.05, 
statistical power of 0.85, three repeated measurements 
(pre-, mid-, and post-Ramadan), and an assumed correla-
tion of 0.5 among repeated measures, the power analysis 
indicated that a minimum of nine participants would be 
required to detect significant effects. Given these consider-
ations, ten elite judokas were recruited for this study. Ten 
elite judokas (age: 23.5 ± 2.3 years; body mass: 71.6 ± 3.9 
kg and height: 172.6 ± 7.4 cm) volunteered to participate 
in the present study (Table 1). Participants were classified 
as elite judo athletes based on the taxonomy established 
by Jaworski and Lech [22], with a mean experience of 
12 ± 3.6 years in judo. To be included in the study, partici-
pants had to meet the following criteria: (i) holding a first 
Dan black belt, (ii) competing at a national or international 

level, (iii) training at least 16 h per week, (iv) regularly 
participating in official judo tournaments, and (v) fol-
lowing a structured training regimen six days per week, 
with two training sessions per day, except for Saturdays 
(one session per day). Participants were not undergoing 
a weight-cutting phase or actively reducing weight for 
competition one month prior and during the experimental 
period. All judokas competed in the -73 kg weight cat-
egory. Furthermore, participants were selected based on 
their chronotype, assessed via the validated Horne and 
Ostberg sleep questionnaire [27]. All judokas were classi-
fied as having an intermediate chronotype, with habitual 
sleep occurring between 22:30 ± 1:23 and 07:00 ± 1:16. 
Participants reported no history of medical conditions, 
no use of medication, and no smoking habits. Since all 
ten participants met the inclusion criteria, were enrolled, 
and completed the study without dropout or exclusion, 
and considering that all collected data were included in 
the final analysis, a CONSORT flowchart was deemed 
unnecessary.

Procedures

To ensure standardized sleep conditions throughout the 
study, participants adhered to a controlled sleep schedule, 
with a nocturnal rest period set between 23:00 ± 1:00 and 
07:00 during the BR and AR periods. During RIF (DR 
period), they consumed Suhour before sleeping and went 
to bed before 01:30, waking up at 07:00 after an uninter-
rupted sleep cycle. Sleep patterns were continuously moni-
tored using wrist actigraphy (Actiwatch Sleep and Activity 
software, version 5.32, Cambridge Neurotechnology, UK) to 
objectively track variations in sleep duration and quality. The 
average (Mean ± SD) sleeping time of the participants was 
01:54 ± 00:25 less DR compared with BR and 01:38 ± 00:18 
less compared with AR. In addition, a 7-day dietary record 
was maintained to assess nutritional intake, analyzed using 
Nutrisoft-Bilnut (ver. 4, Paris, France) [28] and food com-
position tables issued by the Tunisian National Institute of 
Statistics in 1978 [29, 30]. Reference dietary intakes for 
physically active individuals were used to compare estimated 

Table 1  Characteristics of the participants (n = 10)

Parameters M ± SD

Age (year) 23.5 ± 2.3
Height (cm) 172.6 ± 7.4
Judo level Black belt
Time of judo practice (year) 12 ± 3.6
Level of competition International
Weight category − 73 kg
Trained per week 16 h
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nutrient intakes. Participants were instructed to maintain 
their habitual dietary habits while abstaining from caffeine 
and caffeinated products for 48 h before each testing session 
to prevent potential confounding effects on physiological 
responses [25]. To ensure hydration consistency, they were 
only permitted to drink a single glass of water (15–20 cl) 
before testing in the BR and AR sessions [31]. Furthermore, 
participants were instructed to refrain from engaging in any 
vigorous physical activities outside their regular training 
regimen throughout the experimental period to minimize 
potential confounding effects. They were advised to maintain 
only their usual judo training sessions while avoiding addi-
tional strenuous exercise that could influence physiologic 
and performance-related outcomes.

Outcomes

Anthropometric measures

Body mass was measured before each session using a Tanita 
digital scale (Tanita, Tokyo, Japan) with an accuracy of 0.1 
kg.

Posturographic assessments

Postural control was evaluated as mobility and dynamic bal-
ance tests using the NeuroCom® Balance Master (NBM: 
NeuroCom International; Software Version 7). Data from 
three trials for each test were averaged to enhance reliability. 
The NBM has been validated as a reliable tool for assessing 
postural stability across various populations. Studies have 
reported test–retest reliability with intraclass correlation 
coefficients (ICCs) ranging from 0.48 to 0.82, depending 
on the specific balance parameter assessed [32]. The system 
has demonstrated high reliability, particularly in complex 
balance tasks and in populations with neurologic impair-
ments [33] supporting its suitability for evaluating dynamic 
postural control in elite athletes.

The walk across test (WA) The WA test was used to assess 
gait characteristics, including step width (cm), step length 
(cm), and speed (cm/s). The judoka began the test posi-
tioned approximately 90 cm in front of the platform, ensur-
ing alignment with the surface level of the platform.

During normal gait, the center of gravity (COG) moves 
forward while also shifting mediolaterally, creating an 
“S”-shaped pattern. These right/left shifts occur due to the 
transfer of weight from foot to foot, while forward motion is 
generated through toe-off propulsion and momentum [34]. 
To complete the test, the participant took three consecu-
tive steps on the 2.5-m-long platform, maintaining natural 
gait mechanics, before immediately jumping off the plat-
form. The NeuroCom Balance Master™ system recorded 

and analyzed key gait parameters, providing an objective 
assessment of dynamic stability and movement control.

The limit of stability test (LoS) The LoS test is a dynamic 
balance assessment that measures the participant’s abil-
ity to intentionally control their COG while maintaining 
a standing position with feet together. Participants were 
instructed to shift their weight toward eight designated tar-
gets, arranged in an elliptical pattern at 100% of their theo-
retical stability limit [35], calculated by the NeuroCom™ 
system based on individual body dimensions (Fig. 1). The 
test required participants to initiate movement from a cen-
tral position and sequentially shift their weight toward each 
eight target directions, following a clockwise sequence: (1) 
forward, (2) forward-right, (3) right, (4) backward-right, 
(5) backward, (6) backward-left, (7) left, and (8) forward-
left. Participants were instructed to keep their gaze straight 
ahead, remain calm and immobile in the anatomic stance, 
and maintain their feet in a standardized position on the 
force plate. The task began when participants heard a tone 
signal and saw a blue circle appear on the screen at the out-
ermost highlighted target. They were instructed to shift their 
weight as quickly as possible to move the on-screen icon 
toward the target and hold their position until a second tone 
was heard. Participants were allowed to use any movement 
strategy (e.g., ankle or hip-based shifts) without lifting or 
moving their feet. Each trial lasted 8 s and started with the 
participant standing at the center square of the force plate.

Statistical analysis

Statistical analyses were conducted using STATISTICA 
Software (StatSoft, France), and all data were reported 

Fig.1  Limit of stability test
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as mean ± SD. The assumption of normality was verified 
using the Shapiro–Wilk W-test, and homogeneity of vari-
ances (homoscedasticity) was assessed using Levene’s test. 
To meet the assumptions required for repeated-measures 
analysis of variance (RMANOVA), sphericity was also 
tested using Mauchly’s test. All parameters of the WA 
test (i.e., step width, step length, and speed) and the LoS 
test (i.e., reaction time, sway velocity, maximum excur-
sion and directional control) were analyzed using one-
way RMANOVA across the three testing periods (BR, 
DR, and AR). For anthropometric measures and dietary 
data, RMANOVA was used to detect significant differ-
ences between the three sessions. Where appropriate, sig-
nificant differences among means were tested using the 
Bonferroni post-hoc test. To assess the practical signifi-
cance of the data, effect sizes were computed as partial 
eta-squared (ηp2). The interpretation of effect sizes fol-
lowed the commonly used thresholds: small (ηp2 = 0.01), 
medium (ηp2 = 0.06), and large (ηp2 = 0.14), as suggested 
by Cohen [36] and expanded upon by Lakens [37] for 
research in behavioral and sports sciences. A test–retest for 
posturographic assessments was conducted 1 month before 
Ramadan, with intraclass correlation coefficients (ICC) 
computed to verify measurement consistency. Statistical 
significance was accepted, a priori, at p < 0.05.

Results

The impact of RIF on the measured outcomes.

Table 2 presents the impact of RIF on anthropometric char-
acteristics, daily nutrient consumption, and postural control, 
as assessed by the mobility (WA test) and dynamic balance 
(LoS test) measures.

One-way RMANOVA (Table 2) indicated significant 
effects of “period” on total daily energy intake (p = 0.026, 
ηp2 = 0.32;), daily total fat content (p < 0.001, ηp2 = 0.88), 
and daily protein (p < 0.001, ηp2 = 0.62) and carbohydrate 
(p = 0.033, ηp2 = 0.32) intake; with lower values DR com-
pared to BR and AR (p < 0.05). Similarly, a significant effect 
of “period” was noted for body mass (p = 0.006, ηp2 = 0.43), 
body fat (p < 0.001, ηp2 = 0.66) and BMI (p < 0.006, 
ηp2 = 0.43); with lower values DR vs, AR and FR (p < 0.05).

Concerning the WA test, RMANOVA showed a signifi-
cant effect of “period” on step length (p < 0.001, ηp2 = 0.50) 
and speed (p < 0.001, ηp2 = 0.007) with lower values dur-
ing DR compared to BR and AR (p < 0.001). However, no 
significant difference was found for step width between BR, 
DR, and AR (p > 0.05).

For the LoS test, a significant effect of “period” was 
observed on reaction time (p < 0.001, ηp2 = 0.78), sway 
velocity (p < 0.001, ηp2 = 0.48), and directional control 

Table 2  The impact of 
Ramadan intermittent fasting on 
anthropometric characteristics, 
daily nutrient consumption, and 
mobility (WA test) and dynamic 
(LoS test) balance measures

BR before Ramadan, DR during Ramadan, AR after Ramadan, WA walk across test, LoS limit of Stability 
test
¥ (p < 0.05) Significant difference compared to BR and AR
a Nonparametric test (Friedman test with Chi-2 = 0.359). Results presented as mean ± SD

Parameters BR DR AR F(2, 18) p value ηp2

Body mass (kg)Bo Anthropometric characteristics and daily nutrient consumption
Body mass (kg) 71.60 ± 3.9 69.78 ± 4.4¥ 71.44 ± 2.5 6.79 0.006 0.43
Body mass index (kg·m2) 24.01 ± 1.3 23.40 ± 1.5¥ 23.96 ± 0.9 6.88 0.006 0.43
Body fat (kg) 11.37 ± 1.12 9.52 ± 1.03¥ 11.00 ± 1.07 17.17  < 0.001 0.66
Energy (kcal/day) 2916 ± 85 2805 ±  132¥ 2864 ± 100 4.53 0.026 0.33
Protein (g/day) 104.53 ± 13.63 80.52 ± 10.84¥ 97.17 ± 8.40 14.91  < 0.001 0.62
Fat (g/day) 117.22 ± 8.31 91.73 ± 8.17¥ 112.09 ± 9.34 67.33  < 0.001 0.88
Carbohydrates (g/day) 480.7 ± 25.2 423.6 ± 55.1¥ 456 ± 48.9 4.14 0.033 0.32

WA’s step width, step length, and speed
Step width (cm)a 19.41 ± 4.93 19.80 ± 3.28 19.82 ± 2.48 – 0.836 0.018
Step length (cm) 69.80 ± 11.56 60.05 ± 10.09¥ 70.72 ± 6.16 9.16 0.001 0.50
Speed (cm/s) 85.18 ± 8.28 76.13 ± 7.69¥ 83.58 ± 9.13 0.07 0.001 0.007

LoS’ s reaction time, movement velocity, maximum excursion, and direc-
tional control

Reaction time (s) 0.63 ± 0.22 0.79 ± 0.20¥ 0.62 ± 0.15 24.87 0.001 0.78
Sway velocity (deg/s) 4.81 ± 1.14 5.99 ± 1.46¥ 4.78 ± 1.31 8.49 0.001 0.48
Maximum excursion (%) 100.69 ± 3.45 98.54 ± 5.00 100.78 ± 2.36 1.78 0.05 0.16
Directional control (%) 77.35 ± 4.30 72.40 ± 4.78¥ 77.71 ± 5.21 20.65 0.001 0.69
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(p < 0.001, ηp2 = 0.69), with an increased reaction time and 
movement velocity, and a lower directional control DR com-
pared to BR and AR. (p < 0.001). However, no significant 
difference was found for the maximum excursion during the 
LoS test BR, DR, and AR (p > 0.05).

No significant difference was noted between BR and AR 
in all tested parameters of WA and LoS.

The reliability of the mobility and dynamic balance 
measures

Test–retest reliability analysis demonstrated that the WA test 
outcomes exhibited poor to moderate reliability, with ICC 
values ranging from 0.53 for step length to 0.67 for step 
width. In contrast, the LoS test outcomes showed high to 
excellent reliability, with ICC values ranging from 0.83 for 
maximum excursion to 0.98 for reaction time. Directional 
control and movement velocity also showed excellent reli-
ability, with ICCs of 0.95 and 0.89, respectively.

Discussion

The present study aimed to investigate the acute and delayed 
effects of RIF on postural control in elite judokas, using 
both mobility and dynamic balance assessments. Specifi-
cally, postural mobility was evaluated using the WA test, 
while dynamic balance was assessed through the LoS test. 
Results suggest that RIF significantly affected postural con-
trol, with impairments observed in multiple parameters of 
both the WA and LoS tests DR compared to BR and AR. 
Notably, step length and movement speed in the WA test 
were reduced, while reaction time and sway velocity in the 
LoS test increased, indicating compromised postural control. 
These effects were transient, as postural stability measures 
returned to baseline values after Ramadan.

Our study expands on prior research by examining sport-
specific postural control adaptations in elite judokas dur-
ing RIF. Previous studies have predominantly focused on 
the general effects of RIF on motor performance, strength, 
and endurance [23, 36, 37], with limited attention given to 
sport-specific balance assessments. In judo athletes, exist-
ing studies have reported RIF-induced impairments in both 
static and dynamic postural control tests [24, 35]; however, 
these studies did not incorporate mobility assessments, and 
their dynamic balance tests failed to evaluate all eight axes 
of imbalance, which are fundamental to judo techniques. 
Indeed, the concept of linearity, a fundamental facet in 
the early years of judo, forms the basis for the system of 
Happō-no-kuzushi or “Eight basic directions of unbalance” 
[19]. All of these directions represent a linear symmetry in 
a biomechanical plane parallel to the tatami [19]. The use 
of specific and appropriate actions is needed to increase the 

imbalance in an opponent, grapple, and thereby facilitate 
specific moves or throws. The present study is among the 
first to comprehensively assess postural control across all 
eight imbalance directions that are directly relevant to judo 
performance. Furthermore, previous research on postural 
control in judo has emphasized the role of vestibular and 
proprioceptive training in enhancing balance [20, 21, 38]. 
Our findings suggest that RIF temporarily impairs these 
balance mechanisms, potentially compromising an athlete’s 
ability to maintain stability during throws and counterat-
tacks. Unlike studies that have primarily focused on static 
balance assessments ([24]), our research underscores the 
dynamic nature of postural adjustments in judo, reinforc-
ing the necessity for sport-specific balance evaluations that 
align with the unique biomechanical and tactical demands 
of the sport.

Postural mobility, as assessed by the WA test, was signifi-
cantly impaired during DR, with reductions in step length 
and movement speed. These findings suggest that RIF nega-
tively impacts locomotion efficiency and gait stability, which 
could affect an athlete’s ability to execute rapid, coordinated 
movements during combat. Previous studies have demon-
strated that alterations in neuromuscular coordination and 
proprioception due to sleep deprivation and energy deficits 
may contribute to impaired gait performance [9, 14]. Given 
that prolonged fasting may lead to decreased glycogen avail-
ability, known to contribute to neuromuscular fatigue [39], 
reduced movement efficiency in the WA test could reflect 
lower muscle energy stores and diminished coordination 
during Ramadan. Furthermore, prior research has indicated 
that postural mobility is highly dependent on vestibular and 
proprioceptive integration, both of which may be affected 
by sleep deprivation and altered circadian rhythms during 
RIF [7, 14]. Since judokas rely on rapid footwork and pre-
cise weight shifts, even subtle impairments in mobility could 
influence their ability to execute defensive maneuvers and 
counterattacks. Our results align with findings from studies 
examining the effects of sleep restriction on gait dynamics, 
which have shown that sleep disturbances lead to slower 
walking speed, shorter step length and lower sensorimotor 
control of gait [40, 41].

The LoS test revealed significant impairments in dynamic 
balance during DR, as evidenced by increased reaction time, 
swaying velocity, and reduced directional control. These 
results indicate that athletes exhibited slower responses to 
balance perturbations and greater instability when shifting 
their COG. The decline in directional control suggests com-
promised coordination and reduced ability to maintain bal-
ance under dynamic conditions, which could increase the 
risk of falling or being thrown off balance in a judo match. 
Several mechanisms may explain these findings. First, sleep 
disturbances associated with RIF are known to impair senso-
rimotor function, alter reaction time, functional attention and 
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delay neuromuscular responses, leading to reduced postural 
stability [3, 7, 12, 42]. Previous studies have asserted that 
the increase in postural sway following sleep deprivation 
may be due to a reduction in vestibular system efficiency 
[43] and/or the integration of several sensory inputs [44]. 
Indeed, the maintenance of a stable base of support during 
a balance control task necessitates the integration of sensory 
inputs to elicit the appropriate motor responses required to 
make limb corrections [45]. Since judokas frequently rely 
on anticipatory and reactive balance adjustments to counter 
an opponent's movements, any delay in postural reactions 
could be detrimental to performance. Second, reductions in 
total energy intake and macronutrient availability during DR 
may have contributed to neuromuscular fatigue and altered 
psychomotor performance; thereby altering his ability to 
generate rapid corrective movements [2, 42]. Given that 
carbohydrate availability plays a crucial role in maintaining 
motor performance [46], lower glycogen stores during fast-
ing could impair balance-related neuromuscular responses. 
Previous research on sleep deprivation and balance control 
has demonstrated that prolonged wakefulness increases 
postural sway and reduces reaction time in balance tasks 
[9, 14]. In line with these studies, our findings suggest that 
the combination of fasting, sleep disturbances, and potential 
dehydration may have compounded the effects on dynamic 
balance during Ramadan.

In addition to postural control, the present study exam-
ined the effects of RIF on anthropometric characteristics and 
daily nutrient intake. Our results showed significant reduc-
tions in body mass, BMI, and body fat percentage during 
DR compared to BR and AR, likely reflecting the influence 
of fasting-induced caloric restriction. Moreover, total daily 
energy intake, as well as macronutrient consumption (fat, 
protein, and carbohydrates), were significantly lower dur-
ing DR. This aligns with previous findings that RIF leads to 
reduced caloric intake and alterations in body composition 
among athletes [2, 47]. These results further reinforce our 
previous discussion regarding the potential role of nutri-
tional shifts in neuromuscular fatigue and reduced energy 
availability, which could contribute to compromised postural 
control. Given the high metabolic demands of judo, ensur-
ing adequate nutritional intake during Ramadan is crucial to 
maintaining optimal performance, particularly in balance-
related tasks.

Taken together, sleep disturbances and altered energy 
intake appear to be the primary contributors to the observed 
impairments in postural balance during RIF among elite 
judokas. Future research should explore strategies to miti-
gate these effects, such as targeted sleep interventions (e.g., 
naps) and adjusting training and competition schedules to 
optimize performance under fasting conditions. In addition, 
future studies could examine the efficacy of targeted nutri-
tional strategies, including ergogenic supplementation and 

optimizing Suhoor timing, to counteract the effects of energy 
restriction on postural stability. Recent studies by Bougrine 
et al. [48, 49] and Pickerill & Harter [32] demonstrated that 
consuming Suhoor closer to pre-dawn helps preserve morn-
ing cognitive function, prevent impairments in the fasted 
state at midday and afternoon, and minimize declines in 
physical performance during short-term high-intensity exer-
cise, ultimately enhancing overall athletic performance.

Practical applications for judo athletes observing 
Ramadan

To mitigate the impact of RIF on postural control, several 
practical strategies can be implemented. First, optimizing 
sleep schedules and incorporating strategic naps could help 
counteract sleep deprivation effects. Research suggests that 
short naps during the day can enhance cognitive and motor 
performance in sleep-restricted individuals [42, 50]. Second, 
judokas should focus on maintaining adequate hydration and 
energy intake during non-fasting hours, prioritizing slow-
digesting carbohydrates and high-quality protein sources 
to support neuromuscular function. Athletes may consider 
delaying their Suhoor to maximize energy availability and 
sustain cognitive and physical performance throughout the 
fasting period [48, 49]. Similarly, coaches may adjust train-
ing schedules to align with periods of peak alertness and 
physical readiness, such as late afternoon or evening ses-
sions, when athletes are closer to breaking their fast. These 
adjustments could help mitigate performance declines, opti-
mize training adaptations, and support postural stability and 
neuromuscular function during Ramadan fasting [3, 51]. In 
addition, integrating balance-specific drills into training rou-
tines may help maintain postural stability during Ramadan. 
Proprioceptive and vestibular exercises, including unstable 
surface training and reaction-based balance drills, could 
help athletes compensate for fasting-induced impairments 
[20]. Nevertheless, as previously mentioned, future research 
should explore the effectiveness of these interventions either 
separate or in combination with preserving judoka’s balance 
performance during RIF.

Study limitations

The present study was conducted on a relatively small sam-
ple of elite judokas. However, given the inherently lim-
ited number of available athletes at this competitive level, 
increasing the sample size was operationally challenging. 
Importantly, a priori sample size calculation confirmed that 
the inclusion of ten elite athletes was sufficient to achieve 
the required statistical power. Nevertheless, we acknowledge 
that the sample size remains a limitation, and results should 
be interpreted with caution, particularly regarding their 
generalizability to broader populations. In addition, as with 
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many studies on Ramadan conducted in Muslim-majority 
countries, the current study is lacking the presence of a non-
fasting comparator group. To address this, we considered the 
assessments performed before and after Ramadan as control 
conditions, despite the inherent methodological constraints. 
Future studies are advised to integrate a dedicated non-fast-
ing control group to strengthen comparative analyses and 
provide more robust reference standards. Furthermore, study 
focused exclusively on well-trained male judokas, limiting 
the applicability of the findings to other populations, includ-
ing sedentary individuals, female athletes, recreational judo-
kas, or patient populations. Future research should aim to 
expand the participant pool to assess the broader implica-
tions of Ramadan fasting on postural stability across differ-
ent demographic and athletic groups. Lastly, future studies 
should incorporate biomechanical assessments, such as elec-
tromyography and motion capture analysis, to gain deeper 
insights into the neuromuscular mechanisms underlying 
fasting-related balance impairments.

Conclusions

The present findings suggest that both mobility and dynamic 
postural control was significantly impaired during Rama-
dan in elite judokas. These effects appear to be transient, as 
postural control measures returned to baseline after Rama-
dan. The combination of sleep disturbances, reduced energy 
intake, and potential dehydration likely contributed to these 
impairments. Given the critical role of balance in judo per-
formance, athletes and coaches should consider implement-
ing targeted strategies to mitigate these impairments, includ-
ing optimizing sleep schedules, incorporating strategic naps, 
maintaining proper nutrition and adequate nutritional intake, 
and incorporating balance-specific training. Future research 
should further explore the interaction between fasting, sleep, 
and postural control across different athletic populations and 
competition settings along with their underlying mechanism, 
as well as assess the efficacy of countermeasures to support 
performance during fasting periods.
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