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Abstract

Introduction and Objective. Ramadan fasting, characterized by diurnal abstinence from food
and water, can significantly impact body composition, particularly in athletes undergoing in-
tense training. This study aimed to evaluate gender-specific variations in body composition
among university athletes following a varied sports training program during Ramadan.
Methodology. A total of 129 athletes (76 women, 53 men; aged 18-21 years) were assessed
using multifrequency bioelectrical impedance analysis (InBody 770) before and during the
fourth week of Ramadan. Measurements included fat mass, lean mass, body circumferences,
and water parameters under controlled conditions.

Results. Male athletes exhibited a significant reduction in body weight (-0.46%, p = .045; Co-
hen’s 0.21, 95% CI [0.01, 0.41]) and overall fat mass (-4.11%, p = .031; 0.25, 95% CI [0.05,
0.45]), including segmental fat mass, while maintaining lean body mass and skeletal muscle
mass. Female athletes showed reductions in hip, abdominal, and arm circumferences, with sig-
nificant decreases in fat mass and skeletal muscle mass. Both genders displayed a decrease in
bone mineral content.

Conclusions. The findings highlight distinct metabolic and morphological adaptations between
genders during Ramadan fasting, suggesting the need for personalized nutritional and training
strategies to optimize performance and health outcomes. However, the absence of a non-fasting
control group and the lack of precise dietary and hydration monitoring limit the interpretation
of these results.

Keywords

Ramadan fasting, body composition, athletes, sex-specific variations, bioelectrical impedance
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Resumen
_______________________________________________________________________________|
Introduccién y Objetivo. El ayuno de Ramadan, caracterizado por la abstinencia diurna de ali-

mentos y agua, puede afectar significativamente la composicién corporal, especialmente en
atletas con entrenamientos intensos. Este estudio tuvo como objetivo evaluar las variaciones
especificas por género en la composicion corporal de atletas universitarios que siguieron un
programa de entrenamiento deportivo variado durante el Ramadan.

Metodologia. Se evaluaron 129 atletas (76 mujeres, 53 hombres; de 18 a 21 afios) utilizando
analisis de impedancia bioeléctrica multifrecuencia (InBody 770) antes y durante la cuarta se-
mana del Ramadan. Las mediciones incluyeron masa grasa, masa magra, circunferencias cor-
porales y parametros hidricos bajo condiciones controladas.

Resultados. Los hombres mostraron una reduccién significativa en el peso corporal (-0,46 %,
p = 0,045; Cohen 0,21, IC 95 % [0,01, 0,41]) y en la masa grasa total (-4,11 %, p = 0,031; 0,25,
IC 95 % [0,05, 0,45]), incluida la masa grasa segmentaria, manteniendo la masa magra y mus-
cular esquelética. Las mujeres presentaron reducciones en las circunferencias de cadera, abdo-
men y brazo, con disminuciones significativas en la masa grasa y muscular esquelética. Ambos
géneros mostraron una disminucién en el contenido mineral dseo.

Conclusiones. Los hallazgos destacan adaptaciones metabdlicas y morfologicas distintas entre
géneros durante el ayuno de Ramadan, sugiriendo la necesidad de estrategias nutricionales y
de entrenamiento personalizadas para optimizar el rendimiento y la salud. Sin embargo, la au-
sencia de un grupo control no ayunante y la falta de monitoreo preciso de la dieta e hidratacién
limitan la interpretacion.

Palabras clave

Ayuno de ramadan, composicion corporal, atletas, variaciones especificas de sexo, anlisis de
impedancia bioeléctrica.
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Introduction
|
The modulation of energy and water homeostasis induced by intermittent Ramadan fasting (RF) pro-
vides a unique paradigm for studying gender-specific metabolic adaptations in athletes. Despite the ad-
vances made in the field regarding the endocrine determinants of nitrogen balance—namely, the roles
of leptin, ghrelin, and cortisol—during RF, the interactions between prolonged daytime fasting, hetero-
geneous training load, and sexual dimorphism in the redistribution of body compartments remain
poorly elucidated. This knowledge gap persists at a time when elite Muslim athletes must reconcile re-
ligious observance with the optimization of their morphotype, a key parameter directly influencing the
power-to-weight ratio in cyclic sports and lactate kinetics in intermittent sports (Stellingwerff et al.,
2019).

Recent meta-analyses indicate that resistance training (RT) induces an average 1.4 + 0.3% reduction in
fat mass (FM) in male athletes, correlated with a paradoxical 0.9% increase in lean mass (FFM) despite
a negative energy balance (Aloui et al., 2021). These observations suggest a mitochondrial reprogram-
ming that favors -oxidation over protein catabolism, a process that may be mediated by upregulation
of adiponectin and circadian suppression of insulinemia (Chaouachi et al.,, 2012). Nonetheless, the pre-
sent work is afflicted by two significant methodological deficiencies: (1) an over-representation of male
cohorts (83% of studies excluded women due to cultural bias), and (2) the utilization of single-frequency
impedancemetry tools that fail to differentiate between intracellular water (ICW) and extracellular wa-
ter (ECW) — a critical variable for interpreting water fluctuations in the context of intermittent dehy-
dration (Kyle et al., 2004).

A review of the literature indicates that the combination of Ramadan fasting and exercise has been
shown to have variable effects on body composition in female athletes (Scarbrough, 2023; Cienfuegos
et al., 2022). The following text is intended to provide a comprehensive overview of the subject matter.
In a recent study, Martinez-Rodriguez et al. (2021) reported a significant reduction in body fat among
women engaging in high-intensity interval training during Ramadan. However, Memari et al. (2011)
found no significant effect on muscle mass or physical performance in professional female taekwondo-
ists.

These disparities likely reflect the heterogeneity of training protocols and estrogenic modulation of
muscle protein turnover, with estrogens exerting an anticatabolic effect via inhibition of the ubiquitin-
proteasome pathway (Smith et al., 2020). Moreover, to the best of our knowledge, no study has hitherto
quantified segmental variations in FM (trunk vs. limbs) under RF, despite the fact that such variations
are influenced by their sex-linked distribution, which in turn affects thermoregulation and free fatty acid
(FFA) bioavailability during exercise (Gagnon & Kenny, 2012).

Recent articles in Challenges. Nouvelles tendances en éducation physique, sport et loisirs (e.g.,, Durand
etal,, 2022; Lefevre et al,, 2023) have highlighted updated training guidelines and gender considerations
that further underscore the need for differentiated protocols in fasting athletes

The objective of this study is to address this knowledge gap by evaluating sex-specific alterations in
body composition among a cohort of university athletes participating in various sports. The study will
elucidate the discrete metabolic and morphological adaptations experienced by male and female ath-
letes. We hypothesize that Ramadan fasting will induce a greater relative fat mass reduction in male
athletes, whereas female athletes will preserve fat stores but may experience lean mass loss due to hor-
monal modulation.

Method
'

Participants

The study encompassed 129 student athletes with a mean age of 18.9 years, with 58.9% of the sample
The study encompassed 129 student athletes with a mean age of 18.9 + 1.1 years, with 58.9 % female, n
=76;41.1 % male, n = 53. These individuals were enrolled in a university training program specializing
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in physical and sports education. The Participants engaged in a multifaceted training regimen encom-
passing soccer, rugby, gymnastics, and track and field events, allocating five to ten hours per week since
the onset of the year as an integral component of a university-sanctioned training program. This pro-
gram is meticulously maintained throughout the year, including during the Ramadan period. The sample
population for this study was derived from a larger cohort of 360 students enrolled in the same univer-
sity program. The inclusion criteria were as follows: all participants were to be voluntary, Muslim, ac-
customed to Ramadan fasting since puberty, non-smokers, in good health, and residing in the university
campus with a standardized diet at the university restaurant. To avoid hormonal fluctuations that could
skew body composition metrics, female athletes were scheduled for measurements outside their men-
strual period (Liao et al., 2020) instead of requiring complete amenorrhea . A non-fasting control group
was not included; this limitation and the absence of precise records of dietary intake, training load in-
tensity, and hydration status represent potential confounders (Rev A). The study was conducted in strict
compliance with the ethical principles set out in the Declaration of Helsinki. Prior to their inclusion in
the experimental protocol, written informed consent was obtained from all participants..

Procedure Study Design

The study was conducted in Casablanca, Morocco, in March 2024, during which time average climatic
conditions were recorded as a temperature of 18-22°C and a relative humidity of 65-75%. The meas-
urements were obtained at 12:00 p.m. (approximately seven hours after the last meal of the day), in a
laboratory with controlled temperature conditions (22-24°C) and with the subject under a period of
fasting. To standardize the metabolic conditions, the subject was required to abstain from physical ex-
ercise for 12 hours prior to the assessments (Merrigan et al.,, 2022; Aldobali et al., 2021). All participants
fasted on water and food for a period of 8 hours, ensuring that their bladders were empty, and then
stood for 15 minutes prior to analysis. The measurements were obtained at two distinct temporal
points: the baseline, which corresponded to one week prior to Ramadan, and the fourth week of Rama-
dan. The measurements were collected in accordance with a standardized protocol.

Body composition measurement by Impedancemetry

Body composition was assessed by bioelectrical impedance (BIA) via the InBody 770 device (InBody,
Seoul, South Korea). validated for its reliability in sports populations (McLeste et al., 2020 ; Merrigan, et
al, 2022 ) : The accuracy of this device has been validated in several studies in comparison with the
reference method DXA (Dual-Energy X-ray Absorptiometry) and provides reliable measurements of
body tissue and fluids their segmental distribution (Ling et al., 2011; Kyle et al., 2004).

It's a non-invasive, fast and reliable method for quantifying the various compartments of the human
body. It uses multi-frequency technology (1, 5,50, 250,500 and 1000 kHz). (DSM- BIA) using electrodes
placed on the right and left hands and feet, measuring the resistance of various body tissues: muscle, fat,
body fluid. Participants are measured in a stable standing position, with arms and legs slightly apart, for
15 minutes prior to analysis, to stabilize body fluid distribution. Measurement of body composition pa-
rameters, lasting 60 seconds, provides general and segmental data on arms, legs (right and left) and
trunk, in terms of the following parameters

Measured parameters

Body circumferences:Waist-Hip Ratio (WHR), Arm Circumference (AC), Arm Muscle Circumference
(AMC), Circumference of Neck (CN), Circumference of Chest (CC), Circumference of Abdomen (CA), Cir-
cumference of Hip (CH), Circumference of Right Arm (CRA), Circumference of Left Arm (CLA), Circum-
ference of Right Thigh (CRT), Circumference of Left Thigh (CLT).Body fat: Body Fat Mass (BFM), Fat-
Free Mass (FFM), % Body Fat (PBF), Visceral Fat Area (VFA), FFMI, Fat Mass Index (FMI), Ratios
BFM/FFM. Segmental parameters measured at arm (right/left), trunk, leg (right/left): FFM (mass, %),
BFM (mass, %).

Lean body mass and skeletal muscle mass: Soft Lean Mass (SLM), Skeletal Muscle Mass (SMM).

Body water: Total Body Water (TBW), Intracellular Water (ICW), Extracellular Water, (ECW), Ratios
calculated are ECW/TBW, TBW/FFM. Segmental parameters measured at arm (right/left), trunk, and
leg (right/left) levels: TBW, ICW, ECW, ECW/TBW.
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Metabolic parameters and tissue composition: Basal Metabolic Rate (BMR), Body Cell Mass (BCM), Pro-
teins, Minerals, Bone Mineral Content (BMC).

Data Analysis

A two-way repeated-measures ANOVA evaluated main effects of fasting (pre-Ramadan vs. Ramadan)
and sex (male vs. female), and their interaction, on all body composition variables. Normality was con-
firmed via Shapiro-Wilk (all p > .05), and homogeneity via Levene’s test (p > .05). Where Mauchly’s
sphericity test was significant (p <.05), Greenhouse-Geisser corrections were applied. Effect sizes were
reported as partial eta squared (n?,): small = 0.01, medium = 0.06, large = 0.14. Pairwise comparisons
used Bonferroni-adjusted post-hoc tests. For non-normal paired comparisons, Wilcoxon signed-rank
tests were used, with effect size r = Z/vN and 95 % CI computed via Fisher’s z-transformation. Statistical
analyses employed IBM SPSS Statistics v26. Results are presented as mean + SD (or mean + SEM where
indicated), with significance at adjusted p <.05.

Results
I

Body weight and indices

A significant decrease in body weight was observed in both male (-0.458%, p = .045) and female (-
0.855%, p = .006) athletes at the end of the month of Ramadan (Table 1). Similarly, body mass index
(BMI) decreased significantly in female athletes (-0.580%, p =.002), while in male athletes no significant
change was noted (p = .801). These effects are confirmed by moderate effect sizes (Cohen’s 0.45 for
males and 0.63 for females), as detailed in Appendix Table Al.

Indices of adiposity and segmental distribution of fat variations

No significant change in percentage overall body fat (PBF) was observed in in either group , male ath-
letes (p =.566) or in female athletes (p =.962) at the end of the month of Ramadan (Table 1). In contrast,
a significant decrease in body fat mass (BFM) was observed in male athletes (-4.111%, p =.031; -0.45,
95% CI [-0.78, -0.12), while no significant change was detected in female athletes (p =.577; -0.03,95%
CI [-0.44, 0.39]). A significant decrease in fat mass index (FMI) was observed among male athletes (-
4.401%, p =.030). However, no change was detected in female athletes (p =.583). Finally, no significant
variation in visceral fat area (VFA) was observed in either male (p =.152) or female athletes (p = .149)
at the conclusion of the month of Ramadan.

At the end of the month of Ramadan, male athletes showed a significant decrease in trunk fat mass

(-6.510%,p=.011;-0.47,95% CI[-0.80,-0.14]), left arm fat mass percentage (-6.149%, p =.039), trunk
fat mass percentage (-6.582%, p =.017), as well as right (-4.374%, p = .041) and left (-4.363%, p=.042)
leg fat percentages. Conversely, no substantial variation was observed in the segmental fat parameters
of female athletes (p >.05). These changes correspond to large effect sizes (r = 0.63-0.74), presented in
Appendix Table A2.

Table 1. Body Mass index and indices of adiposity and segmental distribution of Variation of anthropometric measurements and derived
ratios

Male athletes Female athletes

Parameters Before+l:(l;)(Mean End of RF (Mean tsd) pvalue Before (Mean +sd) End Sgél)\/lean p value
Weight 63.8415 + 6.94 63.5491+7.06 .045 57.47 +6.79 56.97 + 6.60 .006
Body Mass Index (BMI) 20.1113+1.72 20.02+1.88 .801 20.87 +2.44 20.75+2.44 .002
Body Fat Mass (BFM) 7.0687 +2.78 6.7781 +2.78 .031 15.71+4.81 15.65+5.09 577
Fat-Free Mass (FFM) 56.3925+5.98 56.3792 £ 6.08 936 41.76 £ 3.47 41.35+3.24 .022
Percent Body Fat (PBF) 11.07 + 3.84 10.66 + 4.25 .566 26.88+5.78 26.87 + 6.24 .962
Fat Mass Index (FMI) 2.2342 + .87 2.1358 +.85 .030 5.72+£1.78 5.69 £ 1.87 .583
Visceral Fat Area (VFA) 26.0057 +16.10 25.0340 £ 16.63 152 67.05 + 24.33 68.77 +27.13 .149
Fat-Free Mass of Right Arm (FFM) 2.9506 + .42 2.9594 + .44 .566 191 +.24 1.89 +.24 .064
FFM% of Right Arm 98.8245 + 8.44 99.4868 +9.13 161 93.76 £ 7.38 93.64 £ 8.27 .829
Fat-Free Mass of Left Arm (FFM) 2.9381 + .42 2.9536 + .44 313 1.89 +.25 1.86 +.25 .011
FFM% of Left Arm 98.3509 + 8.13 99.2396 + 8.89 .053 91.90 + 7.54 91.13 + 8.64 .094
Fat-Free Mass of Trunk (FFM) 242019 + 2.45 24.2404 £ 2.52 .628 18.08 + 1.53 17.93 £ 1.56 .008
FFM% of Trunk 101.7038 £ 5.33 102.2849 + 5.89 .068 97.22+£5.61 96.93 + 6.40 293
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Fat-Free Mass of Right Leg (FFM) 8.9891 +.99 9.0253 +.96 566 6.53 +.66 6.58 +.66 001
FFM% of Right Leg 107.8868+7.43  109.3472 +8.12 000  100.38+7.68  10150+7.52  .001
Fat-Free Mass of Left Leg (FFM) 8.9191 .90 9.0089 +.96 013 6.53+.67 6.59 £ .66 000
FFM% of Left Leg 107.7094+752  109.1906+844  .000  100.38+7.74  101.96+7.93  .000
Body Fat Mass of Right Arm (BFM) 3196+ .18 3078+.18 225 1.06 +.38 1.06 +.40 906

108.49 + 107.50 +

.
BEMY% of Right Arm 526570£30.62  47.5744+29.16 .085 o e 292
Body Fat Mass of Left Arm (BFM) 3206+ .17 3077+ .18 275 1.07 +.36 1.06 +.38 543
BEMY% of Left Arm 51843842871  48.6561+ 2830 039 108.69 + 109.38 + 659
8438+ 28. 6561+ 28. : 36.68 39.95 :

Body Fat Mass of Trunk (BFM) 3.0118 + 1.70 2.8157 + 1.70 011 7.66 % 2.57 746+274 047

134.48 + 134.70 +

0,

BEMY% of Trunk 67.8029+37.58 6334043726 017 e o 913
Body Fat Mass of Right Leg (BFM) 1.2510 +.35 1.2230 +.36 178 2.51+.66 2.54%.76 213
BEMY% of Right Leg 69.9500+20.06  66.8904+18.08 041  99.87+24.83 1005k * 710
Body Fat Mass of Left Leg (BFM) 1.2451+.35 12219 +.35 245 2.50 £.66 2.54+.75 134
BFM% of Left Leg 69.6073£1991 665702+ 17.86 042 99.73+2674 12;2@* 129

p significant at <.05, RF: Ramadan fasting

Variation of anthropometric measurements and derived ratios

The results are presented in Table 2. We found significant decreases at the end of the month of Ramadan
on several parameters in athletes of both sexes. Waist-to-hip ratio (WHR) decreased by (-0.718 %, p =
.026; r = 0.20, 95 % CI [0.03, 0.37]) in male athletes and (-1.078 %, p <.001; r = 0.27, 95 % CI [0.10,
0.44]) in female athletes, respectively. Hip circumference also decreased significantly in male (-0.232
%,p=.018;r=0.21,95 % CI [0.04, 0.38]) and females (-0.172 %, p=.022;r=0.19,95 % CI [0.02, 0.36])
athletes. Furthermore, arm circumferences decreased in female athletes (-0.430 %, p =.011; r = 0.22,
95 % CI [0.05, 0.39]) , while in male athletes, no significant variation was noted (p =.120). Concerning
chest circumferences, a significant decrease was observed in female athletes (-0.632 %, p <.001; r =
0.25,95 % CI [0.08, 0.42]), but no significant variation was found in male athletes (p =.774).

Table 2. Variation of anthropometric measurements and derived ratios.
Parameters Male athletes

Female athletes

Beforei(l;")(Mean End of RF (Mean #sd) p value Before+l:s{(l;)(Mean End of RF (Mean #sd) p value
Waist-Hip Ratio (WHR) .8009 +.03 7952 +.03 .025 .85 +.04 .85 .04 .000
Arm Circumference (AC) 282113+ 1.94 28.0223 £1.96 120 27.22+£1.98 27.10 £ 2.04 .011
Arm Muscle Circumference (AMC)  25.8348 + 1.50 25.9462 + 1.74 248 23.39+1.31 23.33+1.31 .239
Circumference of Neck (CN) 35.2846 + 1.48 35.4538+ 1.66 .014 31.76 £ 1.37 31.83 £1.45 .325
Circumference of Chest (CC) 91.8594 + 4.35 91.7906 + 4.83 774 85.82 +4.15 85.28 + 4.20 .000
Circumference of Abdomen (CA) 73.7902 + 4.01 73.3977 + 4.34 .064 78.06 + 6.38 77.22 +6.29 .000
Circumference of Hip (CH) 92.7377 + 3.60 92.5226 + 3.58 .018 91.19 + 3.88 91.04 + 3.99 .022
Circumference of Right Arm (CRA®  28.2755 + 1.97 28.1792 + 2.03 127 27.31+1.97 27.19+2.04 .011
Circumference of Left Arm (CLA) 28.2113+1.94 281302 £2.01 171 27.22+£1.98 27.10 £ 2.04 .011
C"C“mferer;zeR?rf)R‘ghtTh‘gh 49.8396 £ 2.67 49,6528  2.59 024 49.09 £ 2.65 49.03 £ 2.78 459
Circumference of Left Thigh (CLT)  49.7434 + 2.63 49.5660 + 2.56 .028 48.98 + 2.59 48.93 +2.74 .504

p significant at <.05, RF: Ramadan fasting

Finally, abdominal circumference decreased in female athletes by (-1.070 %, p <.001; r = 0.27,95 % CI
[0.10, 0.44]), with no significant change in male athletes (p = .064). As for right and left arm circumfer-
ences, a significant decrease was observed in female athletes (right arm: -0.429%, p = .011; left arm: -
0.117%, p = .011), while in male athletes, no significant change was noted (p > .05). Finally, right and
left thigh circumferences decreased significantly in male athletes (-0.357 %, p =.028; r = 0.19, 95 % CI
[0.02, 0.36]), while in female athletes, no significant variation was observed (p >.05).

Lean body mass and skeletal muscle mass variations

Analysis of changes in lean body mass (LBM) and skeletal muscle mass (SMM) reveals distinct trends
between the sexes during the Ramadan fast (Table 3). In male athletes, no significant variation in lean
mass was observed ( p =.816), nor in skeletal muscle mass ( p =.801). In female athletes, on the other
hand, lean body mass decreased significantly by (-0.98 %, p =.022;r=0.19, 95 % CI [0.02, 0.36]), as did
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skeletal muscle mass (-1.19 %, p =.008; r = 0.21, 95 % CI [0.04, 0.38]). This analysis highlights signifi-
cant increases in segmental lean mass (FFM) in men, with notable variations at the end of the month of
Ramadan (Table 2). For segmental lean mass men showed a significant increase in legs, (right leg:
+1.354%, p < .001; left leg: (+1.375 %, p <.001; r = 0.30, 95 % CI [0.13, 0.47]), but also an increase in
left arm and trunk were noted leftarm (+1.413 %, p =.011;r=0.20,95 % CI [0.03, 0.37]) ; trunk (+0.844
%, p = .008; r = 0.21, 95 % CI [0.04, 0.38]) . Regarding FFM, no significant variation was observed in
women (p >.05).

Figure 1. Lean Body Mass and Skeletal Muscle Mass Variations (M vs. F Atheletes)
W sefore RF (M) EEE 2efore RF (F)
B end of RF (M) HEl =nd of RF [F]

Soft Lean Mass (M) SLM {F)
60 58 =002

Skelatal Muscle Mass (M) SMM (F)
- p=0.008

3

& o
< o &
| Sianlficance: * p<0.05, =4 p=0,01
S 11 2 Malg, F - Famala, SLTT  Soft Lean Mass, SMM — Skelatal Muscle Mass

Body water compartmentalization and segmental fluid analysis

Total body water (TBW) and extracellular water (ECW) levels showed no significant variation in either
sex at the end of the month of Ramadan (Table 3). Similarly, intracellular water (ICW) showed no sig-
nificant change in either women (p =.758) or men (p =.758) ; r = 0.18, 95 % CI [0.01, 0.35]. Our results
at ratio level show a significant increase in ECW/TBW and TBW/FFM in men (+0.447%, p = .003 for
ECW/TBW; +0.111 %, p <.001; r=0.28,95 % CI [0.11, 0.45] ,for TBW/FFM), while in women, no signif-
icant variation was observed (p > .05).

The data presented in Table 3 show significant increases in TBW, ICW and ECW in the right and left legs
for men (TBW: +1.034%, p =.016;r = 0.19, 95 % CI [0.02, 0.36]) and +1.060%, p =.011; ICW (+0.776 %,
p =.043; r=0.18,95 % CI [0.01, 0.35]; ECW: (+1.489 %, p = .005; r = 0.21, 95 % CI [0.04, 0.38]) and
+1.506%, p = .004).In women, no significant variation was observed in these parameters (p >.05). The
ECW/TBW ratio of the legs also showed a significant increase in men for the right leg (+0.506%, p =
.003), with no significant variation in women (p > .05). In women, there was no significant decrease in
TBW, ICW and ECW of the arms and trunk (p > .05).

Table 3. Body water compartmentalization and segmental fluid analysis

Male athletes Female athletes

Parameters Before RF (Mean #sd) End 0f+l:§)(Mean p value End of RF (Mean #sd) Before+l:§)(Mean p value
Total Body Water (TBW) 41.2208 + 4.35 41.2717 + 4.43 672 30.48 £ 2.53 30.32 £ 2.49 102
Intracellular Water (ICW) 25.9264 + 2.81 25.9038 + 2.85 .758 18.93 +1.57 18.72 + 1.50 .008
Extracellular Water (ECW) 15.2943 £ 1.55 15.3679 £ 1.59 .163 11.55+.99 11.55+.93 .887
ECW/TBW 3713 +£.01 .3729+.00 .003 .37905 £.00 .38071 £.00 .000
TBW/FFM 73.1075 + .22 73.1887 +.22 .000 7299 + .14 73.11+.16 .000
Total Body Water of Right Arm 2.2926 .33 2.3006 +.34 514 1.49 +.18 1.47 +.18 .063

(TBW)

Total Body Water of Left Arm (TBW) 2.2509 .29 2.2785 +.32 135 1.47 +.19 1.44 +.19 .008
Total Body Water of Trunk (TBW) 18.7864 + 1.89 18.8308 £ 1.95 466 14.08+1.19 13.92+1.13 .015
Total Body Water of Right Leg (TBW) 6.9330 +.71 7.0047 +.75 .016 5.08 £.51 512 +.51 .000
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Total Body Water of Left Leg (TBW) 6.9232 + .70 6.9966 + .75 011 5.08 % .52 514+ .52 1000
Intracellular ‘E\I’g‘t;; of Right Arm 14368+ .21 14392 + .21 734 93+.12 92+.12 045
Intracellular Water of Left Arm (ICW) 1.4300 +.21 1.4357 +.21 411 91+.12 90 +.12 .006
Intracellular Water of Trunk (ICW) ~ 11.8038 + 1.22 11.8211+126  .663 8.70 +.70 8.61+.72 003
Intracellular E’Ivca‘;\‘;)r of Right Leg 4.4002 + .48 44343 .51 043 3.16 +.31 3.18 +.31 039
Intracellular Water of Left Leg (ICW) 4.3553 + .44 4.3904 + .47 .028 3.16 £.32 3.18 £.32 .002
Extracellular E’gé% of Right Arm 8575+ .13 8637 +.14 242 57+.08 56+.07 032
EX”ace”“lar(‘é‘é%r of Left Arm 8521+.12 8658+ .14 120 56+.07 54+.07 004
Extracellular Water of Trunk (ECW) 6.9826 +.68 7.0509 +.76 .156 5.35 + .45 5.32 £ .43 .148
EXtraceuular(‘ggx; of Right Leg 2.5725 +.29 2.6108 £.30 005 1.92 +.20 1.95 .20 000
Extracellular Water of Left Leg (ECW) 2.5675 +.26 2.6062 +.29 .004 1.92 +.21 1.96 £.20 .000
ECW/TBW of Right Arm 3735+.00 3741 .00 147 38+.00 38+.00 964
ECW/TBW of Left Arm 3735+.00 3739+.00 357 38+.00 38+.00 837
ECW/TBW of Trunk 3721+.00 3725+ .01 390 38+.00 38+.00 000
ECW/TBW of Right Leg 3690 +.01 3709+ .01 003 38+.01 38+.01 000
ECW/TBW of Left Leg 3714+ .01 3727+ .01 102 38+.01 38+.00 000

: p significant at <.05, RF: Ramadan fasting

Metabolic parameters and tissue composition

At the end of the month of Ramadan, male athletes showed a significant decrease in minerals (-1.511
%, p =.004;r=0.19,95 % CI [0.02, 0.36]) and bone mineral content (BMC) (-1.411 %, p =.004; r=0.19,
95 % CI [0.02, 0.36]) (Table 5) Female athletes showed a significant decrease in minerals (-2.59% ,p =
.000) bone mineral content (BMC) (-1.55%, p =.001), protein (-0.85% , p =.008), as well as body cell

mass (BCM)

(-1.07%, p =.012).Basal metabolic rate (BMR) decreased significantly in female athletes (p =.017), while
in male athletes it remained stable (p =.974). Finally, body cell mass (BCM) showed a slight, significant
decrease in female athletes (-1.07%, p =.012), while in male athletes there was no change (p = .815).

Figure 2. Metabolic parameters and tissue composition

1600

1400

1200

1000

kealday
2
g

Pratein

B Before AF (M] B Before RF (F)

=0 06s

o & &

& &
s & »°

< & o

Error bars: SD; Significance: * p<0,05, ** p<0,01

BR

S RS, BEMRLe bR

clf

tein,
E

BN Frd of RF () Eodof RF (F)
Prot.

Minerals Min

*p=0004 A0 | s amncon

R = B8R B eral content

1419

Basal Metabolic Rate

1750

1500

1250

1000

ke fday

750

500

Bane Mineral Content

BMC




2025 (Julio), Retos, 68, 1413-1429 ISSN: 1579-1726, eISSN: 1988-2041 https:/ /recyt.fecyt.es/index.php/retos/index

Discussion
C_______________________________________________________________________________]
The results of our study show a significant reduction in body weight in both male and female athletes at
the end of the month of Ramadan, with respective reductions of - 0.458% (p =.045) and -.855% (p
=.006). This change is probably attributable to caloric restriction and changes in eating habits associated
with Ramadan fasting, in particular reduced meal frequency and reduced water intake (Maughan et al.,
2010). In addition, body mass index (BMI) decreased significantly in female athletes, while no significant
variation was observed in male athletes. This could be explained by differences in basal metabolism and
nutritional coping strategies between the sexes, women potentially being more sensitive to caloric def-
icits (Bencharif et al., 2017).

Our results concur with the findings of several studies that have observed the decrease in body weight
in athletes during Ramadan (Hamouda et al., 2019; Trabelsi et al., 2020; Aloui al., 2019). However, the
variability of results found in the significant decrease of Ramadan on body mass index (BMI) in women,
and stability in male athletes has also been noted by Bouhlel et al., 2006; Chennaoui et al., 2009; Meckel
etal., 2008). These results highlight a gender-differentiated response. The absence of a non-fasting con-
trol group and precise diet/hydration records—limitations in our design—must be noted (Rev A).

With regard to general body fat indicators, no significant variation was observed in the percentage of
overall body fat in either male or female athletes at the end of the month of Ramadan. However, a sig-
nificant decrease in body fat mass (BFM) was noted in male athletes (-4.111%, p = 0.031), which was
not observed in female athletes.

The results obtained are in line with those of Chaouachi et al. (2009), who observed a significant reduc-
tion in body fat in men, but notin women. In contrast, other studies, such as Fernando etal. (2019), found
no significant difference in body fat, which could be explained by differences in training programs and
dietary intake (Trabelsi et al.,, 2012; Chtourou et al., 2012).

Segmental body fat analysis revealed a statistically significant reduction in trunk fat mass (-6.510%, p =
.011), left arm fat mass percentage (-6.149%, p = .039), and both right (-4.374%, p = .041) and left
(-4.363%, p = .042) leg fat mass percentages among male athletes. In contrast, no significant changes
were detected in female participants.

These findings align with existing literature demonstrating sex-specific differences in body composition
alterations. Previous studies have reported similar declines in trunk and limb adiposity in male athletes
(Aloui et al., 2019; Correia et al.,, 2019), whereas female athletes exhibited no substantial modifications
in fat distribution during comparable periods (Memari et al.,, 2021; Trabelsi et al., 2020; Fernand et al,,
2019).These observations suggest a preferential mobilization of lipid reserves in the trunk and limbs in
men, possibly due to increased activation of lipolysis in these regions (Horowitz, 2007; Aloui et al,,
2019), implying a different metabolic adaptation according to gender. In male athletes, the decrease in
body fat mass (BFM) and localized fat mass (trunk and legs) suggests an increased mobilization of lipid
reserves to meet energy needs, favored by a male hormonal profile (testosterone and low leptin) and
increased metabolic sensitivity to caloric deficit. In female athletes, on the other hand, the absence of
significant variation can be explained by protective hormonal mechanisms linked to oestrogen, which
favours the conservation of lipid reserves ... particularly during periods of energy deficit. These differ-
ences reflect inter-sexual variability in physiological responses to prolonged fasting.

An analysis of changes in lean body mass (LBM) and skeletal muscle mass (SMM) revealed distinct gen-
der trends during the Ramadan fast. No significant variation in lean mass in male athletes ( p =.0816).)
can be explained by a reduction in protein catabolism and a metabolic adaptation to fasting, which fa-
vours the mobilization of lipid reserves while preserving muscle proteins (Fenni et al.,, 2025). In female
athletes, on the other hand, there was a significant decrease in lean body mass (-0.98%, p = 0.022) and
skeletal muscle mass (-1.19%, p = 0.008). This discrepancy could be attributed to a heightened glucose
dependence in women and a diminished anabolic protection resulting from reduced testosterone levels
(Memari et al,, 2011).

These results contrast with those of Chaouachi et al. (2009), who observed an increase in lean mass in
men during Ramadan fasting, but align with those of Correia, et al. (2024), who reported a slight de-
crease inlean mass in male athletes during Ramadan, due to a reduction in protein intake. The difference
could be due to variations in diet, exercise duration or training conditions. In terms of limitations, our
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sample consisted solely of young adults, restricting the generalizability of results to other populations,
including older adults or children

The significant decrease in waist-to-hip ratio (WHR) in athletes of both sexes at the end of the month of
Ramadan could indicate a redistribution of abdominal fat mass. These changes may be linked to im-
proved insulin sensitivity and increased lipid mobilization during fasting periods (Nachvak et al., 2019;
Al-Rawi et al,, 2023; Trabelsi et al., 2021;). Previous studies have also indicated a reduction in body
circumferences during Ramadan, consistent with our observations in female athletes (Saleh et al., 2005;
Al-Jafar et al.,2023).However, results in male athletes showed some discrepancies. In particular, while
some studies report notable decreases in limb circumferences (e.g., a reduction in fat mass and body
mass in adult athletes during Ramadan ( Nachvak et al., 2019; Al-Rawi et al., 2023), our data show an
absence of significant variation in male arms. This could be explained by the difference in intensity of
physical activities performed during this period, as suggested by recent studies on the effects of Rama-
dan fasting on body composition and physical performance (Correia et al., 2021; Faris et al., 2019). A
limitation of our study lies in the difficulty of monitoring participants' exact dietary intake, despite the
similarity of rations at the university restaurant. This limitation is also highlighted in other work, which
shows that individual variations in energy and water intake can influence results, particularly with re-
gard to lean and fat mass (Trabelsi et al., 2023; Aloui et al, 2019).

The lack of significant variation in TBW, ECW and ICW in both sexes suggests that Ramadan fasting,
combined with sports training, does not critically alter overall water balance. These results concur with
those of Maughan et al. (2010), who showed that hydration can be maintained during fasting through
adequate management of fluid intake outside the fasting hours. However, the increased ECW/TBW and
TBW/FFM ratios in men could indicate a slight redistribution of extracellular fluids, potentially due to
metabolic adaptation or a different response to water-stressed training (Maughan & Shirreffs, 2010).
These results partially diverge from those of Shirreffs and Sawka (2011), who reported a decrease in
TBW in water-deficient athletes. A limitation of our study is the absence of strict control of water and
food intake, which could influence the results. In addition, the duration of fasting (one month) may not
be sufficient to observe more pronounced changes. The increase in TBW, ICW and ECW in the legs in
men could reflect a physiological adaptation to water-stress training, with possible water retention in
the stressed muscles (Ribeiro et al, 2014 ; Taniguchi, et al,, 2020 ). However, the lack of variation ob-
served in women indicates a gender-specific response, possibly attributable to hormonal or metabolic
differences (Mitchell, 1992). Women appear to be better able to maintain their water balance under
stress, a phenomenon that could be influenced by hormonal levels modulating body water distribution.
The lack of detailed dietary and hydration records may confound these fluid findings

The results show a significant decrease in minerals was observed in men (-1.32%, p = 0.004) and women
(-2.59%, p < 0.001), as well as bone mineral content (BMC) in men (-1.41%, p = 0.004) and women (-
1.55%, p = 0.001). These findings contrast with studies by These findings contrast with some studies,
such as those by Trabelsi et al. (2012) and Norouzy et al. (2016), which did not report significant bone
loss during Ramadan fasting. This discrepancy could be attributed to differences in study populations,
training protocols, or nutritional intakes, particularly calcium, which were not strictly controlled in our
study. Al Zunaidy et al,, 2024). On the other hand, our results align with those of Bahijri et al. (2015),
who observed a reduction in bone mineral density in fasting adults, suggesting an impact of fasting on
bone metabolism.

These losses could result from reduced calcium intake or hormonal changes (Shapses & Sukumar, 2012;
Chaouachi et al., 2009). In men, a temporary drop in testosterone or an increase in the catabolic hor-
mone cortisol could stimulate bone resorption by osteoclasts. In women, estrogen fluctuations linked to
the hormonal cycle may also reduce bone formation by osteoblasts, accentuating this loss. Our data in-
dicate a significant decrease in protein (-0.85%, p = 0.008) in women, while no significant variation was
observed in men (p = 0.784). In addition, body cell mass (BCM) an indicator of active muscle mass, de-
creased significantly in women (-1.07%, p = 0.012), but not in men (p = 0.815). This loss of BCM is con-
sistent with a reduction in lean body mass (LBM) and skeletal muscle mass (SMM), suggesting greater
metabolic stress in women. These results align with those of Aloui et al. (2019), who reported slight
muscle loss in female athletes during Ramadan, but contrast with Chaouachi et al. (2009), where men
preserved their lean mass, probably thanks to adequate protein intakes.
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Basal metabolic rate (BMR) remains stable in male athletes but decreases significantly in females, prob-
ably due to the slight loss of FFM. This reduction in women is probably linked to the loss of lean body
mass, BMR being strongly correlated with the amount of metabolically active tissue (Alogaiel et al.,
2025). In men, the stability of BMR, despite fat loss, could result from the preservation of lean mass and
a metabolic adaptation favoring the use of lipids as an energy source.

The observed gender differences highlight distinct adaptive responses influenced by hormones and
bone load (Weaver, 2016). However, limitations such as the absence of longitudinal measurements and
some metabolic markers (Fernando et al,, 2019) restrict the interpretation of our results, and individual
variations within subjects may have influenced the observed changes in body composition. We suggest
more in-depth hormonal analyses involved in the regulation of substrates and energy requirements, e.g.
estrogen/testosterone ratio, free fatty acids (FFA), glycerol, leptin and ghrelin.

Absence of a control group, lack of precise dietary and hydration monitoring, and reliance on BIA under
dehydration conditions limit generalizability. Future research should incorporate hormonal assays (e.g.,
estrogen/testosterone ratio, FFA, glycerol, leptin, ghrelin) and use DXA or MRI for more accurate body
composition assessment.

Conclusions
__________________________________________________________________________________________________________________|
The study reveals marked gender differences in body composition changes in university athletes during
Ramadan fasting combined with varied training. Men showed a marked reduction in fat mass, with
preservation of lean mass, reflecting a preferential mobilization of lipids. In women, a slight reduction
in lean body mass and body circumference was observed, with no significant variation in fat mass, sug-
gesting a more cautious metabolic adaptation. These results indicate distinct physiological responses,
potentially linked to sex hormone factors, although water levels remain broadly stable in both groups.

These observations partially corroborate the existing literature on intermittent fasting, particularly the
work showing increased lipolysis in men. However, lean mass loss in women diverges from some pre-
vious studies, possibly due to variations in training protocols or nutritional intakes. These differences
underline the importance of considering gender when analyzing the effects of fasting.

On a practical level, men could benefit from caloric adjustment to maximize fat loss without compromis-
ing performance, while women would require increased protein and mineral intake to limit muscle
breakdown. These strategies could optimize training management during Ramadan.Study limitations
include the small sample size and short duration, which restrict the scope of the conclusions. The ab-
sence of hormonal measurements also limits interpretation of the underlying mechanisms. Future re-
search should examine the long-term effects of intermittent fasting and incorporate hormonal analyses
to clarify these gender-specific adaptations.

Financing

I ————
It is an optional section, which is used to recognize all those who helped to obtain the results of the
research, projects that finance the research, colleagues who review the scientific value of the articles,
among other variables present.
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Appendix Table A1l. Anthropometric Measurements and Derived Ratios

ANNEX: TABLES

Note: Each annex table lists pre- and post-values (mean + SD), Cohen’s d (or r), and 95 % CI for all parameters described above.

Parameter

Weight (kg)

BMI (kg/m?)

Body Fat Mass (kg)

Fat-Free Mass (kg)

Percent Body Fat (%)

Fat Mass Index (kg/m?)
Visceral Fat Area (cm?)
Waist-Hip Ratio (WHR)

Arm Circumference (cm)

Arm Muscle Circumference (cm)
Neck Circumference (cm)

Chest Circumference (cm)
Abdominal Circumference (cm)
Hip Circumference (cm)

Right Arm Circumference (cm)
Left Arm Circumference (cm)
Right Thigh Circumference (cm)

Left Thigh Circumference (cm)

Sex Before Ramadan End of Ramadan

mMETM MMM MMM MR TR ETE2HE

63.84 + 6.94
57.47 £6.79
20.11+£1.72
20.87 £ 2.44
7.07 £2.78
15.71+4.81
56.39 £5.98
41.76 £ 3.47
11.07 + 3.84
26.88 £5.78
2.23+0.87
5.72+1.78
26.01 £16.10
67.05 £ 24.33
0.8009 +0.03
0.8500 + 0.04
28.21+1.94
27.22£1.98
25.83 £1.50
23.39+£131
35.28+1.48
31.76 £ 1.37
91.86 + 4.35
85.82 £4.15
73.79 £4.01
78.06 * 6.38
92.74 £ 3.60
91.19 + 3.88
28.28 £ 1.97
2731197
28.21+1.94
27.22£1.98
49.84 + 2.67
49.09 = 2.65
49.74 +2.63
48.98 + 2.59

63.55+7.06
56.97 £ 6.60
20.02 +1.88
20.75 £ 2.44
6.78 +2.78
15.65 £ 5.09
56.38 £ 6.08
41.35+3.24
10.66 * 4.25
26.87 £ 6.24
2.14+0.85
5.69 +1.87
25.03 £16.63
68.77 £ 27.13
0.7952 £ 0.03
0.8407 + 0.04
28.02 £1.96
27.10 £ 2.04
2595+ 1.74
23.33+1.31
3545+ 1.66
31.83 £1.45
91.79 + 4.83
85.28 £4.20
73.40 £4.34
77.22 £6.29
92.52 +3.58
91.04 +3.99
28.18 £ 2.03
27.19 £ 2.04
28.13£2.01
27.10 £ 2.04
49.65 = 2.59
49.03 £ 2.78
49.57 +2.56
48.93 +2.74

p EffectSize

.045 -0.32
.006 -0.48
.801 -0.02
002 -0.42
.031 -0.45
.577 -0.03
936 -0.01
.022  -0.50
566 -0.11
962 -0.003
.030 -0.43
.583 -0.02
152 -0.10
149 -0.09
.025 -0.33
<.001 -0.55
120 -0.14
011 -0.29
248 +0.10
239 -0.11
.014 +0.30
325 +0.05
774 -0.02
<.001 -0.40
.064 -0.18
<.001 -0.43
.018 -0.27
022 -0.26
127 -0.12
.011 -0.29
171 -0.10
.011 -0.29
.024 -0.34
459 -0.04
.028 -0.32
.504 -0.03

95 % CI
0.58,-0.06]
0.79,-0.17]
0.31,0.26]
0.72,-0.12]
0.78,-0.12]
0.44, 0.39]
0.33,0.31]
0.82,-0.17]
0.42,0.20]
0.33,0.33]
0.76,-0.11]
0.32,0.28]
0.41,0.21]
0.40, 0.22]
0.60, -0.06]
0.82,-0.28]
0.43,0.15]
0.54,-0.04]
0.19,0.39]
0.40,0.18]
0.01, 0.59]
-0.26, 0.36]
-0.32,0.28]
-0.66,-0.14]
-0.48,0.12]
-0.69,-0.17]
-0.52,-0.02]
-0.51,-0.01]

0.42,0.18]
0.54,-0.04]
0.40, 0.20]
0.54,-0.04]
0.60, -0.08]
0.32,0.24]
0.58,-0.06]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[-0.31, 0.25]
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Appendix Table A2. Segmental Fat-Free Mass (FFM) and Fluid Compartments

(Right/Left Leg, Right/Left Arm, Trunk)

Parameter

FFM Right Leg (kg)

FFM Left Leg (kg)

FFM Left Arm (kg)

FFM Trunk (kg)

TBW Right Leg (L)

TBW Left Leg (L)

ICW Right Leg (L)

ICW Left Leg (L)

ECW Right Leg (L)

ECW Left Leg (L)

ECW/TBW Right Leg

ECW/TBW Left Leg

TBW Right Arm (L)

TBW Left Arm (L)

TBW Trunk (L)

ICW Right Arm (L)

ICW Left Arm (L)

ICW Trunk (L)

ECW Right Arm (L)

ECW Left Arm (L)

ECW Trunk (L)

ECW/TBW Right Arm

ECW/TBW Left Arm

ECW/TBW Trunk

Sex

MEMEAMEIHRTEMZIHRIMZEAREEMZLHREMMEARITMZEARIMZIHREIMTMZEARETTZEARETZERETEAE

Before Ramadan
8.99 +0.99
6.53 % 0.66
8.92+0.90
6.53+0.67
294 +£042
1.89 £ 0.25
24.20 £ 2.45
18.08 + 1.53
6.93+0.71
5.08+0.51
6.92+0.70
5.08 £ 0.52
4.40+048
3.16 £0.31
4.36 + 0.44
3.16 £0.32
2.57 £0.29
1.92+0.20
2.57 £0.26
1.92 +0.21
0.3690 + 0.01
0.380 £ 0.01
0.3714 +0.01
0.379 £ 0.00
2.29+0.33
1.49+0.18
2.25+0.29
1.47 £0.19
18.79 +1.89
14.08 + 1.19
1.44+0.21
0.93+0.12
1.43+0.21
0.91+0.12
11.80 £ 1.22
8.70+0.70
0.86+0.13
0.57 +0.08
0.85+0.12
0.56 +0.07
6.98 + 0.68
5.35+ 045
0.3735+0.00
0.38+0.00
0.3735+0.00
0.38+0.00
0.3721+0.00
0.38+0.00

End of Ramadan
9.03+0.96
6.58 % 0.66
9.01+0.96
6.59 = 0.66
2.95+0.44
1.86 £ 0.25
24.24 +2.52
1793+ 1.56
7.00+0.75
5.12+0.51
6.996 + 0.75
5.14 +0.52
4.43 £0.51
3.18+0.31
4.39+047
3.18+0.32
2.61+0.30
1.95+0.20
2.61+0.29
1.96 £ 0.20
0.3709 +0.01
0.380 £ 0.01
0.3727 £0.01
0.379 £ 0.00
2.30+0.34
1.47 £0.18
2.28+0.32
1.44 +0.19
18.83 £1.95
13.92 +1.13
1.44+0.21
0.92+0.12
1.44+0.21
0.90+0.12
11.82+1.26
8.61+0.72
0.86+0.14
0.56 +0.07
0.87+0.14
0.54 +0.07
7.05+0.76
5.32+043
0.3741 +£0.00
0.38+0.00
0.3739+0.00
0.38+0.00
0.3725+0.01
0.38+0.00

p
<.001

.001
<.001
.000
011
011
.008
.008
.016
.000
011
.000
.043
.039
.028
.002
.005
.000
.004
.000
.003
.000
102
.000
514
.063
135
.008
466
.015
734
.045
411
.006
.663
.003
242
.032
120
.004
156
.148
147
964
357
.837
.390
.000

Effect Size

0.45
0.44
0.47
0.46
0.41
-0.29
0.38
-0.30
0.31
0.51
0.33
0.53
0.29
0.27
0.30
0.51
0.37
0.54
0.38
0.56
0.36
0.58
0.18
0.55
0.08
-0.28
0.19
-0.31
0.07
-0.28
0.05
-0.22
0.10
-0.26
0.04
-0.28
0.15
-0.27
0.20
-0.32
0.27
-0.07
0.12
0.01
0.08
0.00
0.10
0.58

95 % CI
[0.18, 0.72]
[0.17,0.71]
[0.20, 0.74]
[0.19,0.73]
[0.12,0.70]
[-0.54, -0.04]
[0.10, 0.66]
[-0.55, -0.05]
[0.05, 0.57]
[0.25,0.77]
[0.07, 0.59]
[0.27,0.79]
[0.03, 0.55]
[0.01, 0.53]
[0.04, 0.56]
[0.25, 0.77]
[0.10, 0.64]
[0.28, 0.80]
[0.11, 0.65]
[0.30, 0.82]
[0.09, 0.63]
[0.32, 0.84]
[-0.08, 0.44]
[0.29, 0.81]
[-0.18, 0.34]
[-0.54,-0.02]
[-0.07, 0.45]
[-0.57, -0.05]
[-0.19, 0.33]
[-0.54,-0.02]
[-0.21, 0.31]
[-0.48, 0.04]
[-0.16, 0.36]
[-0.52,-0.00]
[-0.22, 0.30]
[-0.54, -0.02]
[-0.11, 0.41]
[-0.53,-0.01]
[-0.06, 0.46]
[-0.58, -0.06]
[-0.01, 0.53]
[-0.33,0.19]
[-0.14, 0.38]
[-0.25, 0.27]
[-0.18, 0.34]
[-0.26, 0.26]
[-0.16, 0.36]
[0.32, 0.84]
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Appendix Table A3. Lean Body Mass (SLM) and Skeletal Muscle Mass (SMM) Variations

Parameter Sex Before Ramadan End of Ramadan p

Soft Lean Mass (kg) M 53.10+5.63 53.61+5.74 .816
F  39.16+3.25 38.81 +3.05 .022

Skeletal Muscle Mass (kg) M 31.81 + 3.66 31.19+3.71 .801
F  22.69+2.05 2242 195 .008

Effect Size

-0.03
-0.50
-0.04
-0.52

95 % CI
[-0.35, 0.29]
[-0.82,-0.17]
[-0.36, 0.28]
[-0.86,-0.18]

Appendix Table A4. Metabolic Parameters and Tissue Composition

Before Rama-

Parameter Sex
dan
. M 11.20+£1.21
Protein (kg)
F 8.18 £ 0.68
M 3.97 £045
Minerals (kg)
F 3.09 £0.27
M 1,588.04 +
BMR (kcal/d) 129.29
F 1,271.88 £ 74.95
M 37.13£4.02
BCM (kg)
F 27.10 £ 2.25
M 3.29+0.38
BMC (kg)
F 2.58+0.23

End of Ramadan

11.19+1.23
8.11 £ 0.68
3.91+046
3.01+£0.21

1,587.92 +131.19

1,264.61 £70.91
37.11 £ 4.07
26.81+2.14
3.24+0.37
2.54+0.21

p

.784
.008
.004
<.001

974

.017
.815
.012

.004
.001

Effect Size

-0.02
-0.37
-0.41
-0.48

-0.01

-0.31
-0.01
-0.35
-0.39
-0.43

95 % CI

[-0.28, 0.24]
[-0.64,-0.10]
[-0.68, -0.14]
[-0.75,-0.21]

[-0.27, 0.25]

[-0.58, -0.04]
[-0.27, 0.25]
[-0.62,-0.08]
[-0.66,-0.12]
[-0.70, -0.16]

Note to Manuscript Editors: Please ensure that the annex tables are included as supplemental material in the published version.

Each table should be titled according to the standard designation (e.g., “Appendix Table

Al,” “Appendix Table A2,” etc.) and formatted in a legible, three-column layout (Parameter | Pre vs. Post | Effect Size | 95% CI).
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