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Abstract

Background/Objectives: Many adolescent athletes fast during Ramadan, similar to adults.
However, research on Ramadan fasting during adolescence, a critical period for growth and
development, is insufficient. This study aimed to examine changes in nutritional status and
sport-specific performance during Ramadan in adolescent volleyball players and to explore
whether these changes differed by Ramadan fasting adherence. Methods: This prospective
cohort study included 35 male adolescent volleyball players (age: 16.43 £ 1.29 years, height:
1.75 &£ 0.07 m, training experience: 6.20 £ 2.13 years) who fasted during Ramadan. Energy
and macronutrient intake, anthropometric measurements, and sport-specific performance
tests were conducted before, during, and at the end of Ramadan, and biochemical parame-
ters were measured before and at the end of Ramadan. Results: Fat intake decreased during
and at the end of Ramadan (1.60 £ 0.16 and 1.52 £ 0.15 g/kg BW, respectively; p = 0.021).
Energy and macronutrient intakes were generally consistent with recommended levels,
whereas fluid intake remained relatively low (1.60 £ 0.11L, 1.35 £ 0.09L, 1.44 £ 0.10 L, re-
spectively). Anthropometric measurements remained unchanged. Left-hand grip strength
(p = 0.006), 20 m sprint performance (p < 0.001), and agility performance (p = 0.002) de-
creased over the study period. Significant group effects were observed for 5 m, 10 m, and
20 m sprint, SJ, and standing long jump performances according to fasting adherence. Chlo-
ride, urea, and the BUN/creatinine ratio increased at the end of Ramadan, whereas albumin
and potassium remained unchanged. Conclusions: In adolescent male volleyball players,
Ramadan fasting may be associated with changes in dietary intake, certain sport-specific
performance measures, and biochemical parameters potentially related to hydration status.

Keywords: adolescent; fasting adherence; Ramadan fasting; sport-specific performance;
volleyball

1. Introduction

During Ramadan, Muslims abstain from food and drink from dawn until sunset for
29-30 consecutive days [1]. Ramadan fasting lasts approximately 9-22 h, depending on
the geographic location and the season [2,3]. Some main meals and snacks are skipped
during the fasting period. Therefore, energy and nutrient intake, hydration status, body
composition, and biochemical parameters may be altered during Ramadan fasting [4].
Studies of adults [5-7] have reported decreases in plasma LDL cholesterol, total cholesterol,
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and triglyceride levels; increases in HDL levels; increased fat oxidation; and decreases in
body weight and body fat mass. These findings suggest that Ramadan fasting may have
potential health benefits, including improvements in some metabolic health markers [1,2].

International sports competitions do not grant special exemptions for religious prac-
tices; therefore, Muslim athletes must cope with the challenges of fasting during competi-
tions that coincide with the month of Ramadan [4,5,8]. The number of meals consumed by
athletes during fasting, as well as the variety of foods, energy, fluid, and nutrient intake,
varies [7,9-11]. Insufficient energy, fluid, and nutrient intake may alter energy substrate
availability and metabolic responses, potentially contributing to fatigue, dehydration,
sleep disturbances, and reductions in motivation and concentration. In such situations,
sports performance is negatively affected, increasing the risk of sports-related injuries and
disabilities [12-18].

The effects of Ramadan on nutritional status and sports performance remain un-
clear [4,19]. For example, in the meta-analysis of Correia et al. [20], it was found that
insufficient energy, fluid, and nutrient intake among fasting athletes may lead to glycogen
depletion, changes in circadian rhythms, decreased motivation, increased stress, and alter-
ations in biochemical parameters and sports performance. Similarly, several studies have
shown that fasting during Ramadan negatively affects components of sports performance,
such as speed, agility, and strength [21-27]. However, some studies suggest that sports
performance can be maintained [4,17,28-30] or even increased [1,31] when energy, fluid,
and nutrient intake, sleep, and training intensity are balanced. Martinez-Rodriguez et al. [1]
found that when adequate rest was provided in addition to an individualized hydration
and nutrition plan during Ramadan, body weight and body fat were lost, while muscle
mass and sports performance increased. Similarly, Giiveng [31] showed that sports per-
formance increases when body fluid status, daily energy intake, and sleep duration are
balanced, provided that regular training continues throughout Ramadan.

Many adolescent athletes, like adults, fast during Ramadan every year. Adolescence is
a critical developmental period characterized by high energy and nutritional needs due to
rapid growth. During Ramadan, changes in meal timing and eating patterns may challenge
the ability of adolescent athletes to meet their daily energy, fluid, and nutrient requirements.
Therefore, ensuring adequate energy, nutrient, and fluid intake is particularly important
for adolescent athletes during Ramadan. However, research on adolescent athletes during
Ramadan remains limited, particularly regarding whether temporal changes in nutritional
status and sport-specific performance differ according to fasting adherence [31-33]. This
study aimed to examine changes in nutritional status and sport-specific performance during
Ramadan in adolescent volleyball players and to explore whether these changes differed
according to Ramadan fasting adherence. It was hypothesized that nutritional status and
sport-specific performance would change during Ramadan and that these changes would
differ according to fasting adherence.

2. Materials and Methods
2.1. Participants

G*Power 3.1 was used to determine the sample size; the minimum required was 30 par-
ticipants. This prospective cohort study included 35 male adolescent volleyball players
(age: 16.43 £ 1.29 years, height: 1.75 & 0.07 m, training experience: 6.20 £ 2.13 years) who
voluntarily observed Ramadan fasting during the study period. The participants fulfilled
the following criteria: (i) having observed Ramadan fasting for at least the previous two
years; (ii) exercising at least 3 days a week (=90 min) and maintaining a consistent workout
intensity; (iii) not having a chronic disease; and (iv) not taking medication regularly. Sup-
plement use was assessed during the study, and participants reported not using nutritional
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supplements. Before starting the study, a written informed consent form outlining the
purpose, scope, steps, potential benefits, confidentiality, and voluntary participation was
distributed to the volleyball players. Informed consent was obtained from all subjects
involved in the study. Signed informed consent was obtained from the parents of athletes
under 18 years of age, and from the athletes themselves if they were 18 or older. Approval
was obtained from the Istanbul Medipol University Non-Interventional Research Ethics
Committee (Decision No: 896, 2 September 2021) before the start of the study. All meth-
ods were performed in accordance with the relevant guidelines and regulations and the
Declaration of Helsinki of 1975.

2.2. Study Design

The research was conducted in Turkey between April and May 2022. Energy and
macronutrient intake, anthropometric measurements, and sport-specific performance tests
were examined in three periods: before, during, and at the end of Ramadan. Addition-
ally, blood samples were collected at two time points: before and at the end of Ramadan
(Figure 1). Each assessment period was completed within three consecutive days. Mea-
surements before Ramadan were performed three days before the beginning of Ramadan;
measurements during Ramadan were taken on the 14th, 15th, and 16th days; and measure-
ments at the end of Ramadan were taken on the 28th, 29th, and 30th days.
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Figure 1. Study Design and Periods.

The volleyball players continued their routine training sessions after Iftar (the evening
meal that breaks the daily Ramadan fast) throughout Ramadan and refrained from training
for 24 h before all measurements. Training schedules were determined by the coaching
staff and were not modified for the study. All measurements were performed at the same
time intervals and in the same order to minimize the effects of circadian variation. On
the evening (between 9:00 and 10:00 PM) of the first day of each measurement period, the
volleyball players arrived at the indoor sports hall, and anthropometric measurements
were taken first. Subsequently, sport-specific performance tests were administered under
the supervision of an expert faculty member from the Department of Physical Education
and Sports at the Faculty of Sports Sciences, Gaziosmanpasa University, Tokat. The athletes
performed sprint and agility tests after a standard 15 min warm-up. To avoid negatively
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impacting performance, after a rest day, jumping and strength tests were conducted the
following day.

Blood samples were collected from volleyball players in two periods, before and at
the end of Ramadan, at the Tokat Gaziosmanpasa University Research and Application
Hospital, Faculty of Medicine. Blood samples were collected on the first day of each period
(between 6:00 and 7:00 AM), after at least 8 h of fasting. Participants were instructed not to
consume any food or beverages other than water after 10:00 PM on the previous evening.
The collected data were analyzed for urea, creatinine, albumin, potassium, and chloride,
which were selected as biochemical indicators potentially related to hydration status and
fluid balance.

2.3. Procedures
2.3.1. Energy and Macronutrient Intake

The dietary questionnaire used in this study was specifically developed by the research
team for the purposes of this study. Before the start of the study, participants were provided
with the dietary questionnaire and instructed to complete a prospective dietary record of
their food and fluid intake using standard household measures and portion descriptions
(e.g., glass, cup, tablespoon, teaspoon, slice, and portion) based on the Turkish Nutrition
Guide (TUBER) [34]. Food and fluid intake records were collected for 9 days, with 3 days of
recording (including 1 weekend day) in each study period: before, during, and at the end
of Ramadan. The researchers conducted regular telephone interviews with participants to
improve the accuracy of the records and clarify incomplete or ambiguous food descriptions
and portion sizes. The data were entered into the Nutrition Information System (BeBIS
9, Turkish Version; Ebispro for Windows, Stuttgart, Germany). The BeBIS 9 software
converted the reported amounts into gram weights based on the corresponding standard
portion sizes in its database, and the average daily energy and nutrient intakes were
analyzed. Food and fluid intake were compared to American College of Sports Medicine
(ACSM) recommendations [35] and adolescent-specific guidelines [36].

2.3.2. Anthropometric Measurements

Body weight (kg) was measured using a calibrated digital scale (TANITA SC-330,
Tokyo, Japan); height (m) was measured using a stadiometer (MESILIFE, SW-G06B, Istan-
bul, Turkey), and neck circumference (cm), waist circumference (cm), and hip circumference
(cm) were measured using a non-flexible tape measure with 1 mm intervals. All measure-
ments were performed at the same time of day, with no vigorous exercise within 24 h
before measurement and after bladder emptying. All anthropometric measurements were
performed by the same researcher. Waist-to-hip ratio (WHR) was calculated from the
anthropometric measurements.

2.3.3. Sport-Specific Performance Tests

Strength was assessed using the handgrip strength test, speed using the 5, 10, and 20 m
sprint tests, agility using the Agility T-Test, and lower-body power using the Squat Jump
(S)) and standing long jump tests. All performance tests were standardized and performed
according to previously validated protocols, and participants completed one familiarization
session for all performance tests before baseline testing. Testing was conducted at the same
time of day (3—4 h after iftar). Two trials were performed for each test, with at least a 5 min
rest interval between trials, and the best performance was recorded. Participants wore the
same running shoes and clothing throughout all testing sessions and received standardized
verbal encouragement during each test.
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Hand Grip Strength Test

Volleyball players performed the hand grip strength test according to the protocol
described by Mhenni et al. [37]. The participants stood with their arms at their sides and
squeezed a digital calibrated hand dynamometer (Baseline Digital Hand Dynamometer
12-0286, Hong Kong) as hard as they could. Separate measurements were taken for the
right and left arms.

Sprint Tests (5 m, 10 m, 20 m)

Volleyball players performed sprint tests according to the protocol described by
Bouzid et al. [38]. Photocells (Microgate Witty, Bolzano, Italy) were placed at the start
and finish points of the 5 m, 10 m, and 20 m distances. After the test protocol was explained
to the participants, they were told to run as fast as possible at distances of 5 m, 10 m, and
20 m. Volleyball players started running 1 m behind the starting photocell upon a verbal
signal. The time between the photocells was measured.

Agility T-Test

Volleyball players performed the Agility T-test according to the protocol described by
Guembri et al. [39]. The participants began the test by standing sideways at the starting
point of two cones placed 4.57 m apart on either side of the photocell gate (Microgate Witty,
Bolzano, Italy). They first ran to the cone on the right and touched it with their right hand,
then went to the cone on the left and touched it with their left hand, returned to the starting
point, and completed the test. The time from the beginning to the end of the application
was determined as the test completion time.

Squat Jump (SJ) Test

Volleyball players performed the Squat Jump (S]) Test according to the protocol
described by Aloui et al. [40]. The participants stood on a jump mat (Microgate Witty
Jump Mat, Bolzano, Italy) with their feet shoulder-width apart, assumed a semi-squat,
and jumped as high as possible. The digital mat measured and recorded the highest
jump achieved.

Standing Long Jump Test

Volleyball players performed the standing long jump test according to the protocol
described by Guembiri et al. [39]. The participants performed the jump from a semi-squat
position, aiming to reach the farthest possible distance without stepping on the starting
line. The distance from the starting point to the point where the heel touches the ground
after jumping was measured. If they lost their balance while landing and fell forward or
backward, or if they used their hands to hold on to the ground, their measurements were
considered invalid.

2.3.4. Biochemical Parameters

Blood samples were collected from a forearm vein 5 min after participants had rested in
a seated position. Venous blood samples of approximately 5 mL were collected in gel tubes.
After approximately 30 min of clotting, the blood was centrifuged at 3500 rpm for 10 min
at room temperature (20-25 °C) using a refrigerated centrifuge (ROTANTA 460 R, Hettich,
Tuttlingen, Germany). After centrifugation, an automated analyzer (Roche cobas c501,
Rotkreuz, Switzerland) measured the concentrations of the biochemical parameters. Urea
(BUN) concentrations were determined with a kinetic enzymatic method, while albumin
concentrations were determined using a colorimetric method. Creatinine concentrations
were determined using the Jaffé method. Potassium and chloride concentrations were
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determined by potentiometry. In addition, the BUN/ creatinine ratio was calculated based
on the measured urea and creatinine concentrations.

2.4. Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows, Version
27.0 (IBM Corp., Armonk, NY, USA). Normality was evaluated using Shapiro-Wilk tests
together with visual inspection of Q-Q plots. Variables that did not demonstrate normal
distribution (e.g., energy intake, 20 m sprint time, urea, and BUN/ creatinine ratio) were
log10-transformed before inferential analyses. Among competing covariance structures,
the unstructured covariance matrix demonstrated the best model fit according to Akaike’s
Information Criterion (AIC). Considering the unequal group sizes (n = 13, maintained
fasting throughout Ramadan; n = 15, interrupted fasting for 1 to 7 days; and n = 7, inter-
rupted fasting for 8 to 16 days) and the flexibility of mixed models for repeated-measures
data (before, during, and at the end of Ramadan), Linear Mixed Models (LMMs) were
employed to examine the effects of time, group, and the Time x Group interaction. In
all LMM analyses, Restricted Maximum Likelihood (REML) estimation was used, and
denominator degrees of freedom were calculated using the Satterthwaite approximation.
Time, group, and the Time X Group interaction were included as fixed effects, whereas
participant-specific intercepts were treated as random effects to account for inter-individual
variability. Given the relatively small sample size, random intercept models were preferred
to avoid model overparameterization. For blood parameters, time was modeled with
two levels only (before and at the end of Ramadan). When significant main effects or
Time x Group interaction effects were detected, Bonferroni-adjusted pairwise comparisons
were performed. Effect sizes for the fixed effects were reported as semi-partial R? (R?p),
calculated using the approach proposed by Edwards et al. [41]. Results are presented as
estimated marginal means (EMM) =+ standard error (SE) with 95% confidence intervals
(95% CI). Statistical significance was set at p < 0.05.

3. Results

Table 1 presents the estimated marginal means for energy, macronutrient, and fluid
intake across the study period. Significant main effects of time were found for fat (g/kg BW)
[F =434, p = 0.021, R?B < 0.001] and fluid (L) [F = 3.44, p = 0.044, R?>B = 0.009] intake.
Estimated marginal means showed decreased fat and fluid intake during and at the end of
Ramadan compared with the period before Ramadan. No significant main effect of time
was found for energy (kcal) [F = 2.99, p = 0.064, R?p = 0.002], carbohydrate (g/kg BW)
[F=2.46,p=0.101, R2p =0.007], and protein (g/kg BW) [F = 3.01, p = 0.063, R2p < 0.001]
intake. Neither the main effect of group nor the Time x Group interaction reached statistical
significance for any nutritional variable (all p > 0.05). Furthermore, energy, carbohydrate,
protein, and fat intakes were generally consistent with recommended levels for adoles-
cent athletes, whereas fluid intake remained below recommended levels throughout the
study period.

Table 2 presents the estimated marginal means for anthropometric measurements
across the study period. No significant main effect of time was observed for body weight
(kg) [F = 0.94, p = 0.399, R2B < 0.001], neck circumference (cm) [F = 1.95, p = 0.159,
R?B = 0.005], or WHR [F = 0.69, p = 0.509, R? = 0.005]. Neither the main effect of group
nor the Time x Group interaction reached statistical significance for any anthropometric
measurement (all p > 0.05).
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Table 1. EMMs for energy, macronutrient, and fluid intake before, during, and at the end of Ramadan.

Before Ramadan  During Ramadan  End of Ramadan Tim Gr Time X Gr
Variable EMM = SE EMM = SE EMM = SE F Rez F 0;5 Fe e oup
[95% CI] [95% CI] [95% CI] P RP ' Rp P RP
Energy 3046.09 +189.91 271747 + 18854  2702.63 + 164.22
(keal) [2659.26,3432.91]  [2333.44,3101.51]  [2368.13,3037.13] >0 0:064,0.002  0.11,0895,0009  0.87,0.492,0.019
Carbohydrate 5.60 + 0.52 5.02 4 0.46 5.32 + 0.50
(3/ka BW) 7468, 6.70] 1420, 6.00] 4 637] 246,0.101,0.007  0.27,0.765,0.003  0.93,0.459, 0.008
Protein 1.55 +0.13 1.34 4011 134 4011
(s/ kg BW) (%2 1.62] (14 158] (14 157] 3.01,0.063,<0.001  0.01,0.990,0.007  1.11,0.369, 0.015
Fat 1.88 +0.19 1.60 +0.16 152 +0.15
(8/kg BW) [1.55, 2.29] (132 1.94] (125, 1.64] 434,0.021,<0.001  0.35,0.707,0.021  1.27,0.302,0.015
. 1.60 & 0.11 1.35 4 0.09 144 £0.10
Fluid Intake (L) [1.40, 1.63] (118, 1.54] [1.26, 1.65] 3.44,0.044,0009  0.16,0.853,0.014  2.61,0.054, 0.047

Note. BW = Body Weight; EMM = Estimated Marginal Mean; SE = Standard Error; CI = Confidence
Interval; RZp = Semi-partial R2 for fixed effects. F-statistics and p-values were obtained from linear
mixed models (LMMs). Bold p-values indicate statistical significance (p < 0.05).

Table 2. EMMs for anthropometric measurements before, during, and at the end of Ramadan.

Before Ramadan  During Ramadan  End of Ramadan Time Grou Time X Grou
Variable EMM = SE EMM = SE EMM = SE E p, R2B F R;’ﬁ E p, KB P
[95% CI [95% CII [95% CI i P P
. 62.74 + 2.20 62.83 +2.24 62.63 +2.18 0.94,0.399,

Body Weight (kg) [58.26, 67.22] [58.27, 67.40] [58.20, 67.06] <0.001 0.53,0.592,0.010 080, 0.534, <0.001
Neck 34.80 + 0.34 35.09 + 0.37 35.25 + 0.34

Cireumference (cm) 3412, 35.48] 3433, 35.85] [34.56, 35.94] 1.95,0.159,0.005  0.38,0.685,0.005  0.26,0.901, 0.002
Waist-to-Hip 0.81 + 0.01 0.81 £ 0.01 0.81 + 0.01

Ratio (WHR) [0.79, 0.82] [0.80, 0.83] [0.80, 0.82] 0.69,0.509,0.005  0.41,0.668,0.006  0.18,0.947, 0.002

Note. EMM = Estimated Marginal Mean; SE = Standard Error; CI = Confidence Interval; RZB = Semi-
partial R? for fixed effects. F-statistics and p-values were obtained from linear mixed models (LMM:s).

Table 3 presents the estimated marginal means for sport-specific performance measures
across the study period. Significant main effects of time were observed for left-hand grip
strength [F = 5.96, p = 0.006, R2p =0.002], 20 m sprint [F =30.78, p < 0.001, R2B =0.022], and
agility [F =7.89, p = 0.002, R2B = 0.064]. Estimated marginal means indicated that left-hand
grip strength was lower at the end of Ramadan than before and during Ramadan, whereas
20 m sprint time progressively increased across the study period. In contrast, agility
time increased during Ramadan but approached baseline levels by the end of Ramadan
(Figure 2). Significant main effects of group were observed for the 5 m sprint [F = 3.59,
p =0.039, R?B = 0.028], 10 m sprint [F = 3.37, p = 0.047, R?B = 0.046], 20 m sprint [F = 3.65,
p = 0.037, R?B = 0.052], S] [F = 3.86, p = 0.032, R} = 0.063], and standing long jump [F = 4.37,
p = 0.021, R?B = 0.042], indicating that performance differed according to fasting adherence
group. No significant Time x Group interactions were observed for any sport-specific
performance measure (all p > 0.05).

Table 4 presents the estimated marginal means for biochemical parameters before
and at the end of Ramadan. Significant main effects of time were observed for chloride
[F = 5.34, p = 0.027, R?B = 0.011], urea (BUN) [F = 12.65, p = 0.001, R?f = 0.069], and
the BUN/ creatinine ratio [F = 18.77, p < 0.001, R2B = 0.099]. Estimated marginal means
indicated that chloride, urea (BUN), and the BUN/creatinine ratio increased at the end of
Ramadan compared with before Ramadan. No significant main effect of time was observed
for albumin [F = 0.23, p = 0.635, R2p =0.007] or potassium [F = 0.44, p = 0.513, R2p = 0.005].
Neither the main effect of group nor the Time x Group interaction reached statistical
significance for any biochemical parameter (all p > 0.05).
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Table 3. EMMs for sport-specific performance measures before, during, and at the end of Ramadan.

Before Ramadan  During Ramadan  End of Ramadan

Variable EMM = SE EMM = SE EMM = SE F’];“I‘{‘Z P Fi;"’;% Ti“; ;’( 15;;’“1’
[95% CI] [95% CI] [95% CI]
ﬁjg)ht'Ha“d Grip éﬁ%i 3'9197] [%;52'347%471, '9421] {fi‘%%j 61"5?31] 1.31,0.285,0.002  1.75,0.190,0.031  1.16,0.347, 0.005
(Llfgf;'Ha“d Grip é%gj;ﬁ; fﬁ%ﬂ's‘f} é%ﬁ%i;_fg] 5.96,0.006,0.002  2.90,0.070,0.051  0.60, 0.663, 0.004
5 m Sprint (s) %g;;fﬁ %6(.)59%1%% ([)69.35%1(4)(')%? 2.32,0.115,0.006  3.59,0.039,0.028  0.51,0.728, 0.008
10 m Sprint (s) %f;f&g? }fg 67:1%? %'1?50%1(.)52? 193,0161,0010  3.37,0.047,0.046  0.11,0.977,0.002
20 m Sprint (s) ?51.?;3(.)2.(;]1 ?52.30%3%%? ?33.31%3(.)3%‘]1 30.78,<0.001,0.022  3.65,0.037,0.052  1.82,0.149,0.008
Agility (5) “E’ fg;;ﬁ? ?52.56%%%? ? 4(.)32%5?1'(;? 7.89,0.002,0064  3.17,0.056,0.023  1.26,0.304, 0.019
(Sclm) [‘ffl‘%zi;ﬁ] [‘fggi 6131;] [%1%.7910,2 615’28] 3.06,0.061,0.003  3.86,0.032,0.063  0.49,0.747,0.002
]Slif;‘sigf)mng %fg 4%2.02‘(1)]7 %’22.8 6%2'0415(]) h?; 6%2?(‘)% 0.18,0.832,0.006  4.37,0.021,0.042  0.93,0.458,0.011

Note. EMM = Estimated Marginal Mean; SE = Standard Error; CI = Confidence Interval; R2B = Semi-
partial R? for fixed effects. F-statistics and p-values were obtained from linear mixed models (LMMs).
Bold p-values indicate statistical significance (p < 0.05).
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Figure 2. Changes in sport-specific performance measures before, during, and at the end of Ra-
madan: (a) Left-hand grip strength; (b) 20 m sprint time; and (c) Agility time. Data are presented as
EMMs =+ SE. BR = Before Ramadan; DR = During Ramadan; ER = End of Ramadan.
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Table 4. EMMs for biochemical parameters before and at the end of Ramadan.

Variable Before Ramadan  End of Ramadan Mean Difference Time Group Time X Group
EMM =+ SE EMM = SE [95% CI] F,p, R?B F,p, R2B F,p,R2B

@1}’;{’()““ 4.65 + 0.04 4.64 +0.04 0.02 [—0.06, 0.09] 0.23,0.635,0.007  0.62,0.546,0.028  0.42, 0.660, 0.005
Potassium 4.68 £ 0.07 4.73 £ 0.07 ~0.05[—0.19, 0.10] 0.44,0513,0.005  0.12,0.888,0.008  0.26,0.774, 0.003
(mmol/L)

&‘ﬁgf}; 103.84 £ 0.26 104.85 £ 0.38 ~1.02[-1.91,-0.12]  5.34,0.027,0.011 1.15,0.330,0.007  2.52,0.096, 0.063
g;;gil)m) 1222 4+ 0.47 13.96 + 0.46 —1.74[-2.74, —074]  12.65,0.001,0.069  0.29,0.753,0.028  0.94, 0.400,0.015
Egi\g)/ Creatinine ;5 ¢ 4 .54 16.37 + 0.47 _257[-3.78,~1.36] 18.77,<0.001,0.099  1.03,0.368,0.009  0.21,0.808, 0.002

Note. EMM = Estimated Marginal Mean; SE = Standard Error; CI = Confidence Interval; R2[3 = Semi-
partial R? for fixed effects. Mean differences were calculated as Before Ramadan—End of Ramadan.
F-statistics and p-values were obtained from linear mixed models (LMMs). Bold p-values indicate
statistical significance (p < 0.05).

4. Discussion

In the present study, fat and fluid intake decreased during and at the end of Ramadan,
whereas no significant changes were observed in energy, carbohydrate, or protein intakes.
Energy and macronutrient intakes were generally consistent with recommended levels
during Ramadan fasting, whereas fluid intake remained relatively low throughout the
study period. Anthropometric measurements remained unchanged throughout the study
period. Left-hand grip strength and 20 m sprint performance decreased at the end of
Ramadan. Agility performance declined during Ramadan but approached baseline levels
by the end of Ramadan. Chloride, urea (BUN), and the BUN/ creatinine ratio increased
at the end of Ramadan, whereas albumin and potassium remained unchanged. Overall,
these findings suggest that Ramadan fasting may be associated with changes in dietary
intake, sport-specific performance measures, and biochemical markers potentially related
to hydration status, while anthropometric measurements remained unchanged throughout
the study period. In light of these findings, it can be stated that particular attention should
be paid to ensuring adequate energy, macronutrient, and fluid intake during Ramadan
to support nutritional needs and training performance, especially in adolescent athletes.
Furthermore, since growth and maturation processes can influence nutritional requirements
and physiological responses, the fact that the participants were adolescents should be taken
into account when evaluating these findings, and it should be borne in mind that the results
may differ from those observed in adult athletes.

During Ramadan fasting, energy, carbohydrate, protein, and fat intakes among athletes
may change depending on the number of meals consumed daily and changes in eating
habits [1]. While daily energy intake (kcal) remained unchanged in studies by Khemila
et al. [13], Giiveng [31], and Aloui et al. [40], it decreased at the end of Ramadan in studies
by Chennaoui et al. [23] and Hammouda et al. [42,43]. In a study by Bouhlel et al. [44],
carbohydrate (g/day) and protein (g/day) intakes, in addition to daily energy intake (kcal),
also decreased by the end of Ramadan. In the study by Bouzid et al. [38], energy (kcal/day),
carbohydrate (g/day), protein (g/day), and fat (g/day) intakes did not change. Similarly,
in the study by Chaouachi et al. [45], energy (kcal/day), carbohydrate (g/kg BW), protein
(g/kg BW), and fat (g/kg BW) intakes did not change. In contrast, Trabelsi et al. [46] found
that energy (kcal/day), protein (g/kg BW), and fat (g/kg BW) intakes did not change at
the end of Ramadan, whereas carbohydrate intake (g/kg BW) increased. In this study,
energy (kcal), carbohydrate (g/kg BW), protein (g/kg BW), and fat (g/kg BW) intakes were
generally consistent with the recommended levels for adolescent athletes during Ramadan
fasting. While fat intake decreased significantly during and at the end of Ramadan, no
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significant changes were observed in energy, carbohydrate, or protein intakes (Table 1).
The reduction in fat intake may reflect changes in food choices and meal patterns during
Ramadan, including a possible reduction in the consumption of fat-rich foods.

Changes in energy and nutrient intake during Ramadan fasting may affect anthropo-
metric measurements in athletes [4,5,9]. In the study by Guembri et al. [47], body weight
increased in athletes at the end of Ramadan, whereas in the studies by Trabelsi et al. [48,49],
it decreased. Similarly, waist and hip circumference decreased in the study by Al-Jafar
et al. [50], while WHR decreased in the study by Attarzadeh Hosseini et al. [51]. In contrast,
anthropometric measurements did not change in the studies by Khemila et al. [13], Meckel
et al. [21], Chennaoui et al. [23], Karli et al. [29], Giiveng [31], and Zarrouk et al. [52]. In
this study, no significant changes were observed in body weight, neck circumference, or
WHR before, during, and at the end of Ramadan (Table 2). The absence of a significant
change in total energy intake may have contributed to the maintenance of anthropometric
measurements during Ramadan, despite the observed decrease in fat intake.

Ramadan fasting may have an impact on sports performance components such as
sprint, agility, jumping and strength in athletes [8]. In the studies by Zerguini et al. [26],
Mhenni et al. [37], Bouzid et al. [38] and Aloui et al. [40], strength, jumping and sprint
performances were negatively affected at the end of Ramadan. In contrast, a study by Rebai
et al. [53], demonstrated that a recovery period characterized by reduced training volume
during Ramadan could lead to improvements in muscle strength and jump performance.
On the other hand, jumping, sprint, and strength performances did not change in the
studies of Chaouachi et al. [30], Guembri et al. [47]. In this study, no significant temporal
differences were observed in right-hand grip strength; however, left-hand grip strength was
lower at the end of Ramadan than during and before Ramadan (Table 3). This differential
response between the two hands may be related to changes in physical activity and fluid
intake during Ramadan, which may have influenced the strength capacity of the less
frequently used hand.

In this study, no significant temporal changes were observed in 5 m or 10 m sprint
performance. In contrast, 20 m sprint performance, which was at its best before Ramadan,
gradually decreased until the end of Ramadan (Table 3). The decline in 20 m sprint
performance may have been partly related to relatively low fluid intake and possible
changes in physical activity during Ramadan fasting, while the absence of significant
changes in 5 m and 10 m sprint performance may indicate that performance over longer
sprint distances could be more sensitive to the physiological changes associated with
Ramadan fasting. Significant group effects were observed for all sprint performance
measures, indicating that sprint performance differed according to fasting adherence group.
Based on the present data, it is plausible that greater adherence to Ramadan fasting could
be associated with greater declines in sprint performance, whereas lower adherence could
be associated with better maintenance of performance; however, this hypothesis requires
further investigation in future studies.

In this study, it was observed that the lowest Agility performance was recorded
during Ramadan, followed by a partial recovery at the end of Ramadan (Table 3). Agility
performance, which requires rapid changes in direction and can be affected by physiological
and cognitive factors, may have been influenced by changes in hydration status and
circadian rhythms during Ramadan fasting. The partial improvement seen at the end
of Ramadan may suggest a return toward baseline performance and possible adaptation
to fasting.

In this study, no significant temporal changes were observed in the SJ and standing
long jump tests before, during, and at the end of Ramadan. However, significant group
effects were observed for both jumping tests, indicating that jumping performance dif-
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fered according to the fasting adherence group (Table 3). Based on the present data, it
is plausible that greater adherence to Ramadan fasting could be associated with greater
declines in jumping performance, whereas lower adherence could be associated with better
maintenance of performance; however, these hypotheses require further investigation in
future studies.

Ramadan fasting may lead to changes in biochemical parameters in athletes, par-
ticularly those related to hydration status, due to prolonged periods of fluid restriction
and changes in meal patterns [7,9]. In the studies by Trabelsi et al. [46,48], total water
intake (L) decreased at the end of Ramadan, while plasma urea, creatinine, and chloride
concentrations increased. In contrast, Bouhlel et al. [44] reported that plasma urea levels
decreased at the end of Ramadan despite a decrease in fluid intake, whereas creatinine
levels remained unchanged. In the study by Chaouachi et al. [45], plasma albumin levels
remained unchanged at the end of Ramadan. In this study, chloride, urea (BUN), and the
BUN/ creatinine ratio increased at the end of Ramadan compared with before Ramadan
(Table 4). The observed increases in these parameters may suggest possible changes in
hydration status during Ramadan fasting. The inability to consume fluids during the day
while fasting in Ramadan may have limited daily fluid intake and may have contributed to
the observed changes in these biochemical parameters. Indeed, in this study, fluid intake,
which was already insufficient before Ramadan, decreased further during Ramadan fasting
and remained below recommended levels throughout the study period. However, the
absence of significant changes in albumin and potassium levels may be consistent with
possible mild changes in hydration status rather than severe dehydration.

This study has several limitations. First, a non-fasting control group was not included.
The study aimed to investigate temporal changes according to fasting adherence under
real-world conditions; therefore, participants with different levels of fasting adherence
were included in the cohort from the beginning and in the statistical analyses. The findings
should not be interpreted as a comparison between fasting and non-fasting athletes. Second,
female athletes were excluded from the study due to considerations related to menstrual
cycles and the use of hormonal medications. Therefore, the results cannot be generalized to
female adolescent athletes. Third, the sample size was relatively small, which may limit the
statistical power and generalizability of the findings. Future studies with larger and more
diverse samples are warranted to confirm these findings and provide a more comprehensive
understanding of the effects of Ramadan fasting on adolescent athletes. Finally, the physical
performance tests assessed short-duration, high-intensity performance but did not evaluate
repeated high-intensity efforts or endurance demands during volleyball play. In addition,
performance testing was conducted 3—4 h after iftar; therefore, it may not fully reflect
performance during the fasting period. Future studies should incorporate repeated-sprint,
aerobic capacity, or sport-specific intermittent exercise protocols and assess performance at
different time points relative to fasting and iftar to better reflect the physiological demands
of volleyball.

5. Conclusions

In adolescent male volleyball players, energy and macronutrient intake remained
adequate during Ramadan fasting, whereas fluid intake remained relatively low through-
out the study period. These findings suggest that Ramadan fasting may be associated
with changes in dietary intake, sport-specific performance measures, and biochemical
parameters potentially related to hydration status, while anthropometric measurements
remained unchanged throughout the study period.
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