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Abstract
Background

Ramadan intermittent fasting (RIF) presents a significant challenge for athletes, often resulting in
reduced dietary intake and dehydration, which can cause increased physiological stress. While RIF's
effects on various sports are documented, specific research on tennis-specific technical and physical
performance in young, trained athletes remains limited. This study aimed to examine the effects of
Ramadan intermittent fasting on physiological responses and tennis-specific performance during a
simulated match in young trained players.

Methods

Fifteen trained male tennis players (17 + 2.4 years) completed a simulated two-set match before
Ramadan (CON) and during mid-Ramadan (RIF). Countermovement jump (CMJ), serve performance
(velocity, precision, and success rate), and physiological variables (glycemia, heart rate, body
temperature, urine specific gravity [USG], and rating of perceived exertion [RPE]) were assessed at
baseline, after Set 1, and after Set 2. Dietary intake was recorded under both conditions.

Results

Energy intake (- 14.4%, p = 0.001) and fluid intake (- 7.9%, p = 0.001) were significantly reduced during
RIF. Body temperature and USG were higher during RIF (p < 0.05), while baseline glycemia was lower (p =
0.003). CMJ performance was slightly reduced after Set 1 (p = 0.031), with no differences at baseline or
after Set 2. No significant differences were observed in serve velocity, precision, or success rate.

Conclusion

Despite significant alterations in nutritional intake, hydration status, and physiological responses, RIF
had no significant impact on tennis-specific performance. These findings suggest that young trained
players can maintain performance during fasting, likely through compensatory mechanisms.

Highlights

- Significant reductions in daily energy (- 14.4%) and fluid intake (- 7.9%) occur during Ramadan
intermittent fasting (RIF).

* Physiological changes include higher body temperature and urine specific gravity, alongside lower
baseline glycemia.
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* Tennis-specific performance, including serve velocity and precision, remains stable despite nutritional
challenges.

» Physical power (CMJ) remains largely unaffected, demonstrating high performance resilience despite
fasting.

* Young tennis players sustain technical performance during the fasting period, likely due to
physiological adaptation to Ramadan fasting.

Background

Tennis is a high-intensity intermittent sport requiring repeated accelerations, decelerations, changes of
direction, and explosive actions. Performance depends on a complex interaction between physical,
technical, and cognitive abilities. Ramadan intermittent fasting (RIF) induces marked alterations in
dietary intake, hydration status, sleep patterns, and training routines. These changes may affect
physiological function and, consequently, physical and technical performance (1).

Previous studies investigating the effects of Ramadan fasting on athletic performance have reported
contrasted findings. While some studies have shown impairments in physical or technical performance
(2), others have reported no significant effects, particularly in trained athletes (1, 3).

In addition, most studies have focused on general physical performance, with limited data available on
sport-specific technical skills under match conditions (3, 4). It has been proposed that lifestyle changes
during Ramadan fasting potentially impact physical aptitude and result in decreased performance levels,
including reduced speed, power, and shot accuracy (2). The day dietary restriction can potentially lead to
caloric deficit and dehydration (1, 5, 6), impairing physical and cognitive performance (4, 7). Furthermore,
these changes could disrupt the athletes' sleep-wake cycle (8), resulting in alterations in their circadian
rhythm, which can cause reduced alertness (9—11), and physical performance (12).

In tennis, the ability to maintain physical and technical performance during prolonged match play is
critical. Under fasting conditions, the combination of metabolic constraints and match-induced fatigue
may exacerbate performance decrements (13).

Therefore, this study aimed to examine the effects of Ramadan intermittent fasting on physiological
responses and tennis-specific performance during a simulated match in young trained players. It was
hypothesized that fasting would impair performance as match-induced fatigue develops.

Material and methods
Study design

A repeated-measures crossover design was used. All participants completed two experimental
conditions: before Ramadan (CON) and during mid-Ramadan (R-2). Each athlete performed a Tennis
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match, consisting of 2 sets, separated by a recovery time of 4-5 min, under the two mentioned
conditions (11) (Fig. 1). All experiments took place around 15:30 - 17:00 h corresponding to about 12
hours of fasting during RIF. Measurements were performed at baseline, after Set 1, and after Set 2.

Participants

Fifteen trained male tennis players (17 + 2.4 years; body mass 66.4 + 11.3 kg) participated in the study.
All players had at least 10 years of training experience and were regularly competing at national level. All
participants were accustomed to Ramadan fasting and had been fulfilling this annual religious obligation
for at least three years prior to this study.

During the experimental period, the players trained 5-6 sessions per week, totaling about 10—-15 hours.
This included four to six 2-hour training sessions focusing on technical and tactical skills, match
simulation, and two 1.5-hour sessions of muscle strengthening and resistance-type work (high-intensity
interval training, HIT). In the 24 hours preceding the experimental trials, the usual training load was
reduced to avoid a state of fatigue during the experimentation. During the study year, the daily fasting
period lasted approximately 16 hours and 30 minutes (~03:00-3:35 am to ~19:30 - 19:50 pm).

Measured parameters

During the first visit, anthropometric measurements were performed (body mass, height, body fat mass).
During the second visit, the players provided a urine sample to evaluate the urine specific gravity, using
the Cybow 10 model (Cybow10, Gimhae-si, Gyeongsangnam-do, South Korea), and were then weighted
wearing only shorts to determine pre-match body mass. After weighting body mass of the participant,
using an accurate scale (Beurer, Ulm, Germany), capillary blood samples were taken from the players'
fingertips to determine fasting blood glucose using the Accu-chek Active device (Burgess Hill, United
Kingdom). Resting heart rate (Polar 850, Kempele, Finland), perceived exertion (14), and body
temperature (Beurer FT85, Ulm, Germany) were also recorded at rest. Next, the players went through a
standard warm-up of 15 min, consisting of 3 min of dynamic stretching, 5 min of moderate running, 5
maximal 10-meter sprints, and then 5 min of tennis ball exchanges. After the warm-up, performance
evaluation of the countermovement jump (CMJ) and the serve (in terms of speed, precision, and success
rate) was conducted at baseline (before the simulated match that lasted approximately one hour (2 sets
of approximately 30 minutes each). At the end of set 1 (mid-match) and at the end of set 2 (end of
match), body mass, CMJ performance, and service parameters (speed, precision, and success rate)
were measured (Fig. 2).

Capillary blood samples were taken again at the end of set 2 (end of match) to determine blood glucose
levels prior to the evaluation of jump and tennis service performances.

Heart rate (HR) was recorded throughout the match using a heart rate monitor (RS400, Kempele,
Finland). Perceived exertion (RPE) was assessed using the Borg scale, ranging from 0—10 before the
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match and at the end of set 2. Body temperature was measured at rest before the match and at the end
of the match (Fig. 1).

Water intake was allowed ad libitum during the control period (C), but not during the Ramadan fasting
period (R).
Dietary intake

Dietary intake was recorded during a non-fasting period (control), and at the second week of Ramadan
fasting (R-2) (Table 1). During fasting, the players consumed their pre-dawn meal (sahur) between 2:00
and 3:00 am.

Table 1
Mean values (z SD) of daily dietary intake before Ramadan (C), and during mi- Ramadan
period (R-2).
Energy (Kcal/d) Control (C) Ramadan (R-2) p value Cohen's d

2665.13+240.22 2280.80+277.40 0.001 1.15
Energy (MJ/d) 11.19+1.00 9.57+1.17 0.001 1.15
Carbohydrates (g/d) 290.07 +38.84 236.47 +33.98 0.001 1.07

CHO (% of energy) 44.85+5.26 41.57+4.12 0.039 0.59
Protein (g/d) 107.77 £19.41 94.34+15.04 0.030 0.62
Protein (% of energy) 17.63+4.28 16.63+2.49 0.479 0.19
Total fat (g/d) 111.85+23.68 100.73+18.33 0.112 0.44
Total fat (% of energy) 34.99 +6.48 39.51+3.93 0.023 -0.66
Fluid intake (1) 3.8+0.4 3.5+0.3 0.001 1.10

Post-hoc significant difference between control and Ramadan periods (p < 0.05).

Simulated Tennis Match

The players were matched based on their skill level. Each player faced the same opponent during the
match in both control (C) and fasting period (R-2). The match was played according to the official rules
of the International Tennis Federation, and was composed by two sets. The duration of each set was [
35+ 5 min, with a rest period of 4-5 min between each set. The choice of duration was based on the
average set duration observed in singles U-18 players (15).

For the assessment of technical skills, the player performed four serves at the beginning, post-set 1, and
post-set 2 (Fig. 2). The players used their own tennis rackets for all their matches. All matches were
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played outdoors on a hard surface or "quick" court, where the ambient temperature was between 20—
26°C and the relative humidity was 60—66%.

Evaluation of Tennis Service Performance

The serve is considered as one of the most important technical moves in tennis. According to experts,
the tennis serve is important because it starts the point. It is the only shot where the player does not
depend on the opponent and has full responsibility for the success or failure of the serve. It requires
qualities such as muscular power, coordination, flexibility, and considerable technical skills, including
precision and the type of serve (flat or with spin: slice, topspin). According to specialists, flat serve often
allows for high ball speeds.

We placed 4 targets: two near the T of the court, one at the right square of the T of the court, and one at
the left square of the T, and 2 targets, placed at the end of the square (right and left, Fig. 2).

The player performed 4 attempts. He served twice alternately into the left box and twice into the right
box, starting respectively from the right and left sides of the court, aiming for a target (red flat triangles)
one located near the T of the service box, and the other close to the singles sideline (Fig. 2).

Three criteria were used to assess service performance: i) precision (in cm), i) ball speed (in km/h), and
iii) success rate (%). The distance of the ball impact from the target represents the subject's precision
level measured in cm. Ball speed was measured by Stalker Pro lls radar gun (Applied Concepts Inc.,
USA). The success rate is the percentage of successful for the 4 serves realized by the player. In
addition, we recorded the percentage of successful first serves, which is considered as an important
indicator of a player's physical fitness and aptitude (16). The investigator was placed in front holding the
radar, in the other side of the serving player near the baseline (central mark) of the hard court to measure
serves speed.

Statistical Analyses

Statistical analyses were realized using the SPSS software version 23 (Chicago, IL, USA). Data were
reported as mean * SD. All data was checked for normality of distribution, and if not normally distributed,
the non-parametric statically analysis was used.

Differences in normally distributed measures between control period and Ramadan fast were
determined using the paired Student'’s t-test. Data with continuous time component was determined
using 2-way ANOVA with repeated measures (condition: control and Ramadan; time: baseline, after Set 1,
and after Set 2). If a significant main effect was found, post-hoc t-test was used using the Bonferroni
correction. In addition, effect size (d) was used to determine the practical meaningfulness of the
differences. The magnitude of the effects size was classified as trivial (< 0.2), small (>0.2—0.6),
moderate (> 0.6—1.2), large (> 1.2—2.0) and very large (> 2.0—4.0) (17). The level of statistical
significance was set at p <0.05.
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Results

Dietary intake

Dietary intake decreased significantly during mid-Ramadan (R-2) compared to control (C) (- 14.4%, p =
0.001, d =1.15), indicating a large effect size. This reduction was primarily driven by a significant
decrease in carbohydrate intake both in absolute terms (- 18.5%, p =0.001, d = 1.07) and relative
contribution to total energy (p = 0.039, d = 0.59). Protein intake also declined moderately (- 12.5%, p =
0.030, d = 0.62), although its relative contribution to energy remained unchanged. Interestingly, while
absolute fat intake did not significantly change (p = 0.112), its relative contribution increased
significantly (+ 4.5%, p = 0.023, d = - 0.66), suggesting a shift toward a more lipid-dominant diet during
Ramadan. Fluid intake was significantly reduced (- 7.9%, p = 0.001, d = 1.10), with a large effect size
(Table 1).

However, we found that Ramadan fasting has no significant effect on body mass and fat mass in our
young tennis players.

Physiological responses

Body temperature was significantly higher during Ramadan after Set 1 (p =0.011,d =-0.80) and Set 2 (p
=0.030, d = - 0.98), with large effect sizes. Baseline glycemia was significantly lower during Ramadan (p
=0.003, d = 0.93), but no differences were observed post-set. Urine specific gravity (USG) was
significantly higher after Set 1 during Ramadan (p =0.019, d = - 0.92), indicating increased dehydration.
Baseline heart rate was significantly higher during Ramadan (p = 0.027, d = - 0.63), while no differences
were observed after Set 1 or Set 2. We found no significant differences in RPE after Set 1 or Set 2

(Table 2).
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Table 2

Metabolic parameters at baseline (pre-match), after Set 1, and after Set 2 in
control (C) and mi-Ramadan fast (R-2) period (n = 15).

Control (C) Ramadan (R-2) pvalue Cohen'sd

Body mass (kg)

Baseline 66.4+11.3 66+ 11 0.926 -0.007
After Set 1 65.5+11.2 65.4+11.1 0.983 -0.001
After Set 2 65.3+11.2 65.2+11.2 0.830 0.018

Body temperature (°C)

Baseline 37.1+0.5 37.0x04 0.454 0.243

After Set 1 36.7+0.3 36.9+0.3 0.011 -0.802
After Set 2 36.7+0.2 36.9+0.2 0.030 -0.984
Glycemia (g/L)

Baseline 0.9310.1 0.8310.1 0.003 0.928

After Set 2 0.8610.1 0.9+0.1 0.520 -0.137

Urine specific gravity

Baseline 1.024+0.006 1.024 +0.006 0.869 0.053
After Set 1 1.024+£0.004 1.028 +0.004 0.019 -0.924
After Set 2 1.029+0.004 1.030+0.001 0.189 -0.377

Heart rate (bpm)

Baseline 66+ 11 7311 0.027 -0.630
After Set 1 161116 155+17 0.215 0.365
After Set 2 163+15 159114 0.248 0.299
RPE (AU)

Baseline (rest) 0 0 - -
After Set 1 45+1.3 45+1.5 0.364 -0.188
After Set 2 5+1.2 5.5%t2 0.320 -0.271

Post-hoc significant difference between control and Ramadan periods (p < 0.05).

Performance outcomes
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Countermovement jump (CMJ) performance was slightly but significantly reduced during Ramadan after
Set 1 (p =0.031), although the effect size was trivial (d = 0.247). No significant differences were
observed at baseline or after Set 2.

For the serve, we found no significant differences in mean or peak ball velocity across all time points (p
>0.05), with consistently small effect sizes. In addition, serve precision and success rate showed no
statistically significant differences; however, moderate negative effect sizes (- 0.40 to - 0.50)
consistently favored the control condition (Table 3).
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Table 3

Performance parameters of CMJ and Tennis serve at baseline (pre-
match), after Set 1, and after Set 2 in control (C) and mi-Ramadan fast

(R-2) periods (n =15).

Control (C)
CMJ (cm)
Baseline 28.4+49
AfterSet1 30.9+4.9
AfterSet2 30.3+5.2
Serve

Mean Ball velocity (Km/h)

Baseline 126.5+10.4
AfterSet1 128.2+10.5
AfterSet2 126.3+12.5

Peak Ball velocity (km/h)

Baseline 137.4+12.4
AfterSet1 138%11.7
AfterSet2 135.3+13.1
Precision (m)

Baseline 23%1.0
AfterSet1 2.1+1.3
AfterSet2 24+1.4

Successful rate (%)

Baseline 41.7+18.1
AfterSet1 35+20.7
AfterSet2 36.7+28.8

Successful rate 1st serve (%)

Baseline 46.6 + 51.64
After set 1 20 +41.40
Afterset2 46.6+51.64

Ramadan (R-2)

27.7+5.0
20.7+438
29.5+4.5

1241 +12.9
127+11.4
126.7+11.3

134.6+14.4
136.9+9.5
138.9+11.1

27+1.2
2724
28+1.2

40+22.8
46.7+30.9
45+ 30.6

46.6 + 51.64
40 + 50.70
40 + 50.70

p value

0.162
0.031
0.204

0.075
0.578
0.913

0.250
0.649
0.566

0.135
0.228
0.334

0.533
0.225
0.227

0.189
0.719

Cohen’s d

0.156
0.247
0.163

0.451
0.206
0.032

0.287
0.152
-0.154

-0.461
-0.437
-0.402

-0.236
-0.426
-0.509

0.00
0.43
-0.13
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Post-hoc significant difference between control and R-2 period (p < 0.05).

Discussion

The present study investigated the effects of Ramadan intermittent fasting (RIF) on dietary intake,
physiological responses, and tennis-specific performance. The main findings indicate that RIF
significantly altered energy intake, hydration status, and physiological responses, while having minimal
impact on tennis-specific performance. Specifically, despite reduced energy and fluid intake and
increased physiological strain, CMJ performance and serve characteristics were preserved.

Dietary Intake and Physiological Responses

RIF was associated with a significant reduction in total energy intake, primarily driven by decreased
carbohydrate consumption, along with reduced fluid intake. These findings are consistent with previous
literature reporting altered nutritional patterns during Ramadan (4).

From a physiological perspective, these nutritional changes were accompanied by increased body
temperature and urine specific gravity, indicating elevated thermoregulatory strain and dehydration. In
addition, baseline glycemia was reduced, suggesting an altered metabolic state at rest. The higher
baseline heart rate observed during RIF further supports increased physiological stress related to
dehydration (5).

Together, these findings indicate that Ramadan fasting imposes a combined metabolic and hydration-
related constraint, which would typically be expected to impair exercise performance, particularly in high-
intensity intermittent sports such as tennis.

Previous literature has consistently reported that dehydration impairs thermoregulation and increases
cardiovascular stress, particularly in warm environments (5, 6). During Ramadan, this effect was
exacerbated by the inability to rehydrate during the match, thereby amplifying thermal load. Such
physiological strain could influence fatigue development and recovery kinetics. The higher baseline heart
rate observed during Ramadan fasting could be explained by this state of dehydration (5).

Performance Outcomes and Compensatory Mechanisms

Despite these physiological constraints, tennis performance was maintained. CMJ performance showed
only a transient decrease after Set 1, while serve velocity, and precision, and also success rate were not
significantly affected. This relative dissociation between physiological strain and preserved performance
suggests the presence of effective compensatory mechanisms. These may include pacing strategies,
improved neuromuscular efficiency, and motivational factors that allow our young tennis players to
maintain these performances despite reduced substrate availability and hydration status. Further, the
absence of marked performance decrements indicates that performance outcomes during RIF are not
solely determined by metabolic or hydration status, but rather reflects integrated physiological and
behavioral adaptations.
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The reduction in total energy intake and carbohydrate intake was also observed in other studies during
Ramadan (4, 7). This is consistent with recent systematic review showing that RIF commonly leads to
reduced caloric intake and altered macronutrient distribution, particularly decreased carbohydrate
availability (18). Given the major role of carbohydrates in high-intensity intermittent exercises, such
reductions are expected to impact muscle glycogen stores, a key determinant of high-intensity tasks.
Mechanistically, glycogen depletion during fasting has been associated with reduced power output,
increased fatigue, and altered metabolic responses during exercise (19). However, in the present study,
the limited impact on performance suggests that glycogen depletion may not have reached a critical
threshold or that players effectively compensated through behavioral and pacing strategies. In parallel,
fluid intake decreased significantly, accompanied by increased urine specific gravity, confirming a state
of mild dehydration (5, 6). This is in line with established evidence that fluid restriction during fasting
hours compromises hydration status and may impair performances, even at relatively low levels (~2%
body mass loss)(6). Despite these marked physiological perturbations, tennis performance remained
largely unaffected. Neither mean nor peak serve velocities were significantly altered, and CMJ
performance exhibited only a transient decrement.

This apparent dissociation is consistent with recent reviews indicating that the impact of Ramadan
fasting on performance is generally modest, particularly in sports involving short-duration, high-intensity
efforts such as tennis (18). Similarly, a recent review suggests that anaerobic performance and strength
are relatively preserved, when athletes maintain adequate nutrition and training load (20). Several
mechanisms may explain this; athletes may regulate intensity to avoid premature fatigue, motivation
could mitigate physiological constraints, and/or efficient motor unit recruitment may help sustain force
production despite reduced substrate availability.

Practical Implications

From an applied perspective, these findings suggest that young trained tennis players can maintain
performance during Ramadan fasting despite physiological strain. However, practitioners should
implement strategies to minimize potential negative effects, including optimizing carbohydrate intake
during non-fasting hours, ensuring adequate hydration between Iftar and Suhoor, and adjusting training
schedules to reduce thermal and metabolic stress.

Limitations

The relatively small sample size (n = 15) may limit statistical power, particularly for technical
performance variables. Additionally, dietary intake was assessed under free-living conditions, introducing
potential reporting bias. Finally, sleep patterns and circadian rhythm alterations (known to be
significantly affected during Ramadan) were not controlled and may have contributed to the observed
responses.

Conclusion
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Ramadan intermittent fasting induces significant alterations in dietary intake, hydration status, and
physiological responses in young tennis players. However, these changes have no significant impact on
tennis-specific performance. These findings indicate that trained athletes can maintain performance
under fasting conditions, although appropriate nutritional and hydration strategies remain essential to
mitigate physiological strain.

Abbreviations

RIF Ramadan intermittent fasting

CMJ Countermovement jump

USG urine specific gravity

RPE rating of perceived exertion

CON before Ramadan

R-2 mid-Ramadan

HR Heart rate

HIT high-intensity interval training

BMP Baseline measured parameters

AW-up MP After Warm-up measured parameters
PRMP Passive recovery measured parameters

AS2MP After S2 measured parameters
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Figure 1

Schematic diagram of the experimental protocol

Note: BMP = Baseline measured parameters (Heart Rate (HR), Body Mass (BM), Body T°, Glycemia, and
USG); AW-up MP = After Warm-up measured parameters (CMJ, 4 Serves, and RPE); PRMP = Passive
recovery measured parameters (CMJ, 4S, and RPE); AS2MP = After S2 measured parameters (HR, BM,
Body T°, Glycemia, USG, CMJ, 4S, and RPE).
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Figure 2

Placement of serve targets
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